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Abstract

Housing affordability is one of the most pressing issues of urban development globally, and especially in
developing countries. In Sudan, the housing provision system falls in between, land legislation and
regulations, socio-economic structure of the society, and the state and private housing finance. This
system produced a housing provision tiers based on income groups, high-income (first class), medium-
income (second class), and low-income (third class) with land size and construction codes to suit the
income levels. On one side, the literature suggests that basic housing is unaffordable for most Sudanese
due to high construction costs. On the other side land value further increases the housing cost. The
research examined the spatial determinants of residential land prices and the housing affordability index
of 18 neighborhoods in Khartoum to explore their effect on Khartoum’s physical expansion. To examine
the spatial determinants, generally the research employs the Ordinary Least Squares [OLS], a non-spatial
global model, and the Geographically Weighted Regression [GWR] spatial regression method for drawing
spatial variations across the study area. The main research finding support the literature that suggest a
medium-income household cannot afford their designated medium-income housing class, but they can
afford the low-income housing class due to insufficient income. The OLS model explained 83% of the
variation in residential land prices and 71% of the variations in housing affordability. The GWR on average
explained 86% of residential land prices, and explained 90% of the neighborhood’s housing affordability
variation. However, the visual interpolation of the housing affordability suggest that a medium-income
household have to meet their housing need on the periphery of Khartoum city, which create sprawling
effect. The regression models indicate that plot prices can be explained depending on the explanatory
variables; two models emerged with distance to secondary roads and average distance to the Central
Business District [CBD] as mutual variables between both models, and average length of the plot’s facade
in the first model, while the average distance to police stations in the second model. Housing affordability
is determined by the neighborhood class, distance from schools, hospitals, and the CBD. GWR models for
plot prices and housing affordability have explained spatial variations by indicating the explanatory
variables’ weights on the plot prices and the affordability index. This research illustrates the dynamic and
interconnected factors that influence land value and housing affordability, the indirect impact of urban
planning on distribution of amenities and subsequently land value and housing preferences, how income
can influence locational preference of housing and therefore the impact on the physical expansion of the
city. The research also elaborate on the interdisciplinary nature of urban studies and how spatial analysis
can complement quantitative urban studies.
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Chapter One: Global and local perspective on urbanization and
housing issues

Chapter One sets the stage for the research’s theoretical scope, problem, and rationale, the research
guestions, and provides brief highlights on the research method and the limitations encountered
throughout the research. This chapter is divided into seven sections: the first reviews urbanization
globally, regional, and locally to the study area with a background of the study area where the research
issue is articulated. The second section deals with scoping the research problem and provides the
rationale for this research. The third section presents the research aim and objectives, which leads to the
research questions in section four. Section five gives a highlight on the research limitations and ethical
considerations adhered to throughout the research stages. The final section describes the structure of the
research report.

Introduction and background

According to the United Nations Department of Economic and Social Affairs report [UN-DESA] (2019),
55.3% of the world population lives in urban settlements. By 2030, urban areas are projected to house
60% of the people worldwide. Moreno (2016) states that cities account for 80% of the Gross Domestic
Product [GDP] globally due to innovation, trade, and production by providing a mixture of formality and
informality that generates opportunities for the public and private sector. The distinction between
urbanization and sprawl or squatter settlements that drive a city expansion is crucial for developing a
profound understanding of the urban boundary. This distinction helps plan for the future by tackling the
conventional planning approaches to implement the New Urban Agenda [NUA] on housing. Africa's urban
population grew at a high rate, from about 27% in 1950 to 40% in 2015, and is projected to reach 60% by
2050 (Teye, 2018). Urbanization demands a housing approach that accommodates the increasing
populations with service and infrastructure to avoid future ramifications.

Habitat 11l (2016) stresses the issue of housing and land consumption by urbanization, where housing
provision consumes more than 70% of the urban land use globally. Housing also shapes the urban form
and stimulates agglomeration economies. Tipple and Alemayehu (2014) highlight the lack of knowledge
about the spatial patterns affecting housing markets. It demands in-country or city-level intervention in
Sub-Saharan Africa to inform affordable housing provision, rapid population, and informal settlements.

In the Republic of Sudan, rapid, unorganized, and unregulated urban growth is becoming the norm, as
many scholars confirmed (Eltayeb 2003; Hafazalla 2006; Choplin and Franck 2010; Elagib 2011; ELKHEIR
2012; Mohammed and Alawad 2015; Steel et al., 2020). From the Anglo-Egyptian colonial government in
1898 till independence in 1956, Sudan's successive governments introduced several policies and plans
that respond to the different issues associated with population growth and economic development.
Provision of enough land for all urban activities and investments related to housing, retail, business,
industry, and other uses is crucial in urban planning (Habitat, 2009). Sudan's housing approach is of two-
tier systems, market-based sites and services, and a government-focused approach that spanned from
independence to the present. According to Feather and Meme (2019), the housing market responded to



the demand of three income-groups, lump-sum purchases for the high-income households, mortgages for
the employed medium-income households, and the low volume of microloans allows few low-income
households to access microfinance credit to finance housing. In Khartoum, the housing policy and practice
affect the city's expansion by pushing the low-income housing provision to peripheries.

The conventional approach that households prefer is constructing their own home due to the high
construction costs (Feather and Meme, 2019). Onour (2017) indicates that the lack of effective oversight
on the informal currency exchange limits the government's ability to maintain a steady and satisfactory
exchange rate, and therefor destabilize the construction industry and make it expensive for low-income
households with no access to microloan mortgages. The property speculator opts to purchase land,
develop it, then sell it on the market to sustain their profits. Land prices increased due to land
commodification and segregated the urban land based on affordability (Steel et al., 2020). As a result, the
market excluded the low-income to the peripheries and to own land near areas of proper serviced areas
which is too expensive. Land commodification with the increasing construction costs complicated access
to housing for the medium and low-income households (Feather and Meme, 2019; Steel et al., 2020).
Despite the government’s efforts to provide public affordable housing, the issue of housing cost (land and
construction) makes it harder for the medium and low-income to attain their housing needs.

Khartoum's housing issues are widely addressed throughout the literature on urban development
suggesting different approaches to solving the problem. The literature discussed policy analysis
(Hafazallah 2006; Habitat 2009), market-based analysis (Hamid and Elhassan 2014), housing finance
(Ahmad et al., 2002; Elhadary and Ali 2017; Feather and Meme 2019), and socio-cultural change (Eltahir.,
2005; Ibrahim et al., 2020). However, the spatial determinants of land prices have not been investigated.
Housing policy has pushed Khartoum's limits by creating low-density for the medium and low-income
housing and coupled with insufficient infrastructure, sanitation, education, and health services (Habitat
2009).

Problem Statement and rationale

On the one hand, 34.1% of homes in Khartoum are single-floor houses, and 80% of Sudanese households
are landowners. This indicates a higher land consumption of land than multi-floor dwellings, reducing
cities' density and, therefore, leads to expansion to meet the growing demand (Sudan and UNICEF 2016).
Housing policy has pushed Khartoum's limits by creating low-density for low-income households and
coupled with insufficient infrastructure, sanitation, education, and health services (Habitat 2009).
Elzobier's (2009) article highlighted the increasing land and housing prices in Khartoum, suggesting what
was causing this increase.

From the literature on housing issues in Sudan, affordable housing is bound by direct and indirect forces.
The unofficial exchange market highly influences the cost of construction materials, which is more flexible
and offers higher rates compared to the official market. Land and real estate market are also influenced
by the unofficial exchange rate, Elzobier (2009) mentioned that rentals and property markets in Khartoum
favored oil companies and UN agencies operating in Sudan who pay in US Dollars. This trend extended to
land sales and prices estimates were rated in US Dollars per square meter, prices in Khartoum center
ranges between 7505 to 2000% per square meter, these prices are subject to the level of services,



proximity to amenities, and the CBD (ibid). Commodification of land is another reason for increasing land
prices through land speculation for profit (Steel et al., 2020). Higher construction cost and land prices has
left many of residential plots undeveloped, and housing unaffordable for medium and low-income.

Elzobier (2009) nor the literature on housing in Sudan explained the spatial determinants of residential
land prices and housing affordability and how these dynamics influence the physical expansion of
Khartoum. However, there is a need to investigate the spatial determinants of residential land prices and
housing affordability, and how housing affordability influence the physical expansion of Khartoum city.

Aim and Objectives

The research aims to build on the knowledge established in the literature that urban planning in Khartoum
falls short on dealing with land prices, housing provision, and affordability issues. The approach to
objectives is to investigate the spatial determinants of residential land prices and housing affordability,
and their impact on Khartoum's expansion. To this end, the research looks into dissecting the spatial
determinants of residential land prices and housing affordability using spatial analysis techniques to
emphasize the impact of housing affordability on Khartoum’s physical expansion. The objectives of this
research are as follows:

- lllustrate how housing affordability in Khartoum's sampled neighborhoods can be used to look at
Khartoum's physical expansion using regression analysis (spatial) and spatial interpolation.

- Explore residential land prices' determinants using the residential land's characteristics, the
average distances to central amenities, primary and secondary mobility networks, and local
services.

- Explore housing affordability determinants using the residential land's characteristics, the average
distances to central amenities, primary and secondary mobility networks, and local services.

- lllustrate how housing affordability can be explained differently depending on the spatial analysis
method.

Research Questions

The research question contextualizes the problem statement to achieve the research objective and fulfill
its aim, and this research has a single main question and three sub-questions. The main question and sub-
guestion respond in sequence to the research objectives.

Main Question

How does housing affordability affect the physical expansion of Khartoum city?

Sub-questions
- How the residential land characteristics, the average distances to the central amenities, main
mobility networks, and local services affect plot prices?
- How the residential land characteristics, the average distances to the central amenities, main
mobility networks, and local services affect housing affordability?
- How can housing affordability be explained differently using regression modeling and spatial
interpolation?



Highlights on the methods, ethics of sample collection, and limitation

This section briefly summarizes the research method, the ethical consideration adhered to throughout
the research, and the limitations of these ethical considerations.

Research method

The research adopts a quantitative approach built upon primary sample data in the form of residential
land price and construction cost estimations collected from real estate agencies and contractors in
Khartoum. The secondary data collected from reports, geographical data used for the spatial analysis.

Modeling residential land prices and housing affordability on a city level requires a comprehensive
modeling approach, which takes in consideration the spatial heterogeneity of the urban. The science
behind the research issue, method and concept is Tobler’s First Law of Geography, which exemplifies the
complexity of spatial relationships based on distance and spatial proximity. This principle is used in this
research to identify the determinants of a sampled residential land prices, derived housing affordability
from the sampled neighbourhoods, and deriving the spatial pattern of housing affordability. Ordinary
Least Squares OLS and GWR modeling techniques are used to investigate these relationships. For deriving
the spatial pattern of housing affordability, Kriging interpolation will be used to generate a continuous
affordability surface and highlight the change in affordability through space. The method collectively
meets the objective requirements and employs mixed analysis for better explanation of the research
issues.

Ethics of samples collection

University of the Witwatersrand’s Ethics Committee is keen on the ethical aspects of research that involve
interactions with fellow humans, especially protecting the researcher and participant’s interest and
ensuring no conflicts of interest occur during data collection and sharing the research results. To this end,
an ethics clearance is mandatory before proceeding to the fieldwork and data collection. Therefore, an
application to the School’s Ethics Committee was made to obtain the ethics clearance. The clearance was
awarded for obtaining estimations of residential land prices and construction costs from real-estate
agencies and contractors. It is imperative to mention that there are no conflicts of interest to any of the
parties involved or the researcher. The data used in this research are single-stage samples of estimated
residential land prices and construction costs (price in US Dollar per square meter of land) obtained from
real-estate agencies in Khartoum, Sudan.

Limitations

Throughout the commencement of any research work, various limitations face the research’s during their
work which is not about time and resources availability alone. Firstly, time was essential from the start,
as the researcher was a full-time student and had to coordinate the coursework’s presentations,
assignments, and exams. Between the end of March 2020 and April 2020, most countries went into

1 Kriging is the most commonly used interpolation technique to generate a continuous surface of unknown value
from existing known values based on the change in value with distance. Usually, Kriging result are validated using
different spatial interpolation techniques, validation in this case has not been performed for the purpose of using
interpolation stated. More details about the Kriging are provided in chapter three.



lockdown due to the Covid-19 breakout, including Johannesburg, South Africa, and Khartoum, Sudan.
International travel was banned in both countries during the lockdown, which affected the entire
fieldwork. The researcher had to collect the samples remotely. This situation limited the researcher to
collect more samples from the study area.

Secondly, the data collection instrument changed from fieldwork to obtaining the samples by sending out
maps of the targeted neighborhoods to the real-estate agencies. This method was a result of two factors
related to the Covid-19 lockdown. Travel was banned and reduced the risk of having a third party collect
the sample from the field, which limited the number of the sampled neighborhoods to 18 neighborhoods
due to time and availability constraints.

Chapter’s outline

The research report is structured in five chapters described below. The first chapter complements as an
introduction to the study setting out the broad scope and field, introduces the research aim, objective,
and questions. This section describes the document chapters briefly.

Chapter One

Chapter One serve as introduction the research context and issue through scoping the global context of
urbanization and how housing issues fit within urbanization to formulate the research problem, aim,
objectives and questions. This chapter is titled ‘Global and local perspectives on urbanization and housing
issues. The chapter concludes with highlights on the research method, ethics, and limitations.

Chapter Two

Chapter two is titled ‘Navigating the research through the relevant theories, concepts, and methodology’.
It provides the concepts to frame the research, reviews the urbanization and housing issues from a global
perspective, the locational theory in housing, and econometric analysis of land prices and housing. A
chronological review of the literature and case studies about econometric and spatial analysis of
residential land prices and housing costs is also provided. The chapter concludes with the conceptual
framework for this research which is derived from the literature.

Chapter Three

Chapter three is titled ‘The econometric approach to the research issue and the context of Khartoum city’;
this chapter has two main sections. The first section dissects the research method and provides the
techniques used to model residential land prices and housing affordability and provide the housing
affordability's interpolation surface. The second section introduces the Khartoum context in terms of
demography, socio-economic and access to housing finance, the state of housing in Khartoum’s master
plans, and land prices and housing affordability.

Chapter Four
Chapter four is titled ‘The preliminary findings: Discussing the determinants of residential land prices and
housing affordability in the context of Khartoum expansion’. This chapter consists of two parts. This



chapter is divided into two main parts. The first part is divided into two sections: the first section
introduces the fieldwork and data collection, consisting of data preparation and descriptive statistics. The
second section deals with preparing the residential land prices models, housing affordability, calculating
the housing affordability index, and using the interpolation to generate the continuous surface for housing
affordability and present the findings. The second part of this chapter consists of two sections. The first
section presents the data analysis derived from the OLS, GWR regression models, and the HAI findings'
spatial interpolation compared to the literature. The second section concludes with a summary of the
findings and analysis presented and leads to the report's conclusion.

Chapter Five

Chapter five titled ‘conclusion and recommendations’ provide the link between the research chapters to
summarize the research report by answering the research questions, responding to the research
objectives, and achieving the research aim. They provide recommendations derived from the findings and
analysis and conclude with the research limitations to summarize the report.



Chapter Two: Navigating the research through the relevant
theories, concepts, and methodology

This chapter consists of two main sections. The first deals with broad concepts to frame the study's scope:
urbanization and housing affordability in terms of agendas and trends internationally and within the
context of the study area. The second section from theoretical perspective deals with the locational
aspects that affect housing affordability and pricing in urban planning and economic impacts and
econometric modeling applications from a wide-range of literature.

Urbanization and housing issues

The global population growth and urbanization are accelerating at a fast rate. The inequality index is
growing, especially in Sub-Saharan Africa (Sulemana et al., 2019). Tipple and Alemayehu (2014) stated
that population growth and urbanization are transforming Sub-Saharan Africa [SSA], and despite the low
urbanization rates in Africa and Asia, the urban population proliferates. According to UNDESA (2019),
55.3% of the global population lived in cities in 2018. By 2030, urban areas are projected to house 60% of
the population globally (Ritchie and Roser 2018). Van Doorn et al., (2019) suggest that cities are the source
of and solution to the socio-economic and environmental challenges, featuring sustainable, affordable
housing as one of the most critical issues facing cities. However, international organizations such as the
UN-Habitat and the World Bank advocate for creating frameworks emphasizing the principles of the
Sustainable Development Goals [SDGs], the 11™ goal which is about creating sustainable cities and
communities to guide the built-environment policies. Access, adequacy, safety, and affordability of
housing and essential services and slum upgrades are the pillars of target 11.1 (Habitat 11l 2016).

The literature on the relationship between urbanization and housing recognizes housing and
affordability's unprecedented challenges due to population growth, socioeconomic realities, and rapid
urbanization. The United Nations Program on Human Settlement [UN-Habitat] is a major international
agency concerned with human settlements to promote the sustainable development of the built
environments in terms of the economy, society, and the environment (Staff 2003). However,
socioeconomic, environmental sustainability, and adequate-affordable housing are inseparable, and
adequate housing is bound with policy, economic, and legal burdens that correspond the achievement of
other SDGs targets. Housing affordability comes as the third dimension of the housing policy framework
of the United Nations agenda on housing (Habitat 2015).

The mid-1990s marked the emergence of the international frameworks for urban development. The
United Nations agencies initiated the NUA in Habitat Agenda 1996, Urban Agenda 21 in 2000, and the
Millennium Deceleration on Cities in 2001. Globally, population growth and urbanization stand out as the
order of the century; according to UNDESA (2019), the world population increased by 200 million between
2015 and 2017, from 7.4 to 7.6 billion in developing countries.

UNDESA (2019) suggests that the global urban population increased exceeded four-folds from the 1950s
to 2018, which averaged a 2.54% annual increase in 2018, from total urbanized 30% in 1950 to 55% in
2018, and 68% urbanized projected by 2050. Regionally, Northern America is 82% urbanized, followed by
Latin American and the Caribbean by 81%, Europe 74% urbanized, and Oceania 68% (ibid).



China and India alone are about half of the world's population. The two countries are experiencing growth
in population, urbanization, and socioeconomic status, requiring governments' efforts to provide services
and housing to accommodate the growing population (Chauvin et al., 2017). Sub-Saharan Africa was
recognized as the fastest urbanizing region, with 472 million in 2018 and 944 million projected in 2043
(Saghir and Santoro 2018). Urbanization is positively linked to economic development, and the 143 SSA
cities account for 50% of the regional GDP (ibid).

The bulk increase of population globally urged the need to prioritize adequate and affordable housing
(Habitat 111, 2016). Assembly (2016) estimated that 13% of the world's cities have fair, affordable housing.
King et al., (2017) estimated 330 million households globally would live in inadequate accommodation,
projected to increase to 440 million (1.6 billion people) in 2025 and 2.5 billion people by 2050.

Addressing the housing deficit within the projected population growth coupled and the economic
constraints pose one of the most significant challenges governments face (Habitat Il 2016). However,
there is an urgent need for a competent and diligent response to deal with housing and the growing
population and inequality. Habitat (2015) framed the challenges, priorities, and implementation
mechanisms as guidance for housing policy development to ensure the delivery of adequate housing into
four elements:

a. Accessibility to essential services: the term adequate housing implies a satisfactory and equal
access level to water and sanitation in urban and rural contexts and energy and waste disposal to
reduce informal settlements' occupancy.

b. Habitability: refers to the tolerable state of housing, which the subject of proper building codes,
zoning, and regulatory framework that shape the household to be protective from natural
conditions, hazards, and diseases to ensure the safety and well-being of the occupants.

c. Affordability: affordability refers to the costs of affording to own or rent a house and living
expenses. Affordability involves collaborative efforts between government, communities,
developers, and investors to account for households' income, expenditure, and housing costs.

d. Security of tenure: tenure security refers to the legal rights to property ownership and compliance
to legislation through the different means of property ownership to ensure protection from
threats to tenure. To the effect mentioned above, tenure security implies access to use, land, and
property control.

Seto et al., (2013) identified five global trends in urbanization, one of which articulate land consumption
for urban uses for population and suggest most of the growth will occur in areas of limited economic
development and institutional capacities. From another perspective, Seto et al., (2013) argue that urban
areas are expanding more than urban populations. The authors featured the United Nations projections
that the urban population will double or increase to 70% or 6.3 billion between 1900 to 2050.

Roy (2009) points to the struggles of mega-cities using Bangalore, India; despite the massive infrastructure
projects, planning is facing immense growth and urbanization that outpace planning and the lack of
future-proof planning to accommodate the unpredicted growth. The new Bangalore airport, which
reflects that political intervention and privatization in planning at the expense of housing and services, is
part of the problem. The leading countries in urbanization and economic growth, such as China and India,



have developed housing policies that feature economic growth through optimum housing planning and
maintain affordability (Cheng et al., 2014).

Gabay and llcan (2018) suggested despite the SDG 11 and MDG 7-11 goals and their targets, hundreds of
millions of households are still excluded from accessing adequate, affordable housing and essential
services. Realizing universal access to housing requires examining the core housing policy documents
normalized through neoliberalism to de-commodify basic needs such as housing (ibid).

Conceptualizing housing affordability

The broad concepts of affordability refer to the overall household expenses compared to income. Habitat
(2015) emphasizes that affordability should not affect households' needs. Menon et al., (2019) suggest
four components to make sense of financial housing affordability, two elements relate to the cost of
buying a house, the others about keeping the house. The cost of purchasing a home involves house
purchase price such as land, infrastructure, building materials, labor, and the lender’s profit, and financing
down payment of the house, including savings, debt, and loan amounts. The cost of keeping the house
has two components; the first is house occupation cost which is about the land lease, home insurance,
property tax, rent, and maintenance cost. And the second is the ability to finance service loans such as
the loan interest rates, tenure, income, and non-housing expenses (Habitat 2015). In the matter of
challenges facing housing affordability, Menon et al., (2019:8) identified a broad spectrum of challenges:

The disproportionality between housing prices and income.
The gap between affordable house demand and supply.
The scarcity of land suitable for affordable housing.

Q 0o T w

Demographic challenges include household size, population growth, an aging population
(low-income senior citizens) which adds to the housing demand.
e. Energy poverty, which means the high cost of energy to low-income households.

Menon et al., (2019:9) state that ‘There is no universal standard for affordable housing because ideas
differ by region and culture in regards to household’s income..., capacity..., energy costs..., providers...,
housing tenure..., occupation..., formality’. Hafazalla (2006) discussed households' socioeconomic
characteristics with financial ability to own a house as an aspect of the housing supply, emphasizing low-
income housing as a global concern in housing policy.

International trends in affordable housing

The challenges identified in the policy paper by Habitat (2015), speaks to accessibility, equity, and fairness
to affordable housing, has been further elaborated in (Menon et al., 2019). A significant challenge is
recognizing adequate housing as a constitutional right backed with legislation, provision, and managing
institutions. The majority of countries formed policies geared to adequate housing but not constitutional
rights. In South Africa, the right to housing is articulated in chapter two, section 26 of the constitution;
Canada enforced the right to housing as a law in July 2019. In the USA, the right to housing varies with
states and jurisdictions.

The challenges above address housing adequacy and affordability at the national government level,
providing constitutional grounds for developing housing policies and regulations. The local government's
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role in developed and developing countries regarding housing provision considering decentralization and
the distribution of powers and responsibilities between national and local governments is another
challenge.

Various finance options are crucial to different types of housing, such as social housing, rentals, and self-
help housing. A cross-subsidy mechanism between commercial and housing land uses and low-cost, and
high-cost housing encourages mixed development (Habitat 2011). Various and integrated infrastructure
types in planning and design will allow for fast growth and future upgrades (ibid).

According to Habitat (2011), to achieve adequate and sustainable housing, governance and management
of housing should ensure adherence to regulation, planning, and implementation frameworks in the
following:

a. Tenure systems: a continuum of tenure systems to secure ownership rights?, ensure household
welfare, and consider social minorities and the vulnerable.

b. Governance: Inclusivity and government autonomy empower local communities to manage and
upgrade housing through an integrated partnership between owners, tenants, and local
improvement committees.

c. Management and maintenance: Can provide local communities with a regular income for low-
income communities and strengthen the sense of belongingness.

From a financial and investment perspective, property and real estate markets can provide a fertile ground
for investment and employment opportunities (Menon et al.,, 2019). However, tackling housing
affordability issues requires short-term fixes on long-term strategies addressing the pressing issues,
including public and private sectors, supply and demand in housing markets (ibid).

World Economic Forum identified four issues on housing supply, which are in alignment with what Habitat
(2011) defined in terms of policy at the city level; Menon et al., (2019:6) identified the following to tackle
housing affordability issues:

a. Land acquisition and title: the legality of land suitable for investment in housing is crucial. Land
acquisition strategies such as land-pooling of undeveloped land, property rights formalizing rights
rather than evictions, and community partnerships with land trusts can utilize property on behalf
of the community.

b. Land use: government uses zoning and regulations to steer development and housing; the World
Economic Forum suggests strategies such as expanding development along with transport
networks and infrastructure Transit-Oriented Development [TOD], zoning that will increase
community vibrancy and encourage developers, integrated mixed-use development based on
proximity to jobs and services, shift taxation from property to the land value and include taxes on
vacant lands.

c. Secure finance: as investors beginning to see affordable housing as a low-risk investment, and
provide opportunities for workers in public service, increase profit for the private sector. The

2 Secure tenure protects ownership rights by protecting the residents against forced evictions or arrange for
sufficient compensation to residents when eviction occur.
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world economic Forum suggests alternative funding for housing, such as giving tax incentives and
grants or exemption for private developers. Create government-bonds providing affordable and
long-term finance to a community-based organization to develop and manage affordable housing.
And implement investment models such as real estate investment funds, Islamic finance, and
impact investing. The Islamic approach to securing finance is based on the principle of structuring
mortgages on non-interest contracts called “Murabaha.” The lender and the borrower agree on
the cost-plus profit paid in packages set as part of the agreement. This arrangement reduces the
risk associated with interest-based lending and does not inflate the original paid amount, and
creates a future obligation.

d. Design and construction: as far as construction and design, the land is often the highest cost in
housing, but sometimes construction exceeds the land cost; World Economic Forum suggests
reducing bureaucracy such as administrative fees and expenses to comply with building and
zoning codes, apply technology to construction such as the Internet of Things and Artificial
intelligence, alternative and low-cost building materials, and Public-Private Partnerships [PPP] for
capacity building in the construction sector.

On the demand side of the housing market, Menon et al., (2019) suggest strategies to increase affordable
housing access that target the society's most vulnerable. In contrast, including a different form of tenure
into housing options, regulating rent costs and considering future supply, and considering subsidy risks in
the short and long term.

To conclude, Menon et al., (2019) suggest that to deliver affordable housing effectively, strategies on both
side of the housing market should consider the following:

- Local governments should consider and define long-term housing supply strategies that balance
the need and supply to reduce urban sprawl using density, include the political dynamics that
might affect housing and development. Ensuring housing development has adequate
infrastructure improves the quality of life and provides regulatory ground for private and non-
profit sectors.

- The private sector should utilize innovation and technology in building, designing, and working
with the government to provide skilled labor and consider solutions in finance and tenure models.

- Non-profits and community-based organizations such as land trust, housing cooperative, and
microfinance institutions have an essential role in bridging the gap between the private sector
and the government to improve housing affordability and increase awareness around housing
options for the public.

The insight report by Menon et al., (2019) has set the guidelines for fixing affordable housing delivery
globally before population growth and income gap growth. Australia, Canada, China (Hong Kong), Ireland,
New Zealand, Singapore, the UK, and the USA have the most critical housing markets (Hikichi et al., 2020).
The survey aimed to contrast housing affordability data to Singapore's context during the last 60 years.
Singapore had the worst slum housing back in the early 20™ century. With scarce land and a growing
population, Singapore faced one of the biggest challenges in providing housing.
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Singapore established the Housing Development Board [HDB] in 1960 to ensure the delivery of affordable
housing. Homeownership is the cornerstone of the HDB policy to encourage the household's work ethics
to maintain their homes (ibid). Singapore housing policy reflects the World Economic Forum (2019)
guidelines, emphasizing land acquisition and tenure, secure finance, and design and construction to
deliver affordable housing. In contrast, Hikichi et al., (2020) survey ranked the least affordable major
housing markets due to finance and land issues; Australia, New Zealand, and China are the least affordable
housing markets.

According to Habitat (2011), the provision of affordable land and housing remains a challenge to most
countries, especially in Africa, and adequate housing is unaffordable for most of Africa's urban population.
Financial access to land, secure tenure constraints, and underdeveloped financing framework stand as the
major obstacles to affordable housing in Africa (Habitat, 2011). North Africa improved affordable housing
and slum upgrading, but it is insufficient to cope with the growing informality. Except for Ethiopia and
South Africa, compared to SSA, there is no affordable housing, wherein the latter, housing programs do
not exist or not affordable and insufficient (ibid).

To bridge the housing gap in Africa, government agencies, specialized institutions, and financial bodies
are engaged in housing and finance (Habitat 2011). Many case studies reflect on the issues of land tenure
and cross-subsidy finance as the pillars of affordable housing programs (Pillay and Naudé 2006) South
Africa, (Hjort and Widén 2015) Ethiopia, (Pomeroy 2018) Canada, (Chen and Deng 2014), China, (Austin
et al., 2014, Yates 2016) New Zealand and Australia, and (Mulliner and Maliene 2011) in the UK.

As land value is a central concern for policy development to ensure affordable housing, it is essential to
consider the setting within which housing occurs. The locational theory in housing applications looks at
the factors affecting land value and affecting housing affordability.

The locational theory in housing and econometric analysis

The book Residential Location Choice: Models and Applications by (Pagliara et al., 2010) build on Evans
(1973, 2008) to theorize residential location choice. According to Pagliara et al., (2010), residential
location modeling lies at the heart of contemporary social sciences to cope with the rate of change and
utilize prediction to benefit effective planning. Practical planning demands “What if?” forecasting
capability is available using computer models since the urban elements are complex. Brueckner (1987:82-
829) illustrated the residential location choice using different models. The first is ‘Intracity analysis’ which
looks at commuting to a CBD job along dense radial roads. The second is ‘Comparative static analysis’
which assumes similarity invariant spatial structures to draw accurate predictions for preferences. The
third is ‘The close-city case’ which focuses on one city to measure the change in the parameters affecting
the housing preferences across the city. This model looks at the shift in preference caused by the
difference in housing parameters. The fourth model, ‘The open-city case’ uses an observable parameter
to derive the analysis of location preferences (Brueckner 1987:30-37).

The models explained by Brueckner (1987) are built on the assumption that cities are monocentric and
did not include polycentric cities with secondary employment centers besides the CBD. However, the
suburbanization of jobs can lead to change in other facets such as commuting time and access to services.
Recently, economists have suggested that residential location is determined by income, commuting time,
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and workplace destination (Lee et al., 2010). Arguably, there is an interchangeable effect between the
economy and urban planning when analyzing urban phenomena such as housing. This effect, perhaps, can
be contextualized when addressing the different subjects within the urban realm. The interrelation
between different aspects of the urban realm necessitates comprehensiveness in analyzing the urban
problems.

According to Evans (2008), the USA and UK's approaches to urban problems are based upon two opposing
views from the economic and the urban planning perspectives. On the one hand, the economical solution
to the urban problem advocates addressing the urban economy's supply-demand through econometric
modeling. On the other hand, urban and town planning practitioners can solve urban challenges through
complete and autonomous planning regulation and practice control.

Evans (2008) suggested that future private land-use is to be determined by market forces; this approach
necessitates economists and other social scientists to model the residential location choice. Within this
context, housing preferences are dynamic, based on activities and changing circumstances that can be
measured and analyzed. The econometric analysis relies on metricizing how income, commuting time,
and life-style can determine their housing location.

Residential areas within the urban setting

Ratcliffe et al., (2004) refer to the American planning system and suggest that modern planning systems
are a post-war invention derived from the Town and Country Planning Act 1947. These planning systems
highlight the state's role in regulating land use patterns that became universal principles in the field. The
American planning systems empowered the private sector to represent the community interests
regarding land use and development under a particular set of legislations that would permit or prohibit
certain activities regarding land uses, property development, and modifying existing buildings. The
planning system's development aims to secure planning policy as the post-war reconstruction (Ratcliffe
et al., 2004:2). It means sustainable development of housing on "brown land" or previously developed
land conserving the existing stock in the twenty-first century.

Considering the environmental threats that come with development and urbanization, the international
policy area introduced many conventions addressing the matter, from Rio de Janeiro 1992, Kyoto 1998,
and the world summit on Sustainable Development in Johannesburg 2002 (ibid). Policy frameworks,
MDGs, and the SDGs are the virtue of the United Nations efforts to support countries in addressing the
urban problems in their social, economic, and environmental dimensions through urban and development
planning (Habitat 2015).

The literature on the determinant of housing prices varies in many aspects. San Ong (2013) looked at the
macroeconomic factors affecting Malaysia's housing prices and concluded that GPD, population, and real
property gains tax are the critical determinants of housing prices. Evans (2008:3) elaborated if the
workplace benefits are the same regardless of being a newcomer or not, this would mean households ‘will
not be very mobile’.
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Urban economics and housing prices

Evans (2008:2) set the basis for the location theory that governs housing pricing but emphasized that it
does not apply to every setting. Instead, it gives the general pattern and states: "It will be the group, not
the individual, on which we shall fix our attention...". The economics of a household's location choice is a
matter of trade-off behavior. Balancing the shelter cost against transportation cost to work, Evans (2008)
suggested this model creates a predictable household's locational choices. The importance of proximity
to households necessitates variance in rents and transportation costs from the urban center to the
suburbs or outer residential areas.

The center-outer significance of the difference is liable to the city size, and the model suggests smaller
cities are likely to have minor differences as opposed to larger cities. Evan's work did not address a
particular element in housing but suggested an approach through which it's viable to make sense of
housing pricing within given urban settings. Addressing residential density and externalities, Evans (2008)
suggested missing elements in analyzing the residential pattern; first, certain utilities may distort the
pattern, such as an industrial corridor or public-space, to positively or negatively affect residential choices.

Second, the occupant space needs within their units, the general assumption occupants will inhabit
regardless of their space need in different densities (Evans 2008). It suggests that economists ignore
density in analyzing residential patterns but do not produce optimal models that require low densities.
Evans (2008) proposes that inner-city inhabitants have less economic welfare than outer-city inhabitants,
as the inner-city is usually occupied by low-income to reduce transport costs, resulting in a systemic
reduction in economic welfare.

However, the natural environment influences the allocation of many human activities. Evans (2008:30)
cited Richardson et al., (1974) argument that "the quality of the environment is one of the most important
determinants of a householder's location." Evans (2008:30) attributed the environment's significance in
urban areas to depend on the density and articulated that Mirrlees (1972) associated density with the
environmental quality. Evans (2008) concludes with the view that differences in socioeconomic status
influence the quality of the environment as superior-good in terms of expenditure differences between
high and low-income. Low-income households' density is likely to be higher than the high-income who
consume land even more and increase their expenditures.

As for pricing the housing units, Evans (2008) suggest age and quality of housing as primary determinants
of unit pricing; the cost of occupying a house is determined by the age and quality of the building, this
cost might not be sufficient for a different unit or cost even less. However, there are two ways to choose
a residential unit; first, cost minimization, which looks at the residential need only without other specifics
such as the unit area and commuting time. The second is the consumer behavior analysis based on the
assumption that the consumer is looking to capitalize on effectiveness to model the optimum location
and affordability.

Evans's insights suggest that residential areas' pricing varies per behavioral factors, socioeconomic
dynamics, and natural factors that create what he called the value gradient. It describes the distribution
of housing unit pricing across space. The value gradient differences are caused by the factors discussed
above, which are liable to change within different contexts when land ownership is dominant. It's
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convenient to look at the factors affecting land prices and affordable housing using spatial analysis and
modeling.

The literature on spatial econometric analysis of land prices and housing
prices

The literature on real estate econometric analysis varies in context, methodology, and the issues. This
section leads into various case studies using different methodologies, spatial and non-spatial analysis of
residential properties and land prices.

Mikelbank (2004) studied the association between housing value and investment in transportation
infrastructure in the context of Ohio State (in the United States of America) using spatial analysis and
geocoding of housing transactions' explanatory variables. The study employed pre-test to OLS variables
to avoid spatial multicollinearity and spatial dependence and 68% of the variations were explained. The
study concluded that proximity to transportation infrastructure had a substantial depressive effect on
local housing since announcing nearby transportation development. Still, due to other factors relating to
the political process, environmental impact, and possible opposition, the impact is not insignificant.
However, proximity to CBD and retail centers showed a positive and significant relation, broadly
Mikelbank (2004) showed that the different dynamics of infrastructure investment could affect the
housing market both ways (positively and negatively) in both local and regional economies.

Du and Mulley (2006) explored the link between access to transport and land value because transport
infrastructure improves access to employment and facilities; therefore, improved accessibility increases
land value. Du and Mulley investigated the relationship using a localized GWR model in the Tyne and
Wear region (United Kingdom) and concluded that transport accessibility positively impacts land value in
some places and negatively on others, OLS explained 60% of the variations, while GWR explained 73% of
the local variations in land value. Du and Mulley (2006) suggest that GWR enables to reveal spatially
varying relations, leading to a better understanding of the factors governing land value and the
implications of transport-dependent housing on property value.

Huang et al., (2010) used GWR modeling for analyzing house prices. Still, they included temporal data to
derive the spatial and temporal changes in housing prices referred to as Geographically and Temporally
Weighted Regression [GTWR]. The results have shown that GTWR is more accurate in modeling the spatial
and temporal variation in land prices than OLS. Temporal Weighted Regression [TWR] and GWR using the
following variables. Living space, land area, garage type, construction type, occupancy type, zoning type,
GTWR increase model performance, and reduced model bias and error. The OLS explained 76%, TWR
explained 77%, GWR explained 88% and GTWR explained 92% of the variations in house prices. Haung et
al.,, (2010) found that Spatio-temporal heterogeneity prevails in Calgary's real estate market and housing
prices (Canada).

Ping and Hui (2010) looked at the Central Business District [CBD], transportation, and infrastructure as
factors affecting residential land prices in Beijing (China) using non-spatial approach. The study concluded
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that the city infrastructure of "quality of life" affects residential land prices more than CBD, transportation,
and infrastructure. Sub-way and high-ways to residential areas show a complementary effect.

Du and Mulley (2012) examined spatial variations resulting from the impacts of access to transport on
property prices in the context of Tyne and Wear using GWR with prices as the dependent variable
explained by household socio-economic features and defined spatial factors, including the accessibility of
the house location. The GWR model results showed that house features and socio-economic classification
are overriding factors in determining property prices, transport is also significant, the model showed a
significant spatially varying relationship between prices and transport accessibility. As oppose to OLS
model which explained 32% of the variations, the GWR explained 46% of the variations in property prices

Koramaz and Dokmeci (2012) used OLS to examine the spatial determinant of housing prices in Istanbul
using proximity to CBD, main commuting routes, coast, housing, and neighborhood characteristics as
explanatory variables. The OLS explained 66% of the variations in housing prices and concluded that
housing prices are significantly influenced by distances to CBD, sub-centers, transportation arteries, and
the coast.

Manganelli et al., (2014) employed OLS and GWR to analyze the contribution of intrinsic and extrinsic
factors to urban property value and the real estate market and suggested that extrinsic features
(infrastructure and the environment) are the determinants of the market price. The OLS model explained
47% of the variations in the housing market, while the GWR explained 64%. Manganelli et al., (2014)
concluded that GWR had given the incentive to interpret and analyze the urban property and the real
estate market. The model proved useful in guiding the planning, advising investment decisions,
highlighting the city development dynamics, and tackling previous planning choices.

Boyle et al., (2014) examined the effects of neighborhood walkability on housing prices based on literature
around the topic that suggested a spurious effect of walkability on housing prices which depends on
whether an area has low or high neighborhood walkability. The research examined walkability using OLS
and concluded that there is a significant factor that affects prices other than walkability.

Zmolnig et al., (2015) employed spatial interpolation techniques (Kriging, Kriging with barriers, and IDW)
in analyzing the factors affecting housing prices in Fife (Scotland) using the indicators in the Register of
Scotland [ROS] house prices database. Zmolnig et al., (2015) suggested adding more attributes to the ROS
database such as house size, date of the building, and the type of the real estate can generate more
accuracy if GWR models were introduced to the analysis.

Li et al., (2016) used three hedonic models, OLS, Spatial Lag Regression [SLR], and GWR, to model the
housing prices spatially and temporally. The results found that single-family home values influence
structural attributes and urban amenities, accessibility factors, air quality, green space, quality of schools,
and commuting costs. The OLS explained 39% of the variations in the housing values, while GWR explained
52% of the variations, the SLR model indicated that air pollution and the lack of forest coverage negatively
impact housing value over time. However, the GWR model indicates that spatial heterogeneity is evident,
and vegetation coverage impacts Salt Lake County's housing prices.
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Trojanek et al., (2017) analyzed the impacts of aircraft noise pollution on housing prices using OLS,
Weighted Least Squares (WLS) and Spatial Error Model [SEM]. The OLS model explained 65%, WLS
explained 66%, the SAR explained 66%, and the SEM explained 65% of the variations in housing prices.
The case study found that aircraft noise negatively relates to housing prices and distinguished that aircraft
noise pollution affects house prices differently.

Mostafa (2018) did a unique study using OLS investigating the determinants of residential land prices in
Kuwait by considering ethnicity as a parameter in modeling land prices, which is different from many other
case studies. Mostafa (2018) investigated the influence of Kuwaitis percentage among the total
population, the number of schools, traffic accidents, and air pollution on residential land prices. The
findings show that residential land prices are mainly driven by population density, the percentage of
Kuwaitis, and educational amenities, while air pollution reduces prices, the OLS model explained 60% of
the variations in land prices. Mostafa (2018) argued that land prices tend to cluster around high-density
areas and form hotspots with distance decay effect between hotspots. Mostafa (2018) argued that OLS
seems to be the first choice for modeling land prices, but one can conceptualize their models depending
on the variables.

Feng and Humphreys (2018) investigated the impact of sports facilities on residential property values
using the OLS and Spatial Two-Stage Least Squares [STSLS] hedonic models. The results show a significant
impact of sports facilities on the residential property values in Columbus, Ohio (USA). The OLS explained
70% of the variations in residential property prices, while the STSLS explained 77% of the
variations.Property values tend to fall with distance from the sports facilities. The OLS overestimated the
model parameters compared to the STSLS model. Feng and Humphreys (2018) suggested that sports
facilities' economic benefits drive the local economy's property value.

Namangaya and Kiubsi (2018) adopted three housing development sequences to illustrate the effect of
services on housing. The analysis concluded the lack of structure in service provision in both planned and
unplanned parts of the city. Furthermore, it stressed that occupation relies on essential services,
electricity, public transport, and water services.

Caoetal., (2019) investigated the factors affecting the resale housing prices in Singapore using OLS among
GWR and Euclidean distance-based models referencing the house's age, floor area, proximity to parks,
CBD, and the nearest mass rapid transit stations. The OLS explained 70% of the variations in residential
property prices, while GWR explained 83% of the variations.

Ghasri and Rashidi (2019) investigated the relationship between employed-family commute time to work
and residential location using ordinary least squares. They found that adjusting commute time through
the residential location is affected by the wife's job's household structure.

Husein et al., (2019) examined how urban form and commuting network, with socio-economic and
demographic factors, impact public transit usage for commuting-to-work in Canada's megacities. Husein
et al., (2019) have included that the Simultaneous Auto-Regressive model is helpful to account for the OLS
spatial dependences and concluded that the socio-economic and urban form is mainly related to the
increased public transit usage and commuting-to-work.
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Highlights on the econometric analysis literature

The anticipated aim of the research is to provide a general model that explain the determinants of
residential land prices and housing affordability in Khartoum’s neighborhoods using OLS, the same
regression technique used in (Mikelbank 2004; Huang et al., 2010; Koramaz and Dokmeci 2012; Boyle et
al., 2014; Li et al., 2016; Mostafa 2018; Feng and Humphreys 2018; Cao et al., 2019). As for deriving local
models for each neighborhood, the research employs GWR for weighting the determinants over each
enighborhood, the same approach can be found in (Du and Mulley 2006; Huang et al., 2010; Du and Mulley
2012; Manganelli et al., 2014; Zmolnig et al., 2015).

Hedonic modeling of housing prices does not account for distance and proximity as modeling parameters,
nor testing housing affordability indices regressed to proximity variables. The literature is oriented
towards housing prices and the cost of transport as a comprehensive measure of housing affordability.
Nonetheless, there is a great deal of literature on the spatial determinants of housing prices and land
costs. Still, direct literature on housing affordability is scarce. In this research, the focus is on exploring
the determinants of housing affordability across Khartoum city. The significance of this research lies in
directly exploring the determinants of housing affordability using OLS and GWR. To this end, OLS is used
to explore the factors affecting housing affordability and the variable causing spatial variations in housing
affordability using the GWR.

Conceptual framework

The determinants of residential land prices and housing prices are dynamic throughout the literature
resulting in heterogeneity through space, which is the essence of econometric modeling. Figure 1 shows
the researcher's conceptual framework to guide the fulfillment of the research objectives. This research's
conceptual framework is derived from the literature on econometric analysis of residential land prices
and housing prices. Two different models appear in the conceptual framework, and the first has the red
arrows linking the explanatory variables to the residential land prices. The second model has black arrows
linking the explanatory variables to housing affordability. The dependent variables are the plot
characteristics, average distance to central amenities, mobility networks, and local service. The study
investigates the determinants of residential land prices and housing affordability from the set of the
explanatory variables and how they vary in their impact on residential land prices and housing
affordability.
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Explanatory variables

1. Plot characteristics:
Neighhourhood’s class.
Plot Size (Area).
Length of the plot’s fagade.
2, Average distance to central amenities:
- Average distance to the CBD.
Average distance to Khartoum International
Airport.
- Average distance to industrial corridors.
- Average distance to commercial areas.
3. Average distance to mobility networks:
- Average distance to primary roads.
- Average distance to secondary roads.
4, Average distance to Local services:
Average distance to hospitals.
Average distance to schools,
Average distance to local Markets.
Average distance to Police stations.

Average distance to Mosques.

Figure 1 Conceptual framework (Source:

Author’s Own 2020).

Residential
plot prices

affordability
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Chapter Three: The econometric approach to the research issue
and the context of Khartoum city

This chapter comprises two main sections. The first explores the research method and techniques to
analyze housing affordability and the spatial analysis techniques highlighting the significance, advantages,
and shortcomings of each technique using case studies. The second section deals with Khartoum's context
in terms of location, socio-economics, and demographics structures.

Methodology

The word research's broad meaning is to investigate or explore known, and in some cases, unknown
subjects or to investigate systematically. Yet, there are different definitions of word (research),
Shuttleworth (2008:3) cited different definitions of research and concluded that research is ‘The scientific
definition of research generally states that a variable must be manipulated in an experiment’. However,
gualitative research may rely on case studies and purely observational science, and this approach has its
own merits and drawbacks.". According to Brookes and O’Neil (2017) the word research refers to
collecting information on a subject or an investigation to establish facts. (Rajasekar et al., 2006) refer to
research as a rational and organized exploration for valuable data on a specific topic. Cavana et al.,
(2001:5) defined research as ‘an organized, systematic, data-based, critical, objective, scientific inquiry or
investigation into a specific problem or issue to find solutions to it or clarify it'.

On the one hand, the articulated definitions of research imply that research is a structured process with
a conceptual framework. The subject is investigated using non-biased procedures, techniques, and
approaches that are reliable and testable. Stockemer (2019) suggests that research work can investigate
the subject from general to specific, known as quantitative research using statistics, samples, and surveys.
On the other hand, qualitative research encompasses a few observations that drive from the observed
subject's specifics to generalize the population under investigation.

Somekh et al., (2005:1) traced the roots of research approaches in social sciences to Plato and Aristotle's
conceptualization of knowledge, and suggest that ‘Fundamentally, social science research is concerned
with people and their life contexts...”. Ruonavaara, (2018) argues that housing as one of the aspects of
social science disciplines is not a research field; instead, it's a mutual denominator of numerous fields such
as housing policy, housing supply, housing choice, and more. The point made suggests that social sciences
research's focus reflects different aspects of the issues under investigation. Kemeny (2013) suggests that
housing studies are undertheorized, and little has been done to understand this and address what can be
done to rectify, suggesting that housing researchers should be reflexive in analysis and employ many
critical approaches.

The research intends to investigate different neighborhoods' housing affordability in greater Khartoum
through quantitative correlational analysis of the factors affecting property prices using OLS. For each
sample neighborhood, land prices, construction cost, the GWR model, and every single feature in the
sample explain the factors that affect the specific feature. Housing affordability will be extracted using
price and income ratio (Suhaida et al., 2011).
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Concepts

The research questions respond to the research aim and objectives, which is explore the spatial
determinants of residential land prices and housing affordability, and how housing affordability can
influence the physical expansion of Khartoum. Using Tobler’s concept of proximity, the research will
employ regression analysis (Spatial and non-spatial) to illustrate how the variables highlighted in the
conceptual framework impact residential land prices and housing affordability. To explore the impact of
housing affordability on the physical expansion of Khartoum, the research will employ spatial
interpolation (Kriging) to illustrate the spatial pattern of housing affordability, how affordability change
through distance from the CBD. However, it is important to start with defining the terminologies and
concepts related to the research and to explain the techniques used to answer the research question and
fulfil its aim.

City expansion

According to Burgess (2008), city expansion refers to physical growth, sprawl, and the enlargement of the
city's 'urban' boundaries, or the city's development from the city plan's standpoint. The term urban sprawl
has been used to illustrate the physical expansion of an urban environment regardless the density as a
character of that expansion (Bruegmann 2015). However, sprawl is likely to happen at any density, low-
density sprawl is usually associated with low-income communities such as, while high-density sprawl is
associated with both low-and-high income communities (Mouratidis 2019). Urban expansion is used
synonymously with city expansion, Fox and Goodfellow (2016) described urban expansion as the increase
of built-up area of a settlement or a collection of settlements.

Spatial analysis

Cappelli (2013) practically defines spatial analysis as a diverse and comprehensive capability that includes
the accurate visual analysis of maps and imagery, computational analysis of geographic patterns, finding
optimum routes, site selection, and advanced predictive modeling. Goodchild et al., (1999) define spatial
analysis as that subset of analytic techniques whose results depend on the frame or change if the structure
changes.

Housing Affordability

Bieri (2014) broadly defines housing affordability as the cost of obtaining a house or a shelter for rent of
ownership relative to an individual's or household's income. However, Bieri's definition limits the concept
of property ownership. Anacker (2019) adds household expenditure and income to explain housing
affordability in a context similar to Bieri's argument. The World Economic Forum Insight Report by Menon
et al., (2019) counters the definitions with maintenance and operations costs. Habitat (2011:3) defines
affordable housing as ‘housing which is adequate in quality and location and does not cost so much that
it prohibits its occupants from meeting other basic living costs or threatens their enjoyment of basic
human rights’. The UN-Habitat definition adds quality and access to basic needs. The Housing White Pager
of South Africa is the primary policy document on housing affairs, and it attributes two-component to
affordability, state affordability, and microeconomic realities of affordability (Africa and Housing 1994).
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Housing Affordability Index

Definitions of the Housing Affordability Index [HAI] vary due to the different conceptualizations of housing
affordability and its measures. Many definitions revolve around measuring the financial ability to buy a
medium house, referencing household income, the qualifying income, and house price (Dorokh and
Torluccio 2011). The idea of the housing affordability index measures whether or not a typical household
earns enough income to rent or buy a house. For this study, the affordability index employed is in alliance
with the general idea of housing affordability (ibid).

Data acquisition

There are two types of data necessary for this research. First is a clustering of vector data (polygons and
points), attributing the sampling of plot prices to interpolate the neighborhoods' prices surface (Montero
and Larraz 2011; Koramaz and Dokmeci 2012). The second type of data is secondary data on median
income, the average construction costs of houses collected from contractors, literature, and census books.
Samples are collected from realtors and contractors' estimations of the current plot value and
construction costs when the study is in progress to map the affordability index for different income levels.
Figure 2 below gives the study area spatial context with illustration to land-uses of the study area, CBD,
and Nile junction in Al-Mogran.
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Figure 2 The map shows the places of interest for the analysis and the neighborhoods representing the
sample (Source: Author’s Own 2020).
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Analysis procedure

The first part of the study will use the samples with the construction standards to derive the housing
affordability index for Khartoum's sampled neighborhoods based on land class designated by planning
and land regulations. The HAI will be used for interpolating values for each neighborhood and generate a
continuous surface to show HAl's spatial pattern.

The second part will investigate the determinants of residential land prices and housing affordability using
OLS for generating a global model. The GWR examines the impact of the determinants on each
neighborhood and compares the regression model findings of model housing affordability and how
affordability changes with the CBD distance using the interpolation surface.

The ordinary Least Square creates an equation for the entire study area Saefuddin et al., (2012) and Bohari
et al., (2015). However, Geographically Weighted Regression generates an equation for every single
feature within the study area, using plot class and size as explanatory factors for the plot prices. Data
preparation and georeferencing will evaluate the sample data regarding its distribution within the clusters
and the study. The analysis will apply the Kriging interpolation to give a perspective on spatial pattern of
housing affordability through Khartoum. Figure 3 below dissects the general flow of the research from
data collection to the findings.
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Figure 3 Research steps (Source: Author's Own 2020).
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Measuring affordability

Bogdon and Can (1997) suggest measuring housing affordability has been difficult due to the different
housing affordability conceptions. The paper spatially analyzes the different housing affordability
measures under the United States of America's housing policy set in the National Affordable Housing Act
1990. Bogdon and Can (1997) concluded that understanding the nature and distribution of housing
affordability issues is the first step to developing housing policy for the low-income, a model for comparing
housing affordability in different settings using market indicators.

Asici et al., (2011) elaborated on (Linneman and Megbolugbe, 1992; Kosareva and Tumamov 2008)
definitions of affordability as the ability to purchase a house and emphasized the flexibility of affordability
and its measure. Asici et al., (2011) linked quality and consistency of the house as the long-term the
dominant factor in housing affordability and the different income levels and finance structures to suit the
context.

MEDINCOME

HAI =
( QINCOME

) %100

MEDINCOME: Household Income
QINCOME: Qualifying Income

QINCOME = PMT * 12
PMT: Monthly Payment

Spatial Interpolation

Spatial analysis is all about detecting spatial patterns, and point data can be used to visualize a continuous
surface showing the variance in data across space. The ideal distribution of the data point in interpolation
analysis is the grid shape, where interpolation points are positioned at fixed locations to ensure the data's
consistency. There are two types of interpolation techniques: geostatistical and deterministic (Childs
2004).

Deterministic interpolation techniques such as Inverted Distance Weighting (IDW) are based upon the
principle of deriving the surface based on mathematical formulas, which looks for similarity in the
neighboring data values to calculate the missing value to generate the interpolation surface. Geostatistical
interpolation techniques such as Kriging, Co-Kriging are based on statistics, which are more accurate in
making predictions (ibid).

There is a great deal of literature on the applications in interpolation techniques (Li and Heap, 2008, 2011
and 2014) in environmental sciences applications (Darmofal, 2006), spatial econometric and political
science (Reibel and Bufalino 2005; Weden et al., 2015) demographics and socioeconomic analysis, (Pace
et al.,, 1998; Bin et al., 2005; Anselin and Le Gallo 2006; and Zhang et al., 2019), and in real estate
applications (Bin et al., 2005; Anselin and Le Gallo 2006; Szczeparska et al., 2020).

Hu et al., (2013) considered the effect of feature singularity on the result of IDW interpolation and
suggested that Multifractal IDW is more accurate in predicting large data sets. Kuntz and Helbich (2014)
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suggest using the Kriging (detrended and universal) interpolation technique for small-sized housing
samples to predict non-observed locations.

The literature on spatial interpolation suggests no single interpolation method that applies to all spatial
research types (Mitas and Mitasova 1999). The validity of interpolation depends on the sample data and
surface interpolation generated and tolerance of error estimation. This research applies the Kriging
interpolation technique provided in ArcMap 10.5 for accuracy in non-stationary data predictions (Childs
2004; Lam 2013).

Spatial analysis

The principles of spatial analysis are rooted in the first law of geography, which states that "everything is
related to everything else, but near things are more related than distant things," known as Tobler First
Law [TFL] (Miller 2004). Tobler's law stands as the foundation of the fundamental concepts of spatial
dependence and spatial correlation utilized for inverse distance weighting methods for spatial
interpolation, such as the Kriging spatial interpolation technique and the inverse distance weighting.
Waters (2016:2) suggests that Tobler argued that his principle is not the first declared in geography. Still,
distance is the most crucial variable in looking into spatial proximity features, and most features would
show ‘a-distance decay effect’.

Geographic Information Systems [GIS] platforms provide cost and time-efficient tools to conduct spatial
analysis with capabilities to visualize the distribution of the phenomenon and different outcomes and
predictions (Camara et al., 2004). Spatial Autocorrelation is the most commonly used principle in spatial
analysis, relying on Tobler's principle of spatial relations by providing a relational understanding of
spatially clustered features (ibid). Miller (2004) suggests that TFL is the principal of spatial autocorrelation
statistics and a quantitative technique for analyzing correlations related to distance, proximity, or
connectivity relations used in many case studies.

Potoglou et al., (2019) spatially analyzed the impact of bus stops on property value in Cardiff city using
exploratory and explanatory analysis and found that residential lands' values tend to change with
proximity to bus stops and property type. Namangaya and Kiunsi (2018) analyzed the relationship
between service provision and housing development and highlighted land ownership and home
construction processes in both planned and unplanned areas in Dar es Salam. Namangaya and Kiunsi
(2018) concluded that Dar es Salam development's essential services are better than providing housing.
(Namangaya and Kiubsi 2018) adopted three housing development sequences to illustrate the effect of
services on housing. The analysis concluded the lack of structure in service provision in both planned and
unplanned parts of the city. It stressed that occupation relies on essential services, electricity, public
transport, and water services.

Ordinary Least Square

Zdaniuk (2014) suggests that OLS is one of the linear least square approaches for deriving unidentified
values in a linear regression model. OLS depends on explanatory variables based on reducing the total
squares of the variances amongst the observed dependent variable and the predicted by the linear
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function (ibid). Pohlman and Leitner (2003) investigated OLS with logistic regression in terms of their
fundamental conventions and results using two different sets of binary data, logistic regression and OLS
had similar results, but logistic regression is superior to OLS. It's essential to emphasize that Pohlmann's
study did not consider the spatial variable in the study. Scott and Janikas (2010) emphasized spatial
analysis techniques. OLS considers distance and proximity in modeling the study area. Briassoulis et al.,
(2019) cited that spatial analysis applications revolutionized analytical approaches of studying diverse
subjects scientific and policy-wise by considering the spatial dynamics (dependence and heterogeneity)
of data. Briassoulis et al., (2019) spoke of the benefits of spatial analysis techniques appropriately by
reflecting on Western societies' concerns for rapid urbanization and how spatial analysis provided reliable
models and feedback to inform planning institutions to regulate housing markets.

The literature above implies the fruitfulness of spatial analysis techniques in examining different aspects
related to the dynamics of housing and land value. The emphasis should be on finding the appropriate
model and variables representing the case study context without compromising biased models by
adhering to each model's standards and ensuring optimum results.

Geographically Weighted Regression

Dizgin and Kemeg (2008:1) defined the concept of Spatial Regression [SR] as ‘a global spatial modeling
technique in which spatial autocorrelation among regression parameters are taken into account’ and
articulated that SR aims to explain association among the dependent variable measured over the spatial
zone and other characteristics of the feature.

Dizgiin and Kemecg (2008:1) suggested that SR is widely known as a modeling technique in spatial data
analysis literature and spatial data mining as a classification method (Anselin 1988; Bailey and Gatrell
1995; Fotheringham et al., 2000; Haining 2003; Anselin et al., 2013). However, the GWR is a common
explanatory technique in spatial data analysis for distinguishing local differences in a spatial context.
Unlike SR, the result can be affected by variables redundancy. GWR works by fitting the regression
equation to each subject within the context based on the distance decay. The distance decay refers to the
gradual change in value through space which creates a value gradient effect. Dlizgiin and Kemeg (2008)
articulated the success of SR and GWR in many fields. One of the prominent fields is housing and real
estate, public health and medical issues, public safety and crime analysis, economics, transportation,
regional development, and natural and environmental sciences.
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Urbanization and housing affordability in Khartoum

Khartoum is the Republic of Sudan's national capital and ranked as the sixth-largest metropolitan area in
Africa, the second largest capital in North Africa, and the fourth-largest capital in the Arab world. The city
is unique to its geographical location, as shown in figure 4, positioned in the Blue and White Nile
confluence known as Al-Morgan to form the great River Nile flowing North to Egypt and the
Mediterranean Sea. Khartoum's centralized position between 15- and 16-degrees north and 31- and 32-
degrees longitude east. Babiker (2003) divided settlements in Khartoum city into state-regulated human
settlements, the sprawling of informal settlements, and the historic township on the Blue Nile's southern
banks.

¢ o
4
B Acscis rune AneA

B anpcer

AIRPORT _RUNAEYS

B cowetery

B comerRoa
! B soucATIoNAL
£ Il sovRRaENTM
' < | == WOUSTA

OPEN SPACE

B o RECREATONAL

REDENTING

Figure 4 The map shows Khartoum's context regarding land use with the sampled neighborhoods
(Source: author's own 2020).

Demographics

During the last sixty-years, Khartoum's population increased from 808.800 in 1973 to 13.52 million
projected in 2020, with a bottom-heavy population pyramid, 48.5% below 15 years, 35% are between 18
and 35 years old (Habitat 2009; Habitat Il 2016). Even though the city grew in population and size,
Khartoum state is vastly unoccupied, with only 6% of the province occupied in 2011 (Sudan and UNICEF
2016). The occupied area is likely to increase due to population growth and the influx of migrants coming
to Khartoum. De Waal (2008) suggests there are more than 6 million inhabitants in Khartoum are IDPs.
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Sudan and UNICEF (2016) survey revealed that 13.8% of Sudan’s population is in Khartoum. Sudan and
UNICEF (2016) cited that ‘The 1993 census indicated that Khartoum state received about 1.5 million
migrants account for 45 percent of all internal migrants in Sudan, constituted about 43 percent of
Khartoum state's population 1993, about 3.5 million people’.

Several push factors influenced the population growth in Khartoum and made the city an attractive node
for migration, employment, development and infrastructure, level of services, natural hazards, and safety
(Habitat 2009; Pantuliano et al., 2011; Sudan and UNICEF 2016). The Khartoum survey conducted by De
Geoffroy (2005), including IDPs and non-IDPs, indicated that 69% of migrants came to Khartoum for work,
11% evading conflict hotspots. Of the migrants, 6% sought shelter and housing, and 5% are looking for
better education, and 5% were seeking family reunions. The survey indicated conflicts and better
opportunities trigger ethnic drivers of migration. Pantuliano et al., (2011) highlighted different statistics
on the effect of internal migration on Khartoum's population and cited that many IDP camps and informal
settlements affected its physical structure.

Socio-economic and access to finance housing

Khartoum city is the center of economic and political leadership in Sudan; 43% of Sudan’s urban
population is in greater Khartoum (Sudan 2020). 30% of Khartoum is urban, and the remaining 70% of the
population settle the city's peripheries, and 80% of Sudanese households are classified as low-income
with wages below 2019 GPD per capita (Feather and Meme 2019). With the African Development Bank
(ADB) aid, the Central Bureau of Statistics in Sudan surveyed between 2014 and 2015 on a national base-
line household budget. It concluded that a household is classified as poor if it consumes less than 901.25
USDS3.

Outlook (2020) the African Development Bank’s report on developing workforce attributes the decrease
in Sudan's GDP by 2.4% to the underperforming service and investment sectors. The rising debt of Sudan
reached 600% of the exports in 2019. As a result, the poverty line in Sudan went from 901.23 USDS in
2014 to 120.8 USDS 2020 exchange rate*. And 25% of Sudan's population is under the extreme poverty
line (ADB 2018). Feather and Meme (2019) reported a 2.3% decrease in Sudan's economy in 2019
compared to 2018, with a significant gap between the high-and-low-income.

Socio-economically, the Human Development Index [HDI] indicators such as health and education pushed
the HDI from 0.331 in 1990 to 0.473 in 2013 and 0.502 in 2017 (Feather and Meme 2019). Still, the ADB
(2016) reported a decrease in socio-economic inequality between 2009 and 2014.

There is 85.5% home ownership in housing and land ownership in Sudan, and suggest the demand outpace
the housing supply by 20-25% in the past five years. The increasing housing prices have economic causes
(Feather and Meme 2019). There are no estimates on homeownership nor the gap between housing
demand and supply for Khartoum. Plot prices in Khartoum range between USDS 1500 per square meter
in Khartoum center and almost 10" of the amount in preurban areas, detached concrete houses in

31USD=5.66 SD (2014 Exchange rate).
4 1USD=377.7 SD (2020 Exchange rate).
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Khartoum's popular areas ranges from SD 6,799,142.2 (5150,000) to SD 9,065,523 ($200,000), and about
SD 2,719,056.8 ($60,000) (ibid).

In qualifying Feather and Meme (2019) point on adequate affordable housing in Khartoum, many
challenges remain unresolved to deliver affordable housing to the increasing population. The increasing
housing cost is a significant challenge for affordable housing, among the limited access to finance and the
difficulties facing the financial sector to be more inclusive and accessible, which pushes most households
to remittances from family to afford formal housing (ibid).

Urbanization and housing system in Khartoum

During the last few decades, Khartoum city has experienced rapid and complex urbanization regulated by
traditional planning approaches (Habitat 2009). Traditional planning approaches centralize planning
practice which is usually strict to the centralized guidelines and frameworks. The centralized planning
results in the unbalanced allocation of resources and development, capitalizing informality with its
ramifications regarding access to housing, services, infrastructure, and employment opportunities
(Pantuliano et al., 2011). The master plans laid out for Khartoum have failed to deal with the pace of
change and implementing pro-poor policies (ibid).

The signing of the Comprehensive Peace Agreement [CPA] in 2005 ended the conflict between southern
and northern Sudan. The government of Sudan made efforts to help the displaced return to their
homeland. However, issues of services, economy, and safety in South Sudan discouraged about 2 million
IDPs (Delhaas 2006) from returning home. Instead, it triggered more migration from South Sudan to
Sudan. Another driver is the number of migrants and refugees from Ethiopia and Somalia, 31,900
estimated in 2007 by the United Nations Higher Commission of Refugees [UNHCR] (Pantuliano et al.,
2011). Compared to the rest of the Sudanese, Khartoum provided better safety, work, and services to IDPs
and immigrants, especially during the civil war in the 1980s, which witnessed a massive growth of Informal
Settlements (ibid). The internal displacement and immigrants from the neighboring countries push the
demand for housing and put more pressure on Khartoum city and the housing industry to accommodate
more people.

Hafazalla (2006:118) elaborated using McAuslan (1982) view on the role of government on land policy
and stated that “..on the role of the government in terms of ensuring that land is planned and supplied in
the right time, in the right location, at the right price’, which partially aligned with (Habitat 2011)
argument. Governments must consider the spatial-temporal changes that would affect the provision of
land, housing, infrastructure, and services appropriately. Therefore, it's essential to develop policies and
guidelines that would put in perspective the growing future need to account for the effects of the spatial-
temporal changes.

However, a household's land affordability in a context such as Khartoum is crucial to address. (Hafazalla
2006) suggests employing prediction models to assess the appropriate land characteristics that would
satisfy a specific demand level in site-and-services housing, with a satisfactory level of services and plot
characteristics. The correct prediction models suggest meeting the demand for residential plots with
enough institutions to support housing supply (ibid).
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Given the conflicts around land and tenure in Sudan, Hafazalla (2006:118-119) proposed adopting from
(Gilbert 1984) the politics of land in Venezuela and Latin America as best-practice regarding the state
mixture of the policies that support accumulation and sometimes legitimacy of tenure reforms in Sudan
through five ways including:

a. The land is a source for economic stimulation through capital accumulation to lower land prices
to enhance construction and create jobs. Construction companies may be offered subsidies and
cheap land to support affordable housing.

b. The state may allocate land in favor of particular groups within the society through grants, public
contracting, and planning controls.

c. Less engagement of political approaches in land allocation to tackle the issues of irrational
processes in land allocation.

d. To Consider the low-income in land allocation for unfair land invasions for political reasons.
Develop land policies that accommodate income and wealth inequalities through pricing to
reduce social segregation in residential areas (Gilbert 1994).

(Hafazalla 2006:119) referred to the dysfunctionality of land and planning governance, ‘Khartoum is not
acting effectively to adopt land policies that could enhance the economy. No clear declared land policies
and objectives exist in Khartoum, and no clear land-use planning techniques are adopted’. (Hafazalla
2006) was articulating the flaws in land policies.

Furthermore, the state is selling land as a source of revenue to finance projects. It requires specific
marketing policy to incorporate urban planning and housing objectives, critical to compromise between
economic and urban planning objectives (ibid). Pantuliano et al., (2011) looked at the government policies
to deal with density in cities and towns regarding infrastructure, land acquisition, poverty alleviation,
employment creation, and safety net mechanism. They highlighted the relevance to other parts of Sudan.

Hamid and Mohamed Elhassan (2014) Cited there are three types of housing provision in Khartoum. First,
unauthorized informal housing does not adhere to the housing standards. It is characterized by the lack
of proper planning and design, insecure land tenure in most cases, and flexibility which made it convenient
to low-income households. The second is sites-and-services government housing, which grants
households access to essential services connected to the property, adherence to planning and building
regulations, flexibility in construction through contractors, self-help, and communal support. The third is
government core housing which complements the opportunity to settle initially and expand the house.
Core housing standards require having essential facilities to the housing unit such as kitchen and
bathroom, and sanitation connected to the sewage system.

Land tenure is essential to urban planning, and housing practices; Hafazalla (2006:118) suggests that land
tenure and allocation are linked to political frameworks and referenced the UN’s 1989 land tenure
systems to the case in Khartoum, Sudan. The first housing type is state-owned land which, according to
the Land Registration Act 1925, grants the government the right to allocate land uses and secure tenures,
and the second is a private market that depends on market relations and customers.
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The types of housing mentioned above have subsidiary systems, such as tribal land, across different Sudan
parts. In these systems, tribal leaderships have the right to allocate land for housing based on tribal
traditions rooted in the colonial period (Hafazalla 2006).

Housing within Khartoum’s master plans

There are six master plans developed for Khartoum spanning through five planning periods McLean’s plan
1912, Doxiadis 1960 and MEFIT 1975, Doxiadis and Mustafa 1990-2000, the master plan for 2000-2007,
and the structural plan 2007-2033. Before MclLean’s plan, the colonial government conducted a land
claims survey in 1910, which classified land and neighborhoods based on the income-level and
construction materials. It introduced the first master plan for Khartoum as a result of introducing the Land
Registration Act 1925. The second planning period consists of Doxiadis 1960 and MEFIT 1975 master plans,
which looked at accommodating Khartoum's growing population and planning for the IDPs squatter
settlements to define the urban boundary. The third planning period introduced the master plan by
Doxiadis and Mustafa 1990-2000, which recognized Khartoum's leapfrog growth introduced the sites-and-
service housing and core housing. The fourth master plan of 2000-2007 was introduced to deal with
mobility and adopting the Transit-Oriented Development [TOD] approach to guide development. The
latest structural plan 2007-2033 aims to reintegrate Khartoum’s neighborhoods through ring roads and
transportation systems.

MclLean 1912

In 1900 the colonial government conducted a survey that includes verified land claims and assign legal
rights. In 1912 McLean Introduced the first master plan for Khartoum. The plan's target was 100,000 of a
total population in an urbanized area of 11.5 square kilometers at 87.97 inhabitants per hectare was
considered a significant achievement of the colonial period (Habitat 2009). In 1925 all lands with no
disputes were registered, and no further land claims were verified by (Habitat 2009). Hafazalla (2006:115)
cited MaclLean (1910) ‘the plan was designed to accommodate a population of 50,000. The plan focused
on Khartoum and did not cover Omdurman and Khartoum North’. Home (1990) Mc lean’s plan had a
definite hierarchy of roads that allowed for sidewalks and plants (Hafazalla 2006) and improved water and
sanitation. It replicated the European design character and beautified city.

On the one hand, the plan regulated land use, zoned the residential purposes, categorized land, and
housing into four classes favoring the British administrative officials and investors (Habitat, 2009). The
Land Registration Act 1925 regulated land claims and allocated land plots on an income-level basis. First-
class plots were allocated to high-income households, second-class plots for middle-income households,
and third-class plots for low-income households (Habitat 2009).

On the other hand, Sudanese people settled the third-class neighborhoods, which fitted their fiscal
construction abilities contrary to first- and second-class neighborhoods. Squatter settlements were
smaller than the third-class housing units and could be built using any material. According to Habitat
(2009:14) Under the land registration act, the government designated the remaining land in the name of
the state ‘the achievement of the colonial administration’ (Babiker 1997). However, Mc Lean's plan shaped
the city to define Khartoum's urban boundaries and prevented sprawl. The plan marked the ‘golden era’
of Khartoum's history as the plan adopted the modern urban, landscape, and architectural design of the



32

time. The plan gave Khartoum a European appearance, made it well-tended, and watered more
Mediterranean than African city (Home 1990:5; Habitat 2009:15).

Regarding housing, McLean's plan shown in figure 5 regulated housing through income levels, allowing
access to plot classes and building materials affordable to the different income groups. According to
Hafazalla (2006), regulation articulated that first-class housing should be built using burnt bricks, stone,
and concrete for roofing. The second class was to be made of burnt brick for external walls, internal walls,
and room to be built out of the mud. Third-class housing could be constructed of mud only without a
limited budget (Hafazalla 2006). The fourth class was smaller in size and could be built with any materials.
Itis essential to cite that each housing class was given a minimum budget for construction. Land ownership
was the subject of legal claims regulated and subdivided through land use regulation and zoning before
the Land Registration Act 1925. Afterward, most of Mc Lean's rules, such as housing classification systems,
housing standards, and specification, and building materials, still guide urban planning to the present
(Hafazalla 2006; Habitat 2009).
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Figure 5 McLean's 1912 Plan for Khartoum (Source: Hamid and Bahreldin 2013).
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Doxiadis 1960 and MEFIT 1975
Habitat (2009) Doxiadis, in 1960, was invited to prepare a comprehensive plan for Khartoum after
independence in 1956. Doxiadis's plan share some of the MclLean approaches. Nevertheless, land
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allocation became a central government matter. According to Hafazalla (2006), the rapid influx of migrants
to Khartoum drove the city's expansion to the south, and squatter settlements preached the urban
boundary to a point where the administration sought the need for a new plan. The plans of Doxiadis 1960
and MEFIT 1975 adopted an approach similar to Transit-Oriented Development [TOD] to cope with the
growing city and allow for economic development. As shown in figure 6, Doxiadis took rigorous land use
plans and a network of roads that link the outskirts to the urban center (Habitat 2009). Doxiadis plan
targeted 700,000 inhabitants allocating 182 square kilometers. The plan sacrificed density and expanded
the city.

Residential
Millitary
Puslic Service
Commerizl
Sewag= Wurks
Industrial

Open Space
= Agricultural
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Figure 6 Doxiadis's 1960 Plan for Greater Khartoum (Source: Habitat 2009).

MEFIT 1975 plan increased the density to compensate for infrastructure cost, although it was out of
budget (Habitat 2009). Hafazalla (2006) suggested that the MEFIT 1975 plan focused on urban design to
beautify the city, and the administration did not approve it. As shown in figure 7, the plan partially adopted
agricultural development as a beautification element and accommodated the predominantly agricultural
society. Instead of shaping the expansion and distribution of critical functions, the MEFIT 1975 plan was
ambitious compared to the economic status, and the plan became outdated quickly. It is essential to
highlight (Hafazalla 2006) observed that housing was not highly considered in the Doxiadis 1960 plan,
leaving MEFIT in 1975 with more issues to account for in their master plan. However, Doxiadis 1960 and
MEFIT 1975 plans were agricultural development-oriented.
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Figure 7 MEFIT's 1975 Plan for Greater Khartoum (Source: Habitat 2009).

The period from 1975 to 1990

In MEFIT’s 1975 plan, the government introduced site-and-services to drive and direct housing supply
which became dominant in the 1960s and became the primary housing supply approach. Doxiadis plan
allocated differently sized plots for the housing classes with equal distribution of schools, markets, and
local health clinics (Hafazalla 2006:114) cited his literature (Hafazalla 1984). Hafazalla, in his 1984 and
2006, mentioned the income group with the corresponding plot size in square meters ‘the lowest income
group 108 — 135, the low-income 135 — 252, the high —income 315 — 592, the highest-income 595 — 840’.

The sprawl of squatter settlements around Khartoum was the product of several disorganized and
intersected elements. These main obstacles that hampered the performance included a general weakness
of planning institutions, lack of finance, and political instability. By 1985, Khartoum was surrounded by
squatter settlements, as shown in figure 8, at the expense of agricultural lands. While the administration
was unable to tackle the issue, this random settling reached 50% of urban at that time, which poses a
challenge to governance and law rule (Habitat 2009).
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Figure 8 Squatter settlements around Khartoum in the 1980s (Source: HABITAT 2009).

Doxiadis and Mustafa 1990 — 2000

As established above, the Doxiadis 1960 plan was agricultural development-oriented and did not focus on
housing. Doxiadis Associates and Abdelmonem Mustafa Partners Consultancy focused on Khartoum's
leapfrog growth time rendered the squatter settlements in the 1980s (Hafazalla 2006; Habitat 2009).
Hafazalla (2006) articulated that modeling population growth defined the plan's approach and considered
the predicted development of Khartoum. The consequences of land consumption through site-and-
services housing coupled with self-help housing and slum upgrading along with the urban city boundaries,
both plans are shown in figure 9.

The site-and-services housing approach became popular in the 1970s to solve housing problems when
major African cities with a high level of services attracted rural migrants and increased housing demand
(Hafazalla 2006:73). Despite the relative economic stability during the 1970s compared to the present,
the government's contribution to housing was limited. The limited contribution has led to the introduction
of sites-and-services as the alternative approach (ibid). However, Hafazalla (2006) suggested that sites-
and-services' appropriateness comes from the lack of more appropriate alternatives; this can be reflected
in the principle of considering localizing services into the neighborhood. Patel et al., (2018) argue that
since sites-and services housing is allocated to low-income groups, it should be supported with affordable
transit to reduce household expenditures and enhance their socio-economic status.
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Khartoum sites-and-services housing was incorporated into the national housing policy to respond to the
growing slums and squatters around the city to upgrade mud and mud bricks houses near Khartoum's
industrial areas' districts which were known as Ad-Deum. According to Hafazalla (2006), sites-and-services
housing started when the demand for labor in Khartoum increased in the 1940s, but no services were
provided, more in high-income neighborhoods. The upgrading process included the demolition of Ad-
Deum and replaced by New Deims planed with shops and service to create local destination economies.

At that time, Hamdan (1960) criticized neighborhood upgrades and suggested no significant difference
from the old Deims. However, sites-and-services neighborhoods did not receive as much development as
the high-income neighborhoods such as Al-Amarat (The multi-storey concrete buildings) in terms of
infrastructure, sewage, drainage, and telephone lines (Hafazalla 2006). The low-income housing policy
aims to subsidize land at reasonable prices to low-income groups in the form of sites-and services by
allowing households to build their homes through self-help to increase low-income housing affordability
(ibid). The state ministry employed a set of control strategies by demolition, replanning, relocating, and
incorporation. The state government applied the different approaches to different settings, from
demolition to illegal settlements that block a neighborhood development or public roads, relocating
solutions in seasonal flood ducts, and facing the same fate as its predecessors (Habitat 2009). Doxiadis
Associates and Abdelmonem Mustafa Partners Consultancy adopted housing classification as a housing
subdivision tool that corresponds to income levels forecasts (Hafazalla 2006).
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Figure 9 Doxiadis and Mustafa 1990 — 2000 (Source: Zuhal 2016).
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The master plan 2000 — 2007

The latest master plan 2000-2007 aimed to deal with mobility using high roads and relocating settlements®
in flood ducts under re-planning schemes, as shown in figure 10. The re-planning scheme consists of
housing-oriented strategies towards eradicating informal settlements, land price control, rent control,
and the green belt to limit the squatter settlements (Habitat 2009). Suleiman (2007) argues that from
1990 to 2000-2007, plans employed strategies to relocate populations by demolition, which bought up
the British colonization policy. The strategy implemented by the structural plan ignites conflicts social,
political, and ethnic hurdles (Habitat 2009) attributes the strategies to political opposition reasons, in a
similar way the colonial government excluded that Sudanese to the peripheries (Pantuliano et al., 2011).

Figure 10 The structural plan 2000-2007 (Source: Hamid and Bahreldin 2013).

The Structural plan 2007-2033

The Ministry of Physical Planning and Public Utilities designated the Italian firm MEFIT between 2007 and
2010 in collaboration with academic institutions in Sudan (Pantuliano et al., 2011). The plan mainly aimed
to reintegrate the city's neighborhoods through a network of roads and transport systems and dissolve
the ethnic structure and concentration, as shown in figure 11 (ibid). Easing traffic congestion in the city

5The map in figure 10 is the only map available for Khartoum’s structural plan 2000-2007.
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center, replacing squatters with public housing, and relocating government and educational institutions
to the city's outer parts were core objectives of the plan (Pantuliano et al., 2011).

Extending services to low-income neighborhoods, economic improvements, environmental concerns, and
pollution were central to the plan's approach. Still, the plan failed to address the vulnerable (Pantuliano
et al., 2011). There is no transparent approach to address housing affordability within this plan. However,
service provision and roads to the peripheries were central to the plan. The Structural Plan 2007-2033 is
the first plan to be officially endorsed at the executive and legislative level and enacted as a law in Sudan.

Pantoliano et al., (2011) Some projected projects are being implemented out of the master plan, and a
wide range of conflicts in implementing the plan, such as land use schemes, road construction, and bridges
that contradict other land uses. Pantuliano et al., (2011) stressed the MPUPP concerns to avoid demolition
to regulate informal settlements. The government offers compensation to cover demolition but does not
reflect the market value but developed conflict resolution to negotiate compensation with residents.
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Figure 11 Khartoum Structural Plan 2007-2033 (Source: Ministry of Physical Planning and Development
2010).

Land prices and housing affordability

According to the African Development Bank, 36.1% of the Sudanese population is below the global poverty
line. Feather and Meme (2019) reported that more than 80% of the Khartoum population are low-income.
However, it is imperative to consider low-income households when addressing housing affordability; the
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wages of Khartoum low-income households are well below GDP per capita (Sudan and UNICEF 2016;
Feather and Meme 2019). With the limited options for adequate housing, Sudanese households have to
meet their housing needs through informally and squatter settlements which can be recognized as a trend
since the 1980s, as shown in figure (5).

Feather and Meme (2019:244) stated that ‘Decent housing is not affordable for most Sudanese
households’ the inflation in the Sudanese economy had further burdened housing affordability for the
low-income. The cheapest house built by a formal contractor at 120 square meters had a cost of
SD698,045.3 (US$15,400) at 2019 exchange rate®, the mortgage structure was ten years with a 60% down
payment at 14% interest rate, the monthly payment to meet the mortgage was SD13,054.4 (US$287.98)
(Feather and Meme 2019). The majority of the empty plots in Khartoum neighborhoods remained
undeveloped, mainly due to the moratorium on property loans imposed by the Central Bank of Sudan,
which was lifted in 2019 (Feather and Meme 2019). Another reason is the increasing costs of construction.
These factors collectively have rendered more than 50% undeveloped plots across Khartoum's
neighborhoods (ibid).

The housing market is segmented into three categories, the high-income segment with direct lump-sum
payments. The middle-income professionals with consistent income and eligible for a mortgage prefer
incremental housing, and the rest of the low-income households with low access to mortgage and finance
(Feather and Meme 2019). There are 31 commercial banks in Sudan and six specialized banks, including
banks from the United Arab Emirates, Qatar, Egypt, Lebanon, and Jordan, with less than 2% accounting
from non-bank financial institutions. However, the government represents 41% ownership of the entire
sector, and the Real Estate Commercial Bank [RECB] was founded in 1966 as the leading housing financing
institution (Feather and Meme 2019).

The RECB provides housing finance to government employees and borrowers with stable and regular
income and mortgages on a non-interest base, ‘Murabaha’ with the loan agreement and conditions. The
property should be new construction and be located in greater Khartoum (Feather and Meme 2019). The
Central Bank of Sudan [CBoS] enacted a moratorium on property loans for government housing posed
another challenge to financing the housing industry. Still, in 2019 the moratorium was lifted after five
years from 2014 when the CBS seized real estate financing, including investment in land and housing
development (ibid). Lifting the moratorium resulted in a recession on housing projects funded through
real-estate and investment banks and shifted their investment out of the real estate market.

The construction sector experienced positive growth between 1983 to 2005 due to national development
projects for infrastructure around the city. The construction industry became the largest share in the
Sudanese economy after South Sudan's independence in 2011 (Feather and Meme 2019). Despite the
construction sector's growth, the housing deficit remains at 2.5 million units in Khartoum. The
government established the National Fund for Housing and Reconstruction [NFHR] in 2008 to provide low-
cost housing unities for the low-income (ibid). Despite the 736SP million (16.2USDS million) to fund
housing, the NFHR could not mobilize construction funds due to the high cost of building materials,
importing fees and local fees on building materials inflated costs submitted to the banks, which is

6 1 USD = 45.33- SD (2019 Exchange rate).
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conceived as a lending risk. According to Feather and Meme (2019), the affordable housing market is
divided into three categories based on income level:

A. The high-income households could pay for lump-sum purchases.

B. The upper-middle-income with regular income-eligible for but mortgages prefer incremental
construction due to housing finance fees (most of the units are incomplete).

C. The low-income who can access microloans.

It is essential to mention that 80% of households are low-income and below the Gross Domestic Product
(GDP) per capita, have limited housing options, and 50% of Khartoum residents live in informal
settlements, leaving most low-income households seeking their housing needs through informality.

Conclusion

In this chapter, we reviewed the research method and the context of the study area. The methods
represent the application of econometric modeling using spatial regression to test the determinants of
residential land prices and housing affordability. And use spatial interpolation to derive a continuous
surface for housing affordability to make sense of the spatial pattern of housing affordability with distance
from the CBD. The literature suggests that econometric modeling is essential to understand the spatial
dynamics of residential land prices and property prices within the urban form's complexity.
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Chapter Four: The preliminary findings: Discussing the
determinants of residential land prices and housing affordability
in the context of Khartoum expansion

This chapter is divided into two main sections. The first section is divided into two sub-sections: fieldwork
and data collection, consisting of data preparation and descriptive statistics. The second sub-section deals
with preparing the residential land prices models, housing affordability, calculating the housing
affordability index, and using the interpolation to generate the continuous surface for housing
affordability and present the findings.

The second section of this chapter consists of two sub-sections. The first sub-section presents the analysis
derived from the OLS, GWR regression models, and the HAI findings' spatial interpolation compared to
the literature. The final sub-section concludes with a summary of the findings and analysis presented and
leads to the report's conclusion.

Fieldwork and data collection

There are two types of data necessary for this research: numerical data in estimates of sampled plot prices
and construction cost from 18 neighborhoods in greater Khartoum. The sample is representative of the
study area. There are more than 40 neighborhoods in Khartoum. The neighborhoods were selected
randomly to represent the study area. The plot prices samples were collected from real estate agents
through maps with points indicating the required estimates' locations representing the neighborhoods.
The estimations are included in the attribute of the neighborhood's spatial representation. Residential
land size measure in square meter and length of the plot fagade measured in meters are extracted from
satellite imagery and included in the neighborhoods' attribute table.

The second type of data is open-source geographical data obtained from OpenStreetMap represented in
point, lines, and polygons, depending on the feature to be represented. For instance, roads are
represented as line features, hospitals, and schools as points, the CBD as polygon feature. The estimations
were entered into the point feature class's attribute tables to represent the samples geographically and
used for the regression analysis and derivation of the Housing Affordability Index [HAI].

The construction cost estimations were provided by contractors based on the neighborhood class’ and
construction standard designated for each neighborhood class. Average plot prices and construction costs
are used to calculate the average housing cost for each neighborhood. The construction cost is calculated
by multiplying the plots' maximum build-up area by the estimated construction cost per square meter to
derive the total housing cost and then derive the HAI. HAI is calculated for each neighborhood from the
attribute table. For the detailed attribute tables, look at (appendix A and B). (Appendix A) shows an
attribute table of a neighborhood. The rows represent the samples, and columns represent each sample's
data, the price per square meter, size, plot price, maximum built-up area, construction cost, and the HAI.

7 Neighborhood class in this case is similar to the land classes designated by the Land Registration Act 1925 to
regulate neighborhood by income.



42

(Appendix B) shows the neighborhoods attribute table containing the averages for the dependent and
explanatory variables. The variables’ abbreviations are provided in (Appendix C) for ArcMap 10.5 does not
allow long names for the attributes.

It is essential to understand the link between the numerical and geographical data, the land prices,
construction costs. The calculated HAI and the distances are entered into the neighborhoods' attribute
table as explanatory variables for regression analysis of residential land prices and the HAI and present

Numerical Geographical

the findings in a spatial context.
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Figure 12 Data description (Source: Author's Own 2021).

Figure 12 illustrates the data structure and how the different data types relate to one another. The arrows
show the direction of the data levels, numerical and geographical data. The numerical data has two
components, and the first contains land price samples, construction costs, and the calculated HAI. Land
prices and the HAI are the dependent variables for the regression analysis. The second component of the
numerical data residential land characteristics and the distances between neighborhoods and amenities
measured in meters using the ArcMap distance tool. These characteristics and distances are the
explanatory variables to model residential land prices and the HAI.

The geographical data also has two components, and the first is the point feature class with an attribute
table to represent the neighborhoods. The attribute table includes the dependent and the explanatory
variables. The second component of the geographical data is feature classes representing the amenities
and calculating their distances to the neighborhoods. These distances are entered into the attribute table
of the neighborhoods for the regression models. The arrow linking the amenities to the then
neighborhoods represent the distance relationship used to explain the residential land prices and the
neighborhoods' HAI.
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Data preparation

Data preparation is the first step in spatial statistical analysis and starts with data entry of the samples
collected into the geographical data points' attributes. Descriptive statistics for samples are presented in
the section below .The construction cost and total housing cost are calculated using the attribute field
calculator in ArcMap 10.5 from the plot area to derive housing affordability.

Plot characteristics are derived from the satellite base map by measuring the plot area and the length of
the plot's facade. As designated in the neighborhood class description, the build-up area should not
exceed 2/3 of the neighborhood classes' plot area. Construction cost is calculated by multiplying the built-
up area by the contractors' estimated average construction cost per square meter, as shown in table 1.

Residential land | Minimum plot | Minimum Maximum Medium
Class area (in square | standard of | built-up construction cost
meter) building materials | area according to
contractors
Class 1 550+ Permanent load- | 2/3 of the | USDS 500 per
bearing (burnt | plot area square meter (for
bricks, cement a single storey)

bricks, concrete)

Class 2 350-400 Bricks, cement, | 2/3 of the | Between usDS$
mortar, gishra (a | plot area 300 and USDS 400
mix of cement and per square meter
fine sand to cover (per storey)

the outer facade,
inner fagade with

mud bricks)
Class 3 200 Gishra, galoose | 2/3 of the | Lessthan $100
(Mud) plot area

Table 1 shows the housing classes and building specifications (Source: Pantuliano et al., 2011).

The bar chart in figure 13 highlights the average residential land prices, construction cost, and total
housing cost; residential land prices are costly compared to the construction cost. The majority of the
housing cost is the price of land. The ratio of land price to construction cost shows that land is costly
compared to the construction cost. Elzobier (2009) article suggests that Khartoum's residential land is
more expensive than the USA, Egypt, among other countries. Hence, it is vital to investigate the spatial
determinants of residential land prices across the sampled neighborhoods.
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Figure 13 Average residential land price, Construction Cost, and the total housing cost (Source: Author's
Own 2020).

Descriptive statistics

The total number of the samples collected is 822 samples from 18 neighborhoods in greater Khartoum,
with an average of 45 samples for each neighborhood; estimations used are collected in June 2020, and
prices change due to the market change in fiscal policy in 2021. The estimations are residential land prices
in US Dollars per square meter; the average residential land prices per neighborhood are used to model
and derive the HAI. According to the realtors, the first-class plot price difference may range from 10 to 35
dollars, second-class neighborhoods. The error ranges between 15 to 30 dollars and third-class
neighborhoods between 10 to 20 dollars per square meter, as detailed in Table 2. The descriptive statistics

for the explanatory variables are presented in Table 3.
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Neighborhood Neighborhood Number | Plot Price Samples
of
Name Class Maximum | Minimum | Mean Standard | Sample Error
Samples Deviation
Kafuri First 73 2112180 | 231000 | 1412695 | 351752 10 to 35 USD$
per square
Al Khartoum 2 | First 58 5362000 | 622200 | 1758262 | 1025147 | . -
Al Rawda First 35 1843750 | 413100 | 904961 | 338430 (22,000.0
Al Mohundseen | First 48 2234250 | 403760 | 1107498 | 268246 | USDS for an
average sized
Al Mojahdeen First 32 2012620 | 515000 1090398 | 296471 residential
lot
Al Safiya First 45 478800 756000 | 184122 | 715308 plot)
Gubbrra Second 29 670625 154350 | 306792 | 97449 15 to 30 USDS
per square
Al Riyadh Second 80 391680 632320 | 1553944 | 559248 meter
Al-Haj Yusuf Second 77 180400 84000 131233 | 24753 (13,750.0
UsSDS for an
Al Tilal Second 44 98842 24500 52380 | 18378 average sized
Hay Al Waha | Second 53 880000 | 294000 | 567021 | 129708 “:S";e”t'a'
plot
Ombadda Second 31 79200 4160 23590 | 15084
Al Kalakala Third 40 119850 26400 54451 19439 10 to 20 USD$
I . - per square
Al Wadi Third 44 76875 21000 4425 10182 meter (7,000.0
Al Safwa Third 30 35150 17160 26529 | 4795 UsD$ for an
average-sized
Al Sallha Third 34 75758 21752 35874 | 11719 residential
Al Taaweedat | Third 32 36960 13650 19327 | 5371 plot)
Mayo Third 37 32640 8160 16523 | 5533

Table 2 Descriptive statistics for the Sampled residential land prices (Source: Author’s Own 2020).

The descriptive statistics for residential land prices show that first-class neighborhoods are the most

expensive neighborhoods ranging between 1,090,398.0 to 1,107,498.0 USDS and error® is estimated

between 22,000.0 USDS to 25,000 for an averaged size plot. Al-Khartoum 2 is the most expensive

neighborhood within the sample. The average residential land price of an average-sized land (996 square

meters) is 894,589.66USDS. An average-sized residential land (435.33 square meters) in second-class

neighborhoods costs an average of 439,160 USDS. The most expensive second-class neighborhood is Al-

Riyadh neighborhood, with an average residential land price of 1,553,944USDS for an average residential

8 Error estimate in table 2 are given in US dollars per square meter of land, but presented as an error for averaged
size residential land.
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land size of 801 square meters. In the third-class neighborhoods, an average-sized residential land costs

26,188.16USDS for an average plot size of 200 square meters, the most expensive third-class

neighborhood is Al Kalakala, where an average-sized plot of 385 square meters costs an average of

54,451USDS.
Variable Maximum | Minimum | Mean Standard Deviation
Average Distance to Schools (In meters) 7263 257 1336.05 1657.26
Average Distance to Secondary Roads (In meters) 949 125 371.44 22193398
Average Distance to Hospitals (In meters) 9431 282 2195.16 2330.79
Average Distance to Markets (In meters) 7974 351 1209.16 1657.11
Average Distance to Mosques (In meters) 1253 139 337.44 236.59
Average Distance to Police Stations (In meters) 5000 320 1254.66 1389.44
Average Distance to Primary Roads (In meters) 1141 62 273.22 237.52
Average Distance to Industrial Corridor (In meters) 19894 624 7036.61 5909.95
Average distance to the Airport (Khartoum International | 27311 803 10808.77 | 6973.91
Airport) (In meters)
Average Distance to Commercial Corridors (In meters) 21399 804 8641.66 5450.45
Average Distance to Government Institutions (In meters) 24521 804 11366.27 | 6398.61
Average Land Size (In square meters) 996 228 521 221.55
Average Length of the plot's Fagade (In meters) 87 14 37.11 16.55

Table 3 Descriptive Statistics for the explanatory variables (Source: Author’s Own 2020).

Derivation of housing affordability index and the interpolation analysis

For the research, the housing affordability index is calculated for the different housing classes using

average housing cost and average income®, a mortgage of 10 years, and a 14% profit of the total housing

cost to secure finance based on the Murabaha principle (Feather and Meme 2019). The resulting index

value represents the household income sufficiency percentage to afford the housing unit (Jewkes and

Delgadillo 2010). The HAI value of 100 indicates that a medium-income household can afford the housing

mortgage, and index values of less than 100 indicate a typical household cannot afford the housing

mortgage (ibid).

9 The average income used in this case is the GDP per capita in US dollars for the year 2019 calculated in Sudanese
Pounds (772.11USD = 35,000SD) for 2019 exchange rate at 1 USD = 45.33- SD.
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Housing affordability index findings

Based on the estimation of total housing cost derived from residential land prices and construction cost,
the calculated HALI. Figure 14 shows the HAI for the sampled neighborhoods; affordability increases in the
low-income class neighborhoods, a medium-income household can afford only two neighborhoods of
second-class neighborhoods, and most of the third-class neighborhoods. Al Tilal and Ombadda
neighborhoods are only second-class neighborhoods affordable to a medium-income household with
indexes of 113.04 and 256.39; the rest of the second-class's neighborhoods are not affordable to medium-
income households. However, the third-class neighborhoods are the most affordable neighborhoods to
medium-income households. Although second-class neighborhoods are designated as affordable to
medium-income households, the findings indicate they are too expensive to afford. The findings indicate
that medium-income households can only afford part of the second-class and most third-class; the latter
is designated for low-income households.
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Figure 14 Housing affordability index per neighborhood (Source: Author's Own 2020).

The first-class neighborhoods are far from affordable to medium-income households with an average
index of 2.02 which means the medium income covers only 2.02% of the mortgage, which is appropriate
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for the designated housing standards. Based on the results, the medium-income household's ability to
meet their housing need is skewed from the designated second housing class to the third housing class.
The interpolation surface for the HAl in figure 15 shows the distance decay effect for housing affordability
fading with the distance from the CBD outwards and moving away from the city center affordability
increases.

The HAI calculation based on medium-income indicates that medium households cannot afford the
majority of the second-class neighborhoods. But low-income neighborhoods are highly affordable to
medium-income households. With medium-income households are left without affordable housing
options, perhaps the low-income neighborhoods. In this case, the state housing affordability investigated
could have implications on the accessibility of low-income households to meet their housing needs and
increase housing prices due to the additional housing demand by medium-income households.

Interpolation of the Housing Affordability Index

—
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Figure 15 Interpolation surface for housing affordability of Khartoum (Source: Author's Own 2020).

The following section presents the regression analysis model to explore the factors affecting plot prices,
followed by a section looking at the spatial variations in housing affordability.
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Regression analysis

Finding a properly specified model depends on examining how the explanatory variables affect plot prices
and housing affordability and derive spatial variations. The first step is finding the significant variables
using exploratory regression in ArcMap, which evaluates all possible combinations of variables for
properly specified OLS models that best explain the dependent variable. Exploratory regression OLS
regression and spatial autocorrelation to avoid model bias and test the residuals for clustering in value or
location. Exploratory regression tries every combination of the explanatory variables based on the
specified model criterion shown in (Appendix D).

The second step is finding a properly specified OLS model using the significant variables of the passing
exploratory regression models to explain the variation and how the explanatory variables influence
residential land prices and housing affordability. It is essential to consider the OLS regression diagnostics
shown in Table 4 below.

Diagnostic Definition

Name

AlCc Corrected Akaike's Information Criterion: second-order correction for small sample sizes.

AdjustedR? Adjusted R-Squared: R-Squared adjusted for model complexity (number of variables) related to the data.

F-Prob Joint F-statistical Probability (p-value): The probability that none of the explanatory variables affects the
dependent variable.

JB-Prob Jarque-Bera Probability (p-value): The probability that the residuals are normally distributed.

Sigma?2 Sigma-Squared: OLS estimate of the variance of the error term (residuals).

Table 4 OLS diagnostics.

The final step is exploring spatial variation the explanatory variables have on the plot prices and housing
affordability by using GWR. The regression analysis results in ArcMap are presented in the form of reports
and maps inside the software. Model diagnostics are also presented as part of the report for model tests
and validation.

The third step derives the spatial variations in residential land prices and housing affordability using the
GWR model; GWR creates a model with a local measure for each variable's relationship to the dependent
variable and generates coefficients explanatory variables. The following sections deal with the GWR
models and details how the variables affect the plot prices. The two adequately specified OLS models'
variables can be examined for local variation and coefficient variance using GWR across the study area.
When interpreting GWR results, it is crucial to consider the different GWR diagnostics shown in Table 5
below to determine which GWR model is best to explain the variations. The diagnostics include standard
errors for coefficients and residuals, the effective number, a trade-off between the fitted values' variance
and the bias in the coefficients, and the AlCc measure for model performance.
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Diagnostic Definition

Bandwidth The number of neighbors used to calibrate the local estimations.

Residual The sum of the squared residuals in the models.

Squares

Effective A measure of variable bias is calculated based on variable variance and the

Number coefficients.

Sigma The estimation of standard deviation for the residuals.

AlCc A measure of model performance derived from Sigma value.

R? A holistic measure of the model goodness is measured from the sum of the squared
dependent variable value (denominator). Additional variables influence the R-squared
value.

AdjustedR? A normalized R-squared values by using the denominator degrees of freedom.

Dependent The variable under investigation.

Field

Explanatory Explanatory variables.

Field

Table 5 GWR diagnostics.

AlCc is a measure of model performance that comes with the GWR results to compare multiple GWR
models. When subtracting AlCc two values of some models, if the difference is more than 3, the lower

AICc is the best fit for OLS. The final diagnostic is the adjusted R? which is a normalized multiple R? to

ensure model validity.

The models' validity is measured by how well the model assumptions are achieved. In the spatial analysis,

the statistical procedures are robust, which means only extreme violations of the model assumptions

reduce confidence in the model. In each of the regression models explained below, the model diagnostics

are referred to within the analysis.

Figure 16 dissects the regression procedure for plot prices and housing affordability. The first step is

exploratory regression. The second step is the OLS regression model, and the third is the GWR model.
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Figure 16 shows the spatial analysis and regression procedure (Source: Author's Own 2020).

Regression analysis of residential land prices

This section discusses the regression analysis results based on the spatial analysis procedure. As shown in
figure 16—the exploratory regression results shown two specified OLS models used to derive the OLS and
GWR models. The chapter then concludes by contrasting the findings from this research to the literature

and summary.

Exploratory regression

The exploratory regression for modeling plot price has two passing models (Model 1 and Model 2) shown
in figure 17 against the default model assumptions. The first has an adjusted R?= 0.83 with a VIF value of
2.13 for the variables, average distance to secondary roads, the average distance to the CBD, and the
average plot facade length. The second passing model has an adjusted R? of 0.78 with a VIF of 1.93 for the
variables, average distance to secondary roads, the average distance to police stations, and the average

distance to the CBD, all the variables in both models are measured in meters.
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Choose 3 of 8 Summary

Highest Adjusted R-Squared Results
AdjR2 AICc 18 K(BP) VIF SA Model
9.83 514.28 ©.7¢ ©.78 2.13 0.49 -AVGSECRO** -DISCBD*** +AVERFACADE***
0.80 517.77 .74 0.31 2.4 0.31 -AVGHOS -DISCBD*** +AVERFACADE**
0.80 517.87 ©.43 0.67 2.98 0.88 -CLASSREP -DISCBD* +AVERFACADE**

Passing Models

AdjR2  AlCc I8 K(BP)  VIF SA Model
0.834831 514.275443 0.699440 0.784027 2.130201 ©.487819 -AVGSECRO** -DISCBD*** +AVERFACADE***
©2.785186 519.05880 ©.525891 0.360653 1.93827@ ©.286157 -AVGSECRO** +AVGPOLICE** -DISCBD***

Figure 17 Exploratory regression summary of results for residential land prices (Source: Author’s Own
2020).

Residential Land Prices | AVGDISSECROAD + AVGDISCBD + AVGFACADE
(Model 1)

Residential Land Prices [ AVRDISSECROD + AVGDISPOL + AVGDISCBD
(Model 2)

Where:

AVGDISSECROD: Average Distance to Secondary Roads
AVGDISCBD: Average Distance to the CBD
AVGFACADE: Average Length of the Plot Fagcade

AVGDISPOL: Average Distance to Police Stations
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The exploratory regression results indicate the likelihood of explaining plot prices with two different
models and a set of variables. The significance

models, as shown in Table 6 below:

and impact of the variables are the same for the two

Variable Percentage of | Percentage of | Percentage of Negative | VIF
Significance Positive Significance Significance

The average length of the | 100% 100% 0% 2.71

plot's fagade in Meters

Average distance to the CBD in | 77% 0% 100% 5.95

Meters

Average distance to secondary | 14.14% 0% 100% 2.29

roads in Meters

Average distance to police | 9.09% 31.31% 68.69% 3.18

stations in Meters

Table 6 Summary of exploratory regression variable significance for plot prices (Source: Author’s Own
2020).

The variables with the highest significance, positive or negative, in the model are the variables that are
consistent and most likely to construct a valid OLS model. The percentage significancel® referred to when
the variable was statistically significant in the regression trials, positive and negative significance show
how the variable was consistent in the models, and stable variables will have a consistent negative or
positive significance. Table 6 above shows that the plot area was 100% significant and had a consistent
relationship to prices, which indicates the plot area is a good predictor of prices. Still, CBD distance is 77%
significant in explaining plot prices, and 100% had a negative relationship to prices. The secondary roads
variable is 14.14% significant, and 100% of the regression trials recorded a negative relationship to prices.
The police station's distance was 9.09% in explaining plot prices, and 31.31% had a positive relationship
to price and 68.69% negative relationship to prices.

Ordinary Least Squares

Depending on the passing model from the exploratory regression, two models can explain plot prices. The
two models' variables are used in the OLS model to derive the relationship types and coefficients. The
input variables for the OLS models are the variables from the exploratory regression passing models.
However, plot prices are explained in two OLS models adopted from the exploratory regression. An
asterisk follows the OLS diagnostic looks at the models' significant variables. Data redundancy is measured
by VIF value, randomness measure by the Jarge-Bera statistic, and the model performance measured with
the adjusted R? values. The OLS results contain the information on the model diagnostics explained in
Table 4.

10 Exploratory regression is a combination of OLS models using different set of variables. The variable significance
refers to number of times the variable was statistically significant in the models and the consistency of the variable
impact on the model.
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OLS for the first set of variables

The first model explains plot prices by using the three variables: average distance to secondary roads, the
CBD, and the plot's facade's length average, from exploratory regression to the first passing model. The
variables explained 83% of the variations in plot prices (R>=0.83) in figure 18. The negative value
coefficient (-771.487201) for the average distance to secondary roads indicates a decrease in plot price
by 771.48 USDS for every 1-meter increase in distance. The CBD distance, a negative value coefficient (-
47.377675), indicates a decrease in plot price by 47.37USDS to every 1-meter increase in the distance.
However, the length of the plot's facade has a positive coefficient (18983.477213), demonstrates an
increase in plot price by 1898.347 USDS for every increase in the length of a plot facade by 1 meter. Figure
18 shows the model diagnostics, and figure 19 summarizes the OLS model results:

OLS Diagnostics

Input Features Neighborhoods Center Po Dependent Variable: AVERAGE _PR
Number of Observations: 18 Akaike's Information Criterion {(AICc) [(d): 514 275443
Multiple R-Squared [d] 0.863979 Adjusted R-Squared [d]: 0.834831 I
Joint F-Statistic [e] 29.641659 Prob(>F), (3.14) degrees of freedom 0.000003*
joint Wald Statistic [e] 132.626796 Prob(>chi-squared). (3) degrees of freedom: 0.000000"
Koenker (BP) Statistic [f] 1.071216 Prob({>chi-squared), (3) degrees of freedom 0.784027

I Jarque-Bera Statistic [gl: 0.714950 Prob{>chi-squared), (2) degrees of freedom 0.699440 I

Figure 18 Shows the diagnostics for the first OLS model of land prices (Source: Author’s Own 2020).

Summary of OLS Resuits - Mode! Variables

Vanable Coeftficient [a) StdError t-Statistic} Probability [b) Robust SE Robust _t | Robust Pr (b) VIF [c)
Intercept 14384057352 1374878 88562 1.984216 0067192 34636562925 2.147559 0.049741*

AVGSECRO 771487201 324930152 2.374317 0.032420* 167274465 4612104 0.000405* 1117831
DiSCad 47377675 15.557865 -3.045256 0.008731* 14470142 3274168 0.005541" 2.130201
AVERFACADE 18983.477213] 5846669304 3 246887 0.005849 ] 4437.5%4392 42771914 0.000768* 2.01324%

Figure 19 OLS report for the first ER model of residential land prices (Source: Author’s Own 2020).

OLS for the second set of variables

The second OLS model explained 78% of plot variations (R?=0.78) in figure 20. This model's three variables
are the average distance to secondary roads, the average distance to police stations, and the average
distance to the CBD. The negative coefficient (-1181.776711) for the average distance to secondary roads
indicates that plot prices decrease by 1181.77USDS for every 1-meter away from secondary roads. The
average distance to the police station has a positive coefficient of (172.005366), showing an increase in
plot price by 172USDS for every 1-meter closer to police stations. The average distance to the CBD has a
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negative coefficient of (-99.852034), indicating a 2527.14USDS decrease in the plot's price for every 1-
meter increase in the CBD distance. Figure 20 shows the second model diagnostics of the second model,
figure 21 shows a summary of the second OLS model results:

OLS Diagnostics

Input Features: Neighborhoods Center Po Dependent Variable AVERAGE_PR
Number of Observations: 18 Akaike's Information Criterion (AICc) (d): 519.005880
Multiple R-Squared [d): 0.823095 Adjusted R-Squared [d): 0.785186
Joint F-Statistic [e}: 21.712801 Prob(>F), (3.14) degrees of freedom: 0.000016*
Joint Wald Statistic [e}: 96.447765 Prob(>chi-squared), (3) degrees of freedom: 0.000000*
Koenker (BP) Statistic [f): 3.208010 Prob(>chi-squared), {3) degrees of freedom: 0.360653
Jarque-Bera Statistic [g]: 1.285324 Prob(>chi-squared), (2) degrees of freedom: 0.525891

Figure 20 Diagnostics for the second OLS model of residential land prices (Source: Author’s Own 2020).

Summary of OLS Results - Model Variables

Variable Coefficient (nlI StdError t-Statistic] Probabitity [b) Robust SE Robust t | Robust_Pr [b) VIF [c]
intercept 1981367.00404192661.06220 10.284211 0.000000* §56139.95750 12.689686 0.000000*

AVGSECRO 1181.776711) 414310218 -2.852396 0012787+ | 282222144 4187399 0.000915* 1.397378
AVGPOLICE 172005366 17.939777 2.206901 0.044518* 95251792 1.805797 0.092494 1.938270
DISCBD 99.852034 15.137950 -6.596140 0.000012* 11.911069 -8.383130 0.000001* 1550677

Figure 21 OLS report for the second ER model of residential land prices (Source: Author’s Own 2020).

The result of the first OLS model explains plot prices better with higher adjusted R? and higher Jarque-
Bera as a measure of the degree of freedom, indicating that the residuals are normally distributed spatially
and in value, but the GWR might indicate otherwise. However, as the OLS model is a suitable regression
method to explore relationships, the results do not imply that explanatory variables will decrease with
plot price changes. Still, changing proximity and plot characteristics will have the most effect on prices.

Geographical Weighted Regression

The GWR models are derived from the exploratory regression and the OLS model variables. The validity
and confidence on the GRW depend on the model diagnostics, most notably the residuals and the
difference between the models in AlICc values. Table 7 below dissects the GRW models' diagnostics,
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coefficients, standard residuals, and the local R-square (Appendix E and F) shows the summary of GWR
models for residential land prices.

As mentioned above in the model diagnostics, the standardized residuals and the difference between AlCc
values are the most vital indicators of the best GWR model. The mean value and the standard deviation
of the standardized residuals for the two GWR models are summarised in table 7 below. The second GWR
model has a lower AICc value and therefore is better than the first model in explaining the spatial
variations in residential land prices.

Diagnostic Value Meaning
Standardized Residuals in the first GWR | Mean Standard Deviation The confidence level of the first
model model is higher.
0.003966 0.991899
Standardized Residuals in the second | Mean Standard Deviation The confidence level of the
GWR model second model is lower.
-0.001163 1.104606
AlCc First Model Second Model The difference is 4.077595; the
first model has a lower AlCc
514.283437 518.361032 value, making it the best GWR
model.

Table 7 Summary of GWR models diagnostics (Source: Author’s Own 2020).

The coefficients in GWR are given for every neighborhood explanatory variable; the average distance
variables negatively affect plot prices, decreasing the distance from secondary roads and the CBD. In
contrast, prices increase with the increase in the average length of the plot's facade. The local adjusted R?
per neighborhood indicates the strength and type of the relationship between plot prices per
neighborhood and the exploratory variables. On the one hand, the residuals measure the model over and
under predictions. On the other hand, it is a measure of model bias. If the residuals are not normally
distributed, then the model is biased. The residuals are the difference between the observed and the
predicted values and are represented in the Jarque-Bera statistic. In the OLS model, the Jarque-Bera
statistic is not significant, and the residuals are normally distributed, and the model is valid. The
standardized residuals in the first GWR have a mean of 0.003966 and a standard deviation of 0.99, a good
fit for the valid model criterion.
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Visualization of Geographical Weighted Regression model for land prices

Figure 22 shows the strength of the relationship between plot prices, the average distance from secondary
roads, the average distance from police stations, and the average length of each neighborhood's plot
facade. The neighborhoods with the red and orange colors have the most robust relationship with the
explanatory variables. Al Wadi and Al Taaweedat neighborhoods are the most affected by the explanatory
variables, whereas Al Safwa, Sallha, and Ombbadda are the least affected. Value of the R? does not mean
prices are higher or low, but what it means a change in the explanatory variables would have the most
effect on land prices.

The LocalR2 of the Second GWR Model for Residenital Plot Prices
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Figure 22 The map shows the local variations in R? values of the first GWR Model for plot prices (Source:
Author's Own 2020).
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The neighborhoods in figure 23 with the red and orange colors are affected mainly by the average distance
to secondary roads. The negative coefficients indicate decreased plot prices for every 1-meter increase in
average distance from the neighborhoods to secondary roads. The smaller the distance to secondary
roads, the higher the prices. Plot prices in Al Safwa and Al Sallha neighborhoods are the most affected
neighborhoods by average distance to secondary roads. On the contrary, Al Wadi and Al Taaweedat
neighborhoods' plot prices are least affected by an average distance to secondary roads.

The Cocfficients of the Average Distance to Sccondary Roads from the Second GWR Model for Residenital Plot Prices
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Figure 23 The map shows the coefficients of the average distance to secondary roads from the second
GWR model for plot prices (Source: Author's Own 2020).
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The neighborhoods shown in red and orange in figure 24 are affected mainly by the average distance to
the CBD. The negative coefficients indicate decreased plot prices for every 1-meter increase in average
distance from the neighborhoods to secondary roads. The smaller the distance to secondary roads, the
higher the prices. Plot prices in Al Safwa and Al Sallha neighborhoods are the most affected neighborhoods
by average distance to the CBD. The plot price in Al Wadi and Al Taaweedat neighborhoods is the least
affected.

The Cocflicients of the Average Distance to the CBD from the Second GWR Model for Residenital Plot Prices
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Figure 24 The map shows the coefficients of the average distance to the CBD from the GWR second
model for plot prices (Source: Author's Own 2020).
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Figure 25 neighborhoods are positively affected; Al Safwa, Sallha, and Al Kalakala neighborhoods are the
most affected neighborhoods by the average length of plot facade. The coefficient represents the increase
in plot price for every 1-meter increase in plot fagade. Al Wadi, Al Tilal, and Al Taaweedat neighborhoods
in green are the least affected.

The Coefficients of the Average Length of the Plot Facade from the Second GWR Model for Residenital Plot Prices
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Figure 25 The map shows the coefficients of the average length of the plot facade from the second GWR
model for plot prices (Source: Author's Own 2020).

Mapping the coefficients revealed that the explanatory variable's impact is more robust in neighborhoods
located to the west and southwest of the CBD. The localR?> map shows that the map neighborhoods are
the most affected by the explanatory variables and have higher coefficients than the other
neighborhoods.
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Regression analysis of housing affordability

This section presents the results from the regression analysis based on the spatial analysis procedure. The
exploratory regression results showed a properly specified OLS model for housing affordability to derive
the OLS and GWR models.

Exploratory regression

This regression looks at the factors affecting housing affordability across the neighborhoods in Khartoum.
Figure 26 shows the highest adjusted R? of a passing model is 0.71; the model's redundancy factor is 0.07.
This model results from a combination of four explanatory variables: the neighborhood class, the average
distances to schools, hospitals, and primary roads. Table 8 below summarize the model with variable
significance and effect of housing affordability:

Variable Percentage  of | Percentage Percentage VIF
Significance Positive Negative

Average Distance | 75% 100.00% 0.00% 2.00

to Schools

Neighborhood 56.20% 100.00% 0.00% 2.92

Class

Distance  from | 25% 25% 75% 5.57

Hospitals

Distance  from | 6.25% 37.50% 62.50% 4.77

Primary Roads

Table 8 Summary of the Variable Significance for the exploratory regression of the HAI (Source: Author’s
Own 2020).

Choose 4 of 5 Surmmary
Highest Adjusted R-5quared Results

AdjR2 AlCc JBK(BP) VIF SA Model

0.72 206.45 1.00 0.07 5.23 0.86 +CLASSREP™ +AVDISSCH™ -AVGHOS™ +AVGPRIROAD™

0.72 206.53 0.87 0.02 2.84 0.38 +CLASSREP* +AVDISSCH™ -AVGHOS™ +DISCBD

0.62 211.800.20 0.124.990.73 +AVDISSCH™ -AVGHOS +AVGPRIROAD +DISCBD™

AdiR2 AlCc B KIBPY WIFSA Mode|
ID.?1 9232 206.4458017 0.999860 0.071979 5.228263 0.862941 +CLASSREP™ +AVDISSCH™ -AVGHOS™ +AVGPRIROAD™

Figure 26 Summary of Exploratory regression for HAI (Source: Author’s Own 2020).
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HAI [ NCLASS + AVGDISSCH + AVGDISHOS +
AVGDISPRIROADS (Model 3)

Where:

NCLASS: Neighborhood Class

AVGDISSCH: Average Distance to Schools
AVGDISHOS: Average Distance to Hospitals

AVGDISPRIROADS: Average Distance to Primary Roads

The combination of explanatory variables that explain housing affordability across greater Khartoum in
Table 8 above is the best candidate explanatory variable to model the housing affordability index using
the OLS model. Percentage significance represents the times the variable was significant in explaining the
housing affordability index. Percentage positive or negative signs indicate the effect of the explanatory
variables on the affordability index.

Ordinary Least Squares

The OLS model explained 71% of the HAI variations, the adjusted R?=0.71 as shown in figure 27. The
Jarque-Bera statistic measure of randomness is 0.999860 which is a good measure of randomness; The
OLS recognized the neighborhood's class, the average distances to schools, hospitals, and primary roads
as explanatory variables to explain variations in HAI .However, from the coefficients in figure 28, the
neighborhood class change is the most influential variable in determining housing affordability. As the
neighborhood class changes from high-income to mid-and-low-income class, affordability increases by
90.72% for every class and decreases by the same amount in high-income neighborhoods. The average
distance to schools is significant with a positive coefficient which increases affordability by (0.043069) but
not as effective as neighborhood class. The average distance to primary roads is not as sufficient as the
neighborhood class effect on HAI with a coefficient that increases in affordability by (0.161767) for every
1-meter increase in distance to primary roads. The average distance to Hospitals had a negative effect on
HAI with a coefficient that decreases affordability by (-0.36181) for every 1-meter increase in distance to
hospitals. However, the neighborhood class is the dominant determinant of the HAL.
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OLS Diagnostics

Input Features: Neighborhood Dependent Variable: AVERAGEHAI
Number of Observations: 18 Akaike's Information Criterion (AICc) [d): 206.445801
I Multiple R-Squared [d]: 0785295 Adjusted R-Squared [d]: 0.719232
Joint F-Statistic [e]: 11.887045 Prob(=F), {4,13) degrees of freedom:; 0.000277*
Joint Wald Statistic [e): 118.548784 Prob(>chi-squared), (4) degrees of freedom: 0.000000*
Koenker {BP) Statistic if]: 8.597759 Prob(>chi-squared), {4) degrees of freedom: 0.071979
| saraue-gera statistic fg) 0.000280 Probi=chi-squared), {2) degrees of freedom: 0.999860 |
Figure 27 OLS diagnostics for HAl model (Source: Author’s Own 2020).
Summary of OLS Results - Model Variables
Variable Coefficient [a) StdError t-Statistic |Probability [b] Robust SE Robust_t| Robust Pr[b] VIF [c)
Intercept -123.626300 34.577665 -3.575322 0.003391* 19.399065 -6.372797 0.000023* ——e—
CLASSREP 90.729484 15.841676 5.727265 0.000069* 15561472 5830392 0.000058* 1.155286
AVDISSCH 0.043069 0.010064 4.2796B1 0.000899* 0.007089 6.075830 0.000038* 1.920781
AVGHOS -0.036181 0.011806 -3.064775 0.009040* 0.009514 -3.803007 0.002198* 5.228263
AVGPRIROAD 0.161767 0.095199 1.699252 0.113065 0.067372 2.401098 0.032016* 3.5307a6

Figure 28 Results summary for OLS model for HAI (Source

: Author’s Own 2020).
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Geographical Weighted Regression

The four variables from the OLS have produced a valid GWR model with diagnostics passing the confidence
criterion, and the standard residuals have a mean value of 0.047262 and a standard deviation of 1.037889.
The local R? explains the strength of neighborhood class's collective influence, the average distance to
schools, hospitals, and primary roads on HAI for each neighborhood. The relationship coefficients are
available in (appendix G), residuals and the local R? values, and table 9 shows the GWR model diagnostics
for the HAI. The mean value and standard deviation for the standardized residuals indicate high
confidence in the model.

Variable Name Variable Definition

Bandwidth 50476.82292

ResidualSquares 27548.08447

EffectiveNumber 6.09646

Sigma 48.106929

AlCc 205.915441

R? 0.82546

AdjustedR? 0.750731

Dependent Field 0 Average HAI

Explanatory Field 1 Neighborhood Class
Explanatory Field 2 Average distance to schools
Explanatory Field 3 Average distance to hospitals
Explanatory Field 4 Average distance to primary roads

Table 9 Summary of the GWR model diagnostics for the HAI (Source: Author’s Own 2020).
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Figure 29 show that the GWR model explained 78% of the local variation in HAI (AdjustedR? 0.78) using
the explanatory variables. However, the neighborhood class is the most influential variable in the model
(Appendix G). For instance, on average, affordability changes by 90.72 between the different
neighborhood classes examined; for instance, affordability increases by 90.72% when looking at lower-
income neighborhoods.

The local R2 from the GWR model of Housing AfTordability Index
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Figure 29 The map shows the local variations in R? values of the GWR model for the HAI
(Source:Author's own 2020).
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The neighbourhood class coefficients from the GWR model of Housing Affordability Index
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Figure 30 The map shows the neighborhood class's coefficients From the GWR model for housing
affordability (Source: Author’s Own 2020).

Figure 30 illustrates the spatial variations of how the neighborhood class is impacting each neighborhood
differently. The coefficient values on the map legend show that AlWadi, AlTilal, and ATaaweedat are the
most affected neighborhoods with neighborhood class, where the coefficients range between 97.24 to
97.50. AlSafwa, Ommbadda, and AlSalha are the least affected neighborhoods affected by neighborhood’s
class, where the coefficients range between 81.14 to 84.52. The coefficient corresponds to a change from
a neighborhood’s class to another, and changing the neighborhood’s class in the neighborhoods with
higher coefficients would have the most effect on affordability. The map shows that the impact of
neighborhood class on housing affordability is skewed to the eastern part of the city. However, the reason
behind this pattern has not been investigated.
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The average distance to schools coefficients from the GWR model of Housing Affordability Index
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Figure 31 The map shows the coefficients for the average distance to schools of the GWR model for
housing affordability (Source: Author’s Own 2020).

As shown in figure 31, the average distance to schools' coefficient indicates a positive impact on HAI,

whereby affordability increases on average by (0.040671) for every 1-meter increase in distance to the
neighborhood. AlSafwa, AlSalha, and Ommbadda are the most affected neighborhoods, while AlWadi,
AlTaaweedat, and AlTilal are the least affected neighborhoods by the average distance to schools, as a

determinant of housing affordability.
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The average distance to hospitals coefficients from the GWR model of Housing Affordability Index
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Figure 32 The map shows the coefficients of the average distance to hospitals from the GWR model for
housing affordability (Source: Author’s Own 2020).

As shown in figure 32, the average distance to hospitals coefficient indicates a negative impact on HAI,
whereby affordability decreases on average by (-0.037257) for every 1-meter increase in distance to the
neighborhood. Hay AlWaha, Ommbadda, and AlRawda are the most affected neighborhoods by distance
to hospitals, while Mayo, AlKalakla, and AlSalha are the least affected neighborhoods by the average
distance to hospitals as a determinant of housing affordability.
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The average distance to primary roads coefficients from the GWR model of Housing Affordability Index
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Figure 33 The map shows the coefficients for the average distance to primary roads of the GWR model
for housing affordability (Source: Author’s Own 2020).

As shown in figure 33, the average distance to primary roads affects HAI positively, whereby affordability
increases by (0.141845) for every 1-meter increase in distance from primary roads to the neighborhood.
Mayo, AlKalakla, and AlSalha are the most affected neighborhoods, while Hay Alwaha, AlRawda, and
Ommbadda are the least affected with an average distance to primary roads, as a determinant of housing
affordability.

GWR results indicate that housing affordability dominantly is a function of neighborhood class; most of
the medium and low-income neighborhoods are affordable to medium-income households. Although,
most of the second-class neighborhoods are not affordable to medium-income households. The shift in
medium-income housing affordability from second-class housing to the third class reveals an alarming
change in equity and housing access. Medium income is not sufficient to afford medium-income housing,
leaving the medium-income households favoring third-class housing and increasing the competition
between the medium and low-income households to meet their house needs.
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Discussion of the findings

The analysis section links the literature to the findings presented in the previous section by highlighting
similarities and differences and articulating the case study's uniqueness compared to the literature in
terms of methodology, modeling parameters, and how the findings support or differ from the literature.

Similarities and differences

This research is distinctively modeling two dependent variables, residential land prices and the housing
affordability index, to measure housing affordability compared to the literature. And to understand the
spatial determinants of residential land prices and housing affordability and how housing affordability
indirectly impacts Khartoum's physical expansion.

Modeling methods

This research has utilized methods frequently used in the literature to test the dependent variables
residential land prices and housing affordability. This research looks at weighting the impact of the
independent variables on each neighborhood within the study area that goes through a delict procedure
to avoid spatial-autocorrelation and heterogeneity through spatial modeling. As we have shown on the
spatial analysis and regression procedure diagram, the modeling starts with defining the significant
variables using exploratory regression. The next step uses these variables to derive the OLS model from
indicating the significant variables in the model, which is then used to derive the spatial differences
between neighborhoods and map the weighting of variables using GWR.

To make sense of the change in affordability through space, the IDW interpolation illustrates the change
in housing affordability with the CBD highlighted as a reference area and suggests a trend in which housing
affordability shapes the city.

Modeling residential land prices

Modeling residential land prices spatially, OLS, and GWR models yielded significant variables from two
distinct models affecting residential land prices differently. The first model that explained 83% of
residential land prices indicated that distance to secondary roads and the CBD decrease prices. In contrast,
the average length of the residential land significantly increases prices. The second model explained 78%
of residential land prices using average distance to secondary roads, police stations, and the CBD.

The impact of the average distance to mobility networks and the CBD for this research supports the
findings by (Mikelbank 2004; Du and Mulley 2006; Ping and Hui 2010; Du and Mulley 2012; Koramaz and
Dokmeci 2012; Cai et al., 2019; Li et al., 2016) considered looking at commuting cost as an indicator of
transportation and found that heterogeneity in prices due to other factors influencing the model.
However, the case study of Huang et al., (2010) showed that the average distance to transportation is less
significant than another variable specific to that case study. In the case of Khartoum, the explanatory
variables proved significant in determining residential land prices, and the explanatory variables affect
Khartoum differently compared to the literature. The increase in distance to mobility networks have
shown a positive impact on residential land prices
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The unique variable to model is the average length of the plot facade, a measurement in meters of the
length, width, or both for attached or detached residential lands. In OLS and GWR models, the average
length of the plot facade is a significant determinant of plot prices, whereby prices increase with the
increase in this variable. The average length of the plot’s facade as a variable is unique to this research
and has not been investigated before, and it was significant in determining residential land prices
positively where prices increase with longer facades. This finding suggests residential land prices depend
on the local context and their determinants differ from one place to another.

The state of housing affordability

As established in the literature review, there are no case studies on modeling the spatial determinants of
housing affordability, hence this research is unique. The housing affordability index derived from the data
is based on using the medium-income to derive the different housing class index. The results show that a
medium-income household cannot afford the first-class neighborhoods, which convenient. However, the
designated housing second-class for medium-income households is not affordable. The case for third-class
neighborhoods designated for most low-income households in the class of the only neighborhood
affordable to the medium-income households. The situation that medium-income households competing
for affordable housing in low-income neighborhoods might push the low-income households that are
located further away from the CBD and the city center for cheaper land, leading to expanding Khartoum
boundary, and increase the possibility of informal settlements.

Modeling housing affordability with regression and interpolation

The OLS and GWR models reveal that housing affordability of the neighborhoods is a function of four
variables. The neighborhood class is the most significant variable in the model, followed by the average
distance to schools, hospitals, and primary roads. The coefficients for the neighborhoods have the highest
value than the distance variables with less weight in determining housing affordability. Downgrading or
upgrading a housing class will decrease or increase the HAI by points 90.72, which increases competition
over housing in cheaper areas. It is liable that a medium-income household would buy more than a house
if there is a neighborhood with a housing affordability index value that is over 200. Their income is
sufficient to own two housing units, which allows for speculating on properties and further increasing
prices neighborhood.

The interpolation surface of housing affordability shows that affordability increases with the CBD distance,
the least affordable neighborhoods to medium-income households than neighborhoods on outer
Khartoum city, where the low-income neighborhoods are located. However, these neighborhoods are
designated for low-income households, which became a competition between the low-and-high income
households to meet their housing needs. As a result, this dynamic might lead to pushing the physical
boundary of Khartoum city in the quest for housing and accommodate the growing population.

Analysis summary

In exploring spatial relationships, OLS is a global regression model to draw a general understanding of the
data by averaging the coefficients and the regression's goodness measure. Exploratory regression is the
best first step in finding an adequately specified OLS model. However, the variables from exploratory
regression passing models are the variables that would have a properly specified model.
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On the one hand, comparing the OLS and GWR results at modeling plot prices, the first OLS model
explained 83% of plot price variations. In contrast, the GWR, on average, explained 86% of the spatial
variation based on the three explanatory variables (the average distance to secondary roads, the CBD,
and the average length of the plot's facade), a significant impact on the model.

On the other hand, the second OLS model explained 78% of the variations in plot prices. On average, the
GWR model explained 83% of the variations based on three explanatory variables (average distance from
secondary roads, police stations, and the CBD).

The GWR diagnostics indicates to the best-fit model has the lowest AlCc value. However, the second GWR
model is the best in explaining the spatial variation in plot prices across the study area. The variables'
average distance to secondary roads and the CBD are mutual in both GWR models but had a different
coefficient in each of the models due to introducing the third variable to each model. This change in the
coefficients is explained in figures (34 & 35) below. In comparing the two GWR coefficients, it is found
that the average length of the plot's facade has the most effect on the model compared to the rest of the
variables. It is essential to consider this change in coefficients when using various variables and how
replacing a variable could influence the model and affect the coefficients' interpretation. The literature
suggests that transportation, central business district, and services influence land prices significantly. Still,
no case study has more than one model to highlights this difference caused by replacing a variable.
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Figure 34 shows the difference in coefficients for the average distance to secondary roads for Plot Prices
GWR models (Source: Author's Own 2020).
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Figure 35 The figure shows the difference in coefficients for the average distance to the CBD for plot
prices GWR models (Source: Author's Own 2020).

Comparing the OLS and GWR models in exploring HAl variables indicates that GWR has a more substantial
model in explaining HAI. The OLS model explained 75% of the variations in affordability. The GWR
explained 75% of the variations; both models had four explanatory variables: the neighborhood class, the
average distances to schools, hospitals, and primary roads.

The OLS and GWR models are based on the variables adopted from the exploratory regression that
indicate the candidate variables explaining the dependent variables. Plot prices are a function of three
variables average distance to secondary roads, the CBD, and the average length of the plot's fagade. The
total housing cost was not significant to the small margin model between housing cost and plot prices.
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Interpolation of the Housing Affordability Index
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Figure 36 Housing affordability surface of greater Khartoum (Source: Author's Own 2020).

From Figure 36 above, housing affordability increases with distance from the CBD to the outer of greater
Khartoum. The areas with an affordability value of more than 100 are the areas that a medium-income
household would afford. The variables that explain housing affordability are different from those that
explain plot prices which has no significant difference with the total housing cost as established in figure

37 or asignificance in explaining housing affordability.
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Figure 37 Average residential land price, construction cost, and the total housing cost (Source: Author’s
Own 2020).

It is essential to mention that the interpolation surface depends on the number of interpolation values
used. Therefore, the northern part of the interpolation surface is not entirely reliable in conceptualizing
the affordability index. The number of samples does not cover that area and introduces interpolation

points to enhance the interpolation surface.

However, the model that explained housing affordability is dominantly a function of neighborhood class.
Nevertheless, the medium-income households cannot meet their housing needs in the designated
medium-income housing class unless they move to the low-income class and further from the CBD. From
figure 36, the map shows the affordability gradient in greater Khartoum. The closer the neighborhood to
the city center, the less affordable it is for medium-income households; by moving away from the city
center, the chance to afford a house increase. As a result, affordability can be a substantial factor in
Khartoum's physical expansion by pushing affordability further from the city center. The convention that
urban expansion is inevitable makes sense in the case of greater Khartoum. The trade-off is how to realize
equitable access to affordable housing and service simultaneously with cities' physical growth.

Conclusion
This chapter presented the data and findings yielded using two regression techniques to examine the
determinants of residential land prices and housing affordability in Khartoum City. OLS model generated
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accurate global models for land prices and housing affordability; GWR was accurate in explaining the
spatial differences in residential land prices and housing affordability.

The medium-income household housing affordability in the study area shows that a medium-income
household cannot afford a medium-income housing neighborhood. Low-income neighborhoods are
affordable to a medium-income household—however, this increases competition over housing between
the medium-and-low-income households to attain their housing need.

The regression revealed that residential land prices could be explained using two different models with
different variables. The first OLS model shows that the average distance to secondary roads, the CBD, and
the average length of the plot facade explains 83% of the residential land prices. The second model
explained 78% of the prices using the average distance to secondary roads, police stations, and the CBD.
However, the GWR models derived using the same variables from the two OLS models reveal that the
second model explains the local variations in residential land prices and explained 83% of the local
variations. The takeaway from analyzing the residential land prices using regression is that the model will
depend on the variables used to derive the relationship and the findings' accuracy.

The OLS model of housing affordability explained 71% of the variations using four variables. The
neighborhood class prevailed the other variables explaining housing affordability by having the highest
coefficient in the model. The GWR model also explained an average of 78% of the local variations in
housing affordability. The interpolation surface of the HAI reveals that housing affordability increase with
the distance from the CBD. Although the regression models included the average distance to the CBD as
a variable, it was not part of the model's explanatory variables. The takeaway from explaining housing
affordability in this research is that it can be explained differently depending on the analysis method and
technique. With the affordable neighborhoods located in the outer city, this pushes the low-income
further away to attain their housing need.

The next chapter concludes the research report by presenting the objectives, research questions, and
findings tied to the literature. It highlights the study's limitations and suggests recommendations to
acknowledge the expanding Khartoum, spatially normalize land prices and housing affordability, and use
the spatial modeling techniques to inform future planning.
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Chapter Five: Conclusion and recommendations

This chapter concludes the research work in four sections. The first section summarizes the key findings
that answer the research sub-questions that examine the factors affecting plot prices, housing
affordability, and the change in housing affordability index across the study area in the second section.
The second section looks at the main research question. It illustrates the effect of housing affordability on
the physical expansion of greater Khartoum and the implications on the low-income housing class. The
third section articulates the limitation of this research in fieldwork and data collection and the restrictions
imposed by the Covid-19 pandemic. The fourth section provides recommendations regarding the
methodology and data and suggests further work to investigate some of the areas that have not been
researched in this particular study.

Summary of the key findings

The main objective is divided into three sub-objectives that respond to the research sub-questions. Three
sub-questions emerged, the first two sub-questions deal with modelling the spatial determinants of
residential land prices and the HAI for the sampled neighborhoods. The third sub-question explore the
difference in explaining housing affordability using regression analysis as oppose to spatial interpolation
in relation to the physical expansion in Khartoum's context with different approaches.

The broad issue of housing affordability in Khartoum can be explained to the effects of expensive land and
construction. On one side from a spatial context, proximity to the city center and neighborhood class are
the main factors increasing land prices and decreased housing affordability, leading the majority of low-
income households to move out of the city center to attain their housing needs. On the other side, the
city is morphing into low-density development that pushes the city as evidenced from the literature and
the findings. The spatial determinants of both residential land prices and housing affordability leads to
the conclusion that Khartoum’s expensive areas are concentrated around the city center, and affordable
neighborhoods are expanding the city.

The general pattern of models and findings in terms of explaining residential land prices and housing
affordability support the literature on modelling land prices, property values, and housing prices. The
significance of this research lies in combining OLS which globally explains residential land prices and
housing affordability with GWR to provide local explanation associated with each individual
neighborhood. The OLS and GWR findings explained 78% and 83% of residential land prices consecutively,
77% and 90% of the variations in housing affordability.

Housing affordability and the city expansion

This research's prime objective is to illustrate how housing affordability in Khartoum's sampled
neighborhoods provides grounds for looking at Khartoum city's physical expansion using regression
analysis and interpolating the HAI sampled neighborhoods. The main research question contextualizes
this research's first objective as follows "How housing affordability affect the physical expansion of
Khartoum city?". The main finding is double-faced and suggests that from the housing market and
provision perspective, medium-income households cannot afford the medium-income neighborhoods



78

and can only afford the low-income neighborhoods. Khartoum's affordable neighborhoods are located on
Khartoum's peripheries and stretching the city outwards from the spatial pattern perspective.

However, the HAI's spatial interpolation shows a gradient effect, and housing affordability increases with
distance from the city center. The neighborhoods further away from the city center, such as Al Safwa,
Mayo, and Al Taaweedat, tend to be affordable than Al Khartoum 2, Kafuri, and Al Mohundseen, which
are proximate to the center. This finding suggests that housing affordability can play a significant role in
Khartoum's evolution because physical expansion derived the need for affordable housing by pushing the
medium and low-income households to the peripheries.

The determinants of residential land prices

The first sub-objective deals with exploring residential land prices' determinants using the plot's
characteristics, the average distances to central amenities, primary and secondary mobility networks, and
local services. This objective is contextualized in the first sub-question, stating, "How the residential land's
characteristics, distance to the central amenities, main mobility networks, and local services affect plot
price and housing affordability?". The regression models have explained residential land prices in two
models with different explanatory variables regarding this sub-question. The first model explained 83% of
the variation in residential land prices using the average distance to secondary roads, the CBD, and the
average length on the plot's fagade as the residential land price determinants. The neighborhoods closer
to secondary roads, the CBD, and the higher average length of the plot facade are more expensive. The
second model explained 78% of the variation in residential land prices using the average distance to
secondary roads, police stations, and the CBD, closer neighborhoods are more expensive. The distance
variables influence residential plot prices differently. The average distance to secondary roads, police
stations, and the CBD changes prices. Prices decrease by 1181.77 USDS for every 1-meter increase in the
average distance to secondary roads. As for police stations, prices increase by 172 USDS for every 1-meter
increase in distance, and prices decrease by 99.85 USDS for every 1-meter increase in distance from the
CBD.

These findings suggest that residential land prices can be explained based on the variables used. Still, the
average distance to secondary remained constant, and both models had close adjustedR?values in both
models, which are the dominant determinants of residential land pricing. So, the density of secondary
roads is significant determinant of prices by the effect of reducing the distance to secondary roads, and
therefore increase prices.

The determinants of housing affordability

The second sub-objective looks at the determinants of housing affordability using the plot's
characteristics, the average distances to central amenities, primary and secondary mobility networks, and
local services. This objective is contextualized in the second sub-question, stating, "How the residential
land characteristics and price, distance to the central amenities, main mobility networks, and local services
affect housing affordability?". The OLS model explained 71% of the variations in housing affordability by
using four variables, neighborhood class, the average distance to schools, hospitals and primary roads.
The coefficients have shown significant variations where the neighborhood class had the highest
coefficient value (90.72), indicating a difference in affordability by 90.72 in the neighborhood classes'
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affordability index. The construction standard associated with neighborhood class is reason behind higher
housing costs and lower affordability.

For instance, a third-class neighborhood such as Al Safwa has HAI value of 90.72 more than a second-class
neighborhood such as Al-Haj Yusuf. Such finding helps make affordability predictions based on the
neighborhood class. If there is a plan for a new third-class neighborhood in Khartoum, there is a 90.72%
chance to be affordable for the medium-income household. However, the remaining distance variables
have minimal influence on housing affordability compared to the neighborhood class. The average
distance to schools, hospitals, and primary roads changes affordability by 0.0430669% (4.3%), -0.036181%
(-3.6%),and 0.0161767% and (1.6%) for every-1 (100-meter) change in distance. The HAl regression model
suggests that the neighborhood class mainly dominates housing affordability compared to the rest of the
variables.

Housing affordability between regression analysis and spatial interpolation

The third sub-objective is about how affordability can be explained differently using different spatial
analysis methods. This objective is contextualized in the third sub-question, stating, "What are the
implications of explaining housing affordability with the regression models and the spatial interpolation
on Khartoum's evolution? How does the interpolation analysis and regression analysis explain housing
affordability differently?". The spatial interpolation of the HAI shows a gradient effect. HAI value is
increasing with distance from the city center (CBD). Neighborhoods that are further away from the city
center, such as Al Safwa, Al Wadi, and Mayo, are the most affordable than the neighborhoods close to the
CBD, such as Al Khartoum 2, Al Mohundseen, and Kafuri, which are the least affordable.

The regression models show that the neighborhood class determines housing affordability. When
interpreting the visualized interpolation surface of HAI, it shows that affordability increases with the CBD
distance but it is not a significant variable in the regression model. However, this difference in explaining
housing affordability with the different methods used in this research reveals the dynamic nature of
modeling housing affordability and housing pricing within the residential location choice and housing
econometric modeling frameworks, which provides two perspectives.

The first is explaining housing affordability with the neighborhood class as the primary determinant of
affordability reflects is a practical application of the economics of residential location choice, where the
income level is the main determinant of choosing where to live. The second perspective reflects Khartoum
city's evolution as the city developed around its core which contains the CBD which drove the value of
land and determined the housing affordability. This evolution started with squatter settlements that
evolved into formal housing and part of the current housing system but further away from the city center
and designated for middle and low-income groups.
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Limitations of the research

This section dive into the limitation of the research in terms of constraints faced during data collection
and sampling, the analysis and results and how they fit with the research objectives and question, the
previous literature specific to the research problem, and how the time frame, the word count has limited
the scope of the analysis.

Data and sample

The real-estate agents indicated during the data collection that the estimations of plot prices are 80-90%
accurate, and verified by three different real estate agencies, but the estimation increase and decreases
as referred to in the fieldwork section in the previous chapter. For this study, the plot price samples were
collected from the study area covering 18 neighborhoods representing Khartoum city with around 40
neighborhoods that spread across more than 1010km?2. However, the data sufficiently cover

The distance threshold between the sampled neighborhoods is 5km, which is around 25% coverage of the
study area neighborhoods. In addition to the absence of official data on land prices, the collected sample
randomly covers the neighborhoods surrounding the city center and outwards to the peripheries of
Khartoum. More samples would have increased the model's accuracy and a deeper understanding of the
residential land prices and housing affordability in Khartoum.

The unpredicted COVID-19 pandemic has further complicated the data collection process, which was done
remotely to avoid direct contact with the respondents. During the lockdown in the study area, the market
recessed which also affected access to more data for a more holistic representation of the study area. the
research had to utilize the available data hence the set of limitations explained above.

Analysis results

The total number of samples collected is 820 samples from 18 neighborhoods assembled, all on one
spatial dataset. The random distribution of data to perform the spatial analysis is not possible using even
observation. Still, averaging the sample per neighborhood is convenient to avoid data clustering in value
and space. It aligns with the research objective, which is a general understanding of the study area.

The analysis relies on the data accuracy and meeting the regression model criteria to increase the result's
reliability. The results are reliable to generally understand the determinants of residential land price and
housing affordability. Still, for detailed analysis, the estimations tend to cluster in space and value which
makes regression analysis per bias and will not yield reliable models.

The models have explained 71% of the residential land prices and 83% of the housing affordability
variations; adding more variables to the models would have helped a more in-depth explanation and more
robust predictions, but the time frame of the study and travel restriction did not allow for using variables
from the study area. Out of 13 explanatory variables highlighted in the conceptual framework, the
regression diagnostics revealed some of these variables were highly redundant and removed from the
analysis, hence the small number of the passing models' explanatory variables which are sufficient to
explain the variations. The data and variables used for modeling are sufficient for prediction within the
samples' spatial extent.
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Many scholars have pointed to the limitations and weaknesses of housing affordability indices used in
several housing systems worldwide but were not the sole focus of their work. In the USA, (Jewkes and
Delgadillo 2010) reviewed the housing affordability indices and suggested that housing affordability
indices in the USA cannot adapt housing affordability measures to individual households. In this research,
housing affordability is used to make sense of Khartoum's physical expansion rather than market-based
research which is beyond this research's purpose but the server the research designated aim which is the
understanding the determinants of residential land prices and housing affordability and their relationship
with Khartoum expansion.

Recommendations

The development in modeling spatial relationships and prediction has allowed us to understand
relationships, provide insights to target the urban planning efforts spatially, make predictions based on a
given set of data, and advise in policy and decision making. The research findings point to different land
value issues, housing affordability, and how they affect the greater Khartoum's physical expansion. The
spatial distribution of amenities as a determinant of residential land prices and guiding urban planning to
give equal access to service and amenities.

Acknowledging the expanding city

Khartoum city is expanding as medium-income housing is not affordable for medium-income households
to live closer to the CBD. However, it is essential to look at the spatial distribution of residential land price
and housing affordability in the context of an expanding city. Another approach is to target land use
practice, increase density, and adopt mixed-use to localize economic activities and services while adding
affordable housing for the medium-income to reduce the competition with the low-income groups to
attain affordable housing.

The mortgage structure can utilize to increase the medium-income households to mortgages by extending
the time-frame and reducing the monthly mortgage payments over a longer time. Limit housing purchases
in the low-income neighborhoods to the designated low-income households to reduce competition over
housing which acts as a pull factor to get the low-income groups to the low-income neighborhoods.

The higher the distance from the CBD the cheaper it is to obtain land for housing and finding affordable
housing further away from the CBD. However, with distance from the city center, transportation costs
increase. Increasing the density of affordable housing for the low-and-medium-income households
around the CBD tackle commuting issues as well as density and expansion.

Normalizing land prices and housing affordability spatially

As mentioned throughout the analysis and conclusion, the determinants of plot prices from the
explanatory variables are the average distances to secondary roads, the CBD, primary and secondary
roads. As for housing affordability, the regression results have shown that housing affordability is
determined by the neighborhood's class, distance to schools, hospitals, and primary roads, while the
interpolation surface shows that affordability increases with distance from the CBD. The spatial pattern
of residential land price and housing affordability is not inclusive to the medium and low-income
households. By understanding determinants of land prices and housing affordability, a more inclusive



82

approach to the spatial distribution of service and housing location can be developed from the models of
this research.

Sprawl modeling and future planning

This research's main finding suggests the city is expanding due to the unaffordable housing for medium-
income households. From the market perspective, the appropriate recommendation is to target the gap
between income growth and housing cost through access to broader funding options for different income
groups, building regulations, and purchase control measures to restrict access to housing based on
income.

From a spatial pattern perspective, it is essential to consider equity in access to service to normalize the
impact of proximity to service on land prices and housing affordability. Another aspect to consider is
implementing density and mixed-use planning approaches to have a local destination economy and
reduce transport costs considered by many scholars as housing affordability.

Land prices and housing affordability modeling require a large sum of data that might be too complex for
OLS and GWR. More accurate prediction requires using different variables and advanced regression
techniques. The Random Forest algorithm is embedded in ArcGIS Pro named Forest-Based Classification
and Regression which is part of the spatial modeling tools for modeling complex data relationships used
for regression, classification, and prediction. The random forest algorithm is based on Leo Breiman's
algorithm used in machine learning for making predictions using categorical variables to generate
regression models that are more accurate than OLS and GWR and provide a deeper understanding of
residential land prices and housing affordability.
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Attribute tables of a neighborhood sample.
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Appendix B: Neighbourhoods attribute tables with dependent and
explanatory variables

Variable abbreviation | Variable

Average_Pr Average residential land price Dependent
AverageHAl Average Housing Affordability Index Variables
AVGDISSCH Average Distance to Schools

AVGDISECROAD Average Distance to Secondary Roads

AVGDISHOS Average Distance to Hospitals

AVGDISMARKET Average Distance to Markets

AVGDISMOSQUE Average Distance to Mosques

AVGDISPOLICE Average Distance to Police Stations

AVGDISPRIROAD Average Distance to Primary Roads Explanatory
AVGDISINDOR Average Distance to Industrial Corridor Variables
AVGDISAIRPORT Average Distance to Airport (Khartoum International Airport)
AVGDISCOMCOR Average Distance to Commercial Corridors

AVGDISGOV Average Distance to Government Institutions

AVGSIZE Average Land Size

AVGFACADE Average Length of the Plot’s Facade

Appendix C: Variables” abbreviations.
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Appendix E: The first GWR summary of results for the residential land

prices.
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Appendix F: The second GWR summary of results for the residential land

prices.
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Appendix G: The GWR summary of results for housing affordability.
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