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ABSTRACT

Currently, in many cities in the developing world, spatial data on informal settlements are generalized,
outdated, or even non-existent. Moreover, there is a lack of comprehensive information about spatial
factors that influence the location of informal settlements a cross different cities. These settlements
continue to develop posing many urban challenges. This research employs locational and morphological
parameters to measure and quantify the patterns of informal settlements using two example cities that is,
Nairobi and Dar es Salaam. Remote sensing, GIS and spatial metrics are used to examine and explore the
differences and commonalities of these settlements at three levels: landscape, settlement and object level.

The patterns of the informal settlements were analysed at landscape, settlement and object levels. At
landscape level, the roads, rivers, industries and market centres were used as input data to calculate
accessibility of the settlements. In addition, the analysis of land use in the surrounding areas of such
settlements was also carried out as well as the terrain analysis. At settlement level, the morphological
aspects of the informal settlements were analysed using spatial metrics with the main focus on the size,
shape, density and pattern of the informal settlements. At object level, the building characteristics were
analysed: the size, shape, pattern and inter-building distances. Furthermore, four aspects of road network
were analysed i.e. the density, circuitry, complexity and connectivity. This was done using graph theory.

The results obtained demonstrate that the locational and morphological patterns in Nairobi INSEs are
different from those in Dar es Salaam INSEs. The road accessibility in the settlements in Nairobi is higher
than in Dar es Salaam. The dominant land use in the environs of informal settlement is residential land
use. The morphological results indicate that Nairobi settlements cover smaller area and are more
fragmented compared to those in Dar es Salaam. The building characteristics also differ as the mean
building size in Nairobi is higher compared to Dar es Salaam. The distance between buildings is shorter in
Nairobi compared to the buildings in Dar es Salaam settlements. In addition, the building shapes are
rectangular in both cities with mean shape index of 1.25. The road connectivity results shows that Dar es
Salaam settlements are more connected than those in Nairobi. In conclusion, there is a direct substantial
relationship between road connectivity and road density in informal settlement areas in both cities.

Key Words: Informal settlements; spatial metrics; Nairobi; Dar es Salaam.
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COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

1. INTRODUCTION

Utrbanisation (‘push' and 'pull' mechanism)! and an ever increasing number of informal settlements
(INSEs) are among today's most serious challenges to sustainable urban development. While, in the past,
urban areas have been - and still are - places of opportunities, today, they are described as hotspots of
crime and numerous challenges (Wamsler & Brink, 2014). The urban environment is highly complex in
terms of growth and development (Bolay, 2006). In the developing world, there is a high rate of migration
to urban areas which has further worsened the situation. The people who relocate from rural to urban
areas in search for better economic opportunities such as employment often choose to settle in informal
areas (Tsenkova, 2010) because of high cost of living in the cities. These people are often faced with
extreme poverty and social exclusion (UN-HABITAT, 2003).

1.1. Background and Justification

Most countries in sub-Saharan Africa face myriad of problems such as high urbanisation and weak
institutional structures (Kombe, 2005). Apparently, urban planning concepts and regulations that were
inherited from the colonial administrators have proven to be obsolete and inappropriate to cope with the
ever increasing urban growth challenges. In most urban areas in the developed countries, the allocation of
land for different uses is relatively visible, although mixed land uses remain widespread. In contrast, in
many cities of the developing world, the separation of land uses and degrees of prosperity are so common
that the more wealthy people reside in well-serviced neighbourhoods, gated communities and well-built
formal settlements, whereas the poor are confined to inner-city, vulnerable areas or peri-urban informal
settlements characterised by overcrowding, dilapidated structures and inadequate access to basic services
such as clean water and healthcare facilities (UN-HABITAT, 2010b).

Addressing the challenges of informal settlements require comprehensive information on these highly
dynamic areas as a basis for coordinated actions at local, national, regional and international level. Since
informal settlements are directly affiliated to poverty, consistent information on their nature and extent is
useful for planning, implementing and monitoring urban poverty alleviation programmes. The systematic
quantification of INSEs requires methods to identify and define them spatially and consistently in support
of the intervention programmes such as slum improvement projects (Kohli, Sliuzas, Kerle, and Stein,
2012). In this context, the study is anchored on the fact that most of the research has focused on a single
city and there are few studies that compare INSEs patterns in the realm of spatial and structural

characteristics in the cities from different countries.

Traditionally, formal and informal settlements were distinguished based on administrative definitions or
socio-economic indicators (Divyani Kohli et al., 2012) such as 'the number of people who live on a dollar
a day' (Gulyani, Bassett, and Talukdar, 2014). These approaches of using spatial-social data have proved to
be inaccurate and inconsistent because they lack a uniform global availability (Herold, Goldstein, and
Clarke, 2003). Again, they tend to generalize poverty based on indicators within the administrative units.
Consequently, contradictions in the definition of informal settlements in different countries make data
exchange and monitoring of effective intervention strategies strenuous to achieve (Divyani Kohli et al.,
2012).

! Migrants are “attracted” to the cities, for instance, by the greater availability of jobs opportunities and the higher wage prospects.
At the same time, rural places are “repulsive”, since they are normally considered as areas of poverty.




COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

In the recent past, there has been relatively little systematic research about physical and location
characteristics of INSEs. Owen and Wong (2013) developed indicators to measure informal settlements
(Appendix 2). Recent research has used high-resolution satellite data to map and analyse INSEs
(Taubenbock & Kraff, 2014). Kohli et al. (2012) have developed the ontology of slums for image based
classification that uses a framework at three spatial levels: object level, settlement level and environment
level (Figures 8 and 9). Sliuzas and Kuffer (2008) based their identification of slum areas on very high-
resolution (VHR) optical satellite data. They correlate visually detected slums with textural measures and
interpretation based on the set of spatial variables.

Additionally, Taubenb&ck, Wegmann, Roth, Mehl, and Dech (2009) have applied a bottom-up generic
classification approach for urban structure-type derivation (including informal settlements) using
morphological parameters e.g. building size, shape, height, and density (Taubenbock & Kraff, 2014).
Furthermore, Owen and Wong (2013) have utilised spectral, texture, geomorphology and road accessibility
metrics to differentiate informal settlements in Guatemala. All these studies show that little research has
been conducted that focus on analysis and comparison of spatial patterns (locational and morphological)
of INSEs between cities from different countries.

1.2 Research Problem

Currently, in many cities, spatial data on informal settlements are generalized, outdated, or even non-
existent (Taubenbock and Kraff, 2014). In addition, the conventional data sources such as maps are
obsolete, inaccessible and inaccurate. Furthermore, there is lack of comprehensive information about the
spatial factors that influence the location of an informal settlement in many cities across the developing
world. The absence of development monitoring mechanisms has led to the continuous growth of such
settlements hence posing many urban challenges. Again, contrary to the premise that the previous
researches as described in previous section focused on developing context-specific methods, GIS and
remote sensing applications are being utilised to study and analyse the growth patterns of informal
settlements; including spatio-temporal modelling (e.g. Dubovyk, Sliuzas and Flacke, 2011). Surprisingly,
there has been little or no attempt made to compare and explain the patterns, size, shape and density of
these settlements within cities from the point of view of different spatial factors that influence their
location (Dubovyk et al., 2011). Many studies on INSE have focused on a single city and none has focused
on comparison of spatial patterns between cities (e.g. Taubenbock & Kraff, 2014). Some of the studies on
INSEs have been anchored on analysis of socio-economic data and indicators. Consequently, the
availability of information on location and structural attributes of INSEs in most urban areas is limited.

This research employs locational and physical parameters to analyse the spatial and morphological
characteristics of informal settlements using two example cities that is, Nairobi and Dar es Salaam. These
two cities were chosen because of the availability of data on INSEs. The research employs the use of GIS
and spatial metrics in examining and exploring the differences and commonalities of INSEs; thus creating
an explicit understanding about their patterns and characteristics in the context of their location. The
results provide new insights into structural and locational aspects across different INSEs in view of
creating an understanding of their growth pattern and proliferation. This study provides additional and
valuable information to urban planners, managers and policy makers at both local and national level since
presently there is insufficient knowledge on how similar or dissimilar informal areas are from one city to
another. The information such as the size, shape, pattern and density of INSEs is of paramount
importance as it provides mechanisms? during implementation of programmes such as poverty alleviation,
informal settlement improvement programmes; curbing their further development and expansion.

2 Some of these mechanisms include establishing the location of open space within the settlement for upgrading programs and
social service provision. This is currently taking place in most INSEs in Nairobi city such as Kibera, Mathare and Korogocho.
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1.3. Research Objectives and Questions

1.3.1. The Main Objective

The main objective of this research is to compare the spatial and morphological characteristics of informal
settlements in Nairobi and Dar es Salaam using quantitative parameters and methods.

1.3.2.  Specific Objectives and Questions

1. To analyse the locational characteristics of informal settlements using spatial parameters.
e What spatial parameters can be used to measure the location of INSEs?

e What are the typical spatial characteristics of the location of INSEs?

e  What is the dominant land use in the neighbourhoods surrounding the INSEs?

2. To analyse the morphological characteristics of informal settlements using spatial metrics.
Which spatial metrics are relevant in understanding the morphology of INSE?

e Are the structures of INSEs homogenous or heterogeneous?

e What are the patterns, sizes and shapes of the INSEs?

e s the form of the informal settlements compact or fragmented?

e How does the road connectivity in INSEs compare between Nairobi and Dar es Salaam?

3. To develop a comparison matrix showing locational and morphological characteristics between the
INSEs in Nairobi and Dar es Salaam.

e What are the similarities and differences of INSEs at landscape, settlement and object level in the two
cities?

e How is the comparison matrix used to present the similarities and differences at landscape, settlement
and object levels?

e How can the comparison matrix be used to advice on the policy implications of informal settlements
in each city at local and national levels?

14. The Conceptual Framework

This section describes the scientific pillars on which the research is anchored to and the approach adopted
to achieve aforementioned objectives. It highlights characteristics which are analysed using spatial and
morphological parameters by combining GIS, RS and spatial metrics with an aim of creating an
understanding on the patterns and location of INSEs (Figure 1). The GIS provides vital spatial analysis
tools such as proximity, near distance measures, network and overlay analysis. It is also able to handle
different vector and raster data formats. Through remote sensing, satellite images together with spatial
metrics play a role in understanding the structure (size, shape, distribution, density and pattern) of the
informal settlements. The metrics show whether the structure of an informal settlement is regular or
irregular, elongated or circular, dense or dispersed. The road connectivity and accessibility measures are
also be analysed at object level (Figure 8). All these indicators differ from one settlement to another.

Before embarking on analysis of informal settlements, their location characteristics have to be understood.
As indicated in figure 1, a combination of GIS, remote sensing and spatial metrics plays a key role in
demystifying the structural and location aspects of informal settlements at landscape, settlement and
object levels. At different analysis levels, the characteristics of informal settlements that are obtained vary.
At landscape level, INSE associations are analysed using GIS operations (proximity, neighbourhood and
terrain analysis). For instance, the location of city centre and availability of undeveloped land may act as a
pull factor hence contributing to the development of informal settlements. The finer details of
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morphological patterns such as density, size, shape and pattern are obtained at settlement and object
levels. The combination of both location and morphology indicators are paramount in developing the
INSE comparison matrix which aid in understanding similarities and differences among INSEs patterns.

| Levels of Spatial Analysis |

GIS, RS
& Spatial
Metrics

Informal Settlements | ..o

[ Landscape Level ]

[ Settlement Level ]

Characteristics of INSEs [ Object Level ]
|III :
- Lack of secure ownership Patterns of
- Lack of basic services Informal
- Lack of open space
JAck oTopen sb Settlements
-Dilapidated structures
-Located in hazardous areas 4 V V
- Located close to rivers
| Aspects of Informal Settlements
Morphology Location
— Pavtterrvls 1:n Dimensions Association
Comparison Nairobi city -Sgompjﬂzeiz - N(Iei%{hquurhtj()d
. 4 | - Size and shape ndustries et
BT HINRIY - - Patch Density - Site-specific
Patterns Patterns in Dar - Centrality (slope, rivers)
es Salaam city - Porosity - Proximity
- Heterogeneity Index (e.g. 7o CBD, roads)

Figure 1: A Conceptual framework of informal settlement patterns

The analysis of INSE patterns are done at three levels namely landscape, settlement and object level.
Using spatial metrics, the size, shape, density and patterns are analysed at settlement and object levels. The
goal is to derive a clear understanding of the spatial patterns in terms of morphology and location aspects.
For instance, the morphology characteristics assist in understanding the fragmentation, compactness or
the density of an INSE. In some cities, the settlements patches grow close to each other while in others
they exhibit fragmentation®. The spontaneous development results in haphazard growth of INSE which
are classified in relation to their location and morphology. Whereas some settlements grow close to the
city centres due to proximity to job opportunities, others grow in urban periphery (Barros & Sobreira,
2002). The main factor is often the availability of vacant or undeveloped land, regardless its location.
Spatial metrics play a major role in analysing these dynamics of INSE morphology and location. For
instance, the number of patches or patch densities shows the coverage of the settlements at a given
landscape. Again, the percentage of roof coverage is also an important indicator of how porous the
informal settlement is. In addition, the locational and physical characteristics of INSEs may differ from
one city to another because of different land use policies such as zoning regulations. Thus, the comparison
is important in understanding the contributing factors on INSE development and their impact on national
urban policies between the two cities.

3 The INSE patches often have different morphological patterns, shapes and sizes in space and are disconnected from each
other.
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1.5. Significance of the Study

The informal settlements are highly dynamic and complex areas in terms of formation and growth. To
achieve a comprehensive and thorough understanding of informal settlements development, the
information about their spatial pattern i.e. the location and morphology attributes is a prerequisite. This
information is crucial for the urban planners and policy makers in understanding the structure of INSEs,
their characteristics in terms of formation and development over time, thus enabling them to make
informed mitigation and holistic proactive measures which in turn will prevent further proliferation.

Further, the development of an explicit spatial framework of informal settlements creates a better
understanding and hence an opportunity to develop more effective and efficient management strategies as
well as ensuring that proper interventions such as slum upgrading programs and provision of social
services are carried out systematically. Consequently, in most cases, slum improvement aims at ensuring
appropriate, sustainable and affordable housing. It contributes to not only reducing social inequalities but
also improving urban safety through its social, economic, environmental and spatial impacts (UN-
HABITAT, 2014a). Furthermore, the research provides the basis of advice on policy implications at
different levels of governance in informal housing sector at local and national levels.

1.6. Thesis outline

This section summarizes the flow of research from introduction to the conclusion and recommendations.
The structure of the research is therefore divided into the following sub-sections.

Chapter One: Introduction

This chapter provides introduction and general background information about informal settlements, their
formation, locational and physical characteristics. In general, the societal problem on which the study is
anchored on is discussed here. Also, in this chapter, the research problem, the main objective and sub-
objectives; research questions; anticipated results are presented. The concepts used in this study are
outlined in the conceptual framework section. Lastly, the significance of the study as well as the thesis
outline is discusses in detail.

Chapter Two: Literature Review

Chapter two discusses empirical and theoretical information about informal settlements including their
review, the characteristics, types and development stages. Also in this section, there is a general discussion
on INSEs in Africa is presented with particular reference to Nairobi and Dar es Salaam cities. The chapter
reviews some of the concepts such as remote sensing, spatial metrics including their significance in INSE
analysis. The three spatial levels of INSE analysis (landscape, settlement and object) are also presented.
Further, the previous work that has been done in INSEs identification and mapping domains including
the methods and approaches in addressing problems akin to this one is described. Lastly, the INSEs
locational and morphological indicators are presented in this chapter.

Chapter Three: Data and Methodology

This chapter presents the overview of the study area as well as the approaches and processes used in
executing this research. The locations of the study areas i.e. Nairobi and Dar es Salaam have been
outlined. Additionally, the data collection methods and sources i.e. primary and secondary are well
documented in this section. This includes data collection approaches and sources; types of data and their
characteristics in relation to study areas; a list of comparable data; software used; tools used measuring and




COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

quantifying INSEs patterns. The methods of measuring and quantifying the patterns of INSEs are
described including their relevance and the extent to which they can be applied. The process of selecting
the spatial metrics has been outlined in this chapter. Lastly, the road connectivity indices (alpha, gamma,
beta) using graph theory have been described in detail.

Chapter Four: Results and Discussion

This chapter puts forward the output obtained in analysis of spatial and morphological characteristics of
INSEs. The similarities and differences between the cities in question are also given in form of maps,
statistical tables, graphs and charts. Also, the INSE comparison matrix in a tabular format is presented at
this stage. The chapter focuses on the reflection on results obtained in the study with an aim of
establishing the implication on policies and whether they are realistic insofar as spatial patterns of INSE
are concerned. The apparent occurrences of certain INSE patterns in some areas such as close to rivers,
roads etc are also reviewed and discussed explicitly. Again, the environmental implications of INSEs
location especially on hazard zones and along flood prone areas are outlined; and ostensibly their impacts
to a large extent. Additionally, a reflection on road connectivity index values in analysing the road
connectivity in the two cities are discussed in detail. The results are resented using maps, graphs,
histograms, spider charts and tables.

Chapter Five - Conclusion and Recommendation

The last chapter provides general conclusions and key findings. It responds to objectives outlined in this
research and gives a summary of the methods and results achieved as well as recommendations on
appropriate further research. It also highlights some of the limitations of carrying out the research along
with possible recommendation on how to overcome them especially during further research. Finally, the
possible further research areas in the realm of informal settlements have been proposed in this chapter.
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2. AREVIEW OF INFORMAL SETTLEMENTS

2.1. Introduction

This chapter discusses the issues of informal settlements in the cities of Nairobi and Dar es Salaam. It
starts by revisiting the INSE concepts and characteristics, followed by the stages of INSE development.
An overview of the status of INSE in Africa is presented with a focus on the countries which are most
affected by these settlements. The main focus is on the settlements in Nairobi and Dar es Salaam since
they have been chosen as example cities in this research. The concepts of remote sensing and spatial
metrics are also dealt with making reference to the previous work which has been done on INSE.

2.2 The Informal Settlements Concepts

There is lack of agreed definition of INSEs and slums. The terms such as 'unplanned', 'illegal’, 'squatter’,
and 'shanties' 'ghetto’ testify imprecise connotations. The informal settlements are defined as unplanned
settlements which are setup illegally either on the public or private land in a haphazard manner without
following norms or planning regulations (Ishtiyaq & Kumar, 2011). On the other hand, UN-HABITAT
(2003) defines slums as urban areas where inhabitants lack one or more of the following: durable housing,
sufficient living space, easy access to safe water and adequate sanitation; and security of tenure. Slums
differ in size, shape, pattern and population size (Taubenbock & Kraff, 2014). Separately, informal
settlements are often reviewed in the context of informality and high density housing, recognising
the fact that they incorporate predominantly informal housing developments (UNECE, 2008). In this
study, the term 'slum' is used interchangeably with terms 'informal settlement' or 'unplanned'. Again,
according to UN-HABITAT (2003), almost all informal settlements share many and similar characteristics.
A map in Appendix 7 gives a global overview of percentages of urban population living in INSEs in
different countries. Most INSEs are characterised by the following attributes (UN-HABITAT, 2003),
(Sliuzas, 2008) and (Kuffer, Barros, & Sliuzas, 2014).

e High density, overcrowded and dilapidated building structures with lack of spatial order;

e Absent or insufficient public facilities like schools, hospitals, cemeteries or parks;

e Lack of accessibility (poor quality of infrastructure such as roads);

e Often located in hazardous and vulnerable areas such as flooding zones and steep or unstable slopes;
e Often located in areas that are close proximity to employment - low travel costs;

e Often low-cost building materials are used to construct houses.

Occasionally, the informal settlements tend to cluster in inner cities and expand towards peri-urban areas.
The centrality of location implies formations close to the city centre or industrial areas. This is beneficial
to residents as they access employment opportunities with ease, but often the substandard housing on
sites exposed to hazards is unfit for urban development (UNECE, 2008). Although some of these
settlements are being upgraded over time, accommodating the haphazard and rapid movement to urban
areas from the past has created a number of challenges. These challenges are often manifested in
inadequate infrastructure, shortages in water and electricity supply, and limited access to basic services
such as security, education and health services. These informal settlement aspects often differ from one
city to another. For instance, some INSEs are supplied with electricity but they lack water, security and
health services. Others may lack electricity and adequate infrastructure but have clean water and security.
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There exist trade-offs in variability of locations and qualities of INSEs across different cities. For instance,
an INSE located in a hazardous area (flood-prone area) that is close to city centre exhibits the trade-off
between accessibility to opportunities such as jobs vis-a-vis the risks. Some of the INSE are located in
dumpsite areas which are close to industrial areas. This also shows a trade-off between health risks and
employment opportunities. These two illustrations occur mainly because INSE residents are often faced
with extreme poverty hence choose to reside in areas where they can access opportunities quickly and
easily regardless of how risky the location where they live are; and often try to minimize their expenses.
However, this situation varies from one city to another depending on the layout of the city and the
distribution of the informal settlements within the city. The political, economic and social factors also play
a major role in influencing the location of the INSEs in a city.

2.3. The Stages of INSE Development

The informal settlement development undergoes various stages during its growth; that is, infancy,
consolidation and saturation. Infaney is the initial stage where vacant lands often along the river banks, road
reserves, and hazardous areas are occupied by slum dwellers. Consolidation is the stage between infancy and
saturation. It is normally characterised by increased outward expansion, subdivision, construction, and
tenancy (Sliuzas, 2008). At saturation stage, expansion stops and empty spaces get filled up with new
structures. This stage is normally characterised by high overcrowding which exacerbate living conditions
of slum dwellers (Sori, 2012).

The figure 2 below shows three distinct and overlapping means of informal settlements growth that is,
expansion, densification and intensification (Abebe, 2011). The INSE expansion can either be inward,
outward or independent from an existing settlement. The key feature of the expansion process is that the
settlement increases in size. The densification entails horizontal infilling of empty or unoccupied spaces
within an existing boundary (increased roof coverage area). The terms such as population density and
residential density are used to describe densification process. To illustrate this process, let's consider this s:
At time (t1), the residential density of a given INSE is (di) and at time (t2), the residential density is (d2). If
d>>d; then densification has taken place assuming that there is no change in boundary of an existing
settlement (See figure 2 below). Lastly, intensification refers to vertical increment of built-up structures
and it is often an internal growth along with densification i.e. the increase in floor area ratio.
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Figure 2: Concepts of INSE expansion, densification and intensification - Adapted from Abebe (2011)
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24. An overview of INSEs in Africa

Rapid urban growth in Sub-Sahara Africa has been strongly associated with high poverty levels and
unprecedented informal settlement growth. Fortunately, a number of countries have, to some extent,
managed to curb the further expansion of INSEs as well as improving their current conditions (UN-
HABITAT, 2010b). Over the past 10 years, the proportion of the urban population living in INSEs in
developing world has been seen to be significantly declining from 39 per cent in the year 2000 to
approximately 32 per cent in 2012 (UN-HABITAT, 2010b). Surprisingly, the absolute number of
population living in informal settlements has been increasing over years! But pressure due to population
growth and urban expansion dynamics has led to further growth and proliferation of these settlements.
According to UN-HABITAT (2010) and as depicted in Figure 3 below, most countries have more than 70
percent of their urban population living in informal settlements (Also refer to Appendix 7). The countries
such as Ghana, Senegal, Uganda, Rwanda and Guinea are the most successful countries in the sub-region
that have reduced the proportions of INSE dwellers by over one-fifth in the last decade (UN-HABITAT,
2010b).

Kenya

Tanzania

Percentage slum (%) in 2005
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Figure 3: Proportion of urban population living in INSEs in African countries (UN-HABITAT, 2010)

2.4.1. INSEs in the City of Nairobi

According to 2009 census (KNBS, 2011), the population in Kenya was 38.6 million people. The projected
population in the year 2030 is approximated at 65.9 million people. Currently the city of Nairobi has 3.9
million people and is projected to reach 6.4 million by the year 2030 (Omwenga, 2011). The city is facing
critical challenges due to the combination of demographic, economic and political intricacies. As indicated
in figure 3 above, about 40 to 60% of the population in Kenya lives in informal settlements. In particular,
the city of Nairobi has approximately 60% of its 4 million people (2.4 million people) living in informal
settlements that occupy only 5% of the total land areal The city's population is expected to double in the
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next 15 years (UN-HABITAT, 2008) leading to an increase in INSEs as a result of poor urban policies.
According to Mutisya & Yarime (2011), Nairobi's INSE population is in a constant rise.

The informal settlements in Nairobi have a long history dating from colonial period, where most Africans
were barred from living in certain residential areas that were reserved for Europeans and Asians. In spite
of existence of informal settlements since the Nairobi city's inception, the government has been reluctant
and unwilling to address this pressing issue and challenges faced by inhabitants. Although in the past
INSE dwellers faced forced evictions, strategic plans and policies have been put in place that recognises
the existence of informal settlements (Mutisya & Yarime, 2011). Unfortunately, this does not address
issues such as the lack of security of tenure and access to social services e.g. clean water and healthcare
facilities.

Location of Informal Settlements in Nairobi
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Figure 4: Location of INSEs in Nairobi city (Source: Own construct)

In the year 1963, Kibera (Figure 4) which is one of the largest informal settlements in Kenya was declared
illegal by the government (Mutisya & Yarime, 2011). In spite of this declaration, the settlement continued
to grow and now is a home to one million residents. Its close proximity to the city centre provides ideal
location for people who move in search for employment opportunities. There is also great disparity in the
estimation of the total population in Kibera settlements. Whereas UN-HABITAT puts the total
population at between 350,000 to one million, the experts on informal settlements give an estimate of
800,000 people whilst the government puts it at 200,000 people (Mutisya & Yarime, 2011)! This has led to
poor basic service delivery and misinformed decisions related to these settlements.

24.2.  Addressing INSE Challenges in Nairobi

The UN-HABITAT (2008) report indicates that the government of Kenya has embarked on rigorous
slum upgrading activities which have continued unabated under Kenya Slum Upgrading Projects
(KENSUP). These programmes are done jointly with World Bank and UN-HABITAT. The approach
which has been adopted combines elements such as income generation activities, capacity building,
housing finance provision, provision of housing improvements as well as provision of basic services like
clean water and sanitation. These projects ate done jointly so as to realign and harmonise UN-HABITAT's
and the world Bank's strategies with those of the government (UN-HABITAT, 2008). Further, the aim
has been to incorporate the principles from the provision of water, sanitation and infrastructure as well as
UN-HABITAT's slum upgrading into the programme and develop them into implementation strategy.
Some of the UN-HABITAT and KENSUP Projects include: Kibera slum Upgrading Initiative; Kibera
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Integrated Water, Sanitation and Waste Management Project; Youth Empowerment Programme; Kahawa
Soweto and Korogocho Slum Upgrading Programme in Nairobi.

-

e

Figure 5: A photograph showing INSEs in Kibera, Nairobi (Wikipedia, 2014b)
2.4.3. INSEs in the City of Dar es Salaam

Tanzania is one of the countries with the highest proportion (approximately 60-70 %) of its urban
residents living in informal settlements (Figure 3). The city of Dar es Salaam, like many other cities in Hast
Africa region, is a highly urbanising. Its projected population in the year 2030 is expected to reach 6.7
million people (TNBS, 2006). In Dar es Salaam, about 60 percent of the estimated 4.3 million inhabitants
live in such settlements (Kombe, 2005). The number of informal settlements in Dar es Salaam increased
from roughly 40 in the year 1985 to over 150 in 2003 (Kombe, 2005). Again, discussing the dynamics of
INSEs in Dar es Salaam, Kombe (2005) notes that although the growth of the INSEs has intensified in
Tanzania over the last three decades, attempts to adopt new holistic measures to curb and regulate the
development of such settlements have been fruitless.

The land tenure system in Tanzania is either statutory or customary (UN-HABITAT, 2010a). The existing
land tenure system in Tanzania has contributed to the development of informal settlements because the
government has been tolerant and sympathetic to development of such settlements. In addition, one of
the fundamental principles of National Land Policy of 1995 is to "pay full, fair and prompt compensation
to any person whose right of occupancy or recognized long-standing occupation or customary use of land
is revoked" (UN-HABITAT, 2010a). This has led to development of INSE in haphazard manner because
the construction of such settlements does not follow land use planning regulations such as zoning.

Some of the houscholds in informal settlements construct permanent houses with modern building
materials including use of cement and tiles. This has led to a wide range of social economic groups that is,
the rich and the poor live close together in the same informal settlement. Another contributing factor to
this situation is favourable security of tenure as well as land ownership policy which encourages people to
build houses using durable building materials (UN-HABITAT, 2010a). This has made it difficult to
distinguish between formal and informal settlement in Dar es Salaam. This has been due to the fact that
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there are many permanent structures within informal areas. However, the major difference is that in
formal settlement areas, plot boundaries are clearly demarcated and surveyed with well established
beacons as opposed to informal settlements where plot boundaries are not physically demarcated. The
hedges and trees are used as boundaries.

Location of Informal Settlements in Dar es Salaam
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Figure 6: Location of INSEs in Dar es Salaam city (Source: Own construct)

Although there has been an increasing number of informal settlements in many cities in Africa,
interventions such as improving living conditions to achieve sustainability has been insignificant. Whereas
some cities have taken tremendous measures, such as upgrading and sustainable provision of basic
policies, others have focused on governance and institutional restructuring hence creating a refined long-
term response to INSEs challenges.

24.4. Addressing Informal Settlement Challenges in Dar es Salaam

As one of the developing countries, Tanzania is faced with rapid development of unplanned urban
settlements. Nevertheless, the Tanzanian government has over the years developed many policies and
programmes to address the informal settlements problems. According to (Mkurabita, 2012), the initiatives
that have been put in place include "the Utban Housing Programme of 1969; Sustainable Cities
Programme initiated in 1992; National Sites and Squatter Upgrading Programme (1972-1990); Community
Infrastructure Upgrading Programme (2003-2012); Unplanned Urban settlement Regularisation Program
in 2004 and the Property and Business Formalisation Programme initiated in 2004."

The development of these initiatives has been done considering the global and national policies on
informal settlements such as "the Millennium Development Goals; National Vision 2025; National
Strategy for Growth and Reduction of Poverty (NSGRP); National Land Policy of 1995; and the human
Settlement Policy of 2000" (Mkurabita, 2012). Additionally, in participatory urban land formalisation
process, there is involvement of residents in planning, implementation and monitoring of various urban
settlement programmes. Thus, the principle of "community participation" is an approach adopted in
promoting wider acceptance, ownership as well as sustainability of the process of formalisation
(Mkurabita, 2012). The community participation has been successfully implemented in a number of town
councils other than Dar es Salaam such as Njombe, Morogoro and Arusha. This process involves
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"sensitisation of key stakeholders, technical training, identification of properties, surveying of individual
plots, preparation of regularisation schemes as well as cadastral plans, approval of schemes of
regularisation and survey plans, application for Certificate of Right of Occupancy (CRO), approval by
zonal assistant, issuance of the CRO and finally capitalisation of the formalised property"(Mkurabita,
2012).

2.4.5. Similarities and Differences of Nairobi and Dar es Salaam INSEs

The INSEs exhibit similarities and differences in patterns. The building sizes are often small (Kuffer et al.,
2014) and mostly rectangular in shape with irregular layout and pattern. The INSEs in Nairobi (figure 4)
cover small area and some of them are sandwiched along the road reserves. The INSEs in Dar es Salaam
are extensive covering most parts of the city and they have large patch sizes (figure 6). Unlike the INSEs
in Dar es Salaam which have medium densities, most INSEs in Nairobi have high densities.

2.5. Remote Sensing and Patterns of INSEs

Remote sensing and GIS techniques offer robust approaches and techniques that permit spatially explicit
measurement and analysis of patterns of informal settlements including their location and structural
characteristics such as shape, size and texture. Remote sensing data have an enormous importance in this
regard, because they provide independent, area-wide, and up-to-date datasets (Taubenbock & Kraff,
2014). Today’s capability of remote sensing data is essential not only in analysing surface features but also
underground features e.g. oil pipelines. Remote sensing is one of the data sources (Refer to Appendix 1)
which can support the analysis of the complex heterogeneity of slums significantly, especially from a
physical point of view. The products obtained from remote sensing vary in resolution and application
insofar as analysis of patterns of informal settlements is concerned. The high resolution images give finer
details hence high accuracy.

Although primary data collection methods such as field surveys can be adopted, in most cases the cost of
conducting such surveys to acquire spatial data is high. For instance, field data collection within informal
settlements is very challenging because there is often lack of accessibility and security. Therefore, satellite
imagery may be used as an alternative source of data for measuring, quantifying and evaluating spatial
patterns of informal settlements. Crucial in the measurement, description, analysis of patterns of features
or phenomena, are remote sensing-derived data (Herold et al., 2003). For instance, the DEM as a remote
sensed product can be further processed to derive the slope which is crucial in analysing surface terrain of
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INSE location. Remote sensing methods, according to D Kohli, Warwadekar, Kerle, Sliuzas, & Stein
(2013), have the potential to capture the heterogeneity by following a hierarchical procedure for
object-classification and by including contextual information for objects and non-physical features.

2.6. Spatial Levels of Analysis

One of the objectives of the study is to carry out the physical comparison of informal settlements. To
conduct a systematic structural comparison and subsequent depiction of INSE patterns, the study area is
divided into three analysis levels (Taubenbock & Kraff, 2014)(Taubenbock & Kraff, 2014)(Taubenbock &
Kraff, 2014)(Taubenbock & Kraff, 2014)(Taubenbock & Kraff, 2014). The analysis is done from
landscape level to object level (figure 8).
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Figure 8: Hierarchical structure of spatial analysis levels of INSE - Adapted from Kohli et al. (2012)

2.6.1. Landscape Level

This level is also known as environs level (Divyani Kohli et al., 2012). At this level, the general location
characteristics of informal settlements in relation to the surrounding areas are analysed. This spatial level
of analysis does not reflect diverse urban landscape in terms of a mixture of different land uses
(Taubenbock and Kraff, 2014). Further, at this level, the analysis of location of informal settlement in
respect to environmentally sensitive areas such as flood prone and hazardous zones is done. The location
of informal settlements also depends on socio-economic factors such as close to opportunities for
unskilled or semi-skilled jobs (Divyani Kohli et al., 2012). The GIS methods such as proximity and
accessibility measures are used to establish the relationship between location of INSE and that of roads,
market centres, industries etc. This research explores and demystifies how the characteristics differ
between the cities of Nairobi and Dar es Salaam.

2.6.2. Settlement Level

At this level, the overall size, form, shape (e.g. irregular or detached), density of the INSEs settlement
blocks are analysed (Divyani Kohli et al, 2012). In addition to that, the planned and unplanned
settlements are distinguished based on texture characteristics and the level of heterogeneity. In most cases,
informal settlements tend to follow the shape of linear features such as roads, railways or rivers. Hence
their shapes tend to be elongated and irregular. Separately, the density of building structures is also a key
in identifying INSEs. In spite of the roof coverage being high with little open space and green areas,
normally the density of an INSE differs locally and depends on how old such a settlement is as well as its
location characteristics such as terrain (Divyani Kohli et al., 2012) and (Taubenbock & Kraff, 2014).
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2.6.3. Object Level

At this level, finer details of components of the settlement, such as characteristics of buildings and roads
are analysed (Divyani Kohli et al., 2012). In this study, the focus was on the access and connectivity
network, shape, and size of the building structures. Within an informal settlement, the road network in
usually irregular with variability in street length, width and surface type. The street coverage is an indicator
of connectivity and accessibility in an informal settlement and its environs. However, Taubenbock &
Kraff (2014) clarifies that street network cannot be solely used as structuring element when it comes to
delineation of informal settlements because of high density structures which eliminate the presence of the
streets. Figure 9 presents a graphical depiction of the three spatial levels of analysis.

Landscape Level Block Level Object Level
— — p—
- \ = R — ( 'i. [ [
/ N \ N, - / N " "o
N \ BLOCK 4 R / N \ ‘.. N
. ¥ \ AN p N WL LA
/s | I r I\ ./
/ - i | \ i | 7 J - g
1 BLOCK | / N { / 2Ol
| i | BLOCK 3 | { |
\ s o ll. ,/‘ N J
3 / \ < \ 7 \ .
o ~/ - \ / g ~ .4
\ / / \/ /
! BLOCK 2 / ( /
{ \ { \
\ ! / \ |
., ’ ~
~ | N
~ { | N /
i — A\

Figure 9: Three levels of spatial analysis of INSEs (Source: Own construct)

2.7. Analysis of INSEs Patterns using Spatial Metrics

Spatial metrics are defined as quantitative and aggregate measurements obtained from digital analysis of
raster data which shows spatial heterogeneity at different scales and resolutions (Herold, Goldstein, and
Clarke, 2003). Spatial metrics are important in measuring and quantifying complexity, centrality,
compactness and density of INSEs. The indicators such as patch density, shape indices or pixel-based
parameters (e.g. contagion) which are computed from all pixels in a patch are used to analyse physical
characteristics of INSEs. Similarly, the INSE differentiation requires spatial metrics that are explicit,
measurable, easily quantifiable, replicable and systematically observable (Owen and Wong, 2013).
Furthermore, the outcome of using the metrics acts as the basis of fully understanding the patterns of
INSEs and provides new insights into their variability and similarities. Spatial metrics improve our
understanding about the development of informal settlements through the analysis of several indicators
such as: absence of roads, lack of vegetation and open spaces; high density, compact development,
irregular shapes, association with neighbouring areas and texture (Kohli, Sliuzas, Ketle, and Stein, 2012).

The results obtained from spatial metrics are used as a basis for describing the patterns of informal
settlements over time and space (Appendix 2). The analysis of three dimensions i.e. size, shape and pattern
(Kuffer & Barrosb, 2011) can show the level of unplanned and the likelihood of an area being informal.
The study on typology of informal settlements by Ishtiyaq & Kumar (2011) revealed that smaller size of
slum clusters are more in number and therefore many people live in them. Spatial metrics are implemented
in the open source statistical packages FRAGSTATS and Patch Analyst (Herold et al., 2003). Dubovyk,
Sliuzas, & Flacke (2011) developed logistic regression models to analyse relationships between informal
settlements and their driving factors such as proximity to industrial areas and neighbourhood
characteristics. The research on detection of slum areas in Hyderabad, India was based on the concept of
lacunarity and was done by Kit, Liideke, & Reckien (2012). Lacunarity is a scale-dependent measure of
heterogeneity of an object by considering its texture (Plotnick, Gardner, Hargrove, Prestegaard, &
Perlmutter, 1996). The concept of lacunarity defines areas of high-density housing and small dwelling size.
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The structure and pattern of informal settlement are highly amorphous. Therefore, the use of spatial
metrics to quantify the patterns of informal settlements offers a detailed representation of these dynamic
and heterogeneous areas; and provides a link between the physical structures and INSE form as well as
the process. Furthermore, spatial metrics have been used for comprehensive analysis of the
spatiotemporal patterns of land use change; and in the explanation and accuracy assessment of models
(Herold et al., 2003). The spatial metrics are an important tool for the analysis of remotely sensed derived
data for informal settlement. Additionally, they provide tremendous rich level of quantitative information
about the structure and pattern of the landscape, and they effectively capture the changing dynamics of
INSE growth. Using spatial metrics is advantageous for the analysis of land use change because they offer
a comprehensive method for the description of process and the comparison with theory (Herold et al.,
2003). Spatial metrics are used to analyse the morphology of unplanned areas (Kuffer & Barrosb, 2011)
come in handy in guiding the spatial land use pattern and future growth of an area, thus acting as a policy
and planning tool. The figure 10 shows an illustration of some of the metrics used to quantify the
structure of informal settlements.
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Figure 10: Spatial metrics for quantifying the structure of INSEs (Huang, Lu, & Sellers, 2007)

The complexity index measures the irregularity of the patch shape (Figure 10). The area weighted mean
shape index is used to measure the irregularity of the patches. The higher the value of the index, the more
irregular the shape is (Huang et al., 2007). Another important index is fractal dimension which has a
potential to measure also the ruggedness of the INSE shape. Fractal dimension of value 1 represents
shapes which are simple e.g. a circle but as it approaches a value of 2 the shapes become more complex.
The centrality index measures the distance between the largest patch and other patches. The elongated INSE
shapes have bigger centrality indices than the circular ones. The compactness index (CI) measures both the
fragmentation of INSE landscape as well as the individual patch shape (Huang et al., 2007). Normally, the
higher values of CI are associated with the 'regular shape' of patches and smaller number of patches.
Another important indicator of measuring the ratio of open space in comparison to the total INSE
landscape atea is porosity. In this research, the metrics that have discussed shall be used to measure and
quantify the patterns of INSE in both cities. The differences in index values between the two countries
will assist in understanding the extent of their morphological variations.
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2.8. The INSE Locational and Morphological Indicators

The quantification of the patterns of INSEs requires identification of measurable variables at three levels
of analysis (figure8). In this study, a number of variables and indicators were documented prior to
quantification process as presented in table 1.

Table 1: The INSE factors and indicators

Analysis Levels
INSE Aspects Data/Object Measured Variable Toibens | Somlamn Object
Major Roads Accessibility \/ - -
Industrial Areas Accessibility \/ - -
Major Rivers Proximity \/ - -
. Town Centres and | Accessibility \/ - -
Location CBD
Terrain (Slope) Site-specific (Overlay) \/ - -
Flood-prone areas Site-specific (Overlay) \/ - -
Landuse in INSE | Neighbourhood (buffer) - -
environs \/
Dwelling size - Mean area -
Dwelling density - PD -
Number of INSEs B Number of -
Settlement patches
Shape of settlement - MSI -
Settlement Pattern B AT, SEI and -
SDI
Morphology Building size - - Mean atea
Building shape - - MSI
Buildings — -
Building density - - PD
Building pattern _ _ Al SDI
and SEI
Density of roads - - Percentage
coverage
Roads Connectivity, Nodes; ‘
Circuitry . ) length; links
Complexity
Density

2.8.1. The Location Aspects

The proximity is a measure of how close an INSE is to spatial features such as roads, rivers, railway and
industries. In this research, accessibility is used as a measure of proximity because the time component
was factored in. The road network was used as linkages amongst different locations in the informal areas.
The network distance tools are used to explore the accessibility relationship and measurements are
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constrained to a road, railway and rivers. Additionally, assessing the accessibility to industries by INSE
inhabitants require the creation of network service area. The contour service areas show how accessibility
varies with distance along the network. The service area also shows how many people have access to a
certain facility for instance, 100 people have access to the industries within 10 minutes of walking from
their homes. Unlike Nairobi where INSE are located in different parts of the city, the major roads are
significant drivers of INSE growth in the city of Dar es Salaam (Abebe, 2011). Often lack of streets in the
cities has a negative impact because the provision of services such as water is hampered (UN-HABITAT,
2013). In addition, there has been a challenge of establishing coherent road network in major cities.

The location of INSE is often associated with environmental hazards such as soil erosion, flooding, steep
slopes, mining sites and sand harvesting areas. These areas are either vacant or undeveloped and are
considered to be threats to descent habitation. The slope used in this study to analyse the terrain
characteristics is obtained from the DEM of 30 m spatial resolution and is calculated as a percentage. In
the methodology section, this process of generating slope from DEM is discussed in detail. The
proportion of INSE, undeveloped land and land use in the surrounding areas is computed using the cell
size of 20 metres (cell size area of 400 square metres). The data used in this research is mainly vector data
although in the case of terrain, raster data (DEM and slope) is used for analysis.

2.8.2. The Morphology Aspects

The spatial metrics have been utilised to analyse the morphology of unplanned areas in Nairobi and Dar es
Salaam. The morphology of the INSEs has been analysed using settlement, buildings and roads data. Each
of these factors requires different approach and spatial metrics. As shown in table 1, a set of spatial
metrics describing the morphology were adopted. Their selection was based on the fact that some metrics
are highly correlating within one dimension whilst others are insignificant. For instance, according to the
study done in Dar es Salaam by Kuffer & Barrosb (2011), the patch, edge and patch richness density
correlates. Therefore, in this research the patch density was chosen while edge and patch richness density
were dropped. In describing shape complexity of INSEs, the mean patch fractal dimension (MPFD) mean
perimeter-area ratio (MPAR) and mean shape index (MSI) are computed. The mean shape index was
adopted while MPFD and MPAR were dropped. Further, the spatial metrics that were selected for the
analysis of pattern include aggregation index, contagion index, Shannon's evenness index (SEI) and
Shannon's diversity index (SDI).

In this study, FRAGSTATS (McGarigal, Cushman, & Ene, 2012) and Patch Analyst are used to compute
the metrics. These software applications calculate above metric statistics that quantify the landscape
configuration and the complexity of the patch shape. The description of the metrics has been presented in
the subsequent sections. It is important to note that most of the shape metrics are based on perimeter-area
relationships. In addition, the metrics are just numbers and indices hence without critical and clarity in
interpretation they will not make sense. The INSEs are typically more irregular, have high density and high
complexity hence using the spatial metrics aids in understanding the morphology and at the same time in
revealing some of their latent characteristics.

Apart from analysing the settlements and buildings, the road network connectivity (including the density,
circuitry, complexity and connectivity) within the INSEs was also analysed. In most settlements, the road
network coverage is often low and people tend to use walk support to access the main road network. As
described in the subsequent sections, the accessibility to the road was done at landscape level. However,
the analysis of road coverage and connectivity at the settlement level was still feasible although the main
focus was on building structures with emphasis on analysing their sizes, densities, shapes and patterns.
Additionally, other important indicators include road density, length and number of nodes. The analysis of
roads was done in five sample sites that were selected in each example city as described in the next section.

18



COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

3.

3.1.

Figure 11 below gives a full description of an overview of the research methodology and details including

DATAAND METHODOLOGY

Overview of Methodology

data requirements, the methods and approach that will be employed in the execution of the research. The

study areas, methods, data, workflow and analysis have been discussed in the subsequent sections.
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Figure 11: A general methodological framework
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As indicated in the figure 11 above the research is done in two phases (1) landscape level (i) settlement and
object level. At landscape analysis, basic GIS operations such as proximity, accessibility, near distance
measurements, neighbourhood and site-specific analyses are done in relation to INSE characteristics. At
settlement and object phase, spatial metrics are employed to analyse structural patterns of INSEs. There
are differences between Nairobi and Dar es Salaam. Whereas Nairobi is a capitalist and open market
economy, Dar es Salaam is a socialist economy. As stated earlier, the comparison of locational and
morphological aspects was done at three levels i.e. landscape, settlement and object level.

3.2, Location of the Study Areas

The locations of the study areas are Nairobi city in Kenya and Dar es Salaam city in Tanzania (Figure 4).
Nairobi city is located in the central part of Kenya (1.2859°S, 36.8195°E) at an altitude of 1660 metres
ASL while Dar es Salaam is located in the Eastern region in Tanzania bordering the Indian Ocean
(6.8001°S, 39.2835°E) at 60 metres ASL. The administrative extent of Nairobi city covers 696 Km?
(Wikipedia, 2014a) while that of Dar es Salaam (study area extent) is 980 sq. km (Abebe, 2011). The whole
administrative boundary of Dar es Salaam city covers an area of 1590 Km?2 The reasons for selecting the
study sites are: The informal settlements in both cities have been identified based on the previous
research; the availability of data; both cities also correspond well to the chosen research problem and
methodology. This research is confined to the cities of Nairobi and Dar es Salaam only. The cities are used
as examples to explore the commonalities and differences in informal settlement patterns. The geographic
location and the landscape of these cities is also different hence making comparison relevant.
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Figure 12: The location of the study areas, Source of base image: (Esti, 2015a)
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Description of the Location of INSEs

A number of social-spatial characteristics can be used to identify types and the location of informal
settlements. They include: size, location, resident profiles and spatial organisation. Despite a wide range of
spatial phenomena, the several INSEs exist in different areas (Tsenkova, 2010). Some of these areas

described in subsequent sections below.

Squatter settlements on public or private land are those settlements which are built by residents on illegally
occupied land. This is as a result of movement to cities due to migration and change of urban economies.
These informal settlements are normally located in peri-urban areas either on private or public land. These
types of settlements are predominant in Nairobi city.

Further, settlements for refugees and vulnerable people are the settlements often developed by the
refugees or internally displaced people as a result of wars or natural calamities like earthquakes. These
settlements are found on urban periphery and have limited access to social services.

In the upgraded squatter settlements, the legal status of these settlements varies. They begin with the
illegal occupation status and over time they acquire legal ownership and occupation rights. This enables
the settlements to develop rapidly with land owners investing in their homes. As a result of regularisation
process, these settlements have become dominant in Dar es Salaam city although Nairobi has also begun
the process of INSE upgrading,.

Lastly, there exist illegal suburban land subdivisions on private or public land. The residents in these
settlements often possess titles to the land and the houses are built with proper planning and approval
procedures. Often unauthorised land development and illegal subdivisions are rampant. For instance,
agricultural land is subdivided and sold to developers who later convert it to urban areas without following
proper planning procedures and zoning regulations. Some of these cases are rampant in Nairobi city.

3.3. Data Collection Approach

This phase comprises of pre-data collection including sampling, preparation of site maps and identification
of the data to be collected. The two types of data collected are primary and secondary data. The
subsequent sections discuss general data collection approach used in this research.

3.3.1.  Primary Data

The fieldwork was carried out in two cities i.e. Dar es Salaam and Nairobi. As indicated above, during the
fieldwork process the data collection was done on all sample sites in both cities (Appendix 5). Some of the
data include: building floors; construction materials; roofing materials; photographs of roads and buildings
in sample sites. This data was collected mainly to assess the general characteristics of INSEs with an aim
of creating a better understanding of location and morphology characteristics.

In total, five sample sites were selected in both cities i.e. Nairobi and Dar es Salaam. These sites were
selected by considering different spatial aspects. These include: site on steep slopes, along the road,
railway, along the river, close to CBD and close to industrial area. The map on Figure 13 presents a
detailed illustration of the location of the sites in Nairobi city. Basically, field observations were done on
the whole settlement considering the characteristics and factors that drive INSE development as discussed
previously. A number of sample objects were measured (e.g. width of road, number of floors of buildings
etc). The criterion was based on the general morphology characteristics of the whole settlement. For
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comparison purposes, similar approach was applied to the remaining sites which are along steep slopes,
close to roads or railway, CBD, industries etc. Figure 13 shows some of the sample sites in Nairobi city.

Nairobi Sample Sites

| Site2
Site3 Mathare
Kawangware &@ﬁ

Sitel
Majengo

Site4
Kiberu%

T S 0 5 10
P ) . I 1 Km
m Location (P
— -

1 Boundary

Figure 13: Location of the sample sites in the city of Nairobi

The five sample sites were used in each city because some data such as buildings for the entire city was
unavailable. The appendix 5 shows the primary data that was collected during the field work. The data will
be used during the interpretation of the results.

3.3.2.  Description of Field Observations

The general observations were made during the site visits to INSEs in both cities. They are documented in
appendix 5. Below is a brief description of the sample sites in Nairobi and Dar es Salaam.

Firstly, Nairobi sample sites were visited and a number of general observations made. The INSEs in
Nairobi are located mainly close to rivers and major roads. Some INSEs such as Majengo and Mathare are
small in size, compact with high density building structures. They are located on gentle slopes close to
rivers and at a distance of approximately 3 km (Majengo) and 5 km (Mathare) to CBD. Kibera,
Kawangware and Mukuru Kwa Njenga have large spatial extent compared to the Majengo and Mathare.
Mukuru and Kibera are located along the railway line while Kawangware is located close to affluent area of
Lavington estate. The building density in these settlements is high with structures mainly made of
corrugated iron sheets (roofing and walls) although some mud houses exist in these INSEs. In addition to
low percentage of open spaces, these areas have few road networks since building structures tend to be
close to each other. However, the roads that exist in these INSEs are mainly earth and unpaved.

Unlike Nairobi, the INSEs in Dar es Salaam are more dominant along the major roads and more complex
in terms of the physical structure and pattern. The INSEs in Kimara and Mbagala Kuu areas are located
on steep slopes. There is also a mix of building structures incorporating mud houses, semi-permanent and
permanent houses. Some of the buildings (those in the areas that have undergone regularisation process)
have up to 4 floors although they are few. The percentage of open space here is quite high compared to
Kinondoni which is located close to the CBD and along flooding zone. The building density in Kinondoni
is high compared to the other four sites because it is located close to the CBD where land demand is high.
Kinduchi site is located along the main road heading to Bagamoyo town. The building density here is low.
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3.3.3. Secondary Data

The data that has been used in this study is mainly secondary together with some of the primary data that
was collected during the fieldwork. The primary data was used mainly during the interpretation of results.
In this research, the data used include: administrative boundary data, DEM, land use, building footprints,
major roads, major rivers, CBD point data, major town centres and markets and INSE data. The table in
Appendix 1 shows the secondary data that was collected. The vector data was used as input data to
establish the characteristics of the location of INSEs using proximity, accessibility, neighbourhood and
site-specific calculations. The raster data (DEM) was used to generate slope which was later utilised as
input for the INSE terrain analysis computations. In addition, VHR satellite imagery (Kit et al., 2012) was
used to capture the building footprint layers in those areas that are not covered as well as updating the
INSE boundaries. In the subsequent sections, a detailed description of each dataset has been given.

The road network in Nairobi city is categorised into different classes namely A, B, C, D and E. Class A is
international road linking Kenya and neighbouring countries. Class B road links major cities within the
country while class C links major towns. The classes D and E are minor roads and mainly referred to as
access roads. They are found within a settlement or an estate. On the other hand, the road network in Dar
es Salaam was classified into three classes i.e. major, minor and access roads. The road datasets were used
in accessibility of INSE computations at landscape level of analysis. Separately, the river datasets in both
cities were mainly classified as major and minor rivers. Some of the rivers are seasonal. In this research,
only the major rivers (permanent rivers) were rivers were used as input data for INSE proximity
measurements. Permanent rivers were used since they have great influence in the development of INSE as
opposed to seasonal rivers. Further, other datasets which are mainly represented as point features consist
of the CBD and major market centres within both cities. They act as places of opportunities (e.g.
employment) for the INSE residents hence influencing the spatial location of these settlements.

As shown in figure 15, both cities have INSEs although they differ in location and extent. The INSE in
Nairobi covers an area of 776 hectares while those in Dar es Salaam cover 17,305 hectares. The
subsequent section outlines the procedures on how they were analysed. Whereas the INSE in Nairobi
consists of small patches within planned areas, the situation in Dar es Salaam is quite different because the
INSEs are mainly composed of large patches and widespread within the city. Lastly, a 30 metre spatial
resolution DEM (figure 14) was downloaded from Aster Global DEM website as shown in Appendix 1.
The ArcGIS analysis tools were used to generate slope from the DEM. The slope statistics were later
analysed to establish the relationship between INSE location and terrain between both cities.
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Figure 14: The DEMs of (a) Nairobi and (b) Dar es Salaam
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The Land use in Nairobi and Dar es Salaam

The map in figure 15 below shows a comparison of land use classification in Nairobi and Dar es Salaam.

Nairobi Land use classification of the Year 2010
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Dar es Salaam Land use classification of the year 2012
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Figure 15: Land use classification in the cities of Nairobi and Dar es Salaam
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The land use in both cities has been reclassified into eleven classes (Figure 15). The land use data for
Nairobi is for the year 2010 whilst that of Dar es Salaam is for the year 2012. The sources of the
respective land uses have been provided in the appendix 1. The land uses were reclassified into the same
number of classes to achieve comparable results. The percentages of land use classes (11 classes) in both
cities are shown in the diagram below (Figure 16).
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Figure 16: A comparison of proportion of percentages of land use classification

As shown in the figure above, agricultural land use in Dar es Salaam has the highest percentage of 47
covering an area of (9,740 hectares while the highest land use in size in Nairobi is residential with 35
percent covering 22,316 hectares of land. The residential land use in Dar es Salaam covers 27 percent of
the total area of the city. There is also the presence of a national park in Nairobi which covers a large area
of about 20% of the total area of the city! As depicted in figure 16, the INSEs are more extensive in Dar
es Salaam (12%) with total area of 17,305 hectares compared to Nairobi (1%) covering an area of 776
hectares (figure 15). Unlike in Dar es Salaam, the INSEs in Nairobi are composed of small patches.

3.3.4. Data Quality Assessment

Most of the data used in this research especially for the city of Dar es Salaam was obtained from ITC
archive and has been used to conduct various studies in the past. The datasets for Nairobi (land use, roads,
railway, rivers etc) were mainly obtained from government ministries and agencies that are entrusted with
various mandates according to laws of Kenya. The data also contains a list of metadata which is crucial in
understanding the scale, spatial resolution, the date of acquisition, the coordinate system, spatial extent
and additional information such as the modalities on how the data was obtained as well as its uses.

In assessing the overall accuracy, currency and consistency of the data, the GIS data layers were converted
into Google KML format and loaded on Google Earth. The visual checks and inspection on the data was
done. This process was carried out layer by layer to ascertain that the data was up-to-date. Some
modifications were also carried out such as updating some data by digitizing the new roads, capturing new
buildings, erasing buildings that have been demolished etc. Some of the datasets had to be converted from
local datum to WGS84 global datum in order to achieve harmonisation of data layers in the geodatabase.
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34. Data Pre-processing Approach

At this interim stage, the main processes that were carried out include the creation of analysis layer,
creation of slope layer from DEM, clipping layers, GIS overlay operations, categorising the land use,
creation of network dataset and setrvice area; extraction of INSEs from land use data was cartried out. The
extent of the study area was limited to the administrative boundaries of the cities (city boundary layer)
hence this layer was used as an input for clipping operations. Some data layers such as roads, rivers and
DEM were obtained at national levels hence they were clipped to ensure efficiency during data processing.
All data preparation tasks and pre-processing are done in the ArcGIS software because of its capability
and inbuilt algorithms for handling both vector and raster data. At this stage, it was also crucial for the
data to be transformed into the unified coordinate system (data in Arc1960 datum was transformed into
WGS84 datum) and stored in a geodatabase to ensure that GIS processes were carried out expeditiously.

During accessibility measures and creation of the road network dataset, it was imperative to ensure the
network data integrity. The use of GIS topological data inspection was done thus ensuring that errors
inherent in the dataset such as gaps and overlaps were all corrected. As pointed eatlier, the use of a
geodatabase plays a crucial role since the correction of topological errors is possible. All the data layers
were inspected before they were used in subsequent processes and analyses. The creation of slope (in
degrees and as percentage) from a DEM (30 metre spatial resolution) was also done at this stage. A slope
is a raster layer which depicts a change of elevation with distance. Each raster cell within the slope layer
has same slope value given either as a percentage or degrees. The higher spatial resolution of a DEM often
gives finer details of slope analysis hence increases accuracy of the results. In this study, 30 metre
resolution was used which implies that a ground area of 900 square metres has the same slope values. The
30 metre DEM used in this study was ideal for the analysis and the results obtained were sufficient.

3.5. Methods, Tools and Software Requirements

In this research, the focus was mainly on analysis of spatial and morphological characteristics of informal
settlements (Appendix 6). To carry out spatial analysis, the data as indicated in 3.4.3 above was used. The
factors and indicators which determine the spatial development of INSEs (proximity, site-specific and
neighbourhood) were analysed (Dubovyk et al., 2011) as well as morphological indicators using spatial
statistical methods. The spatial analysis was performed at landscape level using a combination of ArcGIS
proximity and overlay operations while Microsoft Excel and SPSS was used in carrying out statistical
analysis. Despite the analysis at landscape level being generic, more insights on location aspects were
derived using spatial statistical methods incorporating spatial metrics at settlement and object levels of
analysis. At object level, the characteristics of building and roads (circuitry, complexity and connectivity)
were evaluated. Some of the buildings indicators used include the size, shape, density and pattern.

In ensuring that the above processes were carried out expeditiously, different software packages were used
to achieve the study objective. The ArcGIS was mainly used during spatial analysis incorporating the
creation of geodatabases; topological error correction; proximity and overlay measurements; exporting
database tables to excel and SPSS as well as creation of analysis maps. Separately, an open source tool
(MapWindow GIS) was utilised in the generation of INSE centroids for the hexagon layer which was later
used in accessibility computations. The centroids were used as 'origins' while CBDs and market centres
were 'destinations' in accessibility calculations. Other software packages i.e. FRAGSTATS and Patch
Analyst were used to carry out spatial statistical analysis by utilising derived landscape and class metrics
from vector and raster data at settlement and object levels. The patch analyst was used to generate the
hexagonal cells dataset which was later used in road accessibility measures computations within INSEs.
Lastly, the SPSS and MS Excel were used mainly for statistical computations as well as generating
statistical charts and graphs including bar charts, statistical tables, radar charts, histograms among others.
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3.6. Landscape Analysis

These operations entail proximity, neighbourhood and site specific measurements in relation to the
location of informal settlements in both cities. The combination of GIS proximity and overlay operations
is used as well as the spatial statistics analysis as shown in the subsequent sections.

3.6.1.  Proximity and Accessibility Measurements

Accomplishing the goal of accessibility analysis at aggregate level requires the origins (demand) and
destinations with opportunities (supply) (Ahmed, 2004). The spatial accessibility of informal settlements
refers to the ease with which residents of a given INSE area can reach places of opportunities such as
industries, CBD and market centres. Besides, the roads act as a network on which accessibility analysis is
implemented. The assumption made is that the mode of transport used by inhabitants in informal
settlements is walking. Since the major roads in informal settlements are often non-existent, a virtual road
network called the walk support* (Figure 19) is used for the hexagons of the INSEs. This process of
assessing the accessibility and proximity is implemented using a number of vector based GIS tools and
operations as indicated in figure 17 below.
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Layers > computations Dataset > Atrea
A |
.

Create Analysis Classify output

L layer
ayCL Served Area by
market centre and INSE
industries
Classified INSE A
Intersect
Layers
A\ 4
Output S i d i ¢ Oueput
P ummarise an Classify INSE :

statistical export attribute Layer p analysis
charts table A

M<

Figure 17: Proximity and accessibility measurement approach

4The walk support is constructed by joining the centroids of hexagons assuming that people walk in Euclidean distance to reach
the real road network from their homes.
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3.6.2. Accessibility Analysis Layer

Often an INSE is a cluster of houses with some socio-economic and physical characteristics (Sori, 2012)
therefore an individual building cannot be said to be an INSE. The process of defining the smallest spatial
cluster that constitutes an INSE is not only difficult but also time consuming since its demarcation is not
well defined spatially. On the other hand, the aggregation of data at city level or district level often tends
to hide spatial variability of urban structure and ultimately that of the INSEs. Therefore, a standardised
geometry is required to aid in long-term monitoring and planning applications. The alternative approach
was to define an INSE as geographic area using disaggregated spatial layer of analysis. The disaggregated
layer ensures that high accuracy results are achieved. This layer often vaties in scale (global, national or
local). Thus, in the context of this study, the analysis layer was at a local scale (city level).

The creation of accessibility analysis layer involved various steps using Patch Analyst® and MapWindow
GIS software. The Patch Analyst was used to create hexagonal cells of the size 100 metres while the
MapWindow was used to create the centroids. The cell size of 100 metres was chosen to be sufficient
considering the GIS processing time, the scale of analysis (citywide) and the level of required details of the
results. However, the possibility of the cell size being bigger or smaller depending on the scale of analysis
is also feasible. The smaller the size of grid the finer the details but the process consumes a lot of time
especially when the layer covers large spatial extent e.g. a country. The entire city area was divided into
hexagonal cells to capture and model spatial interaction within informal settlements at city level. The
assumption made is that a cell contains homogenous spatial characteristics such as the distance to the
road, distance to the river and population density. Often the distance analyses require the measurements
to be constrained to a linear feature such as a road, a river or a railway network. Furthermore, the
centroids were used as origins and were created using MapWindow GIS¢. The centroids store the data
regarding the inhabitants of an informal settlement hence in the context of this research, they are
considered to be origins of the cells (Figure 18). On the other hand, the destinations normally depict areas
with opportunities such as the industries, commercial centres, CBDs and so on.

\:l Hexagon 100x100m Hexagon Centroids

Figure 18: Accessibility analysis layer for network computations

5> An ArcGIS add-on extension developed under Spatial Ecology Program that facilitates the spatial analysis of landscape patches
and modeling of attributes associated with patches.
¢ This is an open source software application used for performing GIS analysis, mapping and has a programmable add-on module.
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3.6.3. Computation of INSE Accessibility

The accessibility is often evaluated in terms of road network connectivity in an area. In this study, the
topological relationship was established amongst the network links prior to design of road net dataset. In
improving the road network data integrity and consistency, the errors including the gaps and ovetlaps on
the road layer were all corrected. For instance, the dangles were trimmed and gaps on the junctions
snapped together. This was done to ensure that the accessibility computations were robust and accurate.
The accessibility was used to measure proximity of INSE using the road network. The centroids of
industrial layer, market centres and CBD layers were used as input in creating the service area layer. After
the service area layers for the roads, industries, market centres and CBD were created, they were later
intersected with the INSE layer and classification done thereafter. This process was done for each layer
separately and the results that were obtained are presented in the results and discussion section.

During accessibility calculations, some assumptions were made. An average walking speed of 4 kilometres
per hour (70 metres per minute) was adopted based on the work of Ahmed (2004). While walking, people
normally do not follow a straight line but often consider using the shortest distance between their homes
and places of opportunities. In figure 19 below as described in section 3.7.1 above, the triangular network
are referred to as the walk support. They are obtained by joining the centroids of the hexagons. Separately,
the service areas were created in order to evaluate the level of accessibility of INSE at the city level. The
generated layer was spatially joined with informal settlements layer. The GIS intersection process was also
done followed by union of the resulting layers which were later classified as shown in results section.

Road Network with Walk support in an INSE

"

-/‘ ¥ X ¥ % X ¥ ¥
0 500 1,000
e \ciers M INSE === Class1 —— Class 2 Walk support

Figure 19: A road network dataset with walk support covering an INSE

The road segments were chosen as impedance for service area calculation. Using GIS network analyst
tool, a service area analysis was calculated and the attribute table obtained summarised as per minutes of
travel per road segment. The table was exported to MS Excel as a database file and statistical analysis
followed with graphs and charts generated as outputs. The service area was classified and intersected with
INSE layer and maps were generated. From this analysis, it is possible to identify how much land or how
many people are within a given contour for instance, 10,000 people can access roads within 10 minutes
from their homes. The same approach was adopted for calculating the accessibility of INSE to industries
or market centres but the former were used as origins and the latter as destinations. The analysis maps and
statistical charts were created as shown in the results section.
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The vector-based proximity calculations of INSE to the rivers were done using near” tool in ArcGIS
(Figure 20). This method was chosen because it is more accurate in measuring proximity relationship
between point (INSE centroids) and line features (rivers). The shortest distances between INSE centroids
(used as input features in this context) to the edge of the river (near features) were computed and
populated in the attribute table of the INSE centroid layer. The distances are often calculated using the
coordinate system of the input features. The obtained database table was exported to SPSS and excel. The
statistical analysis was performed and the classified maps were generated as indicated in the results section.

Proximity Using Near Distance Calculations

*  Centroids
— River
1:30,000 | INSE

Figure 20: Analysis of proximity of INSE to the rivers
3.6.4. Neighbourhood Analysis

The proportion of land use classes that surrounds the INSE was computed. A buffer of 200 metres was
chosen as a realistic in analysing the proportions of the land use in the surrounding areas of INSEs. The
flowchart in figure 21 below presents the methodology and steps that were adopted during the process.

Extract INSE
Land use > EEE—
from LU

Intersect and
R Buffer 200
p| classify the |4
metres
layers
\ 4
Compute Summatise Create output

statistics and |«

attribute table analysis maps and
create charts compare
L_/'\r

[
»

Figure 21: Neighbourhood measurement approach

7'The GIS Near tool computes the distance from each point in one feature class to the nearest point or line feature in another
feature class. Both the input and 'near’ layers MUST have the same coordinate system.
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The process of analysing the surrounding landuse in the INSE was carried out as described in figure 21.
Further, the overlay analysis was done whereby INSE layer was erased using the buffer as the input layer.
The resulting output layer was then intersected with landuse data and thereafter classification done on the
resulting output (figure 21). Thereafter, the statistical analysis was then done to evaluate the status of the
land use surrounding the INSEs in both cities as indicated in the results section.

3.6.5. The INSE Sites Analysis

The location of INSEs differs from one city to another. The aim of analysing sites is to determine how the
terrain varies from one INSE to another. The raster DEM was used as the input data to generate the slope
from which the terrain was analysed. The flowchart in Figure 22 below shows the overall methodology

i INSE ;
Generate Generate random

A 4

adopted in analysing terrain of the INSE sites.

Number of
points?

F
}:equenczlr Statistical Export dbf Slope values to Create output
rts and | _
o ,S é - analysis | table to SPSS ™ points analysis maps
statistics

Lm‘
VL_/\I‘

Figure 22: Terrain analysis approach of INSE sites

Slope is referred to as the rate of maximum change in z-value from a raster cell to its surrounding cell. The
diagram in figure 23 below shows a raster slope (classified in degrees) which was generated from a DEM.
Often an INSE located in an area as shown in Figure 23 will have varying slope values. The slope
determines the orientation of building structures within the settlement area and depicts immediate
reflection on the physical and spatial configuration as well as different risk situations that are inherent in
an area.

*? B ENo-7

f S A S D Ev7-15
o N [ 15-23
[ 23- 31
é’ ] 31-30
LA oy = 30-47
"{ 34 £y [l a7-55
e e W 5563
ey ¥ 3 Il 63-70
SN Tk &F M 0-78

Input elevation raster Output slope raster
(in degrees)

Figure 23: Generation of slope values from a DEM, Source: (Esti, 2015b)
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For percent rise in slope, the range is often zero to essentially infinity. As shown in figure 24 below, a flat
surface has a 0% rise in slope whilst a 45 degree surface has a 100 percentage rise in slope. As the INSE
surface becomes more vertical, the percentage rise becomes increasingly larger until it reaches infinity (at
90 degrees rise). Generally, the lower slope values depict a flat terrain whilst the higher slope values are
associated with steep terrain (Figure 24). It is worth noting that the DEM used in this study has a spatial
resolution of 30 metres. Further, in this type of analysis, real surface observations may present more
accurate results as opposed to the results obtained using this kind of dataset (DEM). However, in the
context of this study, this was the highest resolution DEM that was available and it fulfilled the main
objective of the research as well as that of sub-objective one that entails analysing terrain for INSEs sites.

Slope at infinity

0 % nise 1n slope
(flat area)

Figure 24: An interpretation of INSE slope values

In this research, a sample of 10% random points was generated covering the entire INSE layer (Figure
25). The aim of generating sample points was to evaluate the changes in slope values in all INSEs in
vector environment. Still, the process was also done for all the sample sites in both cities. It is important
to note that at landscape level, the INSEs exist as different patches which are disjointed from each other
therefore analysing slope values in raster format is a daunting task because each patch need to be stored as
a single layer prior to analysis. Additionally, the slope layer clipped using INSE patch boundary layer since
the area of interest is within the informal settlements and not the entire city. This approach of generating
random points proved to ideal in the context of required output and analysis. Using GIS overlay
operations; the slope values (degrees) were transferred to the random point layer and populated as dbf file
prior to statistical analysis. The slope layer was generated as a percentage as well as in degrees. The slope
values obtained were populated in the attribute of the point layer (Figure 22). A similar approach was
adopted in both Nairobi and Dar es Salaam cities. The analysis maps and statistical charts were generated
as shown in Figure 22 and comparison followed thereafter.

—

Figure 25: An illustration of random points on INSE site overlaid on the slope layer
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3.7. Settlement and Object Level Analysis

The morphology of INSE was analysed at settlement and object levels as shown in figure 26. At these
levels, the additional details of INSE analysis were derived using spatial statistical approaches and spatial
metrics as discussed by Kohli et al. (2012). As discussed in previous sections, the main focus is to achieve
robust and comparable results since both cities differ in terms of location, size and population size.
However, a number of parameters and indicators were used including the size, shape, pattern and density
of INSEs. The FRAGSTATS and Patch Analyst software packages were used to explicitly calculate and
measure the metrics that depict compactness, pattern, fragmentation, ratio of open space; and
heterogeneity values of INSEs. As indicated in Figure 26, a similar approach incorporating data (INSE,
buildings, roads), methods, and analysis was applied on both cities hence ensuring robust comparison

v !

i INSE_Al ; Buildings_All Roads_All

v

Convert SHP to KML and
export to Google earth;

v

Perform visual checks and

results.

Dar es Salaam

v

editing; convert to GDB

¢ A 4

Z INSE_E ; Buildings_E ' Roads_E

v A
Selection of the ) Intersect the layers
sample sites | » SapRL s o (GIS overlay)

Capture new i

buildings on |4 Buildings_S Roads_S

Google earth

Rasterize "
Spatial statistical analysis Road connectivity
»| (Size, density, shape, pattern analysis (density,
and HI values) nodes, links)

_>| Results in Nairobi city |
} > Comparison
—>| Results in Dar es Salaam |

KEY: INSE_E: edited informal settlements Roads_S: roads in sample sites ~ Buildings_S: buildings in sample sites
Buildings_E: edited buildings Roads_E: edited roads

Figure 26: The methodology used in settlement and object level analysis
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As depicted in figure 25, morphological analysis was done using INSEs, buildings and roads as input data.
The initial stage involved GIS data conversion to KML format and later exporting it to Google earth for
checks and editing. After that, the data layers were converted back to GIS layers and stored in a
geodatabase. During the analysis and comparison of the patterns of INSEs in both cities, five sample sites
(clusters) had been selected in each city as described in section 3.8.1 (also in figure 20).

At settlement level, the metrics that were computed include mean shape index, patch size, patch density,
open space ratio and aggregation index. Similarly, at object level, most of the aforementioned metrics were
also adopted but the analysis was mainly on individual buildings as opposed to the entire settlements. In
addition to using above metrics at object level, the orientation of buildings were analysed at each sample
site together with the roads connectivity. From the practical standpoint, capturing buildings for the entire
city (especially Dar es Salaam) was infeasible hence the approach of using sample sites deemed fit.

The analysis of roads connectivity within the sample sites was also done where the analysis focused on the
number of edges, nodes and total road lengths (Patarasuk, 2013) . Based on these variables, various indices
were calculated to characterise all aspects of connectivity of the road network. The aspects such as
circuitry (o), complexity (8) and connectivity (y) were also established using relevant formulas given below.

o« = (L-V)+1)/(2V-5) (1)
B=L/V )
y = L/(3*%(V-2) 3)

Where, L is the number of links and V is the number of nodes (Patarasuk, 2013). For instance, as shown
in figure 27, the number of links (L) is 15 whilst the number of nodes (V) is 8.

Figure 27: An illustration of road links and nodes using graph theory

The concept of alpha, beta and gamma is based on graph theory (figure 27). A graph in this context is
made up of vertices (nodes) and lines (edges) that connect them. A graph can be directed from one node
to another or undirected, meaning lack of distinction between two nodes associated with each edge. The
alpha () index measures the circuitry of a road network that is, the number of complete cycles in a
network. The index ranges from 0 (0%) to 1 (100%). The beta (B) index reflects both the complexity and
completeness of a road network (Patarasuk, 2013). This is done by expressing the ratio of links to nodes.
When § < 1 then it implies that the network is disconnected; § = 1 a single circuit; § > 1 indicates a
greater of the road network connectivity in an area. The gamma (y) index values were also computed as
shown in table 8. This index measures the extent to which the nodes are connected. It is also a ratio of
links and nodes and its value ranges from 0 to 1 (Patarasuk, 2013). Gamma is independent of the number
of nodes within the road network. Often a value of 1 denotes a completely connected road network whilst
0 indicates lack of connectivity. All these indices are important in understanding and comparing the INSE
road connectivity in both cities.
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3.7.1.  Selection of Sample Sites

A sample of sites for analysing INSE patterns were selected in both cities. The selection of five sites was
done by considering different physical and location aspects. These include: sites on steep slopes, along the
road or railway, along the river, close to CBD and the sites close to industrial area. The maps were created
that give a detailed illustration of the location of the sites (appendices 3 and 4). As indicated in previous
section, some field observations were done by general observations on the buildings (type, height, roofing
material, walls, size and shape) as well as roads (width and surface type) within each settlement. The
sample site Si in Nairobi was chosen considering its location a long major road (figure 28). The site Sy is
located close to CBD. The site S; is located along a major river while the site S4 is located along the railway
line. Lastly, site Ss is located on the area with steep slopes (Appendix 3 and 4). The logic of selecting these
sites was based on the general morphology and location characteristics of the settlement at the city level.
For comparison purposes, a similar criteria of selecting the sites was applied in the city of Dar es Salaam.

Mathare Sample Site in Nairobi

Buildings

0 25 50 100
[ s Y|

Figure 28: Mathare sample site in Nairobi showing clusters of buildings

3.7.2. The Selection of Spatial Metrics

A set of spatial metrics with the potential to analyse the morphology of INSE (size, shape, density and
pattern) were selected based on a review of existing literature and previous work e.g. (Kuffer et al., 2014;
Herold, Couclelis, & Clarke, 2005; Martin Herold, XiaoHang Liu, 2003). The initial step involved
analysing metrics in Table 1 according to their ability to show clear distinction in morphology between the
two cities. As stated eatlier, the five sample sites were used for this purpose. Further, all metrics were
calculated for samples sites in Nairobi and Dar es Salaam. Some of the metrics that correlate (e.g.
perimeter-area ratio, fractal dimension and mean shape index) were eliminated while shape index was
adopted for quantification of shapes of INSE patches. Some of the metrics that do not show clear
distinction in morphology were excluded as well. The spatial metrics were calculated using FRAGSTATS
and Patch Analyst. Some formulas for the metrics used in the research are described below. What is
crucial; however, are the numerical values of the indices obtained and their interpretation. The difference

between population and sample formulas is insignificant when the number of patches are large e.g., >30
(McGarigal & Marks, 1994).

The Mean Patch Size (MPS) is the average size of the patches that make up the landscape. This metric was
used to analyse the size of the patches of settlements and those of building structures (Equation 4).

m
> (@ij)

Py = J=1 o
MPS =-=1—{157000" @

Where, a is the total sum of the area of all patches and 7 is the sum of the patches in the landscape.
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The Patch Density (PD) is expressed as the total number of patches (1) per area in hectares (A). It reflects
both the amount of INSE and building patches present i.e. their composition as well as their configuration
on the landscape. The PD was computed using the formula in equation 5.

PD = %( 10,000)(100) ©

The Mean Shape Index (MSI) is the sum of each patch's perimeter divided by the square root of patch area
(in hectares) for each class (when analysis is done by class) or all patches (when analysis is done by
landscape), then modified for circular standard (often for polygons), or square standard (often for raster
data or grid), divided by the number of patches (CNFER, 2012). The MSI is used to measure the degree
of irregularity hence complexity of the INSE and buildings patches. MSI was computed using Patch
Analyst at class level and at the landscape level.

n P]| .
Zl { \)/; I

_ = 7 (]ll
ML =— L —— (6)

P;is the proportion of the landscape occupied by the patch type of class 7and » is the number of patch

types i.e. classes in the landscape while a is the area in m? of patch 7.

The Average nearest neighbonr (ANN) distance tool computes the Euclidean distance between each building
centroid and its nearest neighbour location (equations 7 below). In essence, ANN is the average of these
distances in entire study area. The ANN was computed in each sample site using ArcGIS software. The
main of computing ANN index was to determine whether the buildings in each sample site are clustered
or dispersed.

m

ANN =229 Where, = L-:Z,(‘d“ and D: =
D= ° m

Where, Do is the observed mean distance, Dgis the expected mean distance, d; is the distance between

()

feature 7 and its nearest neighbouring feature; 7 is the total number of patches.

The Shannon Evenness Index (SEI) measures patch distribution and abundance using equation 8. In equation
8, Piis the proportion of the landscape occupied by the patch type of class 7and 7 is the number of patch
types ie. classes in the landscape. In this study, SEI was used to quantify the pattern of the INSEs as well
as those of the buildings.

m

Z (Pi * 1nPi)

= 8
SEI Inm ®
The Shannon Diversity Index (§DI) measures the INSE patch diversity in a landscape. Equation 9 shows the

formula used to calculate SDI. The variables P7, 7/ and » have been defined above.

m
SDI=1- ), P% ©)
i=1
The set of spatial metrics that have described above were computed using both the FRAGSTATS and
Patch Analyst software. The calculation of the metrics was done in each city and thereafter their
comparison. The results are presented in the subsequent sections.
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4. RESULTS AND DISCUSSION

41. Introduction

This chapter addresses three main issues namely: comparison INSE location and morphology; road
connectivity index values and comparison matrix. The results are presented using GIS analysis maps,
statistical tables, bar charts and histograms. However, the main challenge was the fact that the INSEs in
Dar es Salaam cover a great spatial extent compared to those in Nairobi hence comparability of results
using maps and statistical charts was strenuous to achieve. This is because for a good and meaningtul
comparison, the maps for instance, have to be standardised using the same scale; the quantitative results
have to be at the same intervals for both cities and so on. Therefore, the subsequent sections in this
chapter present the results obtained at landscape, settlement and object levels of analysis as well as the
discussion and argumentation.

As discussed earlier, informal settlements are associated with small building sizes, high densities (more
than 80%) and lack of public (green) spaces (Kuffer et al, 2014). Figure 29 shows some of these
characteristics. Generally, the analysis that was carried out measures the ratio of open space, the building
size and density, accessibility among other indicators. A point worth noting is that, some assumptions
were made during analysis stage especially at object level. For instance, the results obtained from the
sample sites e.g. the building size and shape reflect the characteristics of the entire city and the results are
not limited to those sample sites only. As discussed in the previous section, the criteria used in selecting
the sample sites from different parts of both cities was based on a number of locational and physical
factors such as proximity to CBD, the rivers, steep slopes and so on. This deemed fit since these are the
main drivers of INSEs development. For instance, the density of those INSEs which are close to CBD is
far much higher (e.g. Kibera in Nairobi) than those located on steep slopes (e.g. Kimara in Dar es Salaam)

as depicted in figure 29.

Figure 29: The INSEs in (a) Nairobi and (b) Dar es Salaam, Source: (Google Earth, 2015)
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4.2.

The results presented in the Figure 30 indicate that most INSE in Nairobi city are located close to the main roads
and industries as compared to those in Dar es Salaam. At landscape level analysis, the accessibility of INSE to
roads, market centres, rivers and industries were done on both cities and the maps in figures 30, 31, 32

and 33 show the results that were obtained whilst the subsequent sections present the statistical analysis.
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Figure 30: Road accessibility comparison in Dar es Salaam and Nairobi
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Figure 31: Comparison of accessibility to industries in Dar es Salaam and Nairobi
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Figure 32: Market centre accessibility comparison in Dar es Salaam and Nairobi
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Figure 33: Proximity to rivers comparison in Dar es Salaam and Nairobi

4.3. The Scale Factor and Standardisation

During creation of analysis maps and comparison, a same scale was adopted for realistic comparison of
the results. As indicated in the figures 30 to 33 above, the spatial extent of Nairobi is less compared to
that of Dar es Salaam. The size of patches in Nairobi is far much less compared to those of Dar es Salaam
which are large and predominant. Using a similar scale and intervals comes in handy and is prelude
especially in ensuring comparability of the results. The INSE areas were also standardised as percentages.
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4.4.

Accessibility Comparison Statistics

The accessibility to roads, market centres, rivers and industries varies across Nairobi and Dar es Salaam
cities. The INSEs in Dar es Salaam occupy more surface area than those of Nairobi. As depicted in the
figure above, the INSEs in Dar es Salaam have large continuous patches than those in Nairobi.
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Figure 34: Graphs showing accessibility to roads in (a) Nairobi and (b) Dar es Salaam
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As indicated in the figures 34 and 35 above, more INSE area (65%) in Nairobi is accessed within 10
minutes of walking as compared to that in Dar es Salaam 48%. The same situation is evident at 20 minutes
walking time although less area covered at 26% and 14% respectively. This is an indication that at average,
people living in Nairobi INSEs can access the road network faster compared to those living in Dar es
Salaam INSEs. The fact that a greater percentage of INSEs is accessed in Nairobi in less than 10 minutes
is also an indication that they are located close to the roads compared to those in Dar es Salaam.
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Figure 36: Graphs showing accessibility to industries in (a) Nairobi and (b) Dar es Salaam
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Figure 37: A graph showing comparison of accessibility to industries

The accessibility from INSEs to industries in both cities also varies (figures 36 and 37). At less than 5
minutes, 45% of INSE area can access industries in Nairobi compared to 10% of Dar es Salaam INSE
area. The fact that industries in Nairobi are more accessible does not only imply that those INSEs are
more connected with the roads. It is just an indication that the INSEs are closer to the industries. This
means that it is not only the road network that contributes to the overall accessibility but also other factors
such as number of industries and their relative location to the INSEs. This leads to an inference that a
greater percentage of the INSEs in Nairobi are located close to industries more so those that lie within 10
minutes walking time as depicted in figure 36a. A greater percentage of INSE in Dar es Salaam (>70%)
cannot access industries within 20 minutes because the industries are mainly located close to the CBD.
Another important factor exemplified in the figures above and need to be taken into consideration is the
spatial extent of INSEs in both cities. That is, the INSEs patches in Dar es Salaam are large and cover
extensive area than those in Nairobi which have small and fragmented patches.
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Figure 38: Graphs showing accessibility to market centres in (a) Nairobi and (b) Dar es Salaam
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The accessibility to market centres also varies across the INSEs in Nairobi (figure 38a) and those in Dar es
Salaam (figure 38b). During the analysis, the market centres were used as places of opportunities
(destinations) whilst the INSE centroids were used as places of supply (origins). The accessibility to
markets was computed and results are presented in figures 38 and 39. From these results, the market
centres in Nairobi can be accessed at an average of 43 minutes of walking from the INSEs while those in
Dar es Salaam can be accessed within 80 minutes at average. At less than 20 minutes, 21% of INSE in
Nairobi can access the markets compared to 8% of INSE in Dar es Salaam (figure 39). As stated eatlier,
the INSE in Dar es Salaam cover greater spatial extent than those in Nairobi hence there is higher
accessibility in Nairobi than in Dar es Salaam as depicted in figure 38a. The accessibility of market centres
from INSEs is much higher in Nairobi due to the fact the market centres are spread across the city
compared to those in Dar es Salaam which are more confined to the CBD area. This results into less
accessibility especially from those INSEs which are located far from these centres due to the fact that
accessibility is measured to the nearest market centre (figure 39). A greater percentage of INSEs in Dar es
Salaam (38%) can access any market greater than 100 minutes walking time compared to 3% in Nairobi.

4.5, Proximity Comparison Statistics

The proximity of the INSEs to the rivers was computed and results presented in figures 40 and 41. The
river dataset was used as input to calculate the proximity as shown in Figure 20. The INSEs in Nairobi are
located at an average 270 metres from major rivers in Nairobi compared to 470 metres in Dar es Salaam.
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Figure 40: Graphs showing proximity to rivers in (a) Nairobi and (b) Dar es Salaam
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Figure 41: A graph showing a comparison of proximity to rivers

As depicted in the figures 40 and 41 above, most of the INSEs in Nairobi are located close to the rivers
(Iess than 100 metres). As the distance increases gradually, the percentage of INSEs close to the rivers also
decreases. The histograms depict a similar pattern in the INSEs of both cities. The location of rivers play a
major role in influencing the development of INSE since in this study, a focus was on major rivers which
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experience natural hazards such as flooding. Again, the presence of riparian reserves acts as a driver for
INSE development since they are normally vacant and development of buildings is neither allowed nor
feasible in such areas. Furthermore, the growth of the INSEs also depends on the development policies of
a city such as zoning and land use planning. The presence of undeveloped land without restrictions plays a
major role in the development of INSEs. In fact, as depicted in the figure above, a greater percentage of
the INSEs are located within a distance of less than 100 metres from the rivers which is actually the
riparian reserve. The limitation to this kind of approach is that the sizes of the INSEs and the number of
major rivers differ between the two cities hence this makes comparability of results a bit challenging.

4.6. The DEM and Slope Values

As described in the methodology section, the DEM was used as input dataset to generate the slope. The
figure 42 show the result obtained. The lowest and highest elevation points for Nairobi INSEs are 1525
and 1900 metres ASL respectively whilst those in Dar es Salaam are zero and 300 metres ASL. The city of
Dar es Salaam is located close to Indian Ocean that is why it has an average elevation of 55 metres ASL.
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Figure 42: The INSE DEM values in Nairobi (a) and Dar es Salaam (b)

As indicated in the figure 42, both histograms are left skewed impling that INSEs elevations in both cities
vary although the presence of crests in Nairobi (1600, 1700 and 1800) indicates some locational pattern.
For Dar es Salaam, there is one elevation crest of approximately 50 metres (figure 42).
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Figure 43: The INSE slope values in Nairobi (a) and Dar es Salaam (b)

The slope values depict the changes of elevation from one cell to a neighbouring cell. The figure 43 shows
that the average slope value for Nairobi INSE is 12% which is equivalent to 5 degrees rise while that of
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Dar es Salaam is 14% (or 6 degrees rise). This is a clear indication that most of the INSEs are located on
gentle slopes although some of the INSEs in Dar es Salaam are located on very steep slopes with values of
more than 350% (greater than 45 degrees) especially in Kimara site. The slope values are different in
Nairobi INSEs where the maximum value is 53% (24 degrees). Unlike Nairobi where a greater percentage
of INSEs exhibit slope ranges of between 0 to 12 degrees, those in Dar es Salaam differ with a range of
between 0 to 23 degrees. Furthermore, the most frequent slope value for Nairobi INSEs is 10% compared
to 4% for Dar es Salaam since most of its area is located close to the ocean where the slope is gentle.

4.7. Neighbourhood Characteristics

The proportion of the land use within a buffer of 200 metres from the INSEs in both cities was analysed.
The results are presented in the figure 44. A greater proportion of land use within the INSE environs is
residential (52% in Nairobi) and (64% in Dar es Salaam). The fact that INSEs are areas of residence for
low income earners is a clear indication of a relationship that exist between those areas zoned as
residential and the informal settlements. Arguably, another probable reason is that often INSEs develop in
areas that are vacant and are in close proximity to already built up areas. Still, some INSEs develop within
residential areas as pockets of unplanned settlements. Nairobi city is notable for numerous small pockets
of these settlements some of which are located along the major roads or riparian reserves as elongated
strips. Nearly all the land in Nairobi city has been surveyed and a small percentage of vacant land exists.
The lack of undeveloped land and presence of strict zoning regulations prohibits such developments.

The location of INSE depends on a number of physical and socioeconomic factors. From the figure 44
below, educational (10% in Nairobi) and industries (9% in Nairobi) also play a role in influencing the
location of INSEs. Unlike industries which attract people due to job opportunities, learning institutions
are normally built within the INSEs as social facilities. In Dar es Salaam, there is nearly 10% of
undeveloped land within INSE environs compared to 7% in Nairobi. The presence of vacant land also
acts as a pull to the development of such settlements. For transportation, approximately 5% of the area is
occupied by the INSEs in both cities. This is yet another indication that either some INSE are located on
the road reserves or the settlements fall within the buffer zone of 200 metres from the road centrelines.
However, this does not necessarily imply that they are located along the road reserves because some
INSEs may be located within a distance of 100 metres, 150 metres and so on from the roads. Another
important land use is commercial and market centres which also offer many opportunities such as jobs
that attract the development of INSEs. As well, they act as places where the residents meet to buy or sell
their commodities. In a nutshell, the results obtained exemplify the fact that residential is the dominant
land use in INSE environs in Nairobi and Dar es Salaam.
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Figure 44: Proportions of land use in INSE environs
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4.8. Settlement Level Metrics

A number of metrics were computed at settlement level for all INSEs. The settlement Mean Shape Index
(MSI) was calculated and results are shown in figure 45. Often the shape of a spatial object is a complex
indicator in terms of precise measurement and quantification using the spatial metrics (McGarigal et al.,
2012). The shape index (SI) metrics measures the overall geometric complexity of the patches on a
landscape. It provides a standardised measure of the observed perimeter of all patches verses the
perimeter of a compact patch of similar size and category (Taubenbéck, Wegmann, Roth, Mehl, & Dech,
2009b). In this study, the MSI values were measured at class and landscape levels (Taubenbock et al.,
2009b). As shown in the figure 45 below and corresponding SI values, the INSEs in Dar es Salaam have
more complex shapes than those of Nairobi. There is comparability problem as MSI values often vary
with the size of the patch.

A Map of the Shape Index of Nairobi INSEs

/ = -7 L~ Mean Shape Index
&, 5 - — I <2

Mean Shape Index

Figure 45: The Mean Shape Index of INSEs in Nairobi and Dar es Salaam cities
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The next step entailed establishing the minimum, maximum and mean MSI values and their associated
shapes as depicted in table 2. The shape index indicates the irregularity of settlement patches. It equals 1
for circular or square features and as the shape of INSE becomes more irregular, the MSI increases
gradually as depicted in table 2. However, a point worth noting is that if the shape of any patch is held
constant, then an increase in patch size will always cause a decrease in the MSI value.

Table 2: The MSI values of the two cities

Shape Index Nairobi City Dar es Salaam City
a. Mean ST value | 1.78 1.86
b Maxcimum ST 5.77 7.00

value and shape

¢.  Minimum S1 1.09 1.05
value and shape

The MSI in Nairobi INSEs is 1.78 while that of Dar es Salaam is 1.86 (table 2) hence higher values of SI
are associated with more complex shapes. The highest MSI in Nairobi is associated with elongated shapes.
The maximum MSI in Nairobi is associated with INSEs which are sandwiched along the road or riparian
reserves whilst in Dar es Salaam the maximum MSI is for those settlements located on steep slopes where
the terrain is rugged. Those INSEs with smaller MSI have simpler shapes and are often small in size.

The Mean Patch Size: Whereas the mean patch size for Nairobi INSEs is 6 ha with largest patch size of 49
ha; in Dar es Salaam, the mean patch size is 76 ha with the largest patch having an area of 1978 ha. The
INSEs in Nairobi exist as small patches with high density in terms of roof coverage. The INSEs in Dar es
Salaam exist as continuous blocks and are widespread hence covering larger spatial extent. The Patch
Density was also computed at settlement level. The patch density of the INSEs in Nairobi is 183 compared
to 228 in Dar es Salaam. This indicates that there are more patches in Dar es Salaam than Nairobi. The
reason is that the city of Dar es Salaam covers more extensive area than Nairobi although the mean patch
size for Dar es Salaam is 76ha whilst that of Nairobi is 49ha. The PD varies because the area in Dar es
Salaam is larger compared to that in Nairobi although it is factual that Nairobi has smaller patch sizes.

Percentage Coverage: The average land coverage for settlements in Nairobi is 2% while that in Dar es Salaam
is 12%. One of the probable reasons of higher percentage value in Dar e Salaam is that a greater
percentage of land use is agricultural hence unoccupied (figure 15); this aggregate area was factored in
during the computation of percentages. The same case applies to Nairobi with a large junk of forest land
(tigure 15). Shannon Evenness Index was also calculated at settlement level. Often the SEI index ranges from
0 to 1 with the value 0 depicting only 1 patch on the landscape while value 1 depicts a perfect distribution
of area among the patches within the landscape. SEI for Nairobi is 0.814 while that of Dar es Salaam is
0.703 implying that the INSE in Nairobi with SEI values approaching 1 are more even with perfect
distribution of the area than those in Dar es Salaam which have less SEI value.
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4.9. Object Level Metrics

4.9.1. Introduction

The objects in the context of this study refer to the buildings and the roads. Generally, a building is
defined as any structure with a roof and walls. A building can be permanent, semi-permanent or a
temporary structure. Using satellite images, buildings within an INSE can be identified using their roofs
but it is impossible to observe the walls of such buildings from an image. The images can also be used to
provide indicators e.g. pattern which in turn helps in distinguishing formal and informal settlements. The
building sizes in an INSE often vary. One of the major characteristics of such buildings is that they
consist of rectangular shapes with small sizes of mean area of 50 m2 However, some of the buildings have
larger sizes of more than 100 m? especially in Nairobi where the INSE consist of commercial entities with
tenant-landlord agreements. In Dar es Salaam, there is absolute ownership of the buildings by the
developer hence most of them accommodate different family sizes. Another point worth noting is that
not all buildings in Nairobi INSEs have latrines hence these facilities are shared amongst the residents.
Although they are visible on the image, identifying these small objects in some cases is quite challenging.

In this study, the buildings were captured from recent satellite images of 60 cm spatial resolution. The
buildings with areas of more than 10 m? were captured. The area of 10 m? was set as a minimum threshold
since most objects less than 10 m? may not be necessarily buildings. They can either be sheds, vehicles or
other temporary structures. However, there are errors of omissions and commissions due to the fact that
capturing buildings from the satellite images depends on the level of one's visual image interpretation
skills. Within an INSE, there is often a mixture of building types with varying heights, sizes and shapes.
All the buildings in the INSEs were captured regardless of their sizes but the minimum threshold area was
maintained. As described in the subsequent sections, a number of spatial metrics were used to analyse the
building characteristics including the size, shape, density, pattern and building to building distance.

The road network connectivity was also analysed. The classification of roads differs from one city to
another. In Kenya, the roads are classified starting from class A to class E. These classes were described in
the data and methodology section. The roads dataset obtained for the city of Dar es Salaam has the roads
categorised from class 1, class 2, class 3 and so on. In both cases, the roads can also be categorised as
either major or minor roads. In the context of this research, the main focus was on INSE roads most of
which are not motorable hence better described as walking paths or pedestrian paths. But the term 'road'
shall be used to refer to all types of roads within the INSE including those used by vehicles and walking
paths for pedestrians as long as they can be discerned from a satellite image. Most of these roads have
unpaved surfaces with narrow widths ranging from 3 to 5 metres although some roads have the widths of
up to 10 metres. The assumption made in this perspective is that, people who live in the INSEs do not
own vehicles hence they often access their houses by walking using road network links. Separately, in this
study, visual image interpretation was employed to capture all the roads within the settlements from VHR
satellite imagery. The subsequent section presents the road network connectivity results (circuitry,
complexity, and connectivity). The density of the roads was also analysed in each sample site.

4.9.2. Building Characteristics

At the object level, analysis was done on the building sizes, shapes, densities and patterns within each of
the five INSE sample sites in both cities. As described in preceding sections, the buildings were captured
from VHR satellite imagery using visual interpretation techniques. The results that are drawn from the
entire sample sites in each city are used as a representative of morphological characteristics of the INSE
buildings in that city. The analogy used is that, the INSE buildings in any given locality often tend to
exhibit similar characteristics. The results obtained are described in subsequent sections.
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The Building Mean Size: The mean size of buildings in the 5 sample sites were computed using ArcGIS. A
sum of areas of all buildings per sample site was calculated and the result divided by the total number of
buildings to obtain the mean area (MA). The results are presented in table 3 and figure 46 below. The
radar charts are used to spatially visualise the comparison of morphological characteristics of the buildings.

Table 3: The statistics for the buildings in the 5 sites

Nairobi Dar es Salaam
Sample Site Sl Sz S3 S4 Ss Sl Sz S3 S4 Ss
Min Area (m?) 9 12 8 5 14 4 8 5 6 10
Max Area (m?) 177 803 537 634 176 713 831 634 812 666
Mean Area (m?) 47 168 160 92 51 104 62 98 91 70
Std Dev. (SD) 0.013 0.011 0.010 0.006 0.010 0.009 0.005 0.007 0.006 0.010
Total Buildings 1916 2979 9748 8981 9521 10623 4809 | 15578 8253 | 77315

The mean areas of the 5 sites were plotted on the radar chart as shown in the figure 46 below. The mean
sizes of buildings in Nairobi vary from site 1 to 5. In Nairobi INSEs, the sites 2 and 3 have the largest
mean area of buildings is at 168 m? and 160 m? respectively (figure 46) compared to 104 m?in Dar es
Salaam. The sites Sz and S; in Nairobi are located along the major highway and close to market centres
therefore there is the presence of informal commercial buildings. The same case applies to Kinduchi area
(S1) in Dar es Salaam city. However, more than 50% of the buildings exhibit small building sizes of less
than 100 m? in both cities. Further, the low standard deviation (SD) in all sites in both cities as depicted in
table 3 show that the all building sizes (area) tend to be very close to the mean hence less variation is size.

Site1

0.02 Nairobi

0.016

0012 |

MA=103m?
01008

Site 5 Site 2

Dares Salaam

Site 4 Site 3 MA=85m?

== Nairobi =i=Dar es Salaam

Figure 46: Diagrams showing a comparison of mean areas of the buildings

The Patch Density: Patch density is a measure of the total number of patches in a given landscape per
hectare. The total number of buildings per a given sample site and their areas were computed and the
results given in table 4 and figure 38.

Table 4: The Patch density of buildings in 5 sites

Nairobi Dar es Salaam
Sample Site S1 Sz S3 S4 Ss S1 Sz S3 S4 Ss
Total buildings 1916 2979 9748 8981 9521 10623 4809 | 15578 8253 7315
Site area in (Ha) 42 76 389 229 211 1266 112 1143 763 776
Patch density 1916 2979 9748 8981 9521 10623 4809 | 15578 8253 7315
Buildings/Ha 45 39 25 39 45 8 43 14 11 9
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The sample sites had varying sizes therefore from a practical standpoint, it was imperative also to compute
the total number of buildings per hectare for each site. This was done to make the results comparable
because an inference based on total number of buildings per site alone cannot be a justification of building
densities. This could have been practical if the corresponding sample sites in both cities had same areas.
But since the area is a variant, the total number of buildings per site was used to calculate the building
density using equation 5. Therefore, the total number of buildings per site was divided by the area of
corresponding sample INSE within the site expressed in hectares. The results are presented in the figures
47 (a) and (b). It is clear that nearly all the sites in Dar es Salaam have higher PD compared to Nairobi.
However, when considering the total number of buildings per hectare, all sites in Nairobi have a higher
number of buildings per area (ha) ratio compared to those in Dar es Salaam. This is also an indication that
INSEs in Nairobi have high building density thus are less porous compared to Dar es Salaam.

(a) Site 1 (b) Site 1
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Figure 47: A comparison of (a) building patch densities (b) buildings per area (hectare)

The Mean Shape Index (MS1): This metric was used in analysing the complexity of building shapes. The MSI
also measures the degree of irregularity of the shapes of the building structures. Different shapes often
have different MSI values. As indicated in the figure 48 below, circular objects have lowest MSI of 1. In
the context of this study, the MSI is a standardized indicator of perimeter-area relationship of the shape of
a building patch. The MSI value increases with increasing patch shape irregularity hence complexity.

O )
\

MSI=1.23 MSI=1.13 MSI=1.0 MSI=1.38

Figure 48: An illustration of MSI values for different shapes

The mean shape index and their standard deviations of INSE building structures were calculated for all
the sample sites in each city using Patch Analyst software. The results obtained are presented in the table 5
and figure 49. The MSI values for Nairobi buildings ranges from 1.22 to 1.32 while the range for Dar es
Salaam buildings is 1.20 to 1.39. There are also higher SD values of the MSI values in Dar es Salaam sites
compared to Nairobi. In Dar es Salaam, sample site 5 (IKKimara) has the highest SD value of 1.057
compared to site 3 in Nairobi which has SD of 0.179. This is an indication that the buildings in Dar es
Salaam have more complex and irregular shapes than those in Nairobi. This is because the degree of
variability of the MSI values from their mean is high in Dar es Salaam sites as compared to the Nairobi
sites. The results of the MSI and SD values are presented in table 5.
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Table 5: The MSI of the buildings in 5 sites

Nairobi Dar es Salaam
Sample Site
MSI Standard Deviation MSI Standard Deviation
N 1.225 0.112 1.230 0.314
S 1.266 0.141 1.313 0.456
S; 1.330 0.179 1.222 0.296
Sy 1.244 0.128 1.204 0.265
S5 1.240 0.130 1.386 1.057

The results obtained indicate site 3 in Nairobi has the highest MSI of 1.33 compared to 1.39 for site 5 in
Dar es Salaam (table 5). This indicates that the buildings in Kimara site (Dar es Salaam) and Kawangware
(Nairobi) have the most complex shapes which are not rectangular. The MSI of buildings in all sites in
Nairobi is 1.25 while that of Dar es Salaam is 1.24 (figure 49). Therefore, generally all INSE buildings in
both cities have nearly the same shapes which are rectangular because rectangular shapes have MSI of
1.23. The radar chart in figure 49 shows the comparison of the MSI results graphically. The fact that the
highest MSI in Nairobi is 1.33 and that of Dar es Salaam is 1.39 does not imply that there are no buildings
with higher MSI values. The MSI is the aggregate mean of the shape indices of all buildings within an area

therefore there is a likelihood of buildings with higher MSI values, regardless their quantity in space.
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Figure 49: A radar chart showing a comparison of (a) MSI and (b) SD

The standard deviation of MSI is lower for Nairobi buildings compared to those in Dar es Salaam. In fact,

all the sites in Nairobi have low and nearly the same SD hence less variations in the MSI values. The

higher MSI values correspond to large SD values as shown in site 5 in Dar es Salaam.

Shannon Diversity Indexc (SDI) and Shannon Evenness Index (SEI): The SDI measures the patch diversity in a
landscape while SEI measure patch distribution and abundance.

Table 6: The SDI and SEI values of sample sites

) Nairobi Dar es Salaam

Sample Site
SDI SEI SDI SEI

S 7.2251 0.9561 8.9476 0.9652
S, 7.8163 0.9771 7.6587 0.9641
S; 6.9683 0.9749 9.4431 0.9786
S, 8.8448 0.9768 7.9125 0.9779
Ss 8.9876 0.9811 6.0449 0.9262
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The SDI and SEI indices were computed for each sample site at landscape level (table 6). The SDI is
often zero when there is only one patch in the landscape and increases proportionally as the number of
patches increases. The Ss (Mukuru) in Nairobi and S; (Mbagala Kuu) in Dar es Salaam have the highest
SDI of 8.99 and 9.44 respectively since they cover the largest area hence high diversity in arrangement of
the buildings. In addition, they have complex pattern of buildings which vary. Separately, the highest SEI
in Nairobi is 0.9811 in Ss whilst for Dar es Salaam is 0.9786 in site Ss. These sites depict a higher evenness
value hence a perfect distribution of area among the building patches which also show high diversity
compared to other sites. On the other hand, the S;in Nairobi has lowest SEI value of 0.9561 compared to
Dar es Salaam which has 0.9262 in S5 (figure 50). This indicates that the level of patch evenness varies
from one INSE to another with S; (Nairobi) and Ss (Dar es Salaam) having less degree of evenness in
buildings' area distribution. Therefore, there is less uniformity in building patterns in site 5 in Dar es
Salaam since it has the lowest SEI value. In conclusion, the SEI value approaches 1 when the area of the
buildings is perfectly even. As the value decreases, then the variability in the building areas becomes high
and patterns less even. Normally, planned areas have higher SEI values than unplanned areas.

(a) site 1 (b) site1
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Site 4 Site 3

== Nairobi =ll=Dar es Salaam == Nairobi =l=Dar es Salaam

Figure 50: A radar chart showing a comparison of (a) SDI and (b) SEI of the buildings

Average nearest Neighbour (ANN): The ANN of buildings in all sample sites was computed and results are
presented in the table 7. The Nearest Neighbour Ratio (NNR) is the ratio between the Observed Mean
Distance (OMD) and the Expected Mean Distance (EMD). The formulas in equation 7 were used to
calculate the ANN values. The NNR measures the degree of clustering or dispersion of the buildings in a
given site.

Table 7: The ANN statistics of the sample sites

Name of the City | Site OMD (m) EMD (m) NNR Z-Score P-Value

S 9.7834 14.5928 0.6704 -27.5985 0

S, 10.1910 10.8138 0.9424 -6.0140 0

Nairobi S5 11.0505 13.8797 0.7962 -13.9081 0

S, 9.8909 11.8272 0.8363 -28.9832 0

Ss 9.4434 15.2170 0.6206 -70.8109 0

S 16.9200 33.7071 0.5019 -98.1994 0

S, 8.3498 9.3369 0.8943 -15.7407 0

Dar es Salaam Ss 15.1416 20.8229 0.7274 -65.0783 0
S, 14.5949 28.1218 0.5190 -52.6454 0

Ss 15.5719 33.2299 0.4686 -86.5677 0
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The mean of distances for Naitobi is 10 metres while that for Tanzania is 14 metres. Further, The NNR
for Nairobi INSEs buildings is approximately 0.77 while that of Dar es Salaam is 0.62.

(a) site1 (b) Site 1

1

Site5 = Site2

Site5

sited site 3

sited site3
== Nairobi == Dar es Salaam
=4—Nairobi =#=Dar es Salaam

Figure 51: A radar chart showing a comparison of (a) OMD and (b) NNR

The difference in NRR appears to be small but very significant. This implies that the degree of clustering
in Nairobi is higher than that in Dar es Salaam. This is depicted in figure 51. The sample site Sz in Dar es
Salaam (Kinondoni) exhibits the lowest OMD value (8.35 metres) basically because it is located in close
proximity to the CBD hence buildings tend to be close to each since the land value is high and INSE
residents tend to occupy any open space so that they are close to job opportunities. This situation is also
exemplified in Nairobi although most of the buildings have OMD of 10 metres which is higher than that
of Kinondoni. The NNR for site S4 (Kibera) in Nairobi is 0.84 which indicates that the buildings are also
clustered (figure 51). Given the z-score of -28.9832, there is a likelihood of less than 1% that this clustered
pattern could be the result of random chance (figure 52).
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Figure 52: A normal distribution curve showing nearest neighbour statistics
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410.  Road Network Connectivity

Road development often aims to improve both social and economic development because they link
places, regions and people. As described in the previous section, the roads incorporate all accessibility
links including walking paths and those used by vehicles. The total number of nodes, edges and total road
lengths for all sites were computed using the formulas that are described in the previous section. The
tigure 53 shows an illustration of road connectivity in Mathare INSE. The road connectivity indices were
computed and tabulated as shown in table 8 below.

Road Network in Mathare INSE

Roads

0 200 400 800 INSE
[ —|

Figure 53: Road connectivity network in Nairobi's Mathare INSE

The study employed the use of graph theory (using alpha, beta and gamma concepts) to measure the level
of road connectivity, circuitry and complexity within the sample sites (Patarasuk, 2013).

Table 8: Alpha, beta and gamma indices

Name of the City Sample site | L A\ Alpha («) Beta (B) Gamma (y)

S 9 8 0.18 1.13 0.50

S, 18 15 0.16 1.20 0.46

Nairobi Ss 13 15 -0.04 0.87 0.33

Sy 10 11 0 0.91 0.37

Ss 78 64 0.12 1.22 0.42

S 431 180 0.71 2.39 0.81

S, 62 26 0.79 2.38 0.86

Dar es Salaam Ss 146 63 0.69 2.32 0.80
S, 392 193 0.52 2.03 0.68

Ss 105 56 0.47 1.88 0.65

The alpha («) index measures the circuitry of a road network that is, the number of complete cycles in a
network. The index ranges from 0 (0%) to 1 (100%). The average a index for Nairobi INSEs is 0.08 or
8% whilst those in Dar es Salaam have a value of 0.64 or 64%. This indicates high road circuitry in Dar es
Salaam INSEs compared to that in Nairobi. The settlements in Nairobi have high building densities with
little road network coverage; high NRR value and their spatial extend is also smaller compared to Dar es
Salaam hence high level of clustering (table 7). The S; has negative value of -0.04 which implies that the
sample site either has a very low level of circuitry or a greater number of the nodes are disconnected.

The beta (8) index reflects both the complexity as well as the completeness of a road network (Patarasuk,
2013). This is done by expressing the ratio of links to nodes. When B < 1 then it implies that the network
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is disconnected; § = 1 a single circuit; B > 1 indicates a greater of the road network connectivity in an area.
The maximum value of B is often 3. This implies that in practical sense there is no any road network
which has a {3 value of greater than 3 (Patarasuk, 2013). Dar es Salaam INSEs have higher number of links
but less nodes compared to those in Nairobi hence they generally have higher 8 value. In a situation where
the number of nodes is less than that of the links, then § is less than 0. Further, when the number of links
equals that of nodes, then 8 equals 1. The average § index value for Dar es Salaam sites is 2.2 whilst that
of Nairobi is 1.06. Therefore, Dar es Salaam INSEs are more connected to inside and have more complex
network than those INSEs in Nairobi which have moderate complexity.

The gamma (y) index values (table 8) measure the extent to which the nodes are connected. It is also a
ratio of links and nodes and its value ranges from 0 to 1 (Patarasuk, 2013). Gamma is independent of the
number of nodes within the road network. Often a value of 1 denotes a completely connected road
network whilst O indicates lack of connectivity. The values of y evince more or less similar patterns to
those of a and B, depicting greater level of road network connectivity in Dar es Salaam than Nairobi. The
average value of gamma (y) in Nairobi INSEs is 0.42 compared to 0.76 in Dar es Salaam. This is also an
indication that the INSEs in Dar es Salaam are more connected than those in Nairobi. However, an
important point to note is that the dead-end roads often generate a disproportionate number of nodes as
compared to the number of links in the network hence results in a decrease of the indices. Again,
improved road network connectivity often allows many choices of alternative routes to destinations thus
reducing transportation time as well as the costs. Lastly, the levels of connectivity differ according to the
spatial scale employed as well as the structure of the road network. That is, connectivity at ward level may
differ considerably from that of a district, a city or a province.

411.  The INSE Comparison Matrix

In this research, one of the objectives was to come up with a comparison matrix to exemplify and
epitomise the locational as well as morphological aspects of the informal settlements. Thus, the overall
goal is to schematise the mean values of the measured parameters in both cities for meaningful
comparability. The values presented in the table 9 indicate the variability in location and morphology of
INSEs between the two cities. However, there are other quantifiable parameters which demystify some
similarities in terms of location and morphology as indicated in table 9. The analysis on locational and
morphological aspects was done at three levels using the spatial and statistical approaches. The importance
of this matrix is to guide the comparison of the similarities and differences of the INSE patterns between
the two cities.

The results obtained in the table clearly demonstrate that there are differences in location and physical
aspects between the two cities. The most dominant land use in the neighbourhood of the INSEs was also
analysed and found to be residential. The main goal was therefore to establish the similarities and
differences in pattern of the informal settlements and whether there are those indicators that influence the
location of such settlements. This is important in evaluating the drivers of INSE growth. From the values
obtained in table 9 above, it can be pointed out that the INSEs each city exhibit different locational and
morphological characteristics as well as patterns. To start with, Nairobi has higher accessibility to roads,
industries and market centres compared to Dar es Salaam. The differences in accessibility vary
considerably although it can be pointed out that the major roads have a greater influence on the location
of informal settlements because of high accessibility values depicted in both cities (figure 30 and 35). This
however does not imply that accessibility is directly proportional to road network connectivity. For
instance, Dar es Salaam has low road accessibility compared to Nairobi but in terms of road network
connectivity, Dar es Salaam has 76% while Nairobi has 42% (table 9). In figure 54 a graphical comparison
of the results at landscape, settlement and object levels is presented.
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Table 9: The INSE Comparison Matrix

Comparison of Mean Values
Aspect Indicator/Data Parameter Measured
Nairobi Dar es Salaam
Major Roads Accessibility 13 minutes 23 minutes
Industrial Areas Accessibility 8 minutes 49 minutes =
>
Market Centres Accessibility 10 minutes 95 minutes 3
Location | \pior Rivers Proximity 431 metres 1683 metres ::é-
3
Neighbourhood Land use in the environs Residential Residential 3
=]
Elevation DEM values 1645 metres ASL 54 metres ASL R
Terrain Slope values 12 % (5.4°) 13 % (5.9°)
Mean settlement size 6 hectares 76 hectares
Largest settlement size 49 hectares 1978 hectares ‘E
Q
Settlement density (PD) 183 228 -
Settlements e
Shape of settlement (MSI) 1.78 1.86 g
[
Settlement Pattern (SEI) 0.81 0.71 §
Percentage coverage (%) 2% 12%
Building size (MA) 103 m? 85 m’
Building shape (MSI) 1.25 1.24
Building density (PD) 6629 9316
Morphology
Buildings Buildings per hectare 39 17
Roof coverage (%0) 49% 36%
Building pattern (SEI) 0.97 0.96 5
=
Building distances (ANN) 10 metres 14 metres B
Building NRR 0.77 0.62 ::._
Road Circuitry (o) 0.08 0.64 ©
Road Complexity (B) 1.06 2.20
Road Network
Road Connectivity (Y) 0.42 0.76
Road density (o) 0.02 0.05

Wheteas Nairobi's INSE network has approximately the same number of links and nodes (table 8), Dar es
Salaam sites have high number of links compared to that of nodes (table 8). The high values of the indices
show that Dar es Salaam INSEs are more connected than Nairobi. By analysing the road density in both
cities, Nairobi has a lower road density of 0.02 compared to 0.05 in Dar es Salaam. An area with high road
network connectivity often has a high road density as depicted in the results obtained from both cities.
That is, Nairobi has low road density and low road connectivity. In contrast, Dar es Salaam has high road
density as well as the road connectivity. To exemplify this fact, unlike the road connectivity which is a
function of the road network links as well as the nodes and how they are distributed within an INSE, road
density is the ratio of the total length of the road coverage and the aggregate area (m?) of the INSE.
Consequently, Nairobi has nearly the same number of road links and the nodes in all the INSEs (figure 53
and table 8) whilst in Dar es Salaam, the number of links are far much more than those of nodes as

55



COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

depicted in table 8. Hence, from the results obtained, it can be deduced that there is a direct substantial
relationship between road connectivity and road density network in an area.

The INSE road network indices (circuitry, complexity and connectivity) were obtained using objective
graph theory (table 9). The high values of alpha, beta and omega depict high levels of circuitry, complexity
and connectivity respectively of the road network. The results show that even though the total length of
the roads increases, the connectivity does not always do so. Consequently, the high level of accessibility in
an area does not always imply that the area is more connected. The presence of good roads and road
connectivity play a major role in INSE development in a given area owing to the fact that often people use
the roads to access places of opportunities such as schools, health centres, industries and market centres.
It also worth noting that the distance between the locations of INSEs to the places of opportunities plays
a key role in determining the level of accessibility. The mode of transport and availability of a good road
network are also paramount in evaluating accessibility in an area.

(b)

@)

5 Al MSI

Ts AM PC PD

== Nairobi =i=Dar es Salaam =i~ Nairobi =l=Dar es Salaam

© KEY

AR - Accessibility to rivers
Al - Accessibility to industries

AM - Accessibility to market centres

MsI ANN

TS - Terrain slope values
PR - Proximity to rivers
MSS - Mean settlement size
LSS - Largest settlement size
PD - Patch density

PC - Percentage coverage
MSI - Mean shape index

—#—Nairobi —=Dar es Salaam MBS - Mean building size

PC PD

ANN - Average nearest neighbour distance

Figure 54: Comparative results at (a) landscape, (b) settlement and (c) object levels

For visualization purposes, spider charts were prepared for the three different levels of analysis. The
numerical values were standardised by finding their logarithms to the base 10. This was mainly done to
ensure that the values were within a comparable range. From figure 54 (a), the analysis results at landscape
level indicate that slope values in both cities are neatly the same. Accessibility to roads, industries, market
centres and proximity to rivers is higher in Nairobi than in Dar es Salaam. At settlement level (figure 54
b), the MSI and PD is similar in both cities while the PC, LSS and MSS differ considerably in both cities.
At object level (figure 54 c), the MSI is similar in both cities because buildings exhibit nearly the same
shapes with minimal differences. The MBS, PC, PD and ANN are different in both cities. The percentage
roof coverage (PC) is higher in Nairobi than in Dar es Salam and indicated in the results in table 9.
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The Buildings sizes in Nairobi have larger sizes (103 m?) than those in Dar es Salaam (85 m?). The main
reason for this is that the houses in Nairobi are large to accommodate more tenants. Again, the INSEs in
Nairobi are more of commercial in the way they have constructed and there is landlord-tenant relationship
as opposed in the case in Dar es Salaam where most land owners in the settlements reside in their own
houses. This is the major reason why the buildings in Nairobi have high roof coverage and small distances
from one building to another. Therefore, in such settlements, middle income and middle-high income are
well protected against forced eviction, because of their political influence and capacity to regularise the
situation. Further, the land tenure and ownership in any given city is often one of the major contributing
factors that determine the type of informality in an area i.e. low, medium or high density (figure 55). The
land ownership in Dar es Salaam city is communal as opposed to private ownership in Nairobi city. In
conclusion, the results demonstrate that there are locational and morphological aspects which are similar
in both cities while others are different. By applying and extending the same methodology to other cities
in different countries which are faced with INSEs challenges; will aid in the development of a global
INSE comparison matrix with both locational and physical aspects of the informal settlements. This will
create a holistic understanding about their growth and proliferation as well as their policy implications.

412.  Policy Implications of the Results

The growth of INSEs are caused by rapid urbanisation, failure of the formal systems to provide surveyed
and serviced land, easy access to land in informal areas and unfavourable land use planning policies. The
location of rivers and roads has an influence on the development of INSEs because often, rivers and
roads have riparian and road reserves respectively and people tend to construct illegal structures along the
roads and rivers regardless of the risks posed such as flooding and health risks. This situation is a major
challenge more so in Nairobi city because of weak institutional and urban planning policies regarding

conservation of riparian and road reserves. There is also lack of continuous monitoring of the reserves.

In Tanzania, Human Settlements Development Policy, 2000 addresses planning and building regulations
while the Land Policy 1997 (second issue) deals with land ownership and regulations. Kenya's Session
Paper No. 3 of 2009 national land policy recognises land use planning as an essential tool in sustainable
management of land utilisation. Clear legislative and administrative legal frameworks need to be

established within these policies to oversee the regularisation and management of the INSEs.

Some INSEs are located on risky areas such as flooding zones hence appropriate mechanisms need to be
put in place so that people living in such areas are relocated are resettled in safer places. As well, the
process of regularising the INSEs that are found on public or community lands also need to be facilitated
so that there is proper upgrading and development. There should be laws that recognise the presence of
INSEs and residents should have informal titles to reduce the high frequent rate of evictions by private
developers from the INSEs. The list of all INSEs within a city, their precise locations and details of the
owners is also important. Unlike Dar es Salaam where a small percentage of land has been surveyed, more
than 85% of land in Nairobi has been surveyed and have title deeds (Lamba, 2005). The large informal
settlement sizes in Dar es Salaam are also indicative of a pootly planned city in comparison to Nairobi.

The presence of a clear legal framework in ensuring that vacant land is transferred to the people living in
INSEs is vital. The establishment of a legal mechanism for eviction based on internationally recognised
guidelines should be adopted (MoL, 2009). The informal commercial activities should also be carried out
in a structured manner within the INSEs and city county government should be involved in collection
taxes etc. In addition, the information about INSEs open space ratio and the type of building structures is
vital during INSE improvement program. For instance, in Nairobi's Kibera slums, the process of
upgrading was initiated in the year 2010 by UN-HABITAT but later stall because of lack of open space.
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413.  Summary and General Discussion

The absence of a clear and consistent definition of an informal settlement often hinders the development
of objective and universally applicable methods for mapping INSE using spatial statistical methods which
require a clear conceptualisation of the object of interest. Indeed, the absence of a clear and systematic
approach to measure locational and morphological characteristics of informal settlements across the world
has posed challenges especially during interventions such as INSE improvement and poverty alleviation
programmes. The rationale behind this is because it is strenuous to distinguish an INSE from a non-INSE
in the context of physical characteristics alone because there are latent aspects which need to be discerned.

A solely physical perspective of defining an INSE (e.g. figure 55) is not an ideal approach considering the
consistency, objective measurements and comparability of the parameters. As such, there are many other
factors that influence the location of these settlements apart from physical parameters alone hence this
approach misses out on all factors relevant for the definition and analysis of such settlements. Ideally, the
combination of both the highly detailed physical knowledge and demographic statistics such as population
density and income levels is a feasible approach of delineating the INSEs from the formal areas.

The comparison of the locational characteristics of INSEs between Nairobi and Dar es Salaam cities
demonstrated that the presence of roads is in an area is the main driver of INSE development. The
proximity to rivers is yet another driving force as evident from the results obtained although the values
differ considerably between the two cities. The INSEs environs are dominated by residential land use in
both cities although this scenario may differ with other cities within these countries. Separately, the nature
of the terrain does not have a huge impact on the location of the INSEs. Actually, in the case of Dar es
Salaam, some INSEs are located on gentle slopes whilst others are situated on steep slopes more so in
Kimara area although the slope values of approximately 5.5° of INSE is more or less the same in both
cities. People living in INSEs also tend to live closer to places of opportunities such CBD and industries.

The morphological aspects also vary especially the size, density, shape as well as the pattern between
Nairobi and Dar es Salaam. The Dar es Salaam INSEs depict large patch sizes with more complex shapes
and patterns as opposed to those INSEs in Nairobi. At object level, it can be deduced that the buildings in
the settlements have rectangular shapes with MSI of 1.25. Still, the buildings in Nairobi have large mean
sizes with lesser distances between them compared to those in Dar es Salaam. In the context of road
network connectivity, Dar es Salaam has a more connected, dense and complex network as opposed to
that in Nairobi. It is also worth noting that road accessibility and road connectivity are two different
connotations although both are measured by incorporating the road network in the calculations.

3 - AN .\A — =y L

Figure 55: Mukuru informal settlements in Nairobi, Source: (Google Earth, 2015)
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5. CONCLUSION AND RECOMMENDATION

5.1. Introduction

The main objective of this study was the comparison of locational and morphological characteristics of
informal settlements between Nairobi and Dar es Salaam cities using quantitative parameters and methods.
The approach developed in this research demonstrates how the combination of GIS methods and a set of
spatial metrics can be used to quantify the location, size, shape, density and pattern of the informal
settlements. As such, the same indicators were chosen in both cities followed by GIS operations which
were done so as to analyse these indicators at landscape level by focusing mainly on proximity,
accessibility and terrain analysis of the INSEs. Again, at settlement and object levels, the spatial metrics
were employed to analyse the morphological aspects of the settlements, buildings and roads. The results
obtained in Nairobi were compared with those in Dar es Salaam with an aim of establishing whether there
exist a distinct pattern of the informal settlements in both cities. From the results obtained, the similarities
and differences of INSE in both cities were also documented. Based on these results, it can be concluded
that the main objective of the study was achieved.

It is worth noting that, the comparison between Nairobi and Dar es Salaam demonstrated that the
approach used is crucial, although the selection of the parameters cannot be applied universally at this
stage owing to the fact that the set of spatial metrics need to be adjusted from one city to another since
some of the metrics highly correlate with each other. Nonetheless, the results obtained show that the size,
shape, density and pattern of the informal settlements can be quantified using spatial metrics and spatial-
statistical methods.

5.2. Summary of Findings and Conclusion

The conclusions of study have been structured based on the sub-objectives as described in the following
sections:

5.2.1. Locational Characteristics

The first sub-objective was to analyse the locational characteristics of informal settlements using spatial
parameters. Based on the results obtained, the locational characteristics can be summarised as follows:

e The spatial parameters that are used to measure location of INSEs are proximity to major rivers,
roads, industries and market centres; and analysis of the nature of the terrain. The results obtained
indicate that the roads have greater influence on INSEs development although the level of influence
differs from one city to another. That is, the road accessibility in Nairobi is 13 minutes while that of
Dar es Salaam is 23 minutes.

e The typical spatial characteristics of the location of INSEs also vary from one city to another. In
Nairobi, the INSEs exist as small patches within planned areas while in Dar es Salaam they exist as
large and dominant patches dominating most parts of the city. The slope on INSE location is almost
the same with Nairobi having a mean of 5.4° of slope while Dar es Salaam has 5.9°.

e The dominant land use in the neighbourhoods surrounding the INSEs is residential land use. This is
exemplified in both cities of Nairobi (52%) and Dar es Salaam (65%).
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The locational characteristics of INSEs show some similarities as well as differences. For instance, the
land use in the INSEs environs is residential in both cities. Some of the aspects vary especially accessibility
measures. It therefore implies that the INSEs in different cities often exhibit locational characteristics
which are often influenced by layout of the city, land use planning, zoning, legislative and administrative
frameworks as well as urban land policies related to the settlements.

5.2.2. Morphological Characteristics

The second sub-objective was to analyse the morphological characteristics of informal settlements using
spatial metrics. The INSEs morphological characteristics were quantified by a number of parameters by
focusing on the size, pattern, shape and density. From the results obtained, the following conclusions can
be drawn:

e There are many spatial metrics that are relevant in understanding the morphology of INSE. In this
study, the metrics were employed at settlement and object levels of analysis. Based on the previous
work and literature review, the metrics that were used are the mean patch size, patch density, mean
shape index, Shannon Evenness Index and Shannon Diversity Index. The results obtained from these
metrics indicate that the sizes, densities and patterns of INSE in Nairobi and Dar es Salaam differ
except the building shapes which are rectangular in both cities.

e The structures of the INSEs in both cities are heterogeneous. Based on the MSI values obtained,
Nairobi INSEs has less complex shapes than those in Dar es Salaam. At object level, the buildings in
both cities exhibit rectangular shapes with MSI of approximately 1.25.

e  The alpha, beta and omega values obtained show that the roads in Dar es Salaam are more connected,
dense and complex compared to Nairobi. However, the road accessibility in Nairobi is higher than in
Dar es Salaam. There is a substantial relationship between the road density and road connectivity.

e The patterns and sizes of the INSEs vary from Nairobi to Dar es Salaam. The quantification of the
patterns was done using SEI and SDI metrics while the sizes were analysed using the mean patch size.
From the SEI values obtained show that the INSEs in Nairobi have high values. Therefore, it can be
deduced that the buildings patterns in Nairobi are more even than those in Dar es Salaam.

e The form of the informal settlements is more compact in Dar es Salaam while in Nairobi the form is
more fragmented. The average nearest neighbour (ANN) distance between buildings in Nairobi is 10
metres while in Dar es Salaam is 14 metres. Additionally, there are 39 buildings per hectare in Nairobi
INSEs compared to 17 buildings in Dar es Salaam. This is also an indication that that the building
pattern in Nairobi is denser than that in the Dar es Salaam.

e The INSE areas in Dar es Salaam have low built-up density and less clustered compared to those in
Nairobi. All the sites in Nairobi have high roof coverage of more than 50% compared to Dar es
Salaam of approximately 40%. Kinondoni site has high roof coverage of 52% since it is located close
to the CBD and buildings tend to cluster. These results were obtained for the entire INSE sites some
of which exhibit greater open space compared to the built-up area hence lower roof coverages.
However, the roof coverage can reach 60-80% in some parts within the INSE.

The morphological characteristics of the INSEs in both cities have similarities and differences. The results
obtained indicate that all sites in Nairobi have high building densities compared to those in Dar es Salaam.
The dominant roofing material is mainly the galvanized iron sheets in both cities. The road surfaces are
mainly unpaved and earth. The morphology characteristics vary from an INSE in one city to another.
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5.2.3. The INSEs Comparison Matrix

The last sub-objective was to develop a INSEs comparison matrix showing similarities and differences
between the two cities. From the comparison matrix developed in table 9, the following are deduced:

e The locational characteristics of INSEs are different in Nairobi as compared to those in Dar es
Salaam. The results in the matrix table show that there is no distinct pattern of the INSEs in both
cities except for the terrain and the building shapes. There is also high accessibility to roads, industries
and market centres in Nairobi as compared to that in Dar es Salaam.

e The structural characteristics of informal settlements are dissimilar as shown in the results obtained.
The similar variable is the shape of buildings which is rectangular in both cities. The sizes of buildings
differ with Nairobi having mean size of 105 m? while Dar es Salaam has a mean size of 85 m?
Further, the standard deviations of the areas of buildings are low hence less variations in the building
sizes from their mean.

e Whereas Nairobi has small areas of unplanned development within planned areas, Dar es Salaam city
has large areas of unplanned development that are dominant and extensive in the larger parts of the
city. The INSEs in Dar es Salaam are more compact and less fragmented than those in Nairobi.

e The comparison matrix presents the INSEs similarities and differences at landscape, settlement and
object levels in a tabular form. At landscape, the accessibility, proximity and terrain analysis results are
presented for both cities. At settlement and object levels, the morphological results (size, shape,
density, pattern and connectivity) of INSEs, buildings, and roads are presented in both cities.

e The comparison matrix can be used to aid and advice on the policy implications of the informal
settlements in each city at local and national levels. For instance, slum improvement programs are
complex exercises that require prior information regarding the nature of the INSE such as open
space, terrain, density and the pattern. This information is important to policy makers and planners as
it assists in establishing a framework on where and how such upgrading activity can be carried out.
The presence of a clear legal framework in ensuring that vacant land is transferred to the people living
in INSEs is vital. The establishment of a legal mechanism to safeguard the rights of the INSE
residents is paramount. This can be done by ensuring that INSEs are recognized together with the
commercial activities that are carried out in these settlements. This will prevent frequent evictions.

The comparison matrix is an ideal way of presenting the results in both cities. This method is
advantageous because it is easy to observe the similarities and differences at different levels of analysis.
The use of the spider charts is also important in the visualization of the results at three levels of analysis
hence clear understanding of locational and morphological characteristics of the INSEs in both cities.

5.3. Limitations of the Study and Future Research Directions

This study successfully explored the use spatial-statistical methods (spatial metrics) to quantify and
compare the locational and morphological characteristics of informal settlements between Nairobi and
Dar es Salaam. However, the results obtained only apply to the two cities in question hence further
research is required in other cities in Sub-Sahara Africa, Latin America and Asia. By so doing, a global
INSE comparison matrix can be developed that aids in policy matters such as INSE improvement
programmes. This will also enable the urban planners to develop alternative strategies for social service
delivery to the INSEs.
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The process of calculating the spatial metrics is a time consuming exercise especially when the study area
is extensive. Therefore, the choice of relevant metrics needs to be done decisively to avoid redundancies
since often there are correlations between the metrics and spatial pattern components. In addition, the
data on buildings is important in understand the physical characteristics of the INSEs. In this study, the
sample sites were used because the buildings data was not available.

The relationship between accessibility and road connectivity need to be established in future studies in
order to investigate if it influences the INSE development. This is because unlike Nairobi which has high
accessibility values but low road connectivity and density, Dar es Salaam has low accessibility but high
road connectivity and density. Therefore, it is imperative for future research be conducted in this realm to
demystify these facts.

To confirm the universality of the adopted spatial metrics and the derived results, further case studies and
theoretical analysis need to be administered. However, the results obtained in this study can be used as a
basis for further studies more so on incorporating both spatial and socioeconomic data such as
demographic data to develop alternative INSE growth models. These models will assist in forecasting the
future INSE growth scenarios and their impacts in a given city.

The research was limited to the analysis of spatial and morphological aspects of informal settlements. To
fully understand the growth patterns of such settlements in both cities over time, further research on
drivers of growth need to be carried out by incorporating the spatiotemporal components as well as
factoring in 3D information such as height information. This will be important in monitoring the growth
and development patterns of such settlements hence holistic mitigation measures can be put in place.
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APPENDICES

Appendix 1: A list of Data Sources

1a: Data Sources for the City of Nairobi

# | Data Type Details and Source

1. | VHR satellite imagery QuickBird 60 meter spatial resolution or Google Earth images will be
used to capture building footprints.

2. | Building footprints Data will be obtained from Pamoja Trust, UN-HABITAT as well as the
County of Nairobi

Administrative boundary Kenya National Bureau of Statistics (KINBS).

4. | DEMs 30 meter resolution
Source: http://www.jspacesystems.or.jp/ersdac/ GDEM/E/index.html

5. | Road network Ministry of Transport and Infrastructure

6. | Rivers Ministry of Water and Natural Resources

7. | CBD and Market centres The city county of Nairobi and other centres will be captured from
Google Earth.

8. | Railway network The Kenya Railway Corporation

10. | Land use Land use for 2010, obtained from Nairobi city council.

11. | Statistical Data Kenya National Bureau of Statistics (IKNBS)

1b: Data Sources for the City of Dar es Salaam

# | Data Type Details and Source
1. | VHR satellite imagery QuickBird 60 meter spatial resolution or Google Earth images will be
used to capture building footprints.
2. | Building footprints Obtained from I'TC archive data
Administrative boundary Obtained from ITC archive data.
4. | DEMs 30 meter spatial resolution
Source: http:/ /www.jspacesystems.ot.jp/ersdac/ GDEM/E/index.html
5. | Road network Obtained from I'TC archive data.
Rivers Obtained from ITC archive data.
7. | CBD and Market centres Obtained from ITC archive data and other centres will be captured
from Google Earth.
Railway Obtained from ITC archive data.
Landforms Obtained from ITC archive data.
10. | Land use Obtained from Ardhi University, Tanzania
11. | Statistical Data Obtained from Tanzania National Bureau of Statistics (I'NBS)
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Appendix 2: Indicators

2a: Spatial Indicators

# | Indicator Description and expected informal values

1. | Vegetation cover Lack of vegetation. INSEs typically have 5-10% public spaces whilst
planned settlements have 30%.

2. | Geomorphology of terrain Settlements built on gullies, swampy, steep slopes and unstable soils

3. | Lacunarity of housing structures Measures heterogeneity of empty spaces (lacunae) between built-up
structures

4. | Proximity to hazard areas Hazards include flood zones, hydrologic setbacks, landslide and
earthquake, garbage-mountains, point source pollution, airports, energy
transmission lines, major transportation corridors;

5. | Consistency of housing orientation | In computer vision literature, the angles and lengths of line segments
exhibit greater angular variability and shorter lengths in informal
settlements.

6. | Proximity to industrial, commercial | Network analysis of distance to city services, market area or city centre,
and residential; rivers, roads, city healthcare facilities and market places. Greater distances expected.
centre and social places

7. | Dwelling consistency of orientation | Precarious house placement, road setbacks lacking.

8. | Building density - dwelling Lower nearest neighbour distance using centroid of dwelling polygons.
separation

Adapted from Owen and Wong (2013)
2b: Morphological Indicators

# | Metrics Description and expected informal values

1. | Compactness o The compactness index (CI) measures individual patch shape as well
as fragmentation of overall landscape. The INSE have less CI value

2. | Centrality o The centrality index of INSE will measure whether the shape is
elongated or circular. The index is expected to be bigger for INSEs.

3. | Complexity o The Area Weighted Mean Shape Index (AWMSI) for informal
settlement will be higher because of irregularity of the patches.

o The Area Weighted Mean Patch Fractal Dimension (AWMPFD) will
tend to approach a value of 2 since INSE shapes are complex.

4. | Porosity (Open Space Ratio) o The open space ratio is expected to be less thanl at the settlement
level (for INSEs). This is because patches of built-up occupy more
area than the sum of open space area.

5. | Patch Density o In unplanned areas, the densities of patches will be different
compared with those of planned areas

6. | Dwelling size and shape o The mean dwelling size will vary, 20-90 sq. metres for the INSE.

o The structures are normally small in size.

Adapted from Huang, Lu, and Sellers (2007) and Kuffer et al. (2014)

68




COMPARING SPATIAL PATTERNS OF INFORMAL SETTLEMENTS BETWEEN NAIROBI AND DAR ES SALAAM

Appendix 3: Nairobi Sample Sites
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Appendix 5: Sample Field Observations

a. Nairobi Sites

Majengo (S1)

Mathare (S2)

1H; - mud, iron
1H; - concrete, iron
1H;3 - mud, iron
1H4 - concrete, iron

1Hs5 - concrete, iron

1Ry - earth, 3.5m
1R> - earth, 3.8m
1R3 - tarmac, 4.4m
1R4 - earth, 3.5m

1R5 - murram, 3.7m

2H; - iron, iron
2H; - concrete, iton
2H; - iron, iron
2H4 - mud, iron

2Hs - concrete, iron

2R - tarmac, 6.0m
2R, - tarmac, 5.5m
2R3 - earth, 3.8m
2R4 - murram, 4.0m
2Rs - earth, 3.6m

Kawangware (S3)

Kibera (S4)

3H; - conctrete, iron
3H; - mud, iron
3H3 - iron, iton
3H4- mud, iron

3H; - iron, iron

3R; - earth, 3.0m
3R, - murram, 4.5m
3Rj3 - earth, 3.7m
3R4 - tarmac, 6.0m
3R5s - earth, 2.5m

4H; - mud, iron
4H; - concrete, iron
4H3 - mud, iron
4H4- mud, iron
4Hs - timber, iron

4R, - earth, 2.3m
4R; - earth, 2.0m
4R3 - tarmac, 6.0m
4R4 - earth, 3.0m
4Rs - earth, 3.6m

Mukuru (Ss)

5H; - concrete, iton

5R; - murram, 4.3m

5H; - mud, iton

5R; - earth, 3.1m

5H3 - iron, iron

5R3 - tarmac, 6.2m

5H4 - mud, iron

5R4 - earth, 3.4m

5H5 - iron, iron

5R5s - earth, 2.7m

Key: H - House (walls, roofing material)

R - Road (surface type, length)

b. Dar es Salam Sites

Kinduchi (S1)

Kinondoni (Sz)

1H; - concrete, iron
1H; - concrete, tiles
1H3 - concrete, iron
1H4 - concrete, iron

1H;s - concrete, iron

1R1 - murram, 3.8m
1R; - tarmac, 6.5m
1R3 - murram, 4.0m
1R4 - earth, 3.2m
1Rs - sand, 3.0m

2H; - concrete, iton
2H; - concrete, tiles
2Hj3 - concrete, iron
2H4 - concrete, tiles

2H5 - concrete, iron

2R - tarmac, 4.0m
2R; - tarmac, 4.2m
2R3 - tarmac, 4.1m
2R4 - murram, 3.3m
2R - earth, 3.0m

Mbagala Kuu (S3)

Ukonga (Ss)

3H; - mud, iron
3H; - iron, iron
3H3 - concrete, iron
3H4 - concrete, iton

3H; - mud, iron

3R, - tarmac, 4.3m
3R, - earth, 2.8m
3R3 - murram, 3.4m
3R4 - murram, 3.6m
3Rs - earth, 3.1m

4H; - concrete, iron
4H; - iron, iron

4H3 - concrete, iton
4H4 - concrete, iton

4Hs - concrete, iton

4R, - sand, 3.6m
4R; - sand, 3.8m
4R; - sand, 3.1m
4R4 - sand, 2.8m
4Rs - earth, 2.5m

Kimara (Ss)

5H; - mud, iron
5H; - concrete, tiles
5H3- mud, iron
5H4 - mud, grass
5Hs - iron, iron

5R; - tarmac, 6.0m
5R; - murram, 4.2m
5Rj - earth, 3.2m
5R4 - earth, 3.4m
5Rs - earth, 3.6m

Key: H - House (walls, roofing material)

R - Road (surface type, length)
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