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Abstract

Modern cities around the world have been shaped over time through different political,
economic, sociocultural and geographical factors. While each city has grown in ways unique
to its environment and historical context, there are common patterns of urban growth. For
instance, many Western cities grew from centralised markets to form modern economies and
a diverse society with population growth fuelled by migration from rural areas. Research on
the dynamic aspects of urban change and growth were developed as a system model to
explain urban structure and interactions with transport and land uses. People’s preferences for
liveability also factored into urban system research to influence land development and growth
patterns. In contrast, Arabian Gulf cities exhibit a range of unique urban system traits
different to those of Western cities. Urban growth took place only recently and over a
relatively short period. The economy was almost completely driven by a single industry,
namely oil extraction and exports, and the countries were governed by a central authority.
Urban growth was organised to support the citizen population, but the oil wealth also
supported a large population of foreign workers. This led to a distinct urban structure,
population densities and land use patterns with separate regions for citizens and the foreigner
workforce. With highly centralised planning control, people’s preferences on housing and
future land development policy were limited. This has led to negative urban impacts and
social segregation in some Arabian Gulf cities. There is also a lack of planning models suited

to Arabian Gulf countries and research on urban dynamics to inform future land policies.

This research thesis aims to address this gap by developing urban growth models suited to
conditions and the changing dynamics of Kuwait, an Arabian Gulf city. The models address
aspects of urban system dynamics for urban forms, growth impacts, new city development,
internal population migration and social segregation by nationality. In order to do so, three

different urban models have been developed:

) A model that simulates the state of urban systems already in place to 2050 and
assesses the effects of continuing with a business as usual approach,

i) A model that simulates the development and impacts of creation of new cities as
proposed by Kuwait’s latest master plan according to the State planning
authorities,

i) A model that simulates the effects of people’s participation in developing the new

cities and the infrastructure, social and spatial systems associated with them.



The urban modelling in this thesis has been designed on Agent Based Modelling (ABM) and
Geographical Information Systems (GIS) frameworks.

The contribution of this thesis is twofold. Firstly in terms of theory, it has enhanced the
understanding of urban systems for modelling population growth, population distribution and
urban issues in Arabian Gulf countries. Secondly in terms of methodologically, the thesis has
implemented a set of novel elements in urban modelling of Arabian Gulf countries including:
the collection and integration of data directly from the public through surveys, and the
modelling of the differences in expectations of citizen and non-citizen groups, as well as

residents and decision makers.

The outcomes of the research provide strong evidence towards the development of new cities
as opposed to the continuation of expanding existing urban areas in Kuwait. In addition, the
findings have shown that the potential success of new cities may be bolstered by the direct
consideration of public opinion, and the timely development of new infrastructure. Apart
from the case study for Kuwait city, the findings may be generalised to other Arabian Gulf

cities.
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Chapter 1 : Introduction

1.1 Background

It is speculated that more new urban areas are going to be created between 2018 and 2070 compared
to the past two centuries, as a result of persisting trends of urbanisation around the world (United
Nations 2015). With more than 50% of the global population now living in urban areas and
predictions that this ratio will be higher in the near and mid-term future (The World Bank 2015), the
prospect of creating new cities is an attractive alternative to continued burgeoning of existing cities.
Urban expansion or intensification of existing cities often leads to a number of adverse impacts,
such as congestion, deterioration of the environment or unaffordable land and property values
(Brueckner 1997; Brueckner 2000). Modelling and developing new urban areas is an approach that
may provide adequate solutions to such issues (Batty 2007). However, the development process of
new cities is not without risks, as these projects may cause significant financial or environmental
damage if they are not planned with thorough consideration of all underlying factors. Regardless,
the notion of creating new cities appears to be especially suitable for counties in the Arabian Gulf,
like Kuwait, Dubai in the UAE or Doha in Qatar, as they are rapidly growing and aspiring to
become multicultural societies with a global character (Khalaf 2006; Rizzo 2014).

Solving the impacts of urbanisation and urban growth constitutes a core topic in the field of urban
systems. Research on urban systems first needs to recognise how cities have been modelled in the
past (Batty 2013). However, applying older urban models is undoubtedly insufficient to simulate
the increasingly complex dynamics of modern cities and market forces, and hence new urban
modelling practices, such as automata, have been gaining ground in research related to urban
systems (Batty 2012). This PhD thesis attempts to investigate whether new cities are able to solve

urban problems if they are developed by models based on automata theory.

In order to contextualise the research, the remainder of this section will present a brief historical
introduction to the theoretical development of urban models and describe how land use has been
related to location. Through this introduction, it will be possible to illustrate that while many
existing urban models have advanced significantly in sophistication, a different modelling approach
is required in order to clearly understand new city formation processes. The approach is based on
automata, which puts greater emphasis on non-deterministic transitions and modelling parts of
urban systems at a disaggregate level. The research is applied to urban growth in Arabian Gulf
countries, and Kuwait in particular. Kuwait faces unigue urbanisation issues in relation to
population growth, urbanisation impacts and governance. This provides a background to the thesis

research questions in the next section.



The first cities were formed close to rivers and fertile fields with ample access to agricultural land.
Apart from ensuring a steady food supply, cities formed as a result of social reasons as well, in
places where trade routes were easy to access and in places where it was easy to defend against
potential invaders (Knox & McCarthy 2012). The economies of these first cities were simple and
the cities themselves were relatively small in size and population, so land use could be explained
with basic economic principles at the local level, mainly revolving around agriculture, trade and
religious activities. One of the first urban models was developed in the 19™ century by von Thunen
(Fujita & Krugman 1995). The von Thunen model claimed that the inherent value of a piece of land
could be determined in relation to the distance from the town centre, as well as the commodity
associated with this piece of land. Logistics of the time were inefficient compared to modern
standards, so land further away from the town centre was typically less valuable. Furthermore, land
use was determined by the necessity and value of goods grown/harvested in any piece of land. This
resulted in the emergence of clearly distinguishable concentric zones around the town centre,
representing different agricultural activities (Verburg et al. 2006). As long as the economies of
cities were based on agriculture, the von Thunen model was sufficient in explaining land use. This
model made sense in a world that centralised systems concentrated in small areas around towns

were the rule.

During the industrial revolution era, urbanisation picked up momentum and millions of new
residents moved to cities to find jobs in factories, and drastically changed the dynamics of cities
(Birch 1971). Urbanisation and the associated city growth have had profound impacts on the lives
of city dwellers around the world (Black & Henderson 1999; Seto et al. 2010). However, as the
urban population grew, urban systems became increasingly difficult to understand (Batty 2007).
During that time, city dwellers witnessed the emergence of more complex systems and urban
networks in relation to infrastructure, economic activities and logistics. The prosperity of residents
and cities depended on a functional and well-designed transportation system, as this was the key for

linking goods, services and people (Antrop 2004).

The Von Thunen model was not able to adequately explain these changes around urban networks in
modern cities, and new Land Use and Transportation Modelling (LUTM) were eventually
developed (Sivakumar 2007). These top-down models reflect the land use primarily as a function of
transportation and other networks in a city. In LUTM, urban systems are modelled in terms of
demand and supply of jobs, goods and services along existing networks. For instance, these models
helped with understanding traffic congestion by analysing the routes of commuters from their

homes in residential zones (supply) to their workplaces in industrial zones (demand) (Small &



Verhoef 2007; Batty 2009). Urban transportation involves different modes, such as cars, trains,
bicycles and pedestrians moving via different routes, at different speeds, times and frequencies.
Over time, these transportation patterns shaped urban development within larger or smaller scales.
For example, urban demographic composition may change over the course of decades after a new
highway is completed that would allow adult residents to live away from the city centre (large scale
change), or suburban development rates may vary over the course of several years after the
construction of a local train station (small scale change) (Putman 1975). LUTM are effective in
modelling how cities expand along the main transportation routes, as they are based on common
commuting patterns of residents and the flow of trade goods (which typically coincides with the
flow of people), especially if the networks are planned from a top-down perspective (such as the
State authorities). LUTM have also assisted with explaining and addressing the roots of traffic
congestion, as well as modelling the links between different groups within a city (Ran & Boyce
2012).

Nowadays, with the advent of computers and communications, logistics are much more efficient
and networks are often evolving as a result of bottom-up interactions (Batty 2008; Batty 2012). For
instance, residents can do their shopping online and financial service branches are able to carry out
any activity without the need to process information at a central location. Modelling all these
interactions in modern urban systems individually is nearly impossible even with powerful
computers, and in fact it is also unnecessary. Instead, modern urban models simulate specific
aspects of systems based on a set of parameters and representative samples, and by making a range
of simplifications and assumptions they are able to produce accurate predictions about the system’s
future state (Batty 2007; Crooks et al. 2008; Miller 2009; Miller & Page 2009).

The primary hurdle in understanding and improving modern urban systems is their ever increasing
complexity. Urban systems form and evolve as a result of countless human interactions, decisions
and random events that occur over different spatial and temporal scales (Batty 2007). Perhaps
counter intuitively, it may be argued that even at the individual resident level these interactions
matter and have an impact on the urban systems (Pumain et al 2006). For instance, where and how
does one choose to build their house, the respect they have for public city areas or the choices they
make in local city council elections may appear to be negligible events when looking at the big
picture. However, the impacts of these micro-scale events accumulate if integrated over the whole
population and may manifest in unpredictable ways over longer periods of time. In that sense, urban
systems are similar to body systems - each cell in the body carries out its own functions as

programmed by its DNA, and interacts with other local cells in its tissue and its immediate



environment. Any changes in these small-scale cellular operations may eventually and over time
affect the health of the tissue, the body system and finally the organism; similarly macroscopic
urban systems emerge from a combination of microscopic scale events and interactions for the
worse or the better (Heckbert and Smajgl 2005; Pumain 2012).

Both the Von Thunen and LUTM modelling approaches are top-down, which means systems are
modelled at a macroscopic level and any micro-scale interactions are represented based on
aggregate trends from socio-demographic data. On the contrary, bottom-up modelling starts with
micro-scale level interactions that occur within system and builds upon their aggregate impacts.
This type of modelling is becoming more well received in the research field of urban systems (Batty
2013). Automata is such a form of bottom-up modelling, which attempts to model the low level
decisions and interactions in order to understand the emerging systems (Torrens 2002; Benenson &
Torrens 2004). In automata models, individual decisions, behaviours and desires can be accounted
for, given attributes, and collectively be simulated in order to provide a prediction about the future
state of urban systems and any associated impacts (Crooks 2015). The advantage of automata in
urban modelling is that they can capture the heterogeneous character of socio-demographic groups
in cities and the dynamic feedback between urban planning and individual actions and responses
(Batty 2009). Hence, they can model cities in a way that the resident needs and expectations are

easier to simulate and address.

This PhD thesis is mainly relying on automata models and makes predictions about the future state
of urban systems and their impacts on the residents’ lives in the case study region of Kuwait. The
decision to apply automata modelling in Kuwait is a novel research contribution, due to the
country’s unique context. Kuwait is among the cities that grew through the wealth of oil trade in the
Arabian Gulf. Conversion from a port town to a modern urban area occurred in a very short time
compared to Western cities (Abu-Ayyash 1980; Rizzo 2014). Another trait of Arabian Gulf cities
and Kuwait in particular is that population growth was not driven by internal migration from rural
areas, but from overseas immigration of labourers (Malecki & Ewers 2007). The main impacts of
these phenomena are visible in a variety of urban systems in Kuwait and similar cities: there is
increased and costly traffic congestion, reduced housing availability, high nationality segregation

ratio between citizens and non-citizens and inefficient land use.

The responsibilities and actions of groups that influence urban systems vary greatly around the
world. Many cities in the United States and Europe have adopted policies to alleviate any negative
consequences of urban development with involvement of local communities (Krueger & Gibbs

2007). In addition, most of Western cities adopted urban modelling in their planning system as a
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planning decision tool (Waddell 2002). On the other hand, countries in the Arabian Gulf are most
often reactively responding to problems and place emphasis on improving the welfare of society
(healthcare, housing, education, income and social-welfare) (Kroft 2007). There are in fact two
distinct differences related to urban planning in Gulf countries compared to other Western states:

1- There is no utilisation of urban modelling of any kind as a tool to facilitate and guide urban
planning strategies. Instead, planning is carried out based on empirical studies from past and
present social, statistical and spatial data.

2- Urban planning is exclusively controlled by the central authorities via top-down master
plans without any resident participatory planning or community consultations (Madbouly
2009; Al-Nakib 2014b).

The lack of urban modelling practices means negative impacts of urban growth in Arabian Gulf
countries cannot be properly assessed. This has mainly been attributed to the fact that the unique
characteristics of the Arabian Gulf cities and other regional political and social traditions make it
difficult to model long term, effective and coherent urban development plans (Al-Hathloul 2004).
Urban planning and systems in Kuwait and most other Arabian Gulf cities are exclusively
controlled by the government without any public participation or private sector involvement
(Madbouly 2009; Rizzo 2014). Over the last decades, urban development in the region has been
dominated by a series of master plans, which were largely based on conceptual designs and have
been inadequate in predicting urban growth related impacts (Al-Damkhi et al. 2008; Ramadan et al.
2010). Furthermore, these plans were based on assumptions that have not been modeled; a notable
example is the failure to address the reality of the significantly high ratio of non-citizens to citizens
in most cities (3:1 in Kuwait and 7:1 in Qatar) (Snoj, 2014; PACI 2017).

This research investigates whether automata modelling can be successfully applied in Kuwait and
other similar Arabian Gulf cities in order to model the existing and future states of specific urban
systems. In doing so, it will be possible to better understand any negative aspects of urban systems
and assess the capability of automata to provide the foundations for developing appropriate
solutions. The proposed model follows a bottom-up approach, which accounts for the resident
choices and actions; such models have never been applied in Kuwait or any other Arabian Gulf
country before. The project methodology takes into account the unique characteristics of the case
study area of Kuwait, and models the impacts of future development on urban systems related to

housing shortage, traffic congestion and nationality segregation.



1.2 Research questions

The aim of this research thesis is to integrate urban modelling in the planning process of Arabian
Gulf countries. The conceptual issue that the thesis attempts to solve is that in these states,
nationality segregation and centralised urban planning result in urban growth patterns that have
detrimental effects on several issues, like traffic congestion, housing availability and social
cohesion. Hence, by attempting to address the conceptual issue, the research thesis aspires to assist
in alleviating the aforementioned practical urban issues. In order to solve both the conceptual and
practical issues, new simulation models with resident inputs and top-down parameters are
developed. The model outputs are used to simulate the effects of alternative urban growth plans,
such as establishing new cities with a more integrated social order.

The overarching issue of this thesis then is that nationality segregation and planning approaches
based upon extending existing urban forms lead to undesirable growth impacts in Arabian Gulf
countries. This issue clearly applies to Kuwait, demonstrates all the unique characteristics of a
typical city in the region. In an attempt to address the overarching issue summarised above, the
research hypothesis of this thesis is:

“Simulating the urban dynamics based on the preferences and behaviours of population groups and
integrating the findings into future planning, can alleviate the negative impacts of urban growth in

Kuwait and similar Arabian Gulf countries.”

Testing this hypothesis is not simple, as it entails several urban growth, and population dynamics
dimensions. In this thesis, the testing of the main hypothesis is comprised of four statements linked
to different dimensions of the overarching issue. The research questions that must be answered to

test the main hypothesis are:

1. Has the history of urban planning and land use decision making in Kuwait, which is driven
by the government and very centralised planning processes, contributed to undesirable urban
growth impacts?

In order to test the main hypothesis, the past and current planning approaches must be
understood and analysed. This must be done in order to identify the relation between urban
growth impacts and centralised planning.

2. How do different urban expansion approaches affect the impacts of growth in Kuwait and

other Arabian Gulf countries?



As the main hypothesis suggests, modelling may reveal alternative urban expansion plans
that will be capable of reducing the negative impacts of growth. Hence, the future effects of
different expansion approaches need to be simulated in order to test the research hypothesis.

3. How well can automata modelling simulate existing and future urban systems?

The hypothesis claims that integration of the simulation results in planning can provide a
practical solution to the overarching issue in Kuwait or other Arabian Gulf countries.
Automata modelling (which is used for the simulations in this thesis) must be tested in
regards to how effectively it may be integrated in planning approaches and how easy it is to
extract useful conclusions by using it.

4. How would the consideration of public opinion and resident preferences influence future

urban development land use patterns and any negative impacts of growth on urban systems
of Arabian Gulf countries?
Finally, the hypothesis claims that the preferences and behaviours of residents will be useful
in improving the future expansion planning and alleviating urban growth impacts. This
statement needs to be tested, especially because public participation is a particularly novel
concept in Arabian Gulf societies.

1.3 Research objectives

In order to answer the research questions, a range of research objectives have been formulated.

These objectives aim to:

1. Assess urban growth’s negative impacts on the urban systems of Arabian Gulf countries
using Kuwait as a case study. The specific issues of traffic congestion, housing shortages
and nationality segregation are closely investigated in respect to whether they are of the
greatest concern to residents of these countries. This objective aims to evaluate the severity
of said impacts and understand their underlying factors. This objective is linked to question
1.

2. Investigate whether the key negative impacts identified in objective 1 will get aggravated in
the near future (30 to 40 years). Automata modelling is used to predict the impacts
according to different future scenarios and assess the states of the systems in question.
Automata modelling’s ability to simulate how decisions are made by local agents and how
interactions between stakeholders may affect urban systems is also assessed. This objective
will partially assist in answering research questions 1 and 2.

3. Correlate and interpret historical urban growth patterns and development trends according

to socio-economic and land use data for Kuwait from 1995 to 2015. This serves as a
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foundation for developing the urban model and forecast growth and future impacts. This
objective will mainly assist in answering a part of research question 2 and 3.

4. Investigate the differences in outcomes between two alternative urban expansion options by
modelling: expanding the existing urban areas or developing new cities. This will provide
further data in validating the automata modelling and understanding local urban systems.
Simulations are carried out with multiple different inputs in order to obtain a range of results
for all potential outcomes. This objective will mainly assist in answering research questions
2 and 3.

5. Incorporate the opinions and preferences of Kuwait resident groups as rules into an urban
automata model and investigate if this leads to different outcomes for urban growth patterns
and the respective negative impacts. Information from residents is gathered via a public
participatory survey to: i) discover the groups’ opinions and preferences for future urban
development, whilst also considering trade-offs between current and future systems, ii)
ascertain if there is any significant difference between citizen and non-citizen responses, iii)
understand decision making processes on whether residents desire to stay or relocate to new
cities, and iv) evaluate if this may be an effective way to engage the public with urban

planning issues in Kuwait. This objective will assist in answering research question 4.

These five objectives are addressed in the thesis chapters, but three key chapters 4, 5 and 6 describe
spatial models for future growth scenarios with different stakeholder involvement based on Agent
Based Modelling (ABM) and GIS. The overall relationship between research questions, objectives
and the key chapters 4-6 is shown in Figures 1-1, 1-2 and 1-3. Further details that solidify and

justify the research questions and objectives can be found in the literature review (Chapter 2).



Question 1
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Figure 1-1: Research plan overview



Modelling the business as usual scenario of
existing city expansion

eAssess current trends of urban growth in Kuwait based on historical data.
e|dentify the availability and format of data that could be spatially collated and integrated in GIS.
eDevelop a foundation of the urban model for other streams.

eAssess the contribution of past urban growth patterns on impacts such as housing shortage and traffic
congestion in the present and future.

eldentify the main urban growth impacts in Kuwait based on the literature.
eSimulations are based on a simple land use model by using (ABM).

Modelling the master plan 2030 scenario (new

Cha pter 3 multi-cities creation)

~N

e|dentify the main urban growth impacts that concern the government and the residents based on the
decision makers interviews and public surveys.

eAssess government's urban planning approaches based on interviews with government representatives and
developers and surveying the residents.

eAssess the effectiveness of the master plan in addressing the key impacts.
eExamine the impacts of delays in construction projects on future urban growth.
eSimulations are based on a transport model combined with certain automata elements (ABM).

Modelling the scenario implementing resident
preferences and needs

eAssess the potential influence of public participation in urban planning on the nationality segregation.
e|dentify the differencesin needs, preferences and expectations between citizen and non-citizen groups.

eDevelop a survey for data collection that may be presented as a proof of the importance of inclusion of
publicin planning processes to the authorities.

eEvaluate the new master plan from the residents perspectives and the desirability of new cities.
eUnderstand the factors that affect the residents internal migration to the new cities.
e|nvestigate the differences between residents expectations and government plans.
eSimulations are exclusively carried out by an automaton model (ABM).

Figure 1-2: Outline of the three key chapters, their scenarios and research activities
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Figure 1-3: Schematic of the interactions between agents and their environment in the simulations
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1.4 Summary of research and its significance

The main theme of this research thesis stems from the concepts and theories related to urban
dynamics, which models urban patterns in terms of preferences and behaviours of population
groups making up society. Specifically, the thesis describes and models the patterns of urban
growth that have resulted from nationality segregation within Kuwait’s society and its historical
centralised planning approach. Urban simulation is used to demonstrate that establishing new cities
with a more integrated social order may address future urban growth pressures. The models in this
research simulate urban development in Kuwait as the case study from 2015 to 2050 in 5-yearly
intervals, through the interactions of different agent groups. The different simulation scenarios are
conceptualised as a combination of Top-Down and Bottom-Up modelling scenarios, with the
government planners and developers as agent groups on one hand and residents (citizens and non-
citizens) on the other. Under these scenarios for urban development in Kuwait, the impacts of
growth on traffic congestion, housing shortage and nationality segregation is evaluated and
assessed. Each scenario has its own design parameters, inputs and outputs. However, all scenarios
are simulated on the same platforms (ArcGIS and ABM) and share the same agent groups, time
frames and basic rules.

The work presented in this thesis contributes to the field of urban systems in two ways:

1. Prince of Kuwait Sabah Al-Ahmad during his speech in his first year of leadership in 2006
said; “Development and planning have the first national priority that must be agreed upon,
and work to achieve, for planning and development are life necessity and the bases for
building and securing the future of our sons and our future generations. What we aspire to
in planning and developments must revolve around the Kuwaiti citizen, their objectives are
his welfare and happiness, ....” (Al-Diwan Al-Amiri 2017). In order to achieve the
objectives and development envisioned by Prince, this research models and analyses
different scenarios of urban growth in Kuwait. The research on new cities in particular is
especially useful for the local authorities, since no automata modelling has ever been
conducted and there have been no instances of participatory planning. In addition, the
research thesis investigates the aspects of urban system evolution as experienced by Arabian
Gulf countries. The unique conditions that drive growth in this region include an oil-based
export economy, rapid urbanisation resulting from immigration of foreign labour and lack of
private sector or public involvement in urban planning processes. The project identifies and

attempts to understand the historical and future trends of the impacts of growth on certain
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urban systems (traffic congestion, housing availability, nationality segregation), under these
unique conditions.

2. According to Timmermans (2012), “ .... Automata models have also been developed as
planning models, simulating the evolution of an urban system.” (p.182). In addition and
according to Benenson and Torrens (2004), “ Automata-based modeling tools hold many
advantages for simulation of urban phenomena in space. ..... their ability to directly handle
individual spatial and nonspatial elements, simplicity of formulation- all of these features
offer many benefits to model-builders.” (p. 8-9). The applicability of automata in urban
system modelling has been already recognised in the literature. In this thesis, automata
modelling is combined with participatory surveys, which is a novel contribution to the field.
Specifically, the actions of different resident and decision maker groups involved with urban
systems in Kuwait are simulated based on survey responses. Interviews and public
participatory surveys helped to discover the desires and behaviours of these groups and the
results are analysed to show the effectiveness of automata in general (and ABM in specific),
as a tool for modelling systems and future impacts in Arabian Gulf countries. To the
author’s best knowledge, these novel approaches in modelling have never been attempted

before.

Through addressing the research questions, this research thesis contributes towards alleviating the
impacts of urban growth on traffic congestion, housing shortage and nationality segregation in
Kuwait. Moreover, a model for the new master plan of Kuwait provides a validation of Kuwait’s
future urban systems with feedback and recommendations for the local planning. The outcomes
from the survey for public engagement and the questionnaire may be used by the planning
authorities as a basis for incorporating the residents’ opinions and suggestions in future decisions.
In addition, a potential outcome is to recommend the adoption of robust modelling based on
automata in urban planning processes to the Kuwaiti government. The suggestions may be used
either as adjustments to the existing master plan, or as a basis to form alternative urban
development strategies (for instance comprehensive planning) if the government decides to go
down that path in the future. The research is also significant for other Arabian Gulf countries with

similar circumstances as Kuwait.

1.5 Thesis outline

Chapter 1 outlined the research objectives, questions and rationale.
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Chapter 2 begins with an outline of the principles of urbanisation, urban development and
associated modelling techniques. The main purpose of the chapter is to justify the research gaps
based on the relevant literature. Throughout the chapter, there will be critical assessment of other
studies, and the findings or methods that are related to the research thesis.

Following the literature review, Chapter 3 describes in detail the historical and current conditions in
relation to the case study of Kuwait. This includes a thorough explanation of existing urban
systems, the most critical issues and the respective reasons, as well as local data sources that were
used in the development of the model.

Chapter 4 examines the future impacts of current urban development trends in Kuwait as derived
from automata simulations. A top-down development approach models the urban area expansion,
population and land use according to historical trends. This scenario uses global parameters for the
agent interactions and will serve as the foundation for the urban models in following chapters. In
addition, it allows examining the impacts of future urban development on traffic congestion and

housing problems if it follows the historical trends.

Chapter 5 models and analyses the outcomes of the Kuwait master plan under the assumption that
the population distribution and land use are going to evolve according to the projections of the
Kuwait Municipality. The main theme of this Chapter is modelling the future development of new
cities according to the Kuwait Municipality Master Plan. The simulation parameters are varied in
order to investigate the possible effects of the new proposed train network and construction delays
and validate the new master plan. Additionally, the population movements from existing urban

areas to the new cities are modelled according to resident responses for the first time in Kuwait.

Chapter 6 examines the impacts of involving the resident preferences in the process of planning and
establishing new cities. In this chapter, future urban growth patterns are evaluated by Kuwait’s
residents based on their needs and preferences. The analysis of the resident behaviours and
migration patterns to new cities as extracted from the responses, help to further evaluate the new
master plan and develop recommendations for the government, as well as assess the possibility of

formal integration of public opinion in the development of urban systems and policies.

Chapter 7 includes a preview of the main findings, results and outputs from the three main scenarios
and post processing that allows the extraction of useful conclusions. There is also a concise

discussion of the significance of the research thesis.
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At the end of the thesis, there is an Appendix section. Appendix A contains Human Ethical
clearance approval for this research provided from the school of Earth and Environmental Sciences
ethics officer at the University of Queensland. Appendix B contains the survey that has been
distributed to the planning decision makers in Kuwait (government and private sector
representatives). Appendix C contains the survey that has been distributed to the residents.
Appendix D includes supplementary material for the 1% scenario- Chapter 4. Appendix E includes
supplementary materials for the 3" scenario- Chapter 6.
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Chapter 2 : Literature Review

This chapter discusses the concepts and issues related to urban development, urban systems and
urban models. It expands on the gaps that form the theoretical foundations for this research and
were identified in Chapter 1. Besides reviewing the relevant literature, this chapter partially answers
aspects of the research questions related to the availability of modelling data and the key impacts of
urban growth in Arabian Gulf countries (Kuwait as a case study) as well as identifying the key

decision maker groups that shaped the urban development process.

The literature review begins by outlining important principles in the field of urbanisation and urban
growth (Section 2.1). This section attempts to make the reasons and historical progress of
urbanisation and urban growth clear and introduce how urban systems are affected by them. Section
2.2 attempts to highlight the links between urban development and urban systems in order to
understand how the city as a physical dynamic entity is affected by several factors. Section 2.3
compares and contrasts urban growth patterns and certain systems in both Western
(European/American) and Arabian Gulf cities, and attempts to provide a foundation for developing
an appropriate methodology to simulate the unique conditions of the case study region. Finally,
section 2.4 presents different urban system models, and the main findings and shortcomings of these
models are discussed and where necessary linked to the research objectives. Emphasis will be
placed on automata modelling as a framework for urban modelling. This section also describes the
integration of Geographical Information Systems (GIS) in automata models, in order to simulate
urban development and urban systems, as well as the importance of receiving empirical data from

surveys.
2.1 Urbanisation and urban growth

This research thesis investigates and models urban systems and how they evolve as cities grow.
Hence, in order to contextualise the models, it is first deemed necessary to review the traits and
impacts outcomes of urban growth. The purpose of this section is to highlight and expand on the
key elements of urbanisation and urban growth. Through the following discussion, it will be
possible to comprehend the main drivers of urbanisation and the ways it can influence urban

systems in current and future cities as they expand.

Urbanisation may be regarded as the increase of the proportion of the population living in urban
areas (cities) compared to nonurban areas (rural areas) (Birch 1971). Population growth is the

primary driver initiating and accelerating the process of urbanisation (Bhatta 2010; Marcotullio &
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Solecki 2013). After the 1940’s, an unprecedented rise of urban population in the world led to a
new milestone in human history, as the percentage of city dwellers reached 50% of the total global
population in 2007 (The World Bank 2015). Therefore, it is not surprising that urbanisation is
considered as one of the most important phenomena that has shaped the world in the 20th and 21st
centuries (United Nations 2015). Most countries have experienced and gone through the process of
urbanisation, which has affected and altered the traditional lifestyles that people were once
accustomed to. The percentage of urban population is different between continents as seen in Figure
2-1.

Degree of urbanization (percentage of urban population in total population) by
continent in 2015

100%

8% 80%

80%

60%

Degree of urbanization

40%

20%

0%
Northern Latin America Europe Oceania Worldwide Asia Africa
America and the

Caribbean

Figure 2-1: Urbanisation ratios around the world (Statista 2015)
2.1.1 Urbanisation causes and consequences

Urbanisation can be regarded as a process linked to a variety of human social changes. The process
of urbanisation is rather complex and varies regionally, but Figure 2-2 highlights the key

components of urbanisation that are common in the majority of cases.
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Figure 2-2: The different dimensions of urbanisation (Knox & McCarthy 2012)

According to Knox and McCarthy (2012) urbanisation is not just the increase of the urban

population, but rather multiple interconnected and integrated processes of change such as:

Economic Change: Cities are the engines of national economic growth (Marcotullio &
Solecki 2013), and as a result, they attract people to move within their geographical
boundaries to seek new opportunities and a better lifestyle (Black & Henderson 1999).
Economic conditions that shape urban systems have evolved over time; for instance, during
the Industrial Revolution the city economy shifted from agricultural to manufacturing, and
more recently there is a clear shift from manufacturing to service sector (Kenessey 1987).
Demographic Change: Demographic change refers to the population size and its
composition. It has three dimensions: i) natural change in population via births or deaths, ii)
internal migration (movement of people nationally within borders) and iii) immigration and
emigration (movement of people internationally across political borders) (McGranahan &
Satterthwaite 2014). Factors that could attract residents to a city include better education,
healthcare and employment. Factors that may cause them to abandon their current location
include war risk, inequality, unemployment or housing affordability (Lee 1966).

Political Change: The changes in policies initiated and carried out by governmental
authorities may incentivise urbanisation directly or indirectly, by offering tangible benefits
(access to large hospitals, universities, airports) or intangible benefits (community events,
security) to urban dwellers. These urban policies have traditionally had profound capacity to
shape cities and the systems within (Sager 2011).

Cultural and Social Change: Cultural and social changes are components associated with

the heritage and values of people within the borders of cities. Drivers of change may be
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related to the diversity in race, gender, nationality, religious background, ethnicity, status in
social hierarchy, educational background and marital status.

- Other forms and drivers of change: Additional changes may be driven by technological
innovation, environmental change and historically contingent factors specific to a city or
region (Knox & McCarthy 2012).

The main result of urbanisation has been the expansion of cities, which is known as urban growth.
Urban growth can be characterised as both a spatial and demographic process that increases the
prominence of the city role in human society (Glaeser & Kahn 2004). According to Bhatta (2010)
urban growth can be described as the expansion of urban systems mainly in terms of physical,
social and economic components. Other components of urban growth may also include
environmental, infrastructural and institutional systems (Bhatta 2010).

Physically, cities and their associated systems expand in the three dimensional space and affect the
surrounding landscape. Urbanised zones can no longer be utilised for other activities (e.g.
agriculture and grazing). Increased demand for developed zones alters the physical landscape
around the city. The social component of urban growth is associated with the movement of groups
of people often resulting into major changes in their lifestyle. The movement can be from rural to
urban areas or between urban areas of the same region or internationally. Finally, the economic
component of urban growth is linked to the transition of economic systems between different
sectors: primary sector based economies to (resources and raw materials), secondary sector based
economies (manufacturing), tertiary sector based economies (services for consumers and

businesses) and quaternary sector based economies (finance and insurance) (Kenessey 1987).

2.1.2 Urban growth impacts

Urban growth is an ongoing process, due to the continuous increase in global population (Clark
1982; Cohen 2004). Living in a city offers benefits, such as employment opportunities, better access
to services, modern infrastructure and participation in a socially diverse community. However, there
are also several adverse impacts. These generally differ around the world; however there are certain
similarities in many cities, which are necessary to understand for any kind of urban system and
modelling study. These common impacts resulting from urban growth are traffic congestion,

property overvaluation, deterioration of infrastructure, social and environmental issues.

Traffic congestion is an important issue resulting from urban growth (Glaeser & Kahn 2004;
Duranton & Turner 2012). Traffic congestion is “a condition where vehicle speeds are below free-

flow speed and the travel time is increased” (Behan et al. 2008, p.293). The main reasons for traffic
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congestion according to the literature include the poor design or operation of urban systems related
to transport networks (Ligmann-Zielinska & Jankowski 2010; Klarl 2015), inadequate or poor
planning policies (Harvey & Clark 1965), failure to enforce planning strategies, physical constraints
(hills, rivers), disparities in per capita income, living and property costs and housing affordability
(Glaeser & Kahn 2004; Bhatta 2010). Urban expansion also tends to increase car dependency and
traffic congestions (Seliske et al. 2012; Yeo et al. 2015). Ideally, urban growth should be
accompanied by a proportional expansion of the major transportation axes (Yang & Lo 2003; Kim
et al. 2014). However, this requires very thorough and costly urban modelling, upgrades and
management of transportation systems. Naturally, this is not common in many modern cities, and as

a result major congestion issues appear.

Another negative impact of urban growth is housing affordability (Isma’il et al. 2015). To an extent,
this pattern makes sense, as there is increased demand for housing in an area with limited supply.
Hence, property prices in already developed city areas are driven up. New land developed as a
result of urban expansion puts further pressure on property prices (Chen et al. 2011) as expanding
the existing urban systems is often expensive (Bhatta 2010) and this cost passes on to the
prospective buyer. To aggravate the problem, housing welfare policies (PAHW 2015), discrepancy
of incomes (International Monetary Fund 2013), mistakes in the planning systems and processes
(Al-Hathloul 2004) all contribute to higher property prices.

Deterioration of living standards may be another consequence of urban growth; most often the
underlying reasons are inefficient institutional frameworks, poor governmental management or
financial shortcomings. Controlling urban growth requires the creation and management of urban
systems, such as infrastructure (roads, electricity, telecommunications grids) and public services
(fire stations, police stations, health care centres, and schools) (Bhatta 2010). Typically, institutional
changes to urban systems are slow to manifest and can lag behind population growth resulting in
inadequate access to housing and limited infrastructure for a long period. In addition to the
deterioration of living standards, poor infrastructure is costly for the economy. While managing and
funding well-planned urban systems as cities grow appears to be more expensive, the negative
impacts of uncontrolled patterns of urban growth far outweigh the increased capital investment
fostered by appropriate urban planning. The costs associated with inadequate infrastructure that is
not synchronised with urban growth is estimated to be around $1 trillion annually in the United
States alone (Litman 2015).

Urban growth may also negatively affect social coherence. Under certain conditions, the

introversion of families may rise and the sense of community may deteriorate. Social segregation
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has roots in the exclusion caused by indirect conflicts between groups with different lifestyles and
concerns, such as between low-income and high-income residents or between locals and migrants.
An example of social segregation according to nationality and originating from urban growth is
present in many Arabian Gulf cities between citizens and non-citizens (Farber & Li 2013; Zhao
2013; Pereira et al. 2014).

Finally, uncontrolled urbanisation and land development may often lead to various environmental
issues, such as the loss of natural habitats, loss of open space, increased air pollution and higher
energy consumption (Irwin & Johnson 2001; Bockstael 2004; Sypharda et al. 2011; Arouri et al.
2012; Seto et al. 2012; Vaz et al. 2012; United Nations 2015).

It can be concluded that urbanisation and urban growth are associated with a variety of issues. Local
authorities and communities have to continuously adapt existing urban systems or implement new
ones to counter any such negative issues. As modern cities become more complex, it is increasingly
difficult to correctly predict and prepare urban systems for any future changes in the city. The result
is that urban development to accommodate growth is often poorly planned and administered; as
such, certain impacts may be aggravated. Regardless, the following section analyses in depth a
selection of dimensions and challenges linked to urban development and how systems are planned

and implemented.

2.2 Urban development process

This section describes the specifics of the process of urban development. In doing so, it will be
possible to identify key decision makers for development in most modern cities, understand their
roles in proposing and modifying new systems (both of which are among the main research
questions of this thesis), as well as highlight any trends that will be useful later on in the modelling

stages.

Urban development can be understood as the process that occurs in cities as a result of urban
growth. During this process, various urban systems are generated, linked and form a cohesive
physical entity known as the city (Clark 1982). Developing modern cities entails the planning and
management of numerous and increasingly complex urban systems, such as the road networks,
public transportation routes, population and resource flows between suburbs, as well as different

types of infrastructure (telecommunications, electricity, sewage, water and so on).

Urban development is not only related to the contemporary process of city growth, but also

designing, planning and managing urban systems with future population forecasts into consideration

22



(Hopkins 2001). The complexity of urban development augmented, as several groups participate in
decision making and very often each group has different motivations, behaviours and objectives;
hence conflicts may frequently arise (Knox & McCarthy 2012). Examples of groups involved in
urban development directly or indirectly are urban designers and planners, architects, land owners,
holders, private investors, companies, residents and government authorities (Knox & McCarthy
2012). All these groups interact with each other through a multitude of channels and means during
the planning and development of systems.

For example, demand for land arises from desirability of specific locations from residents, investors
and companies. The government authorities and urban planners typically want to regulate land
demand and may decide the conversion of land use or new urban development to keep the property
market and land values in check. If the demand cannot be met within the existing urban form, then
urban expansion and outward sprawl may occur. The private sector (investors, developers and
builders) may capitalise on such opportunities to develop sites and build necessary infrastructure
services. From its side, the private sector group may exert pressure on the government and planners
to facilitate available land for urban development in order to maximise value and returns. On the
other hand, residents desire good quality of living and infrastructure services. Governmental
entities, architects and urban planners are not completely free in negotiating and managing new
urban development as they are constrained by policy frameworks and legislation (Knox &
McCarthy 2012). In short, urban development and the associated systems is a rather complex and

multidimensional process.

It should be noted that the above example and other development processes are not universal around
the world, as different regions have different laws and policies in effect. However, physical city

form expansion occurs commonly via specific development types.
2.2.1 Urban Development Types

Urban development involves the physical expansion of cities. Regardless of the underlying

decisions and systems, urban development types can typically be classified as:

1- Intensification, which occurs as a result of increasing dwelling density within the existing
built-up areas (Melia et al. 2011). Intensification may be further classified into:

a. Brownfield Developments — This refers to the development of abandoned and

undesirable commercial and manufacturing facilities that are concentrated in low value

inner city localities. The process of Brownfield development transforms such suburbs

into high density residential zones. These sites may present limitations in the conversion
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process, as previous activities such as chemical or petro-chemical manufacturing may
have increased local pollution levels.

b. Infill Developments — This type of development concentrates on intensifying and
consolidating urban development from low into medium or high density development
commonly via the construction of high rise apartment blocks.

2- City expansion or Greenfield Developments: Greenfield entails the expansion of existing
city fringes onto natural or agricultural lands. Prominent features of this type of expansion
are large housing lots, dispersed or sprawling development, low population density, limited
infrastructure provision (public transport, footpaths, public space, third spaces) and relying
on regional economic centres in the form of suburban shopping malls and activity districts
(Biddle et al. 2006). Problems that may occur with this type of development include limited
access to employment centres and public services, higher car dependency, degradation of the
local environment and increasing social segregation. Greenfield development often as a
more costly option compared to intensification, due to the high capital required to integrate
the new areas in the existing infrastructure systems (Newton 2010).

3- Developing new cities independent from the existing ones: This type of development is
considered to be the most expensive, as it requires building in previously undeveloped areas
and generally requires the construction of new infrastructure from scratch (Wang et al.
2011). In addition to the high cost of this type of urban development there is the inherent
risk of the new city not attracting enough residents, resulting in what is known as a “Ghost
City”, a city with all or almost all services and infrastructure ready to function, but without
any residents (Moreno & Blanco 2014).

All urban development types involve a number of preliminary steps: site selection, project
conceptualisation and the feasibility study with long term vision. The implementation stage
typically comprises financing and actual construction. Finally, the post-completion stages are
related to the operational management of the urban systems in place (Knox & McCarthy 2012).
These stages are carried out collectively through specific urban planning approaches suited to the

specific economic, demographic, socio-cultural and geo-political factors of each city.
2.2.2 Urban planning

Urban planning can be considered as the way of shaping cities and the urban systems within cities.
Among the main objectives of planning is to improve citizen welfare by creating more convenient,
equitable, healthy, efficient, and attractive cities (Wang & Hofe 2008). However, city systems are

complex systems, and often have evolved from interdependent interactions between many aspects
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of the society, economy and politics. Traditional urban theories examine urban planning in the
context of the aforementioned interactions of systems, populations and economic activities within

the urban form.

2.2.2.1 Urban form

No uniform definition exists for urban form due to its complexity and broad range of principles that
are encompassed within. One of the most widespread definitions has been given by Anderson and
stated that urban form is “the spatial configuration of fixed elements within metropolitan region.
This includes the spatial pattern of land uses and their densities as well as the spatial design of
transport and communication infrastructure” (Anderson et al. 1996, p.9). Urban planning shapes
the physical space and shape of existence of the city and characterises the physical distribution of
land use, accessibility to services and transportation systems for cities (Besussi et al. 2010). In fact,
planning of transportation systems over time is among the primary drivers that shape the urban
form. There are three basic urban forms types, resulting from planning around three types of
transportation systems respectively, which can be seen in Table 2-1.

Table 2-1: Urban form types through history (Anderson et al. 1996)

Types Characteristics Graphs

Concentric e The first kind of urban form established.

form e Occurs via developing new cities and
intensification.

e The Central Business District (CBD) is the focal
point (Centralised city).

e The highest population and employment density,

as well as land value appear in the CBD.

Radial form e The second type that evolved from the concentric
city.
e Occurs via expansion or Greenfield.

e Land uses spread out from the CBD along major

routes.
e Population growth expanded further away from the
CBD.
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Multi-nucleated | ¢ The third and last shape evolved from the previous
form types.
e Occurs via developing new cities and/or expansion

or Greenfield for existing cities.

e Decentralised city.

e Spatial interactions flow in all directions.

e Not all routes are toward the CBD.

e Higher level of connections between various

locations in the city.

In practice, cities grow with more complicated patterns and in different ways, so classification is

sometimes challenging.

Another way of studying planning in terms of the urban form is according to population density.
There are two common spatial trends in urban form development: compact urban form and sprawl
(Maoh et al. 2010). Compact urban form has been defined in many ways, such as "high-density or
monocentric development”, “some concentration of employment and housing, as well as some
mixture of land uses”, “both monocentric and polycentric forms are compact urban form” and
“compactness is the degree to which development is clustered and minimises land developed” (Tsai
2005, p 142). Urban sprawl may be described as “low density, leapfrog development occurring at
the edge of a city” or “low-density development beyond the edge of service and employment, which
separates where people live from where they shop, work, recreate and educate thus requiring cars

to move between zones” (Kashem et al. 2014, p 2234).

2.2.2.2 Strategies for urban planning

As discussed earlier, different kinds of urban systems have to be planned and operated in an attempt
to alleviate issues resulting from urban growth (Judd & Swanstrom 2014; Fischel 2015). In most
countries, planning strategies have to be carefully developed ahead of time to make sure important
urban systems are regulated properly and negative factors related to living standards of citizens are
minimised (Vos 2002; Nechyba & Walsh 2004; Couch et al. 2008; Patacchini & Zenou 2009).
These planning strategies often originate as parts of the local or state government’s political

agendas.

Examples of such planning strategies include strategic spatial planning, comprehensive planning

and sustainable planning. Generally speaking, strategic planning involves both rural and urban
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development through a bundle of policies on integrated transportation systems, land use
management, environmental conservation, economic growth and community participation. Strategic
planning can assist in implementing better transportation policies, such as increasing taxes on using
private cars and promoting public transportation (Todes 2012; Vos & Witlox 2013). Comprehensive
planning is another common approach that includes the community goals and aspirations in the
planning process. Greater public involvement is influential in public policies for urban
transportation, land use distribution and future housing needs (Bengston et al. 2004); particularly in
cities with high population growth rates. Finally, sustainable planning is an approach based on
developing environmentally friendly smart cities and has gained momentum lately (Lord et al.
2015). Smart, green cities are characterised as cities that utilise modern infrastructure and
information technology to efficiently manage urban systems in terms of resources while reducing
environmental impacts at the same time (Bronstein 2009; Caragliu et al. 2011). Sustainable
planning typically invests in efficient and widespread public transportation options, as well as
infrastructure for non-motorised commuting, such as walking and cycling, which contributes

towards the easing of congestion and pollution (Sag and Karaman 2014; Litman 2015).

Commonly, the development of urban planning policies that affect urban systems is centrally
regulated by authorities. The central authorities use data about demographics, spatial and financial
indices to make decisions about present and future policies and urban plans. Politics are also
involved in the process, as regulators have to satisfy their voters’ expectations or align with their
political agendas. In some cases, and especially in Western cities there are plenty of bottom-up
elements present, as systems are adjusted based on community participation, rather than solely
depending on the plans set by the central authority (Bengston et al. 2004; Ergler et al., 2015).
However, this is not evident in countries with less democratic cultures; in fact this constitutes a
main research pillar, as the case study region of Arabian Gulf does not adopt any community

participation channel in urban planning.

In section 2.2, it was shown that interactions between urban development decision makers may be
motivated by aligned goals, conflicting interests or be simply a result of independent actions by
each party. It can be concluded that successful planning for urban expansion and the associated
urban systems should take into consideration these dynamic group interactions and accommodate
the needs of as many of these groups as possible, as cities are complex systems and there are

multiple perspectives to approach each issue.
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2.3 Differences between Urban systems in Western and Arabian Gulf Countries

In section 2.3, urban development is going to be studied and compared under specific conditions in
different regions. The findings from the relevant literature will enable the reader to understand how
urban systems and modelling in Arabian Gulf countries offer different research challenges to

Western countries and justify the necessity for this research thesis.

2.3.1 Urban systems in Western countries

The powers and composition of decision making groups that influence urban development vary
greatly around the world. However, culturally close societies demonstrate similar patterns in urban
development. For example, several cities in the United States and Europe have proactively adopted
principles of sustainability in their urban systems, as a measure to alleviate the negative impacts of
growth (Krueger & Gibbs 2007).

The roots of this pattern are originating in the urbanisation movement in Western counties that has
occurred steadily since the time of the industrial revolution. Most Western nations have reached
urbanisation levels between 75 and 90% in 2015 (The World Bank 2015). Differences in
percentages of urban population may still exist between states or districts, due to their resources,
location, economic development and their national or regional political power. The District of
Columbia in the US for example, which is the political centre of the federal governance systems is
100% urbanised, while the state lowa being an agricultural based economy has an urban population
of only 64% (lowa State University 2015).

Economic development in most modern Western cities is facilitated by specialised manufacturing
operations and services (banking, finance, real estate, information technology and insurance)
(Kenessey 1987). Diversification of opportunities continuously attracts people of different skills to
move in these cities. In turn, this increases not only the urban population percentage, but

development rates as well.

The Western political system has been built upon democratic foundations and based on a regulatory
framework which encourages active involvement and participation of the public in various political
decisions and policy implementation exercises (Helbig et al. 2015). Such political systems are
oriented towards promoting accountability and transparency when public money collected by
taxation is spent. Figure 2-3 illustrates the principles of good governance that are applied in the

majority of Western countries.
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Figure 2-3: The principles of good governance (UNESCAP 2009)

The active involvement and collaboration of multiple stakeholders within urban system planning is
directed via a combination of top-down and bottom-up strategies, which involve consultations and
exchange of opinions, in an effort to minimise conflict between participating groups (Helbig et al.
2015). The role of state authorities is regulating the design and enforcement of policies related to
urban development and systems. The private sector on the other hand, is responsible for providing
the necessary infrastructure and construction services. Furthermore, the significance of its role is
enhanced through the acquisition of funds and investment management holdings that aim to
stimulate development and returns. The residents are considered as the third important pillar of
system planning and urban development processes, being both dwellers and prospective future
investors (Knox & McCarthy 2012).

A noteworthy trait of Western cities is that the majority of the population comprises of citizens or
permanent residents, and non-citizens that live or work in the city for an extended period are only a
minority. For example, the total percentage of working non-citizens in the UK is to around 6.6%,
while in France and Germany it is 5.8% and 8.8% respectively (Rogers, 2010). In most cases, non-
citizen residents are overseas workers that were granted temporary visas for jobs that are in high
demand, but do not otherwise enjoy any benefits given to regular citizens. The largest part of the
population is also actively involved in one or more stages of urban planning and protects their
interests as residents. However, social segregation is often visible, especially in respect to wealth.
Land value within the same city varies significantly and wealthy citizens tend to prefer dwellings in
expensive and highly sought after suburbs. This in turn increases demand and prices in these
suburbs even further, making it impossible for middle class and low income residents to afford any

property there; hence social segregation is perpetuated (White 1983; Musterd & Ostendorf 2013).
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Most development policies in Western cities aim to maintain the natural environment as close to its
original state as possible, for instance preserving existing ecosystems within urban areas or

regulating pollution and access to certain sensitive waterways (Jonas & While 2007).

Studies related to urban development in various Western cities confirm these common traits of high
citizenship ratios, active participation in urban planning, segregation due to financial inequalities
and environmental consideration (Pettit & Pullar 2004; Koomen et al., 2011). The reasons behind
these common characteristics identified in most such studies were: the presence of diverse free
market capitalist economies based on services and manufacturing, a long history and tradition of
democratic practices, and social values such as respect for the environment and the legal systems.
The combination of these traits forms a baseline to which urban systems in Arabian Gulf countries
may be compared and contrasted.

2.3.2 Urban systems in Arabian Gulf Countries

Among the most notable background traits shared by most Arabian Gulf countries is their economic
foundation. Arabian Gulf countries control and export 50% of global oil reserves worldwide, and
this has had a profound effect on their economic and urban development (OPEC 2015). For the
most part of the 20" century, the region was mostly uninhabited apart from some minor trading and
fishing settlements and roaming nomadic tribes. Coastal towns, such as Kuwait, Doha and Dubai
engaged in trade and were mostly traditional seaport economies. The discovery of oil in the 1950’s
dramatically altered the economy and initiated intense urbanisation and tumultuous growth
especially in the 1970’s (Fuccaro 2001; Malecki & Ewers 2007). For instance, urbanisation in
Kuwait is 99% (Al-Nakib 2014a), in Qatar 98% and in the United Arab Emirates (UAE) 85% (The
World Bank 2015). Since the 70’s, the oil based economy dominates the national GDP. The
increasing demand for energy worldwide has been and remains the back-bone of the economy and

drives urban development.

Another notable difference to the West lies in the timing and pace for urbanisation. While in
Western countries this occurred over long periods of time in the 18" and early 19" centuries, in
Arabian Gulf countries it occurred over a few decades in the late 20th century. This rapid
urbanisation was of course facilitated by the discovery of oil, which generated massive wealth and
gave rise to new opportunities for employment (EI-Arifi 1986). Most Arabian Gulf countries lacked
the technology, knowledge and necessary manpower to expand their oil-driven development and

hence relied on mass immigration of skilled and unskilled workers (Malecki & Ewers 2007).
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These foreign workers occupied positions across all levels and sectors, including professionals in
the fields of built environment and urban and policy planning (Stanek 2015). The comparatively
higher salaries, better healthcare and improved living standards in Arabian Gulf countries have led
to high international migration rates, mainly from other countries in the Middle East and South Asia
(Malecki & Ewers 2007). Hence, the demographic composition of Arabian Gulf countries is
characterised by a high ratio of foreign labourers, more than 70% in many cases. For example, in
Dubai over 80% of the population consists of foreign workers, and similar patterns exist in Doha
and Kuwait (85% and 70% respectively) (Dubai Statistics Center 2014; Snoj, 2014; Snoj, 2015).
The gender and age ratios are also unbalanced, as the majority of the immigrants are young adults
or middle aged males. This imbalance has been further aggravated by national policies that limit the
options to obtain citizenship, which is only possible under extremely stringent criteria and selection
processes (Nagy 2006; Sater 2014).

Malecki and Ewers (2007) argued that a new form of segmentation and polarisation had originated
in the Arab Gulf countries caused by the unique demographic composition of citizens and
expatriates. Typically, there are three demographic groups with largely different lifestyles and

needs:

a. the local citizens and Arabs,

b. skilled westerners with shortterm contracts (working in IT, engineering and science-based
oil service operations), and

c. low-skilled - overseas (mostly south Asian) workers- with shortterm contracts (working in

construction workers and domestic servants).

The coexistence of these groups resulst in a “kaleidoscopic society” or in other words a ‘three tiered
society’, which is often more complicated than other types of social segregation, such as between
blacks/whites or rich/poor (Malecki & Ewers 2007). The reason for the additional complexity is that
there is little cohesion between these groups — for example the overseas workers form many sub-
groups of different nationalities, genders or occupations with similar cultures and needs that often

are different or even at conflict with other sub-groups.

The division of residents based on citizenship or nationality is also the most notable reason for
differences in residential distribution in the built environment, as landownership is limited to
citizens only in most Arabian Gulf countries (Nagy 2006). Citizens typically reside in their own
houses, while most non-citizen residents reside in employer-provided housing, rented homes, work
camps located in the industrial areas or in separate migrant housing (Malecki & Ewers 2007).

Additionally, the implementation of the land grant policy offered by many Arabian Gulf
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governments supports this spatial segregation between citizens and non-citizens and exacerbates
differences in the dwelling type preferred by each group. As only few of the foreign migrants speak
and understand Arabic, their social circle mostly consists of peers from their home countries. As a
result, they prefer to maintain close national or ethnic groups and look for housing at the same
suburbs. These urban systems are notably different from the Western cities, where social
segergation is mostly based on income and ethnic (Massey 2001; Gardner et al., 2014).

The governance system in Arabian Gulf countries is hereditary monarchy with limited democratic
elements in parliaments and municipalities (Madbouly 2009). This method of governance excludes
active citizen participation the planning and development of urban systems (Al-Nakib 2014b,
BinTouq 2015). This also translates into very limited involvement of the private sector, as the most
of the capital used for development is allocated directly by the government from the oil export
revenue (Al-Shamiry 2011). Public driven investments naturally limit the free market competition
and the necessity for Arabian Gulf countries to adhere and implement the principles of good
governance that were discussed in the previous section 2.3.1. The Crown Prince of Dubai, Prime
Minister and the Vice President of the UAE, Sheik Mohammed bin Rashid Al Maktoum defended
this approach and indicated that top-down centralised management allows for the provision of the
highest quality services, facilities and welfare for all citizens at present and in the future (Kroft
2007). Indeed, the citizens in Arabian Gulf countries, while exempt from any form of personal
income taxation (Uddin & Raj 2012) enjoy high levels of welfare, such as free education at all
levels, free healthcare, government employment and free housing (Nagy 2006; Al-Obid 2009;
Alshalfan 2013). On the other hand, environmental and social sustainability has been traditionally a

low priority in the development of urban systems (Kroft 2007; Rizzo 2014).

This centralised urban development process faced many challenges in the early years while the state
was trying to modernise urban systems and manage the integration of large number of foreign
immigrants. Partly this was due to projections for total population being inaccurate and did not
accounting for growing reliance on cars, growing demands for public housing and drops in
affordability and environmental sustainability (Abu-Ayyash 1980; Abu-Ayyash 1981; Madbouly
2009). Furthermore, the master plans and the major projects linked to them depended substantially
on foreign consultants, who were not aware of the specific regional characteristics and dynamics of

local systems (Rizzo 2014).

In conclusion, urban growth drivers in Arabian Gulf countries are different than in Western
countries. The main difference is that the economy and most socio-political aspects of Arabian Gulf

countries are related to oil exports. Combined with a traditionally strong monarchic regime, this
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enables a centralised master plan approach in urban development and planning of urban systems.
Typically, planning in Arabian Gulf countries is implemented through this top-down strategy with
the exclusion of public participation (Al-Nakib 2014b). While many social welfare advantages are
present as a result of this strategy, there are notable shortcomings too: lack of public participation in
planning, limited private sector involvement, lack of sustainable development and risk of major
downturns during oil price collapses. Arabian Gulf are more reactive to responding to problems and
place emphasis on improving welfare systems (healthcare, housing, education, income and social-
welfare) compared to the proactive approaches in most Western cities (Kroft 2007).

Additionally, urban systems function in an environment that the majority of the population is
considered non-citizen. In the literature, there is a clear lack of studies on modelling these systems
and any urban growth impacts in the Arabian Gulf region under these conditions. Finally, the
research case study in this project is carried out in an area with the distinct characteristic of social
segregation according to nationality.

2.4 Urban modelling

The previous section highlighted shortcomings in the urban development process in Arabian Gulf
countries due to its unique history and growth. To address these shortcomings, this research thesis
proposes a novel framework of urban modelling. Models of urban systems have been used before,
however not in the unique niche context of Gulf countries; hence newly developed and tailored
models are proposed to analyse the urban systems in the regions. In this final section of the
literature review, urban modelling studies and principles are reviewed to justify the current
research’s methodology and contextualise the research questions related to automata modelling

applicability.

Modelling is an important component of urban planning as it helps represent and understand how
cities develop and change (Epstein 2008). According to Batty (2013), cities contain complex
systems with spatiotemporal dynamics. Obviously testing new measures for research purposes in a
real city is both costly time-consuming and impractical. For instance, constructing an actual new
train system in hope that congestion is reduced, only to find that the population does not use it is
extremely wasteful. Naturally, urban simulations are needed to model these system changes both in
space and time and extract useful outcomes to be used in planning and policy making. Crooks and
Heppenstall (2012) confirm this and state that simulations are required to make experimental

observations on urban systems, as cities develop over decades and it is not possible to generate new
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ones or modify them easily as part of an experiment. Hence, these simulations are invaluable in

decision making processes.

An urban model is a mathematical representation of the state and processes occurring in a set of
urban systems at any point of time (Liu 2009). In a model, predictions of future system states are
forecasted from previous states according to trends and rules based on urban growth theories. Urban
modelling may deal with data related to the spatial distribution of population, land use,
transportation and the environment. Both historical and present data are typically necessary to
generate predictions for the future (Bhatta 2010).

Throughout the last 50 years, the technological advancements in computing facilitated the evolution
of urban models from static macroscopic models to dynamic micro-scale models; which better
represent the processes of development and population group behaviours at the individual or the
household level (Liu 2009; Crooks & Heppenstall 2012). This transition coincided with the
transformation of urban planning from top-down and centralized approaches towards bottom-up
data driven approaches in many Western cities. In many ways, it can be claimed that urban
modelling and planning started focusing on individuals’ behaviours, attributes and interactions
(Brunsdon & Singleton 2015).

Urban models can be categorised in two groups: top-down models and bottom-up models. The
following sections will outline the advantages and disadvantages, as well as the applications of both
groups, with emphasis on automata models, which will be used for the simulations proposed in this

research thesis.

2.4.1 Top-down modelling

Top-down urban models are aimed at explaining aspects of urban systems by purely theoretical
equations. They can predict the state of these systems based on a set of global rules and coefficients
for each set of equations. As the control of most variables are predefined globally, these models are
better suited to explaining general — as opposed to locally specific - patterns and trends.
Furthermore, these top-down models increase the role and power of technical expertise over

practical explanation (Pissourios 2014).

Early top-down models were developed from classical spatial theories explaining land use
interactions. Some classical theory examples are Von Thunen’s agricultural land use model in 1826
(Verburg et al. 2006), Weber’s (1909) Industrial Location model (Liu 2009), urban- social ecology

(Burgess 2008), central place theory model by Christaller in 1933 and refined by Losch in 1945
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(Smith & Floyd 2013), radial sector model by Hoyt in 1939 (Clarke 2014) and multiple nuclei
model by Harris and Ullman in 1945 (Lichtenberger 1997). The main advantage of these models is

that they can be applied in a large number of situations and are well-founded on tested theories.

These models however, have certain shortcomings, which may make them inappropriate for some
modern practical applications. Researchers have pointed out that these models are based on
assumptions that do not account for the dynamic dimensions of urban growth variables and system
interactions. They assume urban growth is mostly linear and attains a state of equilibrium. Thus,
they were proven to be unrealistic in terms of their operational feasibility (Cheng & Masser 2003;
Batty 2007; Liu 2009). For instance, most such models focus on the central district areas of urban
zones, as these are the nuclei of economic activities. Zones away from the centre are considered to
be of secondary importance to urban growth and development. However, this is an oversimplified
assumption of real cities, as most modern urban systems are heterogeneous and extend to the fringes
of the urban form. The most prominent reason for this shortcoming was the unexpected rise in car
ownership in the middle of the 20™ century, which in turn produced new trends of dynamic urban
systems and polycentric urban forms. This type of expansion based on motorised personal mobility
was not accounted for by classical urban theories in the first half of the 20™ century (Batty 1998).
Later, in the second half of the 20" century, advancements in information technology enabled the
implementation of complex mathematical models that allowed to partially overcome this limitation

and improve the modelling of transportation patterns with top-down models (Liu 2009).

Dynamics systems in modern cities are sensitive to time-dependent changes in their components,
which may be within larger or smaller scales. For example, changes in population and demographic
composition may change over the course of decades (large scale change), and suburban
transportation infrastructure may change over the course of a few years (small scale change). These
dynamics were considered first in Land Use Transport (LUT) Modelling. In the 1950°s and 1960’s
LUT models were used to predict transportation patterns and land use changes as a response to
changing demographic and economic drivers. According to Batty (2009), LUT models emulate the
dynamic interactions of state variables in urban systems representing population growth and
movements. Common platforms using this type of LUT top-down modelling are LILT,
DRAM/EMPAL, IMREL, MUSSA (Sivakumar 2007) and more recently UrbanSim (Waddell
2002).

LUT models have been criticised for not encompassing all aspects of urban spatial processes. As
with the earlier theoretical top-down models, LUT models often fail in validating the outcomes,

observing the underlying processes and more importantly capturing the underlying complexity of
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urban systems (Bhatta 2010). This means that specific local interactions between actors involved in
transportation and development, such as changes in car ownership ratios or decisions of households
to move in different suburbs cannot be easily modelled. While individually these interactions may
not appear impactful, collectively they may significantly alter the state of many urban systems and
impact future development. Nevertheless, many of these models are still used in transportation
modelling and integrated in modern day planning approaches (Sivakumar 2007).

Despite the broad use of LUT models in the past and present, the inability to represent and analyse
urban dynamics systems encouraged model builders and researchers to work on developing new
bottom up platforms (Batty 2007; Crooks & Castle 2012; Crooks & Heppenstall 2012). The main
motivation for that was that despite the general applicability of theoretical models in explaining
urban development problems, they are not able to provide answers within the context of the specific
local factors of particular case studies especially when applying micro-scale interactions and

emergent behaviours of individuals or groups.

2.4.2 Bottom-up modelling

Cities contain complex systems involving multiple socio-economic activities and stakeholder
interactions at various levels, which occur within the physical urban form. As discussed in 2.2.2,
urban planning must deal with this complexity in an effective manner. Batty (2007) puts forward
the notion that urban planning is now transitioning from top-down approaches into bottom-up and
decentralized ones, as cities are constantly evolving systems and urban dynamics are better
modelled from the bottom-up perspective. Bottom-up dynamic or Automata models, such as
Cellular Automata (CA), and Agent Based Models (ABM) have assisted in comprehensively
decoding and analysing the complexity of interactions between agents in urban systems (Batty
2012).

Bottom up models are primarily controlled by local rules of the interactions of individual agents
that affect urban systems directly or indirectly. Individual agents have behaviours and constraints
according to their goals, expectations and current status. These local interactions depending on the
issue that the model is trying to address and the time frame, may be dynamic or static— for instance
intra-city migration patterns may be considered static in short horizons, or dynamic in longer

horizons.

CA is characterised as a ‘discrete spatiotemporal dynamic system based on local rules’ by (Miller

2009), and has the capacity to simulate complex urban and social frameworks with relative
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simplicity compared to other models. It has five main elements: grid cells that represent a
phenomenon, neighbourhood cells, initial cell conditions (states), transition rules and time (Liu
2009). CA modelling has been used in many applications to generate a better understanding of
spatial diffusion, such as the patterns of migrant settlements, pedestrian behaviours and the spread
of epidemics over time (White et al. 2007).

Although CA modelling has overcome some shortcomings of the previous models, it has its own
limitations. Cell geometry is often based on a uniform fixed grid where interactions across many
cells are difficult to model and they do not readily handle multiple attributes per cell. Moreover, a
common issue with CA models is their ‘physical approach’ to urban dynamics. In CA models, other
processes that are not associated with land development are not considered in the designs (Batty
2012).

These limitations can be overcome in ABM as state spatial objects are not limited to a uniform
fixed grid do not assume a specific spatial data distribution (Crooks & Heppenstall 2012).In
addition, ABM can use more complicated rules for each agent (Batty 2012). This advantage of
ABM is contextualised in specific problem-solving situation in the field of urban modelling in later

sections.

ABMs have been considered as a powerful tool in urban modelling research for over two decades
(Ligmann-Zielinska & Jankowski 2007). Research using ABMs as an automata modelling are based
on simulating interactions between agents in order to understand issues such as traffic congestion
and resident segregation from a bottom-up perspective (Crooks & Heppenstall 2012). ABMs have
the capacity to simulate individual actions and measure the macroscopic outcomes over time. It is
sometimes considered as an extension of the Cellular Automata (CA) framework, as ABM
overcomes CA’s limitations in terms of capturing the interactions of urban dynamics and including
several socioeconomic factors, such as human decisions and social behaviours. An example would
be modelling decision making processes for purchasing property or relocating to a suburb that better
matches the constraints and goals of a household. The most important difference between CA and
ABM is that in ABM, each individual object in the model may have its own behaviour and rules, as
opposed to CA, where the object behaviour is part of an aggregate set of shared rules. In addition,
ABM have the capacity to carry out simulations between the domains of space, time and objects
(Batty 2012).

The main element of ABM as automata models is the presence of agents. Agents represent groups

that are parts of the system and are autonomous units that can take decisions independently after
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interacting with one another, as well as their environment (Aliaga 2012; Crooks & Heppenstall
2012). The agents could be individuals or groups such as land parcels, residents, developers and
government officers or urban planners (Brunsdon & Singleton 2015). In each ABM, there are
certain conditions that determine agent behaviour and their interactions with other agents and/or
their environment. These conditions or rules are typically based on ‘if-else’ statements for agents’
actions once a specified condition has been met. The actions can be standardised and “learned” by
the simulation framework, and eventually make the agents autonomous. Agent relationships may be
modelled in multiple ways, from reactive to seeking a particular goal (Crooks & Heppenstall 2012).

Small scale interactions of agents collectively result in macroscopic outcomes within the context of
urban systems. For instance, the choices made by commuters for different types of trips according
to their individual condition, contribute towards traffic congestion. Scheduling agent behaviours can
take place synchronously or asynchronously over a period of time that could be from seconds to
decades (Brunsdon & Singleton 2015). The environment is another element of ABM, it can be
analysed at various scales as well as over different time frames. Several types of data can be used to

develop the rules and behaviours of agents, such as demographic, spatial and land use data.

The key benefits of ABM as automata model over traditional models are its ability to capture local
interactions within dynamic urban systems from a bottom-up perspective and its flexibility,
particularly in terms of geospatial model development (Crooks & Heppenstall 2012). Furthermore,
interactions between autonomous units in ABM are examined at a disaggregate level, which evolves
in the simulations to reveal emergent macroscopic land use patterns. Another notable advantage is
the capacity to model relations between agent decisions and actions, effects of heterogeneous
values, and to downscale feedback from macro to micro-scale levels with the ability of adaptation in

decision making (Verburg et al. 2006).

Because of the aforementioned advantages, ABM has been widely advocated in research for urban
modelling, and other spatial applications such as simulating cancer cell growth (Wang et al. 2015),
archaeology (Rubio Campillo et al. 2012), environmental studies (Brown et al. 2004), Engineering
Team Work (Crowder et al. 2012), evacuation plans (Zhang et al. 2014), spatial firm relocations
(Tsekeris & Vogiatzoglou 2011) and others. In urban geography and urban planning, many
applications using ABM has been developed for modelling land use dynamics (Murray-Rust et al.
2013), urban residential dynamics and mobility (Benenson 2004, Jordan et al. 2014), the impact of
planning policies of residents choices (Gaube & Remesch 2013) and modelling traffic movement
(Beuck et al. 2007).
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The use of ABMs in cities and urban systems research can be beneficial as it both enhances our
understanding of urban dynamics and helps predict future system (Bonabeau 2002). Gupta (2005)
confirmed that ABM’s ability to simulate agent behaviours at the micro level makes it a powerful
tool for analysis and prediction studies. Furthermore and unlike top-down models, ABM can easily
incorporate local interactions and rules for the agents involved in issues of urban development. This
is significant, as often goals of a certain group are constraints of another. However, Batty (2005)
argued that ABM is mostly an analytic rather than a predictive tool. In any case, ABM’s ability to
generate future predictions and analyse trends with a bottom up approach can help in analysing the
complexity of city systems and the dynamics therein.

Urban modelling has evolved from earlier theoretical models and land-use transport models (LUT).
They employed a top-down system approach, which later gave way to bottom-up system approach
to better capture the urban system dynamics that are inherent local interactions between model
components. Hence, they can be used to solve problems that involve interactions of heterogeneous
groups. In addition, automata or bottom-up modelling approaches, such as CA and ABM have
overcome these limitations. ABM in particular excels in its abilities as both an analytic and
predictive tool for urban development. In this thesis, and in order to address the objectives, ABM is
selected as the base automaton model for simulations due to the advantages described in this
section. Automata models are often combined with GIS layers, an approach that is adopted in the
present study as well. The following section will review the relevant literature for GIS applications

in urban modelling and the benefits of combining it with automata modelling.

2.4.3 GIS in urban modelling

Geographical Information System (GIS) is an invaluable platform for transportation and land use
modelling in urban simulations (Tao 2013). Revolutionary changes in the last 50 years allowed GIS
to become a major tool for studying urban issues and solving related problems. It is a more
powerful tool compared to static maps, as it may segregate geospatial data from graphic
representations, integrate with the navigational needs of residents, visualise any type of spatial data

and assist with the in-depth application of spatial analytics.

In the 1990s, the development of GIS and its integration in urban modelling revolutionised the field
by providing a large amount of new data sources and techniques (Sui 1998). These developments
pushed urban modelling into a new era (Liu 2009) as GIS helped in representing and visualising the
real world in new ways. GIS has been integrated with many types of urban models, including

automata to prepare, manage, store and transform data, as well as to analyse changes in datasets
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over space and time (Goodchild 2005). This integration aims to offer a platform for potential
modelling and visualising urban phenomena and agent interactions within time and space
(Brunsdon & Singleton 2015) and the simulation outputs of such hybrid models can be easily
compared and evaluated.

Automata have been combined with GIS in a variety of applications but is not generally available in
commercial GIS (Brown et al. 2005; Heppenstall et al. 2012). One exception is Agent Analyst,
which is available as a free open source software extension to ArcGIS (Johnston 2012). This tool is
well integrated within an ArcGIS environment by functions that access and operate on GIS data
sources. This extension has been used and recommended by various studies (Robinson et al. 2013;
Dahal & Chow 2014; Haslauer et al. 2015). This extension tool will be used in this research thesis

for modelling the future of urban system and urban development in Kuwait.

To illustrate the advantages of combining automata and GIS for urban modelling, the following
sections will outline recent studies that are relevant to this research and concluded in findings that

can help in answering the research questions and objectives.

2.4.3.1 Urban modelling applications

When combined with automata models of urban systems, GIS makes it easier to simulate different
hypotheses and theories with even higher accuracy. A common trait of such studies is the existence
of dynamic interactions. One such study has been carried out in Mid-Atlantic, United States. ABM
was used to simulate property markets and investigate dispersed development patterns (Magliocca
et al. 2015). This simulation focused on the temporal scales and characteristics of land conversion
from agricultural to residential as a dynamic process in order to investigate and solve urban sprawl
impacts. Another example was an environmental impact assessment in Tehran, Iran (Jokar
Arsanjani et al. 2013), where it was concluded that GIS/ABM as a technique can be applied to
regions that have similar characteristics, and government constraints about land use exist. GIS with
ABM models were also used to model spatiotemporal dynamics of urban development (Zhang et al.
2015). It was found that by combining the macroscopic and microscopic decision making
behaviours of agents to simulate dynamic urban systems produced better results in understanding
development compared to a traditional simulation approach. The main aspect of macroscopic and
microscopic modelling in the studies above was land use — different agent groups have different
preferences for distribution of land use according to their goals (for example households would

prefer their workplace to be as close as possible to their residence).
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Simulations in GIS urban models can be modified in terms of the spatial variables to represent
different policies for urban development. These policies may be either speculative (under
consideration) or in effect already. In the former case, the outputs enable the authorities to adjust the
proposed policies for optimal results and in the latter case; changes may be made to alleviate certain
issues once understood. Either way, comparisons of policies may assist with planning processes.
Such an example model in Overijssel, Netherlands simulated and compared two land use policies in
terms of sustainability impacts (Koomen et al. 2011). The findings suggested that the proposed
strategy outperformed the business as usual approach for planning. Similarly, in Hervey Bay,
Australia, urban growth scenarios have been designed to evaluate the different land use planning
from 2003 to 2021 and used in the decision making process (Pettit & Pullar 2004). Another
interesting study using demographic and spatial land use data designed four urban planning policy
alternatives of land change from 2010 to 2030 for Dublin, Ireland (Voorde et al. 2016). After
comparison of the simulated policy effects, the authors suggested a calibration step to produce

realistic outputs, which was taken in consideration from the planning authorities.

Such GlS/automata models have been also developed to explore residential market dynamics and
address two important issues of Australian urban systems, namely population growth and interest
rates (Heckbert and Smajgl 2005). The inclusion of automata was found to be beneficial in
representing the outcomes of policy impacts, as the impacts could be distributed within the society,
addressing the issue of ‘social gap’. Another similar study in Sydney, Australia (Huynh et al. 2015)
simulated urban system dynamics and associated the demographics, transportation and housing

market efficiency to the average satisfaction of the local residents.

On the topic of enhancing realism, a GIS study used automata models for comparing urban growth
scenarios with interesting results (Barreira-Gonzalez et al. 2015), One of the most interesting
findings was that using vectors (points, lines, and polygons) data rather than raster (pixels or grid)
data resulted into a more realistic representation of the urban area. Another study in Shanghali,
China, simulated urban growth in different scenarios (Zhang et al. 2011). The authors emphasised
the importance of a validation stage after running the models as a way to augment realism.
Traditional land use models were not applicable in modelling interactions throughout the landscape
of Shanghai and hence local rules were used in the ABM context for groups residing in different

areas (industrialised, rural, high/low density).

Finally, GIS and automata can also be used for comparing the impacts of different urban forms. A
study by Katoshevski-Cavari et al. (2014) compared different city forms and plans. The plans were

based on three city forms (basic city, corridor city and connected city) and used mainly data related
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to land use and development status. According to Katoshevski-Cavari et al. (2014), a compact city
form with mixed land-use districts scored the highest in terms of environmental-sustainability

indicators.

In light of the findings above, it can be concluded that a scenario approach in urban modelling has
many advantages. This is a notable trait of GIS as models with different data inputs are easy to
design as scenarios. Most often, use of demographic, transport and land use spatial data is necessary
to design and compare different scenarios. The comparison of outputs provides valuable
information in decision making for urban planners and policy decision makers. The inclusion of
automata is beneficial, as dynamic interactions of systems may be simulated. To differentiate from
the existing approaches and to add novelty value to the field of urban modelling, this research thesis
emphasises on evaluation of the scenario performance based on transportation quality, housing
availability and nationality segregation level.

2.4.3.2 Transportation quality modelling

Transportation is considered as a critical system in urban development as it allows mobility of
population and goods, it influences the urban form and the economic activity through land
accessibility (Aljoufie et al. 2012). Transportation is regarded as one of the main forces driving
urban growth (Yang & Lo 2003; Bhatta 2010; Kim et al. 2014). Transportation, both personal and
mass, within a city is inherently dynamic. Hence any patterns can be modelled with an agent based
approach in the spatiotemporal domain laid out by GIS. According to Manley et al. (2014) the
majority of transportation simulation tools —microscopic, macroscopic or agent-based- replicate the
principle of equilibrium in traffic distribution. Urban traffic dynamics are a result of individual
drivers’ behaviours and interactions, and hence an agent approach is appropriate. In such automata
models can for example predict short term congestion through data related to real-time traffic flow,
road occupancy, and average speed (Stathopoulos & Karlaftis 2002). Data from transport registries
are often used to model transportation patterns (Potoglou & Kanaroglou 2008). The data are related
to transportation itself (for example average commute time, vehicle kilometres travelled) and land

use (for example distribution of commercial zones) in the areas under investigation.

The effects of diversifying land use and mixing zones on transportation systems is an idea that has
not been investigated or modelled in the context of Kuwait or any Arabian Gulf city so far.
Interestingly, due to cheap oil prices, a very large part of the population owns and depends on cars —
hence we believe, research in this subject will be valuable for policy makers. Interactions of agents

involved in transportation systems in different time-scales are governed by different kinds of rules.
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In the present research thesis, a global set of rules as dictated by the master plan will be used for the
first scenario, while local parameterisation with direct inputs from the residents will be mainly
utilised in the second and third scenarios. Further details about the history and development of past
and the present master plan can be found in section 3.2.

2.4.3.3 Housing availability modelling

Unlike transportation, which is inherently dynamic even in timeframes of a few minutes, housing
availability can be considered as a more static aspect of urban systems, especially in short time
frames. However, as this section will discuss, there are several interactions between the decision

makers in urban development that affect and change housing availability.

Movement of population within a city is influenced by housing availability and property prices in
different urban areas. Households consider moving for various reasons, such as proximity to their
workplace, changes in family status and size, affordability and cultural background of a
neighbourhood among others. Automata models are able to model movement and household choice
behaviours for different groups of agents (citizens with different needs) (Jordan et al. 2014).

Besides urban movement, agent behaviours regarding housing availability may depend on various
other factors. A project using automata models in Leipzig, Germany (Haase et al. 2010) used
population growth and household size data for the agent design in a housing availability modelling
problem. The model used agents to replicate the patterns of intra-city household movements and
assist in developing appropriate policies, such as demolitions in low demand suburbs. Another
study simulated housing prices in Lyon, France using spatial data, such as the distribution of
households, jobs and real estate prices (Kryvobokov et al. 2012). All these cases include static
changes in short term horizons of less than a few years but nevertheless represent interactions of
household agents with their environment and other agent groups. Housing shortage, which is among
the main research objectives of this research thesis, is linked to housing availability. This linkage
can be expressed as an equation, the coefficients of which can be globally or locally controlled in

long horizon timeframes (years-decades) in terms of agent interactions.

In addition to the studies described above that examined availability, research has been done on the
property market pricing and the factors that affect it. While the links of affordability with
availability are not always straightforward, in most cases the laws of supply and demand apply low
availability of housing will generally increase prices (Din and Moise, 2012). Furthermore, the type

of housing development may affect prices (Voyer 2004). Many other factors are related to pricing
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of undeveloped districts, such as distance from the CBD and the coast, access to sub-centres, house
and lot size, distance to railway stations and population density (Abelson et al. 2013).

The data used by most studies reviewed in this section, whether related to housing availability or
affordability are related to internal factors, such as household size and composition or external
factors, such as the type of urban form and construction. Housing availability (and shortage) is a
multidimensional issue, with a variety of underlying factors. In this research thesis, in addition to
demographic and household data, information about future housing and migration plans and future
settlement location preferences of residents are obtained and used to design the agent group

behaviours in the context of Arabian Gulf countries.

2.4.3.4 Residential segregation modelling

As discussed earlier, residential segregation may be the result of deliberate planning policies or the
result of residents’ own choices (Schelling 1971). According to Charles (2003), residential
segregation causes a variety of social and economic issues to particular residents groups, such as
poverty, unemployment, poor public services, low school achievement, low healthcare, and

isolation.

One of the earliest urban models for segregation was proposed by Schelling (1971). Although it was
not based on computer modelling, it includes concepts familiar to automata, such as autonomous
agents, environment, interactions and outcomes. The model operation was based on the movement
and settlement choices of residents and calculated their impacts on future racial segregation
(between white and black residents). Schelling’s model was further developed in following studies
and implemented in many different segregation models in automata simulations. Each of these

simulations investigated segregation based on different criteria.

Racial segregation patterns between white and black residents in the United States have been
attributed to resident choices. Specifically, a strong correlation of neighbourhood racial composition
and resident opinions was observed using survey data (Bruch 2006) Segregation can also be studied
based on ethnic and religious groups (Jews, Muslims and Christians) (Hatna & Benenson 2012) or
financial criteria via Multi-agent simulator for urban segregation (MASUS) (Feitosa et al. 2010).
Typically, such simulations about residential segregation rely on resident survey data for drawing

conclusions.

According to the best knowledge of the researcher, there is no similar research done on the

nationality segregation in the Arabian Gulf cities and using primary response data from surveys.
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The next and final section of this chapter will discuss the ways that different types of surveys may
be used in modelling as tools for data collection.

2.4.3.5 Surveys for data collection

Surveys and questionnaires may be used for data collection in this project. This section will outline

the usefulness of surveys in modelling and certain considerations pertaining to the survey design.

Firstly, surveys may be used to identify resident groups and understand their preferences and
behaviours in relation to specific urban systems. An example of this practice is described in the
work of Brown and Robinson (2006). In this article, surveys were targeted to residents to identify
their preferred dwelling locations based on a number of factors: landscape aesthetics, proximity to
infrastructure, availability of services and job closeness. Another similar survey has formed the
basis of modelling of residents commuting behaviour (Buchmann et al. 2016).

To avoid statistical bias from these resident surveys, appropriate post-processing is required (Brown
& Robinson 2006). The need to carefully select the participant sample is also stressed by Buchmann
et al. (2016). A broad and stratified sample of participants in surveys must be taken to capture the
heterogeneity of preferences and behaviours of agents. In addition to resident groups, surveys may
be used to obtain modelling data from urban planning stakeholders, such as government agencies
and developers. Like with residents, post-processed data from authority surveys can reveal the
groups’ behaviours and preferences in interactions with other groups in the context of urban system

planning (Jokar Arsanjani et al. 2013).

While such surveying is not uncommon in communities in the US or other European countries, it is
a rather new concept for residents of an Arabian Gulf city. As this research thesis extensively
models the urban systems in the case study city of Kuwait, any surveys used in data collection were

carefully designed in the context of the local cultural and social norms.

Urban system modelling and their relationships to urban growth have been reviewed in the previews
sections in Chapter 2. It can be concluded that different urban growth patterns do affect the future
state of systems and modelling can help with planning proper responses. While this partially
answers the second and third research questions based on existing studies, first hand data from
modelling is needed to generate robust conclusions for cities and systems in the unique context of
the Arabian Gulf countries. Since Kuwait is used as the case study city, the following chapter will

introduce the local urban development history and existing systems to the reader.
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Chapter 3 : Kuwait case study

The simulations in this study were carried out in order to answer the research questions with the
help of a case study, the state of Kuwait. To the author’s best knowledge, there are no other studies
modelling the urban development and its impacts in Kuwait. The latest relevant studies in Kuwait
are out-dated as they were conducted in the 80s (Abu-Ayyash 1980; Abu-Ayyash 1981). Because of
its small size and its single urban area, Kuwait is ideal for the easy collection and management of
data by a single researcher in the context of a PhD project.

The aim of this chapter is to provide an outline of the case study area with its characteristics, history
of urban development and growth impacts. Additionally, the required data for setting up and
running the simulations are identified and the behaviours of stakeholder groups in Kuwait are
analysed.

3.1 Study area characteristics

The State of Kuwait is a prime candidate for a case study in the Arabian Gulf region. It
demonstrates all factors identified earlier that affect the urban development; specifically, it is a city-
state that experienced rapid urban growth in relatively short time and transformed from a small
town to a regional metropolis due to financial prosperity after the discovery of oil (EI-Arifi 1986;
Fuccaro 2001; Mahgoub 2004). This transformation was associated with a change in demographics,
as non-citizens make up for 70% of the total population in Kuwait (PACI 2017). Furthermore, its
location imposes political complexities, due to its importance to the global oil supply, as Kuwait is
the world’s sixth-largest exporter of oil (Al-Nakib 2013). These complexities are aggravated due to
the country’s proximity to regions of war or high war risk (Soliman 2012). Kuwait’s oil exports

account for around 95% of state revenue (Keay 2012).
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Figure 3-1: Kuwait location map

As shown in Figure 3-1, Kuwait is a sovereign Arab emirate that borders Saudi Arabia in the south
and Iraq in the north and west. Kuwait has a population of 4.1 million living in an area of 17,818
km? — hence the population density is roughly 230 people/km? (PACI 2017). According to Al-Nakib
(2014a) 99% of the population lives in urban areas accounting for 7% of the total area of Kuwait
and resulting in an urban density of 2800 people/km?, which is considered high compared to other
parts of the world (Al-Obid 2009; UNDP 2009). Most of the urban areas are located by the coastal
regions in the eastern part of the country, as shown in Figure 3-2.
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Figure 3-2: Land distribution in Kuwait

Prior to the discovery of oil in 1938, Kuwait was a small city with the characteristics of a seaport
economy. Kuwaitis at that time were mostly relying on pearl diving, trading and grazing for income
(Al-Nakib 2014a). After 1946, the financial growth from the blossoming oil industry was the
primary reason for the rapid urbanisation (Stanek 2015), as well as the architectural and social
changes, collectively known as the “Alnahda” Age in Kuwait (Al-Nakib 2013). During this period
the quality of life improved dramatically and the country’s administration and society modernised
in several aspects. This shift also changed the urban systems of Kuwait and resulted into
unprecedented population growth. The rapid growth was attributed to the immigration of a large
number of new workers seeking employment in new oil and infrastructure related jobs. The growth
from migration was significantly higher than the natural birth rate of Kuwaiti nationals. The average
annual population compounded growth between 1955 and 2015 was 7.2% as calculated from Figure
3-3.
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Figure 3-3: Kuwait population growth 1955-2015 (United Nations 2015)
3.2 Urban history of Kuwait

The first plan that shaped Kuwait dates back to 1760, when residents erected defensive walls
against intruders from other tribes. That wall was expanded twice in 1811 and 1921, to protect
additional areas as population grew (Al-Damkhi et al. 2008). Prior to the discovery of oil, the
population was roughly 150,000, with the highest part of it residing in Kuwait Town, while the rest

was living in the desert as nomads (Al-Nakib 2014a). At that time, the urban form was concentric.

After exporting the first oil shipment in 1946 (Abu-Ayyash 1980), Kuwait started implementing
official urban development policies, known as the Master Plans. The company that was chosen to
create the first master plan in 1952 was the British consulting company Minoporio, Spencely and
Macfarlane. The first master plan is now considered as Kuwait's turning point in regards to
urbanisation (Al-Damkhi et al. 2008). The main features of this plan were demolitions of older
buildings and their replacement with new constructions. The goal was to change Kuwait from a port
town to a modern city and redesign the architecture and infrastructure in the capital (Al-Nakib
2013). This was done via the construction of an efficient road network that linked the new city with
the proposed suburbs, the centralised allocation of government buildings, and commercial centres in
the new capital, the identification of new housing areas for the greenfield development process, as
well as the redevelopment of the old city to a radial form as shown in Figure 3-4 (Al-Damkhi et al.
2008).
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Figure 3-4: Kuwait first master plan 1952 (Kuwait Municipality 2009)

According to Al-Nakib (2013) this master plan was relatively successfully applied in the first ten
years; however, it did not achieve its targets for several reasons. Firstly, the master plan was
designed hastily and used wrong assumptions and expectations in terms of population growth.
While it predicted that the population would be 250,000 in 1970, in reality the population at that
time exceeded 700,000, which in turn led to a lot of intensification in the existing districts through
an infilling development process. Secondly, the plan was restricted to a small area and excluded lots
of new districts that developed independently. Finally, the lack of cooperation between government

offices limited the success of the plan (Abu-Ayyash 1980).

According to Abu-Ayyash (1980), as a result of these shortcomings of the first plan and its failure
to predict and control the urban growth, a modification was applied from 1960 to 1967. This
modification designed by the Kuwait municipality had some strong points compared to the first
master plan, as it changed the focus from local to regional development. However, even this could

not solve the urban growth problems, leading to the need of another new master plan.

In 1967 the Kuwait municipality assigned the design of the second master plan to the British
consulting company Colin Buchanan & Partners (CBP). A planning group included Kuwait
municipality staff and a advisors from the United Nations was established. The primary aims of this
group were to develop a long-term strategic plan for Kuwait and to generate a prestigious capital
city in the CBD (Al-Damkhi et al. 2008). Certain constraints have been taken into account to limit
potential uncontrolled urban growth, mainly related to the exclusion of various zones from
development (oil fields, belts of agriculture, recreational areas, military sites, historical and touristic

sites and potential industrial areas) (Abu-Ayyash 1980).
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CBP suggested two urban growth strategies: a regional and a local strategy. Kuwait municipality
selected the regional strategy that proposed the development of a conurbation that would span from
Jahra — a historical town - in the west located at a distance of 20 km from the capital, to Shuaiba -
an industrial district - in the south located at a distance of 20 km from the capital, as can be seen in
Figure 3-5.
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Figure 3-5: Kuwait city, Jahra and Shuaiba locations

This zone spanned over a distance of about 70 km and covered an area of about 850 km? (Abu-
Ayyash 1980). This master plan was a continuation of the first master plan, and facilitated
expansion in a radial urban form. Among the strategies that Kuwait municipality did not implement
was the development of six major urban centres at equal distances from each other, which later on
transformed the urban form to a multi-nucleated form; ironically this strategy was implemented in

the latest master plan 2030.

The second master plan was applied in 1970 and had two revisions in 1977 and in 1983, which
addressed the high immigration rate after the rise of oil revenues in the 70s. In 1975, Kuwait’s
population was 1 million and in 1980 the population was 1.3 million, which was higher than the
original forecasts (Abu-Ayyash 1980). According to Al-Damkhi et al. (2008) in the first review of

1977, Kuwait municipality requested the assistance of the United Nations to revise several existing
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urban systems. These included the provision of more residential areas to accommodate the new
residents, the redevelopment of the transportation system of ring and radial roads for higher traffic
capacity, and improving the urban environment with the principles of conservation of natural

resources, land integrity, oil wealth and natural vegetation.

After the invasion by Iraq and the first Gulf War or Operation Desert Storm in 1991 various
problems appeared in Kuwait such as vandalism, destruction, and environmental degradation
(Westing 2013). After the liberation of Kuwait, the government and society focus was on rebuilding
and redeveloping the country. For the first time in over half a century, rapid urbanisation and
population growth in Kuwait ceased and in fact the population started to decrease; in 1990 the total
population was 2.1 million, while after the Gulf War in 1993 it became 1.6 million, as many non-
citizens left Kuwait for safety reasons. However, this trend was reversed quickly and in 1998 the
total population again exceeded 2.2 million due to the return of non-citizens after political stability
and safety were reinstated (PACI 2017). This is a unique urban dynamic pattern to Kuwait, as no

other major modern city in the world has experienced a large invasion and war damage.

In 1997, the third Master Plan was established and focused on accommodating the population that
was projected to be 3.8 million by 2015. Its focus was on improving land use, generating land
subdivisions, and strengthening legislation (Al-Damkhi et al. 2008). The trend of low density
development by greenfield expansion process was promoted. This was achieved via establishing
new residential districts in empty lands, and at the same time promoting the high concentration of
commercial and state buildings in the capital. The intensification was dominant during that period

as shown in Figure 3-6.
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Figure 3-6: Ratio of greenfield and intensification development in Kuwait (1995-2005) *

In 2008, a new Master Plan was approved by the Prince of Kuwait as a revision of the third master
plan with a development horizon spanning to 2045. The new master plan contains a range of
projects to redefine the urban form of Kuwait, as a multi-nucleated form for the first time. However,
not many construction projects have started as of 2015, except the new south -Sabah Al-Ahmed
city, as the development costs are higher than initially projected (Stanek 2015). The new master
plan assumes that the total population will reach 5.368 million by 2030 (MEED 2014). However, it
is clear by extrapolating the current rate of growth that the population estimate will likely be

exceeded several years earlier (United Nations 2015).

In all master plans, the resident (citizens and non-citizens) perspectives and opinions were not taken
into consideration (Al-Nakib 2014b). The top-down nature of the master plans did not include any
smart growth, sustainability concepts or modelling and simulation for future urban growth.
Furthermore, no systematic study for transforming from a radial to a multi-nucleated urban form
had been carried out (Kaganova et al. 2005; Al-Shamiry 2011). All these are significant issues that
influence the local urban systems even today, and that the current research project attempts to

address.
3.3 Urban growth impacts in Kuwait

The rapid urban growth in the 20" century in Kuwait resulted in several problems such as the

creation of slum areas after the first master plan, the rise in traffic congestion and accidents,

! Source: Calculations based on statistics of population distribution on districts.
PACI 2017, Population statistics, The Public Authority For Civil Information, Kuwait, viewed 21 October 2017,

<http://publicstat.paci.gov.kw/stat/en/.>
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pressure on public services and high cost of infrastructure construction (Abu-Ayyash 1980; Abu-
Ayyash 1981; Abu-Ayyash 1986). Another issue realised in the 80s was the land shortage, and
costly housing government program (Al-Khaiat 1989). Additionally, increasing high nationality
segregation between citizens and non-citizens occurred, due to the certain policies. This section
analyses the causes and effects of urban growth in Kuwait, emphasising on traffic, housing shortage
and nationality segregation.

3.3.1 Traffic congestion

An evident issue resulting from the radial urban form and urban growth as shaped by six decades of
master plans is the high car dependency in Kuwait. Residential districts are separated by a radial
ring motor network that extend beyond the capital as shown in Figure 3-7.
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Figure 3-7: Distribution of residential areas in Kuwait 1950-2012 (Alshalfan 2013)

The total number of vehicles registered in Kuwait was 1.9 million registered vehicles in 2015
according to the KCSB (2015). Most commuters use private vehicles (around 85% of the total
population). Bus is the only mode of public transportation available in Kuwait as of 2017, further
aggravating the issue. The policy makers have the intention to construct around 700 km of new high

standard motor network by 2020 and a new rail network that includes a city metro (UNDP 2009).
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Kuwait is the 4™ country with the highest number of registered vehicles per kilometre of motor

network and congestion has been estimated to cost around 3% of the annual Kuwait GDP (UNDP

2009). Besides delays with severe economic impacts, traffic congestion in Kuwait has other direct

and indirect consequences, such as wasting fuel, increasing harmful emissions, hampering

emergency vehicle access to congested areas, deteriorating driver behaviour, higher rates of

accidents, inflating real estate prices and inability of reliably predict commute time (UNDP 2009).

The rate of accidents is an important indicator for congestion (Chang & Xiang 2003). Historical

accident data correlated to the number of vehicles and population can be seen in Figure 3-8.

Additionally, accidents, injuries and fatalities from 1975 to 2013 can be seen in Figure 3-9. Besides

the direct issues for people engaged in traffic accidents, there are indirect detrimental

effects as

well, as very often accidents impose financial pressure on the victims and their family, as well as

potential limitations to work, leisure and social activities (Al-Ramzy 2009).
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Figure 3-8: Comparison of registered vehicles, population and accidents for the period 1975-2013

in Kuwait (Koushki et al. 2003; KCSB 2015)
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Figure 3-9: Comparison of accidents, injuries and fatalities for the period 1975-2013 in Kuwait
(Jadaan 1990; Koushki et al. 2003; KCSB 2015)

According to (Al-Ramzy 2009) traffic problems in Kuwait are aggravated by:

- The lack of regulatory mechanisms for limiting the maximum number of owned vehicles per
person (there are no related taxes on vehicles beyond the first).

- The increased population growth rate, which results to a rise in the total number of
registered vehicles.

- The limited capacity of the existing road network to accommodate the increased number of
vehicles.

- Increased reliance of residents on cars for even short trips, mainly due to lack of mass
transport options.

- No major highway expansions since the mid-80’s.

- The high concentration of government services and administrative and commercial centres
within the capital.

- Absence of non-overlapping schedules for government departments and public and private
schools that are located in residential and mixed districts.

- Lack of traffic awareness among non-citizens that are not familiar with Kuwait’s motorised

transpo rtation status.

3.3.2 Housing problem

Besides transportation, a major impact of growth and development policies in Kuwait is limited
housing availability (Alshalfan 2013). The main reasons behind this issue is land development

constraints; developed land accounts for only 7% of the area of Kuwait (Al-Obid 2009). The state
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imposes constraints that exclude certain zones from urban development, such as oil fields, natural

parks and military sites.

Furthermore, the system of housing welfare follows a top-down strategy (Alshalfan 2013). Kuwaiti
nationality is associated with several benefits, such as free education and healthcare, public
employment opportunities and most importantly eligibility for housing welfare. The National
Housing Authority (NHA) - now the Public Authority for Housing Welfare (PAHW) - was founded
in 1974 to regulate housing welfare (PAHW 2015). NHA applies specific laws, regarding the
welfare housing size and location. Nowadays, the government offers three options of welfare

housing for any married Kuwaiti couples:

- Atownhouse sized no less than 400 m* or a 400 m? unit provided by the PAHW, in addition
to a monthly rent bonus of KWD 150 for the duration of the processing of the welfare
application.

- An at least 400 m? plot of land offered by the PAHW and a long-term, interest-free loan of
KWD 70,000 for building a house in that land, in addition to a monthly rent bonus of KWD
150 for the duration of the processing of the welfare application.

- Allong-term, interest-free loan of KWD 70,000 to purchase or construct a house with a floor
plan area greater than 360 m?, or to purchase a unit with a floor plan area greater than 360
m?.

NHA was unable to meet the demand for welfare housing since its first years of operation (Al-
Khaiat 1989). In 1980, approximately 19,000 applications were lodged and the government was
incapable of providing houses at the required rate since then. This issue continued to aggravate, as
the number of housing applications in 2012 exceeded 100,000, which is more than the total number
of houses and land claims the government has been able to provide in the last sixty years as shown
in Figure 3-10 (Alshalfan 2013).
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Figure 3-10: Housing demand and supply in Kuwait between 1975-2015 (Alshalfan 2013)

Non-citizens have fewer options for accommodation. Typically, many expatriates rent a unit with

the help of their private employer in mixed use districts close to the CBD. Overseas workers that are

employed as servants on the other hand may only stay at the same residence as their Kuwaiti

employers.

According to Al-Obid (2009) the housing crisis in Kuwait is complicated and there are many

reasons behind it, besides the land constraints and welfare system that can be summarised as

following:

1. Policy reasons:

a. Sole design and implementation of policies from government entities, without

external independent consultation.

b. The absence of long-term planning for the provision of citizen housing.

c. Contradicting government policies; for example, the government encouraged

marriage by grants, loans and social allowances for each child. However, the

emergence of a newly-wed families increased demand for housing and resulted in

higher number of PHAW applications.

d. The lack of coordination between the bodies and institutions responsible for housing

in Kuwait with bureaucratic overlapping of responsibilities. This results in delays in

the implementation of the housing plans and projects.

2. Demographic reasons: high population growth rates due to natural population growth (2.7%)

and external immigration (3.8%) annually (PACI 2017).
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3. Limited private sector contribution in developing new residential and mixed zones, mainly
for non-citizens. Typically, private developers construct high-rise buildings, where most
non-citizens rent units in. The Government of Kuwait is committed to solving housing

problems without any involvement of the private sector (Al-Khaiat 1989; Alshalfan 2013).

All these reasons are associated with many negative impacts, such as the rise of waiting times to
receive housing welfare from eleven to eighteen years and rising prices in both sales and rental
property markets to a level that makes it challenging for young adults to buy their own property.
Therefore, citizens are forced to find alternatives; for instance new families are living in their
parents’ houses during the waiting time. The result of this practice is a rise in the average size of
Kuwaiti households to 7.5, which is notably high comparing to other countries (TekCarta 2015).
Citizen protesting is another consequence, such as the one in 2011 where around 150,000 of
Kuwaiti nationals attended and demanded their citizenship rights including their housing rights
(Keay 2012).

The government responded to the housing problem by providing a monthly allowance as a social
subsidy during the waiting period for Kuwaiti citizens, but this amount typically covers less than
half of the actual rental costs. Although the Government offers citizens a housing loan as an
alternative to waiting, it is not sufficient to cover the cost for buying a house within a reasonable
timeframe and interest payments (as many buyers need to apply for a private bank loan on top of the
government one). PAHW assistance is considered as the only reliable way of securing housing

ownership for Kuwaitis today.

Additionally, the difference in housing rights between Kuwaitis and non-Kuwaitis has led to a
distinct differentiation of the two groups. While tensions have not been severe, the group
segregation results into weak integration of the migrants in the local society (Harvey & Groutsis
2012).

3.3.3 Nationality segregation

The reason behind high nationality segregation in Kuwait stems from the series of master plans of
the past that facilitated the separate development of purely residential districts and mixed districts
with residential high rise and commercial/industrial sites. This separation was required in order to
make the provision of free dwellings to Kuwaitis in the residential districts easily regulated. The
latest master plan policies continue to support this type of land use classification. Arguably, this
policy fuels segregation based on nationality as most Kuwaitis are directed to stay in purely

residential districts, whereas non-Kuwaitis can mainly afford dwellings in mixed districts. This
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trend is shown in Figure 3-11. In addition, Figure 3-12 shows a map of the distribution of

population according to the ratio of citizens to non-citizens.
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Figure 3-11: District Population composition according to nationality in Kuwait
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Figure 3-12: Population distribution by nationality in 2015
3.4 Future urban development

In light of the issues described in section 3.3, Prince of Kuwait Sabah Al-Ahmad during his speech
for the first anniversary of his leadership in 2007 said; * The diversification of Kuwait’s resources
of income looms high on the state’s agenda to secure the future of the next generation because oil is
naturally a depleted source, therefore transforming Kuwait into a distinguished regional financial
centre has become an un-substituted solution ....” (Al-Diwan Al-Amiri 2016). Around the same
time, the government established a program titled “Kuwait Vision 2035” after consulting with the
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former British Prime Minister Tony Blair, in order to transform Kuwait as the major financial and
trade centre of the region by 2035. The program includes a new urban development plan (master
plan) proposing the construction of new cities (Keay 2012). In this master plan, for the first time in
Kuwait, new measures were proposed to assist the transition from existing developed urban areas to
new interdepended multi-cities. A major component of these measures is the development of new
transportation modes, including a train network. The proposed 500 km train network will have more
than 100 stations and link the existing urban area with the new cities, as well as be part of the new
of Gulf Railway connecting Arabian Gulf countries (Lowe & Altrairi 2013).

Furthermore, the new master plan is focused on relieving the high concentration of buildings in the
capital by 2030 through the establishment of 12 new regional cities around the country. Figure 3-13
shows the location of these new areas in red circles. It is expected that they will change the urban
form of Kuwait and status as a city-state forever (Al-Nakib 2014b).
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Figure 3-13: Kuwait new master plan 2030 (Kuwait Municipality 2009)

One of the largest, and perhaps the most notable project in the new master plan, is the Silk City or
“Madinat al-Hareer”, located on the north side of Kuwait Bay. Once complete it is expected to
house a large number of work and leisure facilities, and will be linked to the city by one of the
tallest water bridges in the world (Jaber Al-Ahmad Bridge). An illustration of the bridge can be
seen in Figure 3-14. Silk City is expected to have 700,000 residents, and 175,000 new dwellings
will be provided by the government to Kuwaiti families. These will be in addition to 12,000 new
dwellings per year for Kuwaitis over the coming 10 years constructed in other new cities (Kuwait

Times 2014). Finally, the Silk City will feature the highest tower in the world (Burj Mubarak Al-
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Kabir 1001m) in the city centre. The development cost for Silk City is estimated to cost more than
100 billion USD (Goldschein, 2011).
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Figure 3-14: Silk city location and Jaber Al-Ahmad Bridge (Kuwait Municipality 2009)

Kuwait’s government had adjusted its budget since 2008 for these new ambitious development
projects, including the construction of new cities with facilities and services. However, at the time it
was assumed that oil prices will be trending upward, and as of 2017 this has not been the case
(KUNA 2016). Reduced state revenues and other factors may impede the implementation of the

new master plan. Such delays may be due to:

Bureaucracy in monitoring bodies (Al-Fuzai, 2016).

Slow decision making processes.

Reduced state funding.

Lack of coordination between stakeholders.

Difficulty of working in summer, due to high temperatures.
Lack of planning in the municipality.

Poor scheduling and time management (Al-Tabtabai 2002).

Design changes.

© o N o gk~ wDhPE

Shortage of labour and equipment (Soliman 2010).

On top of these potential delay reasons, Kuwait is still not particularly open to foreign investments,
as any such investments are under the strict control and scrutiny of the Parliament (Keay 2012).

Even if the projects are complete without delays, there is a concern about how successful the new
62



cities will be in attracting residents. Examples of similarly ambitious, but unsuccessful construction

projects are known as ghost cities in China (Moreno & Blanco 2014).

The new master plan and projected urban systems resulting from it, to the author’s best knowledge,
have never been modelled in the past. The lack of modelling extends to the issue of segregation
between citizens and non-citizens, which must be better understood in order to relieve the impacts

of traffic congestion and housing shortage in Kuwait.

3.5 Urban modelling in Kuwait

In Arabian Gulf cities like Kuwait, urban systems have developed over the last decades very rapidly
and according to policies and plans conceptualised by the governments without any public or
private sector involvement. Furthermore, the development in Kuwait was driven by oil-related
investments and exports and resulted into the majority of residents being non-citizens (typically
foreign labourers).The implementation of the master plans in Kuwait over the last 70 years has

given rise to several key issues:

- The residents (citizens and non-citizens) perspectives have not been taken into consideration,
leading to poor decision making, redundant projects and failure to fix urban issues affecting
everyday life.

- Suboptimal land use and sparse spatial distribution of developed areas that aggravate
congestion.

- Exclusion of many zones from urban form that adds pressure to property prices and increases
house shortage.

- New infrastructure, such as the train transportation system and the establishment of regional
cities were modelled independently of congestion and housing problems, which entails the risk
of failing to address these issues properly.

- No alternative scenarios for population growth were examined, which has happened in the past
and resulted in the aggravation of urban issues.

- There were errors in population projections.

- Population is segregated according to nationality due to housing welfare policies and
restrictions on who can actually own land in Kuwait (only citizens), which makes traffic
congestion, land value and social stability issues worse.

- Several project delays have been experienced and attributed to the lack of preliminary

modelling.
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In most Arabian Gulf cities, urban modelling and simulations are not common practices for
analysing and solving such issues. This presents a research opportunity, as Kuwait’s urban systems
can be modelled and better understood if an appropriate model was designed. Understanding and
predicting the evolution of urban systems is imperative in an effort to alleviate the issues outlined
above.

The proposed model must be able to include the dynamic underlying factors and interactions
between different agent groups in the city, as well as the agents and the environment. ABM has
been recognised and is used often as an appropriate modelling approach, typically supplemented by
a GIS platform. These hybrid systems have the ability to simulate the evolution of urban
development in future horizons, based on pre-programmed rules under which, the agents interact
and behave. Traffic Congestion, housing availability and nationality segregation are such issues,
with several complex and dynamic dimensions and stakeholders with often conflicting interests in

Kuwait and hence form three excellent opportunities for simulations with ABM/GIS.

3.6 Data sources

The primary data for this study was obtained via surveys and interviews with stakeholders in
Kuwait, which constitute the agent groups in the proposed ABM. The secondary data was collected
directly from government organisations via formal requests and informally from government

official government websites.

3.6.1 Primary data sources

The primary data was obtained via a series of surveys and interviews. The information about the
participants, the questions and the responses can be found in chapters 5 and 6, as well as in
appendices B and C. According to Din and Moise (2012), interviews have to be carried out with key
players that represent different groups to help finding any important factors affecting urban systems.
The interviews in this project were with different groups in order to study the urban growth impacts
on traffic congestion, housing shortage and segregation from different perspectives: the government
agencies and private sector representatives. The interview primary data made it possible to
understand the participant behaviours and interactions between themselves and their environment in
order to model them in ABM.

In addition to the interviews, a survey was developed. The survey assisted in capturing the
residents’ expectations, needs and preferences for the state of their future urban environment. The

data collected from the survey allowed understanding the agents’ behaviours and setting the rules
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for the simulations in ABM. The survey was targeted to both non-citizens as well as citizens of
Kuwait and the results associated with each group were analysed separately. Resident opinions have

not been previously considered in any such survey.

The results from both the interviews and resident surveys are displayed and analysed in detail in

chapters 5 and 6, which discuss the actual design architecture and implementation of the model.

3.6.2 Secondary data sources

In addition to primary data sources, plenty of information was acquired from various secondary
sources in Kuwait. According to Stevens et al. (2007), current and future land use data is required in
order to comprehend and model the urban growth in any city. Land use data used in this research
was acquired from Kuwait Institute for Scientific Research (KISR), Kuwait Central Statistical
Bureau (KCSB), Public Authority for Civil Information (PACI), Kuwait Municipality, the Traffic

Management Department of the Ministry of Interior and Public Authority of Housing Welfare

(PAHW).

Kuwait Institute for Scientific Research (KISR) is the agency responsible for providing various GIS
shapefiles, which were the backbone for creating the base map, the Governorates and district
boundaries. The shapefiles were used in analysing the land use in Kuwait and identify developed

urban areas, future development areas and areas excluded from development plans.

Other important types of secondary data that were obtained from Kuwaiti agencies include socio-
economic and demographic variables. These variables were among others, the current and future
estimates of population, density, nationality, number of people per household, population
distribution and population projection in the future (Boarnet & Crane 2001; Camagni et al. 2002;
Kashem et al. 2014). The data was obtained from the Kuwait Central Statistical Bureau (KCSB) and
the Public Authority for Civil Information (PACI), the official agencies responsible for producing
various socio-economic and demographic statistics via censuses. Kuwait Municipality and the
Municipality Council were the main sources for data related to the master plans, including future

land use design characteristics and urban expansion and planning policies.

To simulate future population trends, a locally developed population projection was also used. This
projection was developed in the Kuwait Institute for Scientific Research (KISR) and what

distinguishes it from other forecasts is that:
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a. it is based on the Cohort Component Population Projection Method used separately for
citizens and non-citizens,

b. it projects higher population in Kuwait compared to the UN forecasts, and

c. it used the natural factors of population change (fertility, mortality and migration) as well as
an citizenship acquisition rates (Alramadan & Almusallam 2013).

For the simulation of the current and future transportation status, the Traffic Management
Department in the Ministry of Interior was contacted, as it is the authority responsible for providing
GIS transportation data in Kuwait. The data acquired included current and historical street networks
for the past 20 years, vehicle statistics, traffic accident statistics and congestion statistics. While
metrics such as the Vehicle Kilometres Travelled (VKT) are used broadly in traffic related
researches, this information was not readily available in Kuwait. Hence, alternative methods had to
be developed for the urban system simulations. The proposed methods were instead based on:

a. Collecting accident data and using them to derive metrics for traffic congestion. The
projection is based on the fact that congestion and accident occurrence appear to be
correlated. Specifically, accident frequency is positively correlated to congestion levels,
which can be explained by the fact that more vehicles share the motor network (Chang &
Xiang 2003).

b. Using the Google Traffic tool, which not only displays real time traffic but also it is able to
forecast future traffic conditions for one week ahead with data from users’ mobile GPS
devices. This tool can classify the congestion in three distinct levels: no congestion, medium
and high and has been used in different traffic modelling studies (Marfia et al. 2013; Solé-
Ribalta et al. 2016). In the current research project, traffic data were recorded in Kuwait at
certain days and times (8 am, 2pm on Sundays and 8pm on Thursdays). Data for 8 months
from January to August 2016 were recorded in order to analyse congestion patterns and

levels in all districts.
Further information and the analysis of the traffic data can be found in Chapters 4 and 5.

Certain authorities, such as Kuwait Municipality and Kuwait Central Statistical Bureau (KCSB),
provided readily available data on their websites or published material. Other entities, like Kuwait
Institute for Scientific Research (KISR), Public Authority for Civil Information (PACI), the Traffic
Management Department, and Ministry of Interior required formally submitted applications in their

physical offices in Kuwait. The Public Authority of Housing Welfare (PAHW) was also contacted,
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since it is responsible for providing data related to developing new residential districts and
providing new housing options for citizens (PAHW 2015).

3.7 Conclusion

Chapter 3 has explained and discussed the unique and set of conditions and urban development
history in Kuwait that make it an interesting candidate for a case study for the proposed urban
model. It should be stressed out that the research work presented in the following Chapters 4-6 is
unprecedented for Kuwait or any other Arabian Gulf country. Hence, we believe that the questions
raised and answered via modelling in Chapters 4-6 are especially valuable for current and future
urban development in the case study region.

67



Chapter 4 : Modelling future impacts of current patterns of urban development in Kuwait
with the use of ABM and GIS

Chapter outline

The content of Chapter 4 is based on an article published in Transaction in GIS Journal. The work
described within this Chapter is related to modelling the business as usual scenario of urban
expansion in Kuwait. This is necessary for addressing the conceptual part of the research aim,
specifically understanding the effects of nationality segregation, centralised planning and the other
unique traits of Arabian Gulf societies on urban growth. Furthermore, the modelling will enable
quantifying some practical issues like traffic congestion and housing shortages and show how
integration of such tools may be valuable in urban planning. These are novel contributions aligned
to the overriding theme of the thesis that has never been investigated before in existing literature.

The findings contribute towards addressing the following research questions:

1. Who are the key decision makers affecting past urban growth in Kuwait and other Arabian
Gulf countries?

2. What impacts will urban growth with expansion around the CBD according to past trends
have?

3. How well can automata (ABM) simulate existing and future urban systems?

The research highlights of Chapter 4 include:

i) Spatially collating historical socio-economic and land use data in Kuwait from 1995 to 2015
using GIS.

i) Developing a predictive land use model of future urban growth patterns and evaluating
potential negative impacts, namely, traffic congestion and housing shortages.

iii) Identifying the key decision makers for urban development and most important urban
growth impacts in Kuwait based on the literature.

iv) ldentifying the future outcomes of development based on historical trends of expansion of

the existing urban area without considering any modelling.
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Abstract

During the last six decades Kuwait has experienced a rapid and unprecedented population growth
with only a small increase in the urban areas. The alarming rise in urban density in Kuwait has
caused issues for the residents’ lifestyles, the economy and the environment. These issues have been
aggravated by urban planning that perpetuated a city-centric urban form without modelling the
impacts of current patterns of urban growth. A spatial model using Agent Based Modelling (ABM)
and Geographical Information Systems (GIS) is proposed to model disaggregate future changes in
land use patterns given forecast population estimates and planning policies. The two main impacts
considered are housing shortage and traffic congestion as these are the two most significant social
impacts for Kuwaitis. This paper discusses the design methodology and parameterization of the
ABM and the agent groups. It characterizes urban growth by rules for different citizen groups,
historical growth patterns and the influence of decision makers. The model is validated against data
for the period 1995-2015 and simulations run to 2050; the results predict that continued city-centric
growth will aggravate the problems with greater than 50% increase in housing shortage and

congestion unless the government intervenes to rectify the situation.
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1. Introduction

Urbanization affects modern societies in several ways, such as the economy, the environment and
culture and is a central principle in the research fields of demographic, economic and regional
geography (Birch 1971; Knox & McCarthy 2012). Urbanization and related city growth have
adverse impacts on the lives of millions around the world, such as overcrowded transportation
(Duranton & Turner 2012; Kim et al. 2014) housing affordability issues (Isma’il et al. 2015) and
environmental degradation (Sypharda et al. 2011; Arouri et al. 2012; Seto et al. 2012).To mitigate
any negative impacts of urban growth, and to improve livability, a variety of measures have been
proposed and enacted globally. This set of measures includes better planning approaches, such as
strategic spatial planning (Todes 2012; Vos & Witlox 2013), comprehensive planning (Bengston et
al. 2004) and sustainable planning (Lord et al. 2015). Additionally, urban modelling integration in
planning helps to understand growth processes (Epstein 2008), model urban systems from
disaggregate spatial data (Batty 2012) and predict future changes that, in turn, allows us to act early
for the mitigation of any negative impacts (Miller & Page 2009; Crooks & Heppenstall 2012).
However, a fundamental issue in developing such measures is that not all cities experience the same

history of urban growth and urbanization.

One region of increasing interest is the Arabian Gulf, in which cities have transformed from small
ports to metropolitan areas within a very short time (Abu-Ayyash 1980; Rizzo 2014). Another
characteristic of the growth in the Gulf region is that it was not primarily driven by internal
migration from rural areas, but from overseas immigration of laborers (Malecki & Ewers 2007).
Major effects of these phenomena include increased and costly traffic congestion and accidents,

reduced housing availability and inefficient land use.

Urban planning in Gulf cities is exclusively controlled by the government, without any public
involvement (Al-Shamiry 2011, Al-Nakib 2014a). The planning process is focused on redistributing
some of the wealth from oil exports through housing welfare and infrastructure. Over the last
decades, urban development in the region has been dominated by a series of master plans which
were driven by a conceptual design approach to planning. These plans have been inadequate in
dealing with urban growth related impacts (Madbouly 2009; Rizzo 2014). Furthermore, there were
several assumptions that have not been tested in the preliminary analyses; a notable example is the
failure to address the reality of the significantly high ratio of non-citizens in the demographics of

most cities (Abu-Ayyash 1980; Abu-Ayyash 1981), higher car dependency, inefficient
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transportation (Al-Ramzy 2009; UNDP 2009), and the affordability of housing (Alshalfan 2013).
All of these are key concerns for both governments and residents of the Arabian Gulf.

Although several studies have highlighted the need for robust urban planning in Arabian Gulf cities
in order to tackle the negative impacts of urban growth, no clear process for modelling urban
development and its impacts in the area has been proposed (Madbouly 2009; Aljoufie et al. 2012;
Rizzo 2014). Therefore, this study aims to model urban development in Gulf cities and, in doing so,
to identify any negative impacts and identify potential solutions. The two primary objectives in this

study involve:

i) disaggregating existing sources of land use and census data to a form suitable for modelling
future urban growth and its impacts, and
ii) developing a predictive model of future urban growth patterns and evaluating potential negative

impacts, namely, traffic congestion and housing shortages.

The predictive model will be explored by two scenarios to envision urban growth Kuwait within a

horizon of 35 years and assessing future impacts. Two scenarios are explored:

1. A business as usual scenario following the historical trends.
2. An adaptive growth scenario where government is more reactive to solve the housing

shortage.

With these scenarios in mind, a research question is whether an adaptive planning approach
evaluated on a medium term basis, i.e. 5 years that triggers changes in public housing releases may

significantly reduce housing shortages and other impacts in the long term in Kuwait?

The paper mainly focuses on housing shortage as an impact, and with a lesser emphasis on traffic
congestion as there was limited available transport data adequately assess it. The work presented in

this study is an extension of a published conference paper (Alghais and Pullar 2015).

The motivation for the work in this paper was that current planning processes have been limited by
the use of aggregated data (such as the national census) and a conceptual planning approach that
does not anticipate future growth and potential impacts. Using aggregated data often fails to
correctly identify and solve local issues. Disaggregated spatial data on the other hand, gathered
from local communities offer insight on the residents’ concerns and expectations from urban

planning in their immediate area.
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2.  Background

2.1 Case study site

Kuwait will be used as a case study site. Kuwait has a population of 4.1 million living in an area of
17,818 km2 (PACI 2015) and demonstrates all the unique traits of Gulf cities discussed earlier.
Most of the developed land is located along a coastal region in the eastern part of the country, as
shown in Figure 4-1.

Kuwait
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D Kuwait border

Urban area

25
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Figure 4-1: Kuwait land use distribution

After the discovery of oil in the 1960s, Kuwait has seen a rapid growth in population, primarily

because of incoming immigration. Specifically the country’s population grew from less than

200,000 in 1955 to more than 4 million in 2015 (United Nations 2015).

Since the 1950s, the government of Kuwait has developed master plans for urban planning, which
focused on concentrated development in the central business district (CBD) and low density
residential areas around it. The long-term implementation of the master plan is overseen and
managed by the Kuwait government. State and local authorities decide on the most suitable use of
land in order to promote general welfare and livability, and appropriate locations for future
development and transport, while protecting the environment and cultural resources at the same

time (Abu-Ayyash 1980). Districts have been used in land use planning in Kuwait since the 1960’s.
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They follow a distinct socio-spatial composition designed to accommodate Kuwaiti citizens and
non-Kuwaitis in separate areas. The majority of non-Kuwaitis live in districts with a mix of high
density unit development, shopping and commercial zones. They tend to reside closer to their
workplaces compared to the Kuwaiti citizens. Only a few non-Kuwaitis live in designated
residential districts, as they are not allowed by law to own property and they may only rent or reside
in Kuwaiti households as service staff (Al-Nakib 2014a).

This planning approach and population growth has resulted in issues such as housing shortages,
overpriced property, congested traffic networks and pressure on public facilities and infrastructure
(Abu-Ayyash 1980; Abu-Ayyash 1986; Al-Hathloul 2004). Alshalfan (2013) identifies high car
dependency as another problem arising due to the master plan. The more alarming concern from the

increase in total number of vehicles is the higher rates of accidents, which can be seen in Figure 4-2.
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Figure 4-2: Annual numbers of accidents and registered vehicles in the period 1975-2014 in
Kuwait (Jadaan 1990; Koushki et al. 2003; KCSB 2014)

There is a scarcity of traffic surveys and data on traffic congestion in Kuwait, so we decided to use
data on traffic accident reports as a surrogate for traffic congestion. Traffic accidents and
congestion are related (Chang & Xiang 2003) and have a common factor for vehicle usage. Vehicle
ownership in Kuwait is 1 car per 2 persons (2014 data), and may be related to demographics for the
drivable age of population in districts. Traffic accident data reported for police regions (typically
several districts makeup a police region) shows a relationship between vehicle ownership and
accidents (see Figure 4-2). Kuwait has high traffic congestion and traffic accidents, for instance data
for 2014 indicate an average of 400 accidents per district. A more detailed analysis of the

correlation of accident data and congestion is presented in section 3.3.
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2.2 Agent based modelling

This study uses an urban modelling approach, based on Geographical Information Systems (GIS)
and Agent Based Modelling (ABM), to model changes and interactions between land use and
agents and understand future patterns of urban development. A business as usual scenario
simulation mimics historical growth for the case study where current patterns of urban growth
persist from 2015-2050. The results of the simulation are expected to help in assessing current
trends of urban growth, to show it spatially in GIS, and to better comprehend the impacts of existing
urban growth patterns on housing availability. A second more adaptive scenario was also run with
the government being more reactive to housing shortages and releasing more residential districts
and distributing more dwellings for the citizens.

GIS has been hybridized with many types of spatial models for managing and analyzing datasets
(Goodchild 2005) and, likewise, computational tools for the spatial modelling of cities and
transportation over space and time have been coupled to GIS (Batty 2012). ABM is such a tool, and
has been integrated with GIS for modelling predictions and assessing plans (Clark 1982; Brueckner
1997; Waddell 2002; Liu 2009; Jokar Arsanjani et al. 2013). The combination is regarded as a
powerful way to model spatiotemporal dynamics of urban development (Zhang et al. 2015) or the
dynamics between demographics, transportation, housing and the average satisfaction of the
residents (Huynh et al. 2015).

Spatial models that use ABM simulate the actions and interactions of autonomous units within a
system. These interactions are based on simple rules, but may result in the emergence of complex
system behaviors (Torrens 2002; Batty 2008). ABM in the context of GIS integration is operated by
having agents influence land uses or explicitly representing agents as land facets that exhibit land
use changes (Ligmann-Zielinska & Jankowski 2007). The advantage of this type of model is that
interactions between autonomous units are examined at a disaggregate level, which evolves via a
simulation to reveal emergent macroscopic land use patterns. This is termed a bottom-up modelling
approach (Crooks & Heppenstall 2012). The selection of ABM for this project is then justified as a
means to evaluate decisions by different groups, as agents, based on their settlement patterns and

interactions with future plans.

While there is no universally accepted definition of agents in ABM, they can be regarded as a
collection of autonomous decision-making entities within a system. Agents are able to individually
assess their situation and make decisions based on a set of predefined rules (Bonabeau 2002). Urban

models incorporate two components—a spatial component for land uses and a human decision
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making component—and urban ABM has been developed based on both components. Land use
may be treated as the spatial environment by focusing on dynamic patterns of land use change, and
the decision making on the collective behavior of decision makers, such as risk behavior by groups
of individuals (Ligmann-Zielinska & Jankowski 2010). Typically, groups of stakeholders represent
different agents, as their interests and behaviors in terms of land uses vary and may be captured via
population and economic data and census statistics. Agents represented as individuals, such as
people or households, may have more active behavior than groups, as they are able to roam freely
around the environment permitting more complicated and heterogeneous interactions (Crooks &
Heppenstall 2012). However, these behaviors need to be regulated by rules obtained from social
survey data (Brown & Robinson 2006) which may be challenging to obtain.

In this study, the ABM includes multiple agents that are constrained by their environment. The
spatial environment is the developable and urban areas segmented as land use districts. Given the
lack of individual social survey data available in Kuwait, it was decided to focus on agents as
collective groups or decision makers. Interacting agent groups include Kuwaiti and non-Kuwaitis
citizens, land developers and government as the key organization affecting land use decisions.

Further information on behaviors is described in the model design in the following section.

3.  Data and Methodology

3.1 Data types and sources

Base mapping layers used in this study include GIS data such as road networks, districts and urban
activity destinations in Kuwait (hospitals, shopping malls, factories, government offices, companies
and universities) from 1995-2015. Population data with aggregate projections from 2015-2050
(Alramadan & Almusallam 2013) were obtained from Kuwait Institute for Scientific Research
(KISR). Other significant data include socio-economic, transportation and demographic variables
(density, nationality, household sizes and population distribution) were obtained from the Kuwait
Central Statistical Bureau (KCSB) and the Public Authority for Civil Information (PACI). Finally,
housing related data, such as the number of applicants and the supply of dwellings from the
government, were obtained from the Public Authority of Housing Welfare (PAHW). The only
available data related to traffic congestion in Kuwait are accidents data collected from the Interior
ministry. This set of data needed to be disaggregated and classified into a uniform spatial form, in

order to create a profile of urban expansion of Kuwait for modelling.
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3.2 Disaggregation of district data

As mentioned earlier, urban models require disaggregate spatial data to simulate future urban
growth, and the district scale was used for this purpose in this study. Data on district characteristics
were collected to understand the historical development trends, as Kuwait’s districts provide
relatively uniform characteristics for land use type and population composition. This section
describes the acquisition and preparation processes of this dataset.

The first step was to identify and classify districts according to their land use type as residential,
mixed and others. In terms of population composition, residential districts consist mainly of
Kuwaiti households and overseas support staff, while mixed districts host the majority of the non-
Kuwaiti population. Figures 4-3 and 4-4 show the difference between typical mixed use and
residential districts for Sharg and Qurtuba respectively.

Figure 4-3: Sharqg one of the mixed use districts in Kuwait

76



Figure 4-4: Qurtuba, one of the residential districts in Kuwait

No land use mapping was readily available for Kuwait. Maps for populated districts were available,
but these still required updating and compilation into a land use layer in GIS for modelling
purposes. Kuwait’s districts were classified according to land use into residential, mixed use and
other non-urban areas (industrial, agricultural, ports, desert). Historical population data from 1995-
2015 are reported by district and contains basic information on nationality (Kuwaitis and non-
Kuwaitis); this was used to map population composition and density for districts in the GIS. For
established areas there were four different denominations of densities according to the type of
district and residents: average Kuwaiti density in residential districts (40 persons/ha), average
Kuwaiti density in mixed districts (20 persons/ha), average non-Kuwaiti density in residential
districts (30 persons/ha) and average non-Kuwaiti density in mixed districts (2,000 persons/ha).
Since the model attempts to emulate the continuation of existing urban patterns, the expected
population capacity was calculated for each new simulation district based on the aforementioned

variables and has similar average population densities.

Future urban developable sites also needed to be identified. This task involved classifying the
development status for areas as developed, developable in the future (including vacant land inside
developed areas) and land excluded from development or prohibited to development such as
military areas, oil fields, culturally significant areas or highly environmentally sensitive areas. The
excluded areas were defined using photos, maps and satellite images collected from the Kuwait

municipality and Google Earth. This process was carried out by utilizing the master plan’s maps
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and visually interpreting settlement patterns from Google Earth satellite images. The outputs were
compiled into a uniform representation in ArcGIS, and model parameters for growth were derived
from analyzing historical growth patterns. This classification was necessary for overlaying the data
on the ABM model. The resulting map can be seen in Figure 4-5.
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Figure 4-5: Classification of Kuwait's districts according to land use and development status

3.3 Analysis of historical data

Analysis of historical data was necessary to set the historical urban growth model parameters used
to simulate urban expansion in Kuwait. In this section, the most important findings from the

historical data will be discussed and the development of ABM rules will be justified.

Urban development, in general, can occur via greenfield policies (developing new districts in
previously undeveloped areas, such as desert) or intensification (increasing population within
existing developed areas, such as infill or high-rise expansion) (Biddle et al. 2006; Melia et al.
2011). Figure 4-6 shows the ratio of greenfield and intensification developments in Kuwait between
1995 and 2015. It can be seen that intensification is dominant. It was found that annual growth rates
for new dwellings for Kuwaitis in residential and mixed districts are 155 and 125 dwellings
respectively. Annual growth rates for new dwellings for non-Kuwaitis in residential and mixed
districts are 110 and 1490 dwellings respectively. It should be noted that dwellings provided for
Kuwaitis in residential are from the government, whereas all other dwellings are built by private

sector (developers). Additionally, the household size is on average 7.5 persons for Kuwaiti
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households and 5.5 persons for non-Kuwaiti households (Kaye 2009). Another finding for
greenfield development was that more new residential districts were created compared to new

mixed use districts at a ratio of 8 to 1.

1995-2005

5%

46%

M Greenfield in
Residential
districts

M Greenfield in
Mixed districts

Intensification in
Residential
districts

M Intensification in
Mixed districts

2005-2015

0%

37%

M Greenfield in
Residential
districts

M Greenfield in
Mixed districts

Intensification in
Residential
districts

M Intensification in
Mixed districts

Figure 4-6: Comparison of greenfield and intensification development in Kuwait between 1995 and
2015

Assuming that these trends persist following a ‘business as usual’ scenario until 2050, greenfield
districts alone will have difficulty accommodating growth due to the time it takes for construction
works. Hence, over-spill growth is expected to occur at higher intensification rates; in other words,

urban density needs to increase above historical figures to accommodate the growing population.

Additionally, after analyzing the historical data, a clear correlation between population growth and
urban expansion as well as housing shortage can be seen. Specifically the correlation coefficient
between Kuwaiti population and pending housing applications is 0.97 (between 1980 and 2015);
this trend can be seen in Figure 4-7. In addition, the correlation coefficient of total population and
urban area is 0.99 (between 1995 and 2015).
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Figure 4-7: Correlation of population growth (citizens) and pending applications for housing

according to historical data

Furthermore, the average annual rate of change of applicants from Kuwaiti families for new

available housing was approximately 4.6% per year (based on historical data from 1980-2015). In

1980 there were approximately 3,000 new applications and in 2015 approximately 7,000 new

applications. This results to a cumulative number of pending applications of 108,000 by 2015. In

contrast, the average number public housing of dwellings (house or land) offered by the government

was calculated and was found to be 2000 dwellings per year (PAHW 2015). These trends may be

clearly seen in Figure 4-8.
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Figure 4-8: Comparison of new applications and housing shortage for each year between 1980 and

2014
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Traffic accidents as mentioned earlier are used as a surrogate for traffic congestion impact. The
accident data are available for police regions, where a police region is comprised of several urban
districts (1-5 districts). Figure 4-9 shows police regions and traffic accidents for 2014. Statistical
analysis reveals a correlation between traffic accidents and variables for: i) population, and ii) the
number of contributing regions to traffic inflow relative to the CBD. A regression equation on
accidents with explanatory variables for population (p-value <0.01) and level of traffic catchment
(p-value 0.05) provided a measure of traffic accidents and congestion. Although a very crude
indicator it intuitively captures the dominant traffic flow pattern of outer districts to CBD i.e. outer
regions have less population and no traffic inflow from adjoining regions, whereas inner regions
have higher population and many contributing traffic regions. The regression relationship is used
later (see Figure 4-22) to predict future accidents.
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Figure 4-9: Accidents rate distributed on police regions in 2014

Traffic impact is a complex issue that needs a variety of government adaptations to predict and
solve and it is certainly not possible to study it only in terms of urban growth. The literature
confirms that congestion is considered extremely difficult to be forecast with limited available data
(Bonabeau 2002; Bernhardt 2007); therefore the impact of traffic congestion will be calculated

based on other congestion indicator data in the model in future work.
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3.4 Agent Based Model parameterization

The ABM tool used in this study is the ArcGIS Agent Analyst extension. It is open-source software
that was developed to integrate ABM tools with ArcGIS (Johnston 2012). In this framework,
dynamic groups of agents interact with each other and their environment, and agents possess the
ability to assess situations and behave based on a set of rules. In the context of urban modelling
agents interact and change the environment for land uses over time (Veldkamp & Lambin 2001;
Verburg et al. 2006). The ABM receives GIS data inputs related to land use, transport networks,
demographics as well as population growth to simulate the future scenarios. Rules for changes in
spatial units and interactions that affect their state, or the state of decision agents, were encoded in
Java. ArcGIS Agent Analyst runs a simulation with scheduled execution of actions from the Java.
This extension has been used in various studies and is recommended by many researches (Robinson
et al. 2013; Dahal & Chow 2014; Haslauer et al. 2015).

As mentioned earlier, this research involves two scenarios:

1. A business as usual scenario: Follows historical trends with a fixed land policy by the
government to open four new residential districts and a half mixed use district within a five
year time step, and to distribute 2000 new dwellings to citizens’ families per year as part of
PAHW program.

2. An adaptive rule scenario: The government will assess to the housing shortage problem after
the five year time step and react to adjust land policy. Specifically, if the number of
remaining families in the PAHW waiting list is growing and the new dwellings cannot meet
the housing demand, the government will release more residential districts and dwellings

compared to the last 5 years’ average.

As discussed earlier, an ABM with four distinct agent groups was used in this study. The agent
groups have varying degrees of decision making power in matters of land use, according to the

status quo in Kuwait.
The four groups of decision agents in the model are:

i) The Kuwait Government and planning authorities that have the power to create new areas
for greenfield development. Opening up new areas follows planning policy. Moreover, in
the adaptive scenario, the government will be an adaptive agent that will react to the housing
shortage issue to tackle it.

i) The developers (private sector), who are mainly Kuwaitis with enough wealth and power to
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build houses, units, universities and shopping centers in the mixed districts as activity
centers. In the proposed model, the private sector will act according to historical trends by
building houses and high rise buildings mainly in the mixed use districts for Kuwaitis and
non-Kuwaitis and a smaller number in the residential districts for non-Kuwaitis.

iii) Kuwaitis, who prefer living in residential districts (85%), can own land (70%), flats or
houses, are eligible for PAHW grants and, until they receive the grant or best offer, have the
option to temporarily live in the family home, i.e. as extended families. In addition, the
driving forces of their behaviors are economic opportunities offered by the government, and
traditional family cultures.

iv) Non-Kuwaitis who usually rent a flat or house preferably in mixed districts (65%) because
they cannot possess their own real estate due to the Kuwait Government rules.

The main behavior simulated in both scenarios involves the spatial segregation of residents
according to nationality. The segregation is a result of decision making process according to
suitability criteria for residents groups. Besides, Figure 4-10 explains the agents and their relations.
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It is worth mentioning that there are numerous reasons for family households of the Kuwaiti agent

group living together, including:

e Financial reasons, due to the long waiting period for housing and expensive rent and
land/property prices.

e Cultural and religious reasons, as Kuwaiti children are expected to take care of their parents
when they reach senior ages. Furthermore, most families consist of at least 4 people (often

more), which enhances close family ties (Ramadan 2016)
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Before running the model, it was important to divide large areas outside existing development into
small developable compartments (parcels) for future urban expansion, this was done with the Create
Fishnet tool in ArcGIS. The size of the developable parcels was made approximately equal to the
mean size of districts, which is a reasonable assumption since according to the historical data the
average district size was found to be 5 km2, with a standard deviation of 2.6. The parcel grid can be
seen in Figure 4-11.

| Developable

- Excluded
B vixed
- Other
[ Residential

10
B [ IKilometers

Figure 4-11: Parcels grid of developable areas after split using Fishnet tool

A suitability model was then used to estimate the annual future demand of land for urban
development depending on historical growth (Malczewski 2004). Analysis found that development

of districts was related to six variables:

i) Infrastructure proximity (3 variables) with distances to major street networks, the CBD and
the coastline. These were calculated with the near distance tool in GIS.

i) Urban area proximity. This was calculated with the near distance tool in GIS. However, this
variable is dynamic, as it needs to be recalculated after each time step due to the changing sites
of the urban area after the addition of new districts.

iii) Weighted proximity to facilities—hospitals, shopping malls, governmental offices, company

offices, factories, and universities. This was calculated as the sum of ratios of facility size to
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distance for all (n) major facilities within the city limits:

Weighted proximity = Xi=1, (Size of facility; / distance to facility;)

iv) Land costs of houses or apartments for developable parcels. This was derived from annual
sale and rent data published by Kuwait Finance House (KFH 2015) and was for the two
main district types (residential and mixed). The data values were normalized to a suitability
scale of 0 to 100, where 100 is the highest suitability value.

The suitability variables were combined in a linear weighted combination with weights derived
from historical growth patterns (Malczewski 2004). These weights were derived by a trial-and-error
process by examining growth patterns of districts from 1995 land uses to best match 2015 land uses.

Further details are given in section 3.5 on calibration.

Both scenarios simulate changes in the urban form of Kuwait every 5 years until 2050 through land
use changes driven by population growth, and behaviors/interactions by the decision agents. Hence,
it will run for 35 iterations, representing each 5-year interval between 2015 and 2050. The new
districts for development are selected from developable parcels based on their suitability.
Population growth is allocated in the new districts and their distribution will match the current
average ratios. It should be noted that projections about certain demographic data, and especially
income, are very challenging to develop and beyond the scope of this work. Transition from a
resource based to a service based economy, may have dramatic effects on the income of residents;
however, this model attempts to examine the urban growth from a land use perspective alone. Table

4-1 summarizes the model parameters and their application in the model.

Table 4-1: Summary of model parameters

Parameter name unit Description
Population Persons New residents from census projections added
Increment in groups of about 5,000 persons to districts

in the intensification step.

Average capacity Persons/ha | Average density of established districts from

historical data; used to dictate growth

capacity.
Annual new Number of Number of new houses and units constructed
dwellings dwellings per year based on historical data during the

greenfield development step (Kaye 2009).
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Government reaction % Percentage increment to the number of new
increase residential districts and new provided
dwellings for 5 year time step (35%). Used
only in adaptive growth scenario.

PAHW  dwellings | Number of | The number of lands and houses provided
per time step dwellings from the government calculated from
historical data for periods of 5 years.

PAHW applications % PAHW applications increasing by roughly
percentage of 15% every 5 years calculated from historical
increment per time data.

step

PAHW applications Number of | The number of PAHW applications required
for government | applications | to initiate the government reaction step
reaction which is > 20,000.

3.5 Simulation algorithm

The simulations run according to a sequential algorithm. The algorithm consists of the following

steps:

1. Initialization:

Initialization involves creating and binding the spatial environment to districts in the GIS, checking
the validity of the parameters, loading data for the disaggregate population projections and

initializing the model schedule to start in the year 2015.

2.  Preparation:

This step contains several actions; the main one calculating the suitability of districts for growth and
generating an ordered list of districts for processing based upon suitability. Also, setting the infill
availability count for developed districts, this checks if they may accept new residents based on
capacity. Besides, this step takes the 5 yearly forecast population growths for both Kuwaitis and

non-Kuwaitis to be used in the following steps for new population allocation.

3. Greenfield step:

Developable districts may be converted to residential or mixed districts as greenfield development.

The new developable districts selection process involves identifying a larger set of the best ranked
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developable districts, about twice as many required for allocation, and these were randomly sorted
to reflect that there is some arbitrary uncertainty in the selection process. In addition, the population
allocated to districts from the disaggregated 5 yearly population projection depends on the
household sizes for Kuwaitis and non-Kuwaitis and district type (residential or mixed). This
allocation is run depending on the scenarios:

1) Business as usual where this step selects four residential districts every 5 years and one mixed
district every 10 years, which are the historical rates of development for each district type
according to data from 1995 to 2014. More specifically, the population allocation for
residential districts is: (155 dwellingSkuwaiti X 7.5 persons x 5yrs) + (110 dwellingSnon-kuwaiti X
5.5 persons x 5 yrs) which is approximately 8,800 persons, and for mixed districts it is: (125
dwellingSkuwaiti X 7.5 persons x 5yrs) + (1490 dwellingSnon-kuwaiti X 5.5 persons x 5 yrs) which is
approximately 45,600 persons. This means, the new districts are filled by approximately 30%
to their capacity and are expected to take more than 5 years to fill completely.

ii) Adaptive rule where the government reacts to the housing shortage problem and increases the
number of new residential districts and dwellings (an increment of 35% was found to be
reasonable) compared to the last time step. To activate the rule the models does a forward
estimate of pending PAHW applications from running the next step (intensification), and if the
estimated applications exceed the number of new dwellings it performs the increase of new
districts. This represents a more reactive planning process to revise the master plan every 5
years by the Kuwaiti planning authorities. In addition, this step makes one major modification
in the greenfield time step, which is to reduce the household size from 7.5 to 4 in the new
residential districts. Historical data show that this happens when the government provides new
dwellings for Kuwaitis, as they move from their parents’ houses or rented dwellings to their

new dwellings (shift from extended family to direct family).

4.  Intensification step:

This step performs infill to assign population to any district with available capacity. Population is
added from the disaggregated 5 yearly population projection by increments of 5000 people (in all
districts except those that exceed the average population density) and then it loops through until all
population growth has been assigned to a district. If population still exceeds capacity it goes to the
spill-over step. This value of 5000 new residents was chosen after testing a range of options (from
500 to 10000) for simulation performance and not violating growth rules and capacity limits.
Smaller increments slowed the simulation run time and larger ones violated rules for growth

capacity in smaller districts.
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5. Spill-over step

Spill-over occurs when there is new population not allocated to any district at the end of steps 3 and
4; in other words, if population exceeds the historical maximum districts’ capacities it has to be
accommodated with over-spill growth. Therefore, the spill-over population is tracked on a
household level in a housing wait list (PAHW applications), and is then temporarily accommodated
by increasing the intensification rate for all districts; this occurs often in Kuwait as new families
stay with their parents due to housing shortages. Historical data show that there is an increase in the
district densities, but there seems to be no regular pattern and hence a flat increase is applied across
the districts. The spill-over action is implemented by increasing the maximum capacity rate for all
districts by a small amount (0.0001 times existing capacity) and then repeating the intensification
step until all the remaining population has been allocated. In simple terms, it allocates residents by
repeating the intensification step in small increments. It should be noted that during the second
scenario the spill-over step did not run, as there are more available dwellings and new districts than

the business as usual scenario.

6.  Calculate impacts step

This step produces results for the key impacts: housing shortage (PAHW applications) and traffic
congestion. For the housing shortage impact, a simple equation was used to calculate the bending
applications and the PAHW provided dwellings for each time step. Additionally, for the traffic
congestion impact a regression analysis equation was used to predict the future accidents (for
details, see supplementary information- Appendix D). Output maps and figures are programmed to
show details about the current state of districts, such as how many districts were developed and how
many residents settled in them. This step also ensures that all the new parcels have been created
successfully. Figure 4-12 shows a flowchart of both scenarios’ model architecture. Besides, a

supplementary- Appendix D provides more details on the simulation algorithm for ABM.

88
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Yes step will run only in

the second scenario.

Figure 4-12: Simulation flowchart, including the adaptive step for the government reaction

3.6 Calibration

Calibration of the suitability weights used in the ABM for selecting districts to develop is needed to
produce realistic outputs for the historical (business as usual) scenario and avoid biased outputs (Liu
2009; Voorde et al. 2016). The calibration of the ABM was carried out by running the model with
1995 data (Figure 4-13) to predict the spatial pattern of urban growth to 2015 (Figure 4-15), and
comparing it with the actual growth pattern in 2015 (Figure 4-14). This was run over 50 times with
different parameters to best match the simulated pattern of urban development with the real data.
The selection of the parameters was made after considering the availability of existing historical
data, past studies and the author’s experience from residing in Kuwait. It was found that not all
parameters provided significant weighting to produce the best fit of the simulated urban form to the

real urban form in 2015, but it should be noted that they will be nevertheless useful in future
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simulations. Table 4-2 shows the weights of each parameter in the simulations that produced the
best fit: 80% similarity of predicted with real urban form in 2015.

Table 4-2: Parameters used for calibration and respective weights for best fit iteration

Parameters Weights values

Closeness to CBD 1.04
Closeness to coast line 0.5
Closeness to companies 0.01
Cost (rent and sale) 4.4
Closeness to factories 0.01
Closeness to  government’s 0.01
offices

Closeness to hospitals 0.01
Closeness to shopping malls 0.01
Closeness to street networks 0.01
Closeness to universities 0.01
Closeness to the urban area 2
Total 10
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Figure 4-13: Kuwait land use classification in 1995
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Figure 4-15: Kuwait land use classification in 2015 (simulation outputs)
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It is worth mentioning that, while a higher weighting for proximity of mixed development to
infrastructure was expected, in the end there was no significant difference in the weights used for
allocating residential and mixed districts. The reason was that many of the older mixed districts
came about by land conversion of residential districts, as part of a policy to make land available to

land developers for investment.

The comparison of population distribution by nationality and land use type between simulations and
existing development is seen in Figure 4-16.

Kuwaitis distribution 2015

14%

Non-Kuwaitis distribution 2015

M Residential M Residential
districts districts

H Mixed ® Mixed
districts districts

Kuwaitis distribution 2050

Non- Kuwaitis distribution 2050

B Residential B Residential
districts districts

H Mixed H Mixed
districts districts

Figure 4-16: Comparison of population distribution and land use for 2015 and 2050 (projected)

4. Results

The results show notable differences between the two scenarios. The outcome maps from the first
scenario simulation algorithm reveal that in 2050 there will be 32 new developed parcels (28
residential and 4 mixed districts), and their distribution is shown in Figure 4-17. While, in the
second scenario, there will be 45 new residential and 4 new mixed districts in 2050, as can be seen

in Figure 4-18.

92



) D MNew residential
|| |:| New mixed
[ o1d residential

I oid mixed

B oo

b } ' Developable

I Excluded

10
[ TKilometers

L\

Figure 4-17: Kuwait land use map on 2050 (1st scenario output)
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Figure 4-18: Kuwait land use map in 2050 (2nd scenario output)
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The population growth appears to occur in the suburbs around the CBD, as most central districts are

already very dense. Figures 4-19 and 4-20 show a population difference map compared to 2015 for

both scenarios.
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Figure 4-19: Population difference between 2015 (real data) and 2050 (simulation outputs) for 1st

scenario
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Figure 4-20: Population difference between 2015 (real data) and 2050 (simulation outputs) for 2nd

scenario

In both scenarios, for the intensification process, 17 existing districts had significant population
added and reached their full capacity. The district with highest population in 2050 was predicted to
be Jleeb Al-Shuyoukh, which is currently the highest population district. The district with the
lowest predicted population in 2050 will be Al-Bida with a total population of 3722, up from 1132
in 2015. In 2015, the least populated district was Abu Ftaira with total population of 53, and it is
expected to host 33251 residents by 2050. North West Sulaibikhat, with no residents in 2015, will
host 25011 by 2050. Furthermore, in 2015 the total population was 4 million, which was predicted
to reach over 6 million by 2050 based on the KISR projection (Alramadan & Almusallam 2013).

Results suggest that the continuation of the same urban planning scheme for the next 35 years will
aggravate the problems of housing shortage and traffic congestion. Housing shortages will remain at
2015 levels, with PAHW applications and dwellings provided by the government increasing by
approximately 64% to almost 180,000 in the waiting list and 166,000 as total dwellings offered by
the government until 2050 which means the government provided 70,000 new dwellings in 28 new
residential districts. However, if the government agent reacts to solve the housing problem (second
scenario), the housing shortage problem will be significantly improved by 2050 as the pending

applications will only be 11,676 applications as the total dwellings offered by the government until
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2050 is almost 302,000 which means the government provided approximately 205,000 new
dwellings in 46 new residential districts. The projected waiting applications for both scenarios are

shown in Figure 4-21.
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Figure 4-21: Projection of public housing demand in Kuwait to 2050 for both scenarios

On the other hand, accidents as an indicator for the traffic congestion will increase during the period
2014-2050, as more vehicles are expected to be on the streets, to reach almost 136,000. The
increase is according to the regression model equation described in section 3.3, and based on a
projected population of 6.24 million in 2050 as well as the distribution and number of districts and
the level of traffic catchment to Kuwait capital (CBD). In the second scenario, opening more
districts will result to increased traffic congestion as indicated by the number of accidents, which

will reach 154,750 accidents. This is shown in Figure 4-22.
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Figure 4-22: Accidents projection from 2014-2050 for both scenarios

The computational requirements for running the simulations were reasonable; each simulation run

for our ABM in ArcGIS Agent Analyst ran in less than 5 minutes on an average desktop computer.
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The software platforms and ABM extension appear to work smoothly and there were no integration

issues.

5. Discussion and conclusions

The purpose of this study is to develop an urban planning tool to assess the impacts of future urban
growth in Kuwait, by analyzing and enhancing available socio-economic data for urban modelling
and disaggregating it to mapped land use districts classified by their growth capacity. Furthermore,
it aims to develop a forecasting ABM to predict urban growth patterns and related growth impacts.

The primary research question of this study is to assess housing shortage with current urban growth
policies in Kuwait to 2050, and if a more adaptive policy is better at reducing impacts. Modeling
has indicated a positive answer to the research question.

By coupling the models with GIS, simulation results may help to identify and demarcate specific
locations for future greenfield development and urban intensification given the existing planning
policies. The results showed that if the future growth follows the historical pattern of radial
development around the center of Kuwait, housing demand is expected to outstrip housing supply at
a slightly higher rate (Figure 4-21), thus aggravating the issue over time. Specifically, families
awaiting housing approvals were almost 108,000 in 2015, but will exceed 180,000 by 2050. The
housing problem is not expected to be solved in the near future, due to the future uncertainty of oil
prices, risk of war in the region and energy renewal developments such as solar power. However, in
the second scenario where the government reacts to the housing shortage, the problem could be

solved by 2050 according to the simulation results.

Likewise, higher population density means higher accident rates and traffic congestion. Urban
sprawl and intensification, without addressing transportation issues, will lead to a significantly
worsening situation; approximately 136,000 accidents are estimated in 2050. In the second scenario,
when the government became more reactive to solve the housing problem by releasing more
districts, this causes more urban sprawl with more impacts on the traffic congestion as there will be
an increase in the number of projected accidents (154,750) in 2050. As mentioned earlier, the traffic
congestion is more complicated issue compared to the housing shortage and it requires more data

collection and analysis to fully understand.

These results represent development according to a ‘business as usual’ scenario following historical
trends. Although this approach is not completely innovative from a modeling perspective, it does

highlight important outcomes. In particular, it highlights that housing shortages, traffic congestion
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and accidents are not just a temporarily worsening situation in Kuwait and, without making
significant changes to future urban plans and growth policies, the situation may get dramatically
worse. The proposed approach for disaggregating national demographic data and using the ABM
could be used to assess alternative urban plans and growth policies related to settlement and
transportation that may address the negative impacts.

From a technical perspective, the proposed approach for disaggregating socio-economic data to
simple spatial types worked adequately in modelling future growth. For instance, by classifying
districts according to their development status (undeveloped, greenfield and intensification) it was
possible to disaggregate national figures for population growth and allocate growth to districts
based on their development capacity. The use of districts in ABM spatial environment worked well
to relate land use to urban activities and infrastructure, and formed the basis for developing a

suitability model for selecting new development and allocating the disaggregated population.

The use of an ABM for modelling urban growth also worked according to expectations.
Autonomous agents included decision makers that define the processes and interactions through
which growth occurs on the environment (districts) representing the spatial context of urban growth.
In this paper, the model design contains features such as adaptation, objective, prediction,
stochasticity and observer variables. A description of the model design based on an ABM protocol

(Grimm et al. 2010) is given in the supplementary Appendix D.

Among the issues encountered was that the use of a suitability model and historical allocation
weights were not adequate for representing policies that encouraged land use conversion over time.
Trend data alone cannot model future land use conversion; however, the ABM allows one to
speculate on conversions. The same could be said for the way land use was related to the
demographic composition of districts between Kuwaitis and non-Kuwaitis. The demographic
makeup of district types was captured well, but not the interactions that occur as lack of housing
becomes acute and people make decisions based upon family connections (mostly for Kuwaitis) and

affordable housing (for Kuwaitis and non-Kuwaitis).

A major limitation of the proposed model is the assumption that infrastructure remains unchanged
over the simulation period. While this is clearly not likely, it was a necessary assumption in order to
keep the complexity of the model at reasonable levels. Future work may enhance the validity of the
simulations by adding dynamic infrastructure changes, which are expected to affect land use by
2050. Another limitation of the model design was that particular agent interactions, such as
competition between land development agents, was not included. This is reasonable as in Kuwait
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the government, now and in the near future, has a strong influence over land development including

private sector involvement.

With the results of the ABM simulations in hand, it will be possible to propose changes to the
current center-focused approach for urban expansion in Kuwait, and to offer alternatives such as a
multi-nucleated urban form as it is proposed in the new master plan, 2030 in Kuwait. Future work
will seek to obtain further data on the public opinion for problems of traffic congestion and housing
shortages, and their preferences for future urban plans for Kuwait. Moreover, interviews and
surveys will be held with decision makers (government planners), the private sector (developers and
investors) and residents (Kuwaitis and non-Kuwaitis) for a better understanding of their behaviors,

to enable rules for land use conversions and interactions to be set.
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Chapter findings

This chapter initially helped identifying the key decision makers affecting urban growth in Kuwait
in the past, namely the government planning authorities, as identified in section 2.2. Traditionally,
the government controls urban growth with decisions and policies contained in their master plans. It
was found that the private sector and the community both have minimal engagement and effect in

urban development decisions.

This chapter also identified the future growth impacts in Kuwait if existing trends of expansion
around the existing urban area were to continue. The results showed that expanding urban areas
according to historical trends, then the traffic congestion and housing shortage will be aggravated
over time. This necessitates examining other possibilities of urban development, such as creating

new cities.

The simulation of the business as usual expansion confirmed that the existing social, economic and
land use data in Kuwait may be used in urban automata models to predict growth patterns and
subsequent impacts after they were better mapped, disaggregated and spatially integrated. This is a
somewhat unexpected result, given that no prior studies have been proposed for predicting urban
growth and its impacts in Kuwait. The proposed predictive model can be used for simulations of
alternative scenarios. The simulations findings indicated the importance of using and integrating
urban modelling tools in the planning process, instead of relying solely on conceptual designs and

statistics, which has been the case with previous master plans in Kuwait.

For more information on the model algorithms, the ABM codes and data the reader may refer to

Appendix D.

100



Chapter 5 : Projection for new city future scenarios- A case study for Kuwait

Chapter outline

This chapter contains the research to model urban growth and its impacts in Kuwait according to the
master plan 2030. The work presented in this chapter continues to be aligned with the overarching
theme of the thesis; specifically it enhances both the conceptual understanding of the factors of
urban growth and the practical applicability of urban modelling in addressing existing and future
issues. The content is based on an article published in Heliyon Journal. The findings contribute
towards addressing the following research questions:

1. Who are the key decision makers affecting the development of the most recent master plan
in Kuwait?

2. What are the main impacts of growth according to the Kuwaiti government and residents?

3. How will urban growth according to the new master plan affect the impacts identified in the
previous question?

4. How well can automata (ABM) simulate existing and future urban systems, based on master

plan policies and guidelines?

The research highlights of the chapter include:

i) ldentifying the key urban growth impacts that concern the authorities and residents in
Kuwait and influence their decision making, namely traffic congestion and state founded
housing shortage.

ii) Assessing the effectiveness of the construction of new cities that will be applied in the new
master plan, in addressing the traffic congestion and housing shortage.

iii) Examining the effects of any delays in construction or infrastructure projects effectiveness

in addressing traffic congestion and housing shortage.
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Abstract

The creation of new cities is a planning approach adopted in several regions around the world, in
order to accommodate urban growth. New cities are typically constructed according to well-thought
out, centralised plans in areas without any prior development. However, whether the development
of these new cities is able to address existing urban issues more effectively than traditional methods
such as intensification, is currently an unanswered research question. Several Arabian Gulf
countries, such as Kuwait are considering the construction of new cities to address urban issues,
specifically the traffic congestion and housing shortages. In Kuwait, the master plan for these
construction projects was developed solely by state authorities without any public participation or
urban modelling that may have provided a more well-rounded view of the potential impacts and

effectiveness.

This paper aims to address these research opportunities of investigating the effectiveness of new
cities in addressing traffic congestion and housing shortage, as well as the potential to integrate
public opinions in urban development in the form of a model. Towards that end, the study proposes
an Agent Based Model (ABM) that will allow simulating the population distribution and urban
growth impacts of new cities in Kuwait by 2050. The methodology involves collecting primary data
via interviewing the key government stakeholders of urban development and surveying the residents
in order to collect the model inputs. In Kuwait’s society, citizens and non-citizens form two distinct
resident groups with often very diverse needs and lifestyles; hence the survey responses will
differentiate between them. The data from the interviews and surveys from both resident groups
will be incorporated as agent behaviours in the ABM. The simulations examine a multitude of

scenarios for the new cities, involving construction delays and infrastructure project delays. The
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results indicate that the impacts of constructing new cities will be favourable across all different
scenarios in terms of alleviating the traffic congestion and housing shortage compared to a business
as usual approach of existing urban centre expansion. Furthermore, the survey responses confirm
that the resident perspectives closely align with the government’s priorities in the master plan for
the new cities, further improving the chances for the successful project implementation. The
methodology and findings may be applied in cities in the Gulf area or elsewhere with similar urban

issues.
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1. Introduction

Urban growth is a result of the global population rising and the ever-increasing appeal of cities to
house the majority of people (United Nations 2015). Cities offer a significant range of opportunities
and life quality improvements to their residents; however, living in a city is not without any
challenges. Among the most common issues city-dwellers have to face globally are traffic
congestion (Glaeser & Kahn 2004; Duranton & Turner 2012), low housing affordability (Chen et al.
2011; Isma’il et al. 2015), social imbalance (Farber & Li 2013; Zhao 2013; Pereira et al. 2014) and
environmental degradation (Irwin & Bockstael 2004; Seto et al. 2010; Sypharda et al. 2011; Arouri
et al. 2012; Seto et al. 2012). The physical shape of a city, or urban form, and the ways it expands
directly affect the severity of these issues (Broitman & Koomen 2015). As such, there is a growing
research interest in the field of urban systems on how modern cities grow and expand; for instance,
the mobility patterns of city dwellers and the commute times are strongly correlated to the spatial
patterns of existing and new residential developments (Camagni et al. 2002).

While the ways cities grow differ according to their geographic location, history, political and
economic conditions (Kaiser et al. 1995), they tend to follow similar patterns. Urban growth may
manifest as outward radial expansion of the urban form (Biddle et al. 2006; Newton 2010) or
upwards as urban intensification of existing districts (Melia et al. 2011). Intensification is associated
with increasing the population density in existing city districts, for instance through the construction
of high rise buildings (Broitman & Koomen 2015). This results in a more compact urban form,
which is often considered more desirable than outward expansion (Bronstein 2009; Caragliu et al.
2011; Echenique et al. 2012). Some of the stated benefits of intensification are: easier access to the
workplace and public services, lower car dependency, avoiding costs for extending transport
infrastructure, reduced degradation of the local environment and lower levels of residential
segregation (Dieleman & Wegener 2004; Crooks 2010; Newton 2010). An alternative to within-city
urban expansion or intensification is through the creation of new satellite cities at the periphery of
existing centres (Wang et al. 2011). The main advantage of new cities is that they may be better
planned and balanced according to the needs of a growing population. For instance, transport
constraints in older cities with road connections and infrastructure that cause severe traffic
congestion may be addressed with planned new cities. Figure 5-1 illustrates different types of urban

growth and the resulting types of cities.
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Figure 5-1: City types based on urban growth types adapted from (Petersen 2002).

New satellite cities are developed for a number of reasons: i) establishing a new capital such as
Putrajaya in Malaysia and a proposed capital in Egypt (Moser 2010; Monks 2016), ii) creating new
residential districts to accommodate urban growth, and iii) developing special purpose districts for

financial, tourism or entertainment activities like in Qatar and Dubai (Tok et al. 2015).

New cities may be linked to existing ones via public transportation systems, such as train or light
rail (Campos & Rus 2009). Train connections have several advantages such as reliability, fast
average commute speed and less pollution compared to motor vehicles; and are considered vital for
the successful integration of new cities (Dun 2014). However, constructing new cities also has risks;
such as the high initial capital cost and their viability for attracting enough new residents (Moreno
& Blanco 2014). Furthermore, new city projects are sensitive to delays, commonly associated with
large construction projects, such as from budget limitations, shortage of labour, poor scheduling or
unfavourable weather. These delays may prove to be detrimental to the success of a new city and its
planned benefits (Al-Tabtabai 2002; Assaf & Al-Hejji 2006; Singh 2010; Soliman 2010) Therefore,
it is imperative to carry out extensive modelling about the feasibility of new cities and potential

issues in order to minimise the risks.

Urban simulation has been used in many instances for both new and existing city development to
empirically analyse future impacts (Waddell 2002; Sivakumar 2007; Batty 2009; Liu 2009) and to
predict future spatial trends of urban and population growth under various scenarios (Batty 2007;
Crooks & Castle 2012). In order to simulate urban growth, urban models typically need various

types of disaggregated data related to land use, population, infrastructure and transportation (Batty
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2012). Additionally, data on population mobility and settlement patterns is needed to model the
dynamic aspects of urban growth (Camagni et al. 2002). Consideration of urban dynamics is
important in order to model the way cities evolve as a result of the collective interactions of
individuals and the urban environment (Benenson & Torrens 2004). The ability to collect data
related to urban dynamics and use them in models, gives rise to the concept of “smart cities”. In
smart cities information about transportation patterns, population and resource flows can be
gathered from buildings, individuals and corporations and used as feedback in urban models to
further improve the efficiency of existing urban systems and simulate the effects of different
expansion scenarios (Rodriguez-Nufez & Periafiez-Cafadillas 2016).

In the literature, most case studies of urban modelling are for cities in Europe, the US or East Asia.
However, cities in the Arabian Gulf countries experience rapid urban growth too, and issues related
to traffic congestion (Rizzo 2014; Aldalbahi and Walker 2015), housing shortages (Alshalfan 2013)
and segregation by nationality between Arab citizens and foreign workers (Khalaf 2006; Gardner et
al., 2014) are becoming more dirsuptive. Traditionally urban planning is guided by conceptual
approaches in Arabian Gulf countries, and lack data analysis and modelling to predict outcomes
(Abu-Ayyash 1980; Rizzo 2014; Alghais & Pullar 2017a). In addition, there is a lack of
consultation with residents, and hence little to no information about the concerns of residents and
their preferences of how new development is planned. Urban development has followed a business
as usual approach resulting in greater urban expansion, which has not addressed existing urban
issues and lead to further deterioration of urban liveability. For instance, previous research for
Kuwait (Alghais & Pullar 2017a) has shown that if the current trends of growth persist then traffic
congestion and housing availability issues will be aggravated; and that modelling provides a means
to make planning adjustments to avoid these issues. The key issues identified are: limited number of
public transportation options (currently only bus), high car dependency, and government housing
policies that limit the choices for new housing (UNDP 2009; Alshalfan 2013; Al-Nakib 2014a;
Dakkak, 2016).

This paper presents a new urban simulation model that is used to investigate whether establishing
new cities may solve the current urban issues in Arabian Gulf countries. This is a contemporary
question as many Arabian Gulf countries plan to establish new cities in the near future (Gulf News,
2010; Rizzo 2014; Summers, 2016). Kuwait is used as a case study as the government plans to
establish 12 new urban centres that will be independent from the sole existing urban area of Kuwait
City (Keay 2012). Figure 5-2 shows a map of Kuwait and the new proposed cities locations
according to the new master plan. The paper will simulate the development of the new cities in the

master plan to model balanced growth and assess impacts.
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Figure 5-2: Kuwait map and new cities locations.

The proposed model uses disaggregate urban data, a survey of residents and interviews with key
stakeholders as inputs to simulate new cities and minimize negative growth impacts. The primary

research questions formulated in this paper are:

a. What are the key issues of urban growth that affect future planning and concern the
local government and residents in Kuwait?

b. Will establishing new cities be more effective in solving these key issues compared to
expanding existing urban areas?

c. What are the main concerns related to the new cities projects according to the planning
decision makers in Kuwait?

d. How can residents that are willing to move to the new cities be allocated?

It is worth mentioning that the work presented in this study is an extension of a published

conference paper (Alghais and Pullar 2017b).
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2. Materials and methods

2.1 Interviews with key decision makers

In Kuwait there is only limited public information on the key political and economic forces that
shape urban growth, therefore we undertook interviews with government officials and private sector
representatives to understand the perspectives of urban decision makers. Surveys given to targeted
participants and their responses helped in understanding the role of the state and private sector in
developing urban plans. The questionnaires were developed with closed-ended questions in English
and Arabic. Additionally, the interviews assisted with identifying the main perceived negative
impacts of urban growth according to the government, and any concerns for the new cities projects.
Finally, the process enabled the collection of state data that were not available in government
official websites.

The participants (13 in total) were important decision makers representing the key planning
ministries and organisations in Kuwait; these included the Kuwait National Assembly (Parliament),
Kuwait Municipality Council, Ministry of planning, Kuwait Central Statistical Bureau, Traffic
department- Interior Ministry, Council of Ministries General Secretariat, Oil Ministry, Public
Authority for Housing Welfare and Ministry of Public Works.

In addition, representatives from the private sector (4 in total) were also interviewed, specifically
General Managers or Companies Executive Officers (CEOs) from construction and consultation
companies, real estate developers and traffic consultancies.

The findings from the interviews are summarised in Table 5-1.

Table 5-1: Summary of interview key findings

Question

Summarized Response

What is the planning approach in Kuwait
and what is the role of the authorities in the

planning process?

The main planning approach is based on the
master plan and the role of the authorities is
distributed according to disciplines. Final

decisions are made by the Council of

Ministries.
What are the main concerns about the | There is lack of cooperation and
development of new cities? coordination  between the  planning

authorities. The government fully controls
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the funding for the new cities. There are
concerns about potential delays in train and

new cities construction.

Is the plan modelled or evaluated by any

tool?

There are no simulations or modelling tools

used to evaluate the new plan.

What is the role of private investors in the

projects?

Private sector’s role is limited to

consultations and projects execution.

What in the

projects?

is the role of residents

The resident perspectives are not taken into
account and there is no future plan for

community participation.

What are most important urban issues?

Housing shortage and traffic congestion.

What is the importance of new cities in

solving the issues?

New cities are expected to solve the housing

shortage and traffic congestion issues.

What is the plan for public transportation?

There is no plan for upgrading or expanding
the existing bus system. A new train system
will be established to link the existing urban
area with the new cities. The planning
authorities are doubtful on the government’s
train

willingness on establishing the

network.

Will nationality segregation be addressed

in the new plan?

There are no plans to address segregation in

the new cities.

The interviews showed that traffic congestion and housing shortages are the main officially
recognized urban issues, and these are intended to be solved with the latest master plan. However,
there is neither quantitative assessment nor modelling to verify this. There was also the possibility
of project delays for establishing the train network and new city construction, and concern on what
consequences this may have. These concerns were shared with those interviewed in the private
sector, but it was confirmed that they had a minimal role in developing the new master plan and

influencing its execution.
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For these reasons, we decided to develop an urban simulation model that could run multiple
scenarios to model urban growth as urban intensification in Kuwait city along with developing new
cities at locations identified in the master plan without expanding the existing urban area. The
simulation needed to be able to assess impacts on traffic congestion and housing shortages as new
cities are opened and better train transport is made available; and additionally to assess the effect of
delays from projected completion dates in the master plan. More details on the modelling and
scenarios can be found in later section 2.3.

The simulation model is driven over time with official estimates of population forecasts and
movement of people in line with historical settlement patterns, but it was also important to obtain
data from people on their concerns and preferences on places to live. The next section describes a
survey of people living in Kuwait, both Kuwait citizens and the larger non-Kuwaiti work force
without national citizenship. This information is used along with the historical settlement patterns to
allocate people to the new cities as new population growth and existing population movement.

2.2 Survey with people

As the new cities were planned mainly for residents, the authors decided it was necessary to survey
them. In the surveys, citizen and non-citizen residents were treated as separate groups. The citizen
group was the primary group for simulating the housing shortage impact, as the problem is mainly
related to them. On the other hand, the traffic congestion is a problem that affects both citizens and
non-citizens.

The survey extracted resident opinions and preferences for settling in new districts based on
suitability weights collected directly from both groups. Residents below 18 years old and non-
citizen servants were excluded from the survey, because they are not the decision makers and in
most cases they can only follow their parents or employers. The survey was written for Arabic and
English speakers. The whole process was online and delivered through social media such as
Twitter, Instagram and WhatsApp, as these application networks are used extensively in Kuwait
(Tawfik et al. 2015). More than 2000 invitations were sent with an expected response ratio of 20%
(Smith, 2013) to statistically achieve a design confidence level of 95% (+/- 5% margin of error) and
standard deviation of 0.5.

The survey stayed open for 2 months. During that time, 879 responses were collected from
Kuwaitis, which provide a 3% of margin of error, whereas 406 responses were collected from non-
Kuwaitis, which provide a 5% of margin of error (Barlett et al. 2001). Table 5-2 shows a summary

of the survey respondents.
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Table 5-2: Survey respondents’ data sheet

Classification Nationality
Citizens (Kuwaitis) Non-citizens (Non-Kuwaitis)
Number
879 406
Gender
Male: 52% Male: 71%
Female: 48% Female: 29%
Age
<18-34: 53% <18-34: 60%
35-49: 29% 35-49: 29%
50->60: 18% 50->60; 11%
Employment
Student: 16% Student: 27%
status
Employed: 64% Employed: 59%
Unemployed: 3% Unemployed: 4.5%
Retired: 13% Retired: 0.5%
Other: 4% Servants: 5% Other: 4%
Monthly
. <500 K.D: 11% <500 K.D: 46%
income*
500-999 K.D: 18% 500-999 K.D: 37%
1000-1500 K.D: 33% 1000-1500 K.D: 12%
> 1500 K.D: 38% > 1500 K.D: 5%
Marital
Never married: 30% Never married: 38.5%
status
Married: 63% Married: 55.5%
Divorced: 6% Divorced: 4%
Widower: 1% Widower: 2%
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Educational
Less than bachelor degree: 25% | Less than bachelor degree: 36%

Bachelor: 61% Bachelor: 53%

background

Post graduate degree: 14% Post graduate degree: 11%

*1K.D=3.3USD
The main findings from the survey are summarized in Table 5-3.

Table 5-3: Summary of survey key findings

Question Summarized Response

What are the two most important urban issues in | For citizens:

Kuwait (in descending order of importance)?
1- Housing shortage

2- Traffic congestion

For non- citizens:

1- Traffic congestion

2- Housing shortage

What is the time in years you had to wait to obtain | The average time was 10 years.

a dwelling from the government? (Kuwaiti group)

Can residents buy a new house by themselves | 93% of Kuwaitis disagree and claim that

without using PAHW? house prices are unreasonably high.
Is there a housing shortage problem in Kuwait? 75% agree that there is a housing
problem.

Is the waiting time for PAHW applications | 87% disagree, and claim that the

reasonable? waiting time is not reasonable.

Should public opinion be considered for new | 85% of residents (citizens and non-
development and planning decisions? citizens) believe their opinion should

be considered.
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What is your current preferred commuting mode?

(own vehicle, bus, taxi, walking, cycling or motor

cycling)

99% of citizens’ said that they
preferred to use their own vehicle.
89% of non-citizens said that they

preferred to use their own vehicle.

What is the average time delays due to traffic

congestion when commuting?

18 minutes.

Is traffic congestion perceived as serious problem

in Kuwait?

94% of total residents agree.

Is there congestion even outside working hours,

for example at night?

86% of total residents agree.

The survey confirmed that the main negative impacts resulting from urban growth and affecting

residents are traffic congestion and housing shortage. This finding is aligned to the government

planning authorities’ response.

It was noted that the majority of residents were interested in being involved in the planning process.

However, the government does not intend to involve them in its near future plans. The main reason

behind this is the high degree of centralization in decision making processes in Kuwait (Madbouly

2009). However, a more detailed analysis of the reasons of low public involvement in Kuwait is

beyond the scope of this study.

Moreover, it was possible to extract information about the citizen and non-citizen groups to be used

as inputs in the model. The main behaviours for citizens and non-citizens can be seen in Table 5-4.

Table 5-4: Resident behaviours according to the survey responses

Behaviours Residents groups

Kuwaitis

Non-Kuwaitis

Preferred district

type

districts.

88% nprefer to live in residential

districts.

52% prefer to live in mixed

Movement to the

new cities

38% of residents plan to move, 24% do not plan to move whereas

38% of them are neutral or don’t know.
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60% of residents have been in their current residence location for

Time spent on
more than 5 years.

current dwelling

70% of residents would like to use the train system in their future trips

Future train user % . . .
° after it established in the future.

44% of residents prefer to live in more segregated districts, whereas

Nationalit L. L
y 28% of them prefer to live in less segregated districts.

segregation

1- Land value

Suitabilit
y 2- Closeness to the old urban areas

parameters rankings

3- Closeness to new cities CBDs
4- Closeness to street networks
5- Closeness to train stations

6- Closeness to airports

From Table 5-4 it is can be seen that there are plenty of residents willing to move to the new cities
and use the train system in the future. Details about the suitability parameters that will be used to
model the resident allocation in the new cities can be found in section 2.5.

It should be noted that this project’s interviews and surveys were approved as complying with the
Australian National Statement on Ethical Conduct in Human Research and University of
Queensland Regulations in 16/2/2016. Furthermore, based on the responses collected from both the
government and residents it was clear that there is a necessity to simulate the new cities approach
and assess it in terms of its potential to solve the main urban issues. In addition, the model can help
with understanding to what extent the negative impacts may be reduced with the new train network

and examining how delays in construction projects may influence the future key negative impacts.

2.3 The urban model

As discussed earlier, there are several urban simulation tools developed to simulate and predict
future urban growth, such as Land Use and Transportation Models (LUTM), Cellular Automata
(CA) and Agent Based Models (ABM) (Sivakumar 2007; Batty 2009). Each of these models has its
advantages and disadvantages in terms of simulation flexibility and complexity (Goetzke 2014;
Crooks 2015). In this study, it was necessary that the model would be able to simulate new cities
and residents movements, as well as assess future negative impacts (traffic congestion and housing
shortage) in the case study area. Based on the interview responses and resident surveys, it was
obvious that the model in this study should be able to simulate top-down driven urban growth as

dictated by the master plan. In addition, it should allow residents to be allocated according to
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bottom-up rules that can be derived from their preferences for settlement and movement to the new
cities. Additionally it should be able to simulate the group interactions between each other and with
the land use.

Thus, Agent Based Models (ABM) was selected. ABM has been widely advocated in urban
planning research (Benenson 2004; Beuck et al. 2007; Gaube & Remesch 2013; Murray-Rust et al.,
2013; Jordan et al. 2014). The agents represent different groups that function autonomously and can
make independent decisions, as well as interact with other agents and their environment (Aliaga
2012; Crooks & Heppenstall 2012). In ABM, agents may be groups such as residents, developers or
urban planners (Crooks 2015), and the environment is the land on which changes occur. Urban
development is a process administered through the decisions of planners (Knox & McCarthy 2012),
who may be simulated easily as an agent group in ABM. Furthermore, interactions with the
changing urban environment are carried out by different groups according to their needs and
priorities.

There are certain rules that affect agent behaviour and their relationships with other agents and their
environment. These rules are typically based on ‘if-else’ statements that are activated when a
specified condition has been met. Agent actions can be standardised and “learned” by the
simulation framework, making the agents autonomous. Scheduling agents’ behaviours takes place
synchronously or asynchronously over a period of time that could be from seconds to decades
(Crooks 2015). The environment within agents live, commute and interact can be analysed at
various spatial scales, as well as over different time frames. In this model, the environment is the
land use districts.

The benefits of ABM include its ability to model local interactions within dynamic urban systems
from a bottom-up perspective and its flexibility in terms of geospatial model development (Crooks
& Heppenstall 2012). Therefore, the agents affecting urban planning in the simulations of this work

may be seen in Table 5-5.

Table 5-5: Agent groups used in the simulations

Agent group Actions Behaviours/ Rules
Government Responsible for urban planning | Based on new master
planning and the development of new | plans policies and data
authorities districts and transportation | collected from interviews.

infrastructure. Opening new
dwellings for the citizens group.
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Citizens Moving from older to new | Prefer to settle in

(Kuwaitis) districts. Applying for housing | residential districts
from the government group. (surveys).

Non-citizens Moving from older to new | Prefer to settle in mixed

(Non-Kuwaitis) districts. use districts (surveys).

The ABM described in this work was combined within ArcGIS by using Agent Analyst extension
ArcGIS (Johnston 2012) that has been a staple in similar research studies (Robinson et al. 2013;
Dahal & Chow 2014; Haslauer et al. 2015). The simulations will run in seven 5-yearly time steps
between 2015 and 2050, Figure 5-3 shows the model design flowchart.

Initialize model 2015

Preparation Step

Greenfield Step

Calculate impacts: S TELE TR

- Traffic congestion
- Housing shoriage

intensification Step

Spill-over Step

New population

within capacity?

End date 2050

Figure 5-3: Simulation algorithm flowchart.

The model assumes that population and land use distribution are going to evolve as planned by the
Kuwait Municipality from a top-down perspective and according to resident responses in the survey
(bottom-up perspective) (Helbig et al. 2015). The model will simulate the population movement
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from old urban areas to the new cities, as well as future traffic congestion and housing shortage
ISsues.

Different scenarios for the development of new cities were simulated in the methodology of this

work with the following variations:

- Delays in construction of a major new city.
- Delays in construction of four minor new cities.

- Effectiveness of train network in reducing traffic congestion.

Therefore, six scenarios were simulated in total and the different outcomes were recorded. Table 5-
6 shows the setup of the scenarios.

Table 5-6: Details of simulation scenarios

1 M
2 M M
3 V]
4 Y M
5
6

2.4 Data preparation and disaggregation
The data collected from the government planning authorities and used in the ABM includes:

i) GIS data, such as existing road networks and district land use borders
i) Demographic data about population and nationality distributions obtained from the Kuwait
Central Statistical Bureau (KCSB) and the Public Authority for Civil Information (PACI),
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iii) Housing related data, such as the number of applicants and the supply of dwellings from the
government based on figures supplied from the Public Authority of Housing Welfare
(PAHW),

iv) Future demographic data with aggregate projections for the period 2015-2050 from the
Kuwait Institute for Scientific Research (KISR), and

v) The new master plan obtained from the Kuwait municipality.

According to Batty (2012) simulating future urban development requires disaggregating statistical
and spatial data. The first step towards disaggregation was adding the data collected from surveys
and interviews to the attribute tables of each district or as parameters and values of the model. Each
new city was segmented into districts based on the master plan or according to the new street
network. The new districts were classified to residential, mixed use, business centres and other. The
districts were also classified to new proposed or old districts in a format that can be read by the
model. The outcome of this segmentation step can be seen in Figure 5-4.

Land use classification

| Desert and islands
Residential districts

- Mixed use districts

- non residential districts

D New cities' borders

40
[ IKilometers

Figure 5-4: New land use classification.

Following that, the new dwellings and overall capacity for the new cities into the new segmented
districts was simulated. In this step, it was assumed that the total number of the dwellings and the

capacity were evenly distributed between the districts in the new cities. New city locations, train
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stations and transportation networks were then superimposed on the resulting map. Figures 5-5 and

5-6 show the outcome maps from this step.

®  Train stations /
=—— Train network /
- Old urban area /
|: Desert and islands

MNew cities

50

Figure 5-5: New train network and stations.

~——— Old street network
New street network

[ Oid urban area
Desert and islands

New cities

Figure 5-6: New road network.
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2.5 Suitability weights for new cities

A land suitability model was used to allocate the residents in the new cities and determine the order
of establishing new cities and infilling their districts. To achieve a realistic allocation, the model
uses a number of preferential criteria based upon proximity to: CBD for new cities, old urban area,
train stations, airports and street networks. In addition to closeness parameters, land value was also
considered. The aforementioned parameters were ranked by the residents in order of importance as
seen in Table 5-4 and then used to determine the weights of each criterion.

Transforming the residents’ responses from the surveys into weights was done via Analytic

Hierarchy Process (AHP) (Nyerges & Jankowski 2010). The final weights can be seen in Table 5-7.

Table 5-7: Suitability parameter rankings and weights according to the resident’s agents

Rank Weight %
Parameters

Land value 1 38
Closeness to the old urban 2 25
areas

Closeness to new cities CBDs 3 16
Closeness to street networks 4 10
Closeness to train stations 5 6.5
Closeness to airports 6 4.5

The values of these weights were calculated for each new district separately. For the closeness
parameters, the Near tool was used. The values were normalised to values between 0-100 relative to
the maximum closeness (100 suitability value). For the cost parameter a statistical report (KFH
2015) was used to identify the land value for each existing district. The highest land value was
assigned with a suitability value of 0. The land value in new cities is calibrated to be higher if it is
near to existing urban areas. In addition, the land value was assumed to increase linearly by 5% per

time step.
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2.6 Traffic Congestion Index

As there is no historical traffic congestion data in Kuwait, we used traffic data shown on Google
maps (traffic tool) along with land use data to develop a simple regression model for predicting
traffic congestion for future development. The Traffic Congestion Index (TCI) was calculated
according to the following steps:

1. Model explanatory variables indicative of traffic congestion (Abdullahi & Pradhan 2015;
Chen 2016; Choi & Lee 2016) were mapped from available data at a district scale for: i)
population density, ii) street density, iii) closeness to existing urban areas, and iv) closeness to
train stations and networks (applied in future predictions only).

2. The dependant model variable for traffic congestion (TCI) was observed from current data in
Google Maps traffic tool and summarised to a district scale; a congestion indicator (Marfia et
al. 2013; Solé-Ribalta et al. 2016) on a point scale from 1 to 100 was developed as follows:

e No or low congestion level (0-24%) = 25
e Medium congestion level (25-74%) =75
e High congestion level (75-100%) = 100

The level of congestion was recorded for major streets along in each district at 3 different
times (Sunday 8am, Sunday 2pm and Thursday 8pm). The maximum level was taken as the
district congestion level. It should be noted that Sunday mornings and afternoons were
selected as Sunday is a normal working and school day and typically congestion during these
times is very high. Thursday evening was also selected as it is the first weekend night and
residents spend time driving to leisure and shopping venues. The traffic data were recorded
weekly for 8 continuous months between January and August 2016. The outcome map of this
step can be seen in Figure 5-7 and it was applied in the model as 2015 input data. A linear

regression model was developed; the results are summarised in Table 5-8.
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Traffic congestion level based on
Google traffic map in 2015

| Mon-residential districts

[o-25%

[ 26-75%

Il - 100

Figure 5-7: Traffic congestion level per district in 2016.

Table 5-8: Summary output from linear regression with zero set at origin

Proximity to existing urban 0.612814 0.039217 15.62606 2.34E-28
area

Population density 0.447435 0.144343 3.099793 | 0.002528
Street density 0.361718 0.132327 2.733509 | 0.007436

The TCI for new districts were calculated at each time step based on the regression coefficients

applied to projected explanatory variables, according to the following equation:

TCI = (proximity x 0.612814) + (population density x (1)
0.447435) + (street density x 0.361718)
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2.7 Parameters and assumptions for simulation algorithm

The parameters used in the government scenario model steps (explained below) are summarised in

Table 5-9.

Table 5-9: Simulation parameters

Parameter name

Description

Application

Kuwaitis & non-

Kuwaitis distribution %

Population  distribution  according  to

nationality based on historical trends.

Movement,
intensification and

Spill-over steps.

new  cities’  districts

(Persons/ha)

can have based on the master plan

disaggregated data.

Average capacity of | Average capacity for adding people to district [ Movement and
existing districts | based on the historical data average. Intensification
(Persons/ha) steps.

Maximum capacity of | The maximum population that a new district | Movement and

Intensification

steps.

Population ratio of new
districts in the opening

time step

The maximum population percentage of the
maximum capacity that a new district can
have during the opening time step (in the first

5 years).

Movement step.

Movement %

The percentage of people who will move to

the new cities based on the survey data.

Movement step.

Traffic congestion index
(TCl)

The average TCI for all districts in each time

step.

Impacts calculation

step.

Train % TCI

The percentage that will be deducted from the
TCI of a district close to a train station based

on the survey data.

Impacts calculation

step.

Suitability — parameters’

weights  (dimensionless

The suitability weights of parameters based

on the survey data as seen in Table 5-7.

New cities creation,

intensification and
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from 0-10) spill-over steps.

Pending housing | The number of pending housing applications [ Impacts calculation
applications in each time step based on data collected | step.

from the interviews.

For modelling the scenarios, the following adjustments were made:

e Train % TCI: This is the percentage deducted from the TCI of a district close to a train station
based on the interview data. This percentage was initially assumed to be 5% as the decision
makers regarded this is the expected ratio of car commute trips replaced by of train trips.
However, the survey results showed that 70% of residents consider taking the train. This ratio
provides a very optimistic prediction, but it is probably not an accurate one, as desire to use
the train does not necessarily mean it will be used in all trips. Therefore, the Train % TCI in
the simulation was double the government’s proposed percentage (10%).

e Movement: Although 38% of residents expressed willingness to move, this will likely occur
over some time. Hence in the simulation scenarios, the group of residents willing to move was

evenly spread over the simulation time steps to (5.5% per year).
2.8 Simulation steps
The simulation steps for all scenarios were as follows:
1. Initialization:

Initialization involves creating the environment (spatial land use districts) in GIS, initialising the
default parameters values, loading data for the disaggregate population projections and initialising

the model schedule to start in the year 2015.

2. Preparation and calculation step:

This step contains several actions; the first action is calculating the average capacities of existing
districts and setting the infill availability count for existing and new districts, which determines
whether they may accept new residents. Furthermore, the suitability of districts for opening is

calculated.

124



3. New cities creation step:

In this step, the first action opens the districts in the new cities based on the master plan open dates
and start populating them with new Kuwaitis & non-Kuwaitis from the disaggregated 5 yearly
population projections using increments of 5000 people. The allocation is based on the district
suitability.

4. Movement step:

People move to new districts based on suitability as assumed from the AHP. To calculate the
number of moving residents, firstly the number of available Kuwaitis and non-Kuwaitis for

movement are calculated based on the following equations:

Available Kuwaitis for movemet (2)
= Movement Percentage

X Total Kuwaitis in old districts

Available non — Kuwaitis for movement (3)
= Movement Percentage
X Total non

— Kuwaitis in old districts

Then, Kuwaitis and non-Kuwaitis are moved to the new cities’ districts (residential, mixed-use
and CBDs) according to the Population ratio of new districts in the opening time step (20% of the

Maximum capacity of new districts) based on the following equations:

Actual Kuwaitis for movement 4)
= Population ratio of new districts in the opening time step

X Available Kuwaitis for movement
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Actual non — Kuwaitis for movement 5)
= Population ratio of new districts in the opening time step

X Available non — Kuwaitis for movement

Following that, a movement calibration action runs to ensure that the distribution percentages of
Kuwaitis and non-Kuwaitis in residential and mixed-use districts are similar to the pre-set
distribution percentages. Typically, the nationality distribution in residential districts is 55% and
45% for Kuwaitis and non-Kuwaitis respectively and in mixed districts it is 9% and 91% for
Kuwaitis and non-Kuwaitis respectively. The number of residents is recalculated in the case that
the number of actual moved residents exceeds the average capacity of the new districts in the
opening time step. Based on historical data, the capacity for Kuwaitis in residential and mixed
districts is 40 persons/ha and 20 persons/ha respectively. For non-Kuwaitis in residential and
mixed districts the capacity is 30 persons/ha and 2,000 persons/ha respectively. Finally, the actual

moved residents are removed from old districts.

5. Intensification step:

This step performs infill to assign population to any (old or new) district with available capacity.
Population is added from the disaggregated 5 yearly population projection in increments of 5000
people and allocates them in districts based on their suitability weights. If population growth
exceeds the capacity of all districts the model accounts for the difference in the next spill-over

step, otherwise it continues on to the next period for growth.
6. Spill-over step:

The Spill-over step is a mechanism in the simulation algorithm that initiates when it is not possible
to add new dwellings so the only solution would be to increase the density in the old developed
districts. This step checks whether there are Kuwaitis or Non-Kuwaitis still in the waiting lists in
the end of each time step. If there are, a loop will start to call the previous infilling step and add
more residents to the old districts until the waiting list empties. This is achieved by increasing the
average capacity of the old districts by 0.0001 person /hectare. If delays in constructions of new

cities occur, this step will run until all waiting population is allocated to existing districts.
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7. Impacts calculation step:

This step produces the predictions for the key urban issues: housing shortage and traffic
congestion. Output maps and figures are produced to show details about the population, districts
and the future impacts in each time step. Figure 5-7 shows a flowchart of the model architecture.

A more thorough explanation of using ABM for analysing urban growth in Kuwait was explained in
earlier work by Alghais and Pullar (2017a). The difference in the current model is that it includes a
movement step (step 4) for allocating population to new cities and other minor modifications for

alternative transportation options with train network.

3. Results

3.1 Traffic congestion

The population density in scenarios 1 and 2 the population density will be 5.3 persons/ha and in
scenarios 3-6 it will be approximately 6 persons/ha. This shows that even with delays the population
density will decrease compared to the population density in 2015 (13.5 persons/ha), which in turn is
expected to mitigate traffic congestion as density is a variable that indicatives traffic congestion (see

section 2.6). Figures 5-8 to 5-11 show the population distribution maps.
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Figure 5-8: Population distribution in 2015.
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Figure 5-10: Population distribution in 2050 in scenarios 3-4.
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Figure 5-11: Population distribution in 2050 in scenarios 5-6.

Indeed, by comparing the current situation with the scenario results the simulations showed a

significant reduction in traffic congestion in 2050 for scenarios 1and 2. Specifically, the predictions

show that in 2050, the TCI may be as low as 35-50%. If delays in construction occur, the TCI will

be still lower than 2015. Figures 5-12 to 5-14 compare the congestion predictions for of the

simulation scenarios.
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Figure 5-12: Comparison of TCI in scenarios (1 and 2) without construction delays.
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Figure 5-13: Comparison of TCI in scenarios (3 and 4) with construction delays in the major city.
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Figure 5-14: Comparison of TCI in scenarios (5 and 6) with construction delays in the minor cities.

3.2 Housing Shortage

The impact of developing new cities on housing shortage according to the simulations depends

mainly on any delays. Figure 5-15 shows the impacts of delays in the construction of minor cities

on the supply of dwellings and housing applications.
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Figure 5-15: Housing demand and supply in case of no delays and with delays in 4 minor cities.

The results showed that without delays the housing shortage problem will be solved by 2035.

However, if delays in the construction of the major city occur, the housing shortage problem will

persist. In fact, the predictions show that in 2050, the pending applications for housing may reach

up to 108,000 as shown in Figure 5-16.
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Figure 5-16: Housing demand and supply with delays in the major city construction.

Finally and regarding the nationality segregation, the results showed that according to the

simulations in 2050 the new cities will be less nationality segregated than the current urban areas.

The respective maps based on the average of the six scenarios can be seen in Figure 5-17.
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Figure 5-17: Population distribution average (citizens and non-citizens ratio) in 2050 in scenarios
1- 6.

4, Discussion and conclusion

The main purpose of this study was to assess if developing new cities addresses growth issues and
specifically the urban issues of traffic congestion and housing shortage in Kuwait. The simulations
and predictions of the situation by 2050 were carried out with ABM in a GIS environment. The
results of this study showed that using urban modelling to assess future plans of developing new
cities is essential to help predict urban and population growth trends. The ABM used in this paper
has proven particularly effective in assessing the potential impacts of urban growth (congestion,
housing shortage and transport efficiency). Furthermore, the ABM was able to model the drivers of
population changes as postulated in the new master plan, forecast the population growth in the case
study area and match it with a spatial pattern of urban settlement that was defined by the resident

SUrvey responses.

The first research question attempted to identify the key issues of urban growth in Kuwait. The
interviews carried out with the local government representatives and the survey responses from
residents indicated that traffic congestion and housing shortage are the most important issues, and
solving these is the main goal of the new master plan. The interviews with the planning authorities

also revealed that the government does not use any urban modelling or simulation technology in
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their planning process, which raises the concerns about traffic congestion and housing shortages
significantly.

The second research question asked whether establishing new cities is an effective development
strategy in addressing urban growth and the aforementioned issues. The results showed convincing
support for establishing new cities as urban growth form in Kuwait. Specifically, assuming that the
construction of new cities is completed without delays and according to the initial master plan, the
results indicate a reduction of 60% in traffic congestion compared to 2015 levels and no housing
shortage before 2050. These predictions require establishing a modern train transportation system
on time according to the master plan. The feasibility of this urban development type (new cities)
depends heavily on the availability of funding for the intensive capital investment stage. Hence, the
methods and findings may be generalized for other Arabian Gulf countries, such as Dubai and
Qatar, which have adequate government funding support.

In regard to the third research question, the interviews and survey responses showed that the main
concern related to the success of the new proposed cities was a delay in construction. Those
interviewed expressed their worries about whether the completion of new cities and the proposed
train network will be done in a timely fashion as planned, given the long history of delays in past
construction projects in Kuwait. The simulations have shown that delays will indeed have
detrimental effects on traffic congestion and housing availability. Delays in development of one
major new city were associated with the worst outcomes in regards to traffic congestion and
housing shortage. However, even with construction delays, the traffic congestion and housing
shortage issues will be better compared to the business as usual scenario of infilling and expansion

of the existing urban areas (Alghais & Pullar 2017a).

Finally, the online surveys, used for the first time in Kuwait, allowed residents to have a say in the
urban planning process. The survey responses allowed the collection of data directly from the
residents and the integration of this information in the model as behaviours and rules for the citizen
and non-citizen agents. Hence, it was possible to allocate the residents that expressed willingness to

move to new cities in a reliable pattern based on primary data.

The survey responses and simulation results showed that a sufficient number of residents is willing
to move to the new cities and the housing shortage will be very likely solved in line with the
expectations of the master plan. The results also showed that there are more residents willing to use
the new train network than the government initially assumed, which means that the traffic

congestion should be lower in the future. This emphasizes the importance of the completion of the
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new train system without any delays. Certain issues stemming from the results analysis in this work
that may be investigated further in future work include a more detailed modelling of the nationality
segregation and each resident group’s preferred district type and location. Additionally, further
integration of survey responses in urban planning may be considered to assist the government and
satisfy the public’s desire for participation in more direct ways. Regardless, the evaluation the new
master plan and it impacts was carried out for the first time in Kuwait and the results of this work

may provide the government with significant recommendations.
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Chapter findings

This chapter confirmed that the key decision maker in the new master plan is still the Kuwaiti
government. The research showed that the private sector has no role in developing the new master
plan, except for a few consultations with the government agent.

Moreover, traffic congestion and housing shortage were found to be the most important issues that
concern planning authorities and affect their future policy making. Via surveys, the local residents
responded that congestion and housing shortage are their top perceived urban issues as well.

The simulations based on a simple transport model combined with automata elements showed that
creating new cities around the country according to the master plan will yield improvements
compared to the continuation of existing city expansion. Specifically the models indicated a
reduction of 35-50% in traffic congestion and no housing shortage by 2050. However, these
improvements assume no delays in construction of the new cities and establishing a modern train
transportation system on time. If delays actually occur, then the models show that the housing
shortage problem will persist. The predictions show that in 2050, the pending applications for
housing may reach up to 108,000 depending on the severity of delays. Even without the train
network the congestion levels will be reduced by 50% comparing to 2015, due to the lower urban

density.

The model findings show convincing support for establishing new cities in Kuwait and it appears
that there are enough residents willing to move from the established urban centre to these new

cities.

However, there are some issues not studied in the master plan and that must be investigated further,
such as the residents’ preferred district type, the effects of segregation between citizens and non-
citizens, the new cities’ locations and how closely they match the preferred locations of residents

and finally determining the risk of Ghost cities. All these issues are addressed in Chapter 6.

Besides, for more details of interviews and surveys in Chapter 5, the reader may refer to

Appendices A and B.
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Chapter 6 : Accounting for peoples’ preferences in establishing new cities: A spatial model of

population migration in Kuwait
Chapter outline

This chapter contains a research to model urban growth in Kuwait according to elements of the
master plan 2030 combined with local resident preferences and needs. The resident inputs were
obtained via surveys, which is a novel research endeavour in Kuwait. The findings contribute

towards addressing the following research questions:

1. How may inclusion of the resident preferences in the master plan influence the outcomes
of urban growth in Kuwait?

2. What are the differences in preferences between citizens and non-citizens in Kuwait?

3. How well can automata modelling simulate urban systems based on bottom-up inputs

from the local residents?
The research highlights of Chapter 6 include:

i) Surveying Kuwait’s residents to extract their opinions, preferences, demands and needs in
regards to urban development and growth.

i) Modelling the residents’ preferences about their future settlement locations and district type
in the new master plan model as behaviours and rules in an ABM.

iii) Simulating future nationality segregation levels according to resident surveys and
establishing that it can be reduced compared to 2015 levels.

iv) ldentifying that the main differences in preferences between citizens and non-citizens are
related to district type (mixed or residential) and the location.

v) Establishing that the potential risks that may cause Ghost cities to appear according to the
willingness of residents to move are minimal.

vi) Assessing the online survey effectiveness as a tool to engage the public with urban planning
issues in Kuwait.

vii) Evaluating the new master plan from the resident perspectives and providing

recommendations to Kuwait’s government about the new master plan.
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Accounting for peoples’ preferences in establishing new cities: A spatial model of population

migration in Kuwait

Abstract

Modelling of internal migration to new cities is challenging, yet necessary to ensure that these
newly established urban areas will be populated and function as intended. In the State of Kuwait,
there is a unique set of push and pull factors: government subsidised housing for citizens, the
existence of a single urban area, and the initiation of a new and ambitious master plan for the
construction of 12 new cities, which are expected to attract not only locals, but also international
residents and businesses. On top of these factors, there is an unusual demographic situation, as non-
citizens outnumber Kuwaiti citizens by a factor of 2.3, with these groups having widely different
preferences in terms of housing. Currently, there is no plan to take these resident groups’ opinions

into consideration for the new cities project.

The current study simulates the impacts of the involvement of residents in urban planning. Samples
from resident groups participated in targeted surveys and useful answers were extracted in relation
to the migration likelihood, push and pull factors that may affect their decisions, spatial preferences
for new cities and their opinions on segregation by nationality. The responses were transferred in an
Agent Based Model, and the simulations showed significant differences to the official projections
for 2050 without the public responses. The findings may be utilised by the authorities to modify the

master plan accordingly.
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1. Introduction

Kuwait is an Arabian Gulf country that has experienced a rapid population growth in the last
decades mainly driven by international migration (Al-Nakib 2016). This has led to the suggestion
that new cities be established in the region, which in turn raises questions about the optimal location
of the cities, their desirability by the locals, and whether they would result in migration from all
segments of the population.

Predicting migration and future population distribution are essential for the successful development
of new urban areas, the provision of affordable housing and creation of new job opportunities
(Black & Henderson 1999). The majority of migration research conducted in industrialised and
developing countries focus on the economic concerns for metropolitan areas experiencing urban
growth; such as New York (Chen & Rosenthal 2008), Auckland (Maré & Timmins 2003) and Delhi
(Chandrasekhar & Sharma 2015). The underlying driver of the movement of people is mostly
economic, especially for new employment opportunities (Greenwood 1997; Todaro 1980;
Chandrasekhar & Sharma 2015).

In Arabian Gulf countries and specifically in Kuwait, economic-driven migration may not be
significant due to its plentiful resources (oil and natural gas) and relatively small size leading to
relatively uniform distribution of wealth. In fact, the drivers behind internal migration in Kuwait
and similar Arabian Gulf countries as a geographical phenomenon are largely unknown. The reason
for this is mainly the lack of data about internal migration. In the past, urban growth in Gulf cities
was mainly driven by city expansion and intensification and no independent cities were developed
(Rizzo 2014; Alghais & Pullar 2017a), which suggests that the drivers of internal migration could
differ substantially from other industrialised societies. In these situations, internal migration was
limited in magnitude and when present, it was over very short distances and between regions with

minor differences; hence the lack of migration data was not causing any profound negative impacts.

Recently however, and as many new cities are planned to be constructed in Arabian Gulf countries
(Gulf News, 2010; Summers, 2016), the lack of internal migration data is becoming a more serious
issue. The motivations and decisions of residents to move to new urban areas must be understood in
order to guarantee the project’s success. Towards that goal, collecting data directly from a survey
targeting residents in Kuwait is a novel solution implemented in this paper. The survey responses
can provide important new insights into internal migration in Arabian Gulf countries. Additionally,
the survey results can also be used to predict and simulate the internal migration in the case study

city of Kuwait and provide a more practical view on the new cities future state. Finally, and in order
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to validate the findings with a theoretical background, the responses will also make it possible to
identify the main reasons behind resident choices in the context of push and pull factors theory.

Push-Pull theory of migration is used to identify the factors driving migration at origins and
destinations (Lee 1966). Traditional urban theories on the drivers of internal migration, which are
linked to economic trends may not be relevant in Kuwait’s case and such as alternative urban
theories are employed instead to explain resident settlement preferences (Geyer 1996; Rees et al.
2016).

In modern industrialised societies, it is common for government planning authorities to regulate
push and pull factors for instance by offering new public sector jobs, or subsidising housing markets
in new planned cities in order to achieve a balanced population distribution (Cervero & Duncan
2006; Shen 2013). In the modern era internal migration is usually more subtle and attempts to
provide indirect incentives to potential movers (Chernina et al. 2014).

Urban planning that does not thoroughly consider the drivers of internal migration may result in
costly and unsuccessful urbanisation policies. Generally, this is not an issue in cases where
development planning is transparent and conducted in harmony with the market trends and
community participation (Mahjabeen et al. 2009; Amado et al. 2010). However, there are several
countries, where planning is centralised and there is little in terms of public engagement, making
predictions about internal migration speculative at best. In the case of Kuwait, the involvement of
the public in planning and land use decisions is limited or in most cases non-existent. The

implications of the lack of public involvement in Kuwait (or any similar case) may lead to:

i) Lack of sufficient number of people migrating to new cities and hence resulting in
uninhabited cities, or
ii) Stagnated growth for new cities if a lower than expected numbers of people settle in the new
cities.
One notable example of the risks of excluding the public opinion in planning is the construction of
Ghost Cities in China: complete cities established with full infrastructure, but without any residents
(Yu 2014). It can be argued that if the Chinese government had involved residents in the planning
process and before any decisions were made, Ghost Cities may not have occurred, as there would be
a solid understanding of the internal migration trends, preferences of residents and job availability.
Adding to the problem, largely heterogeneous population groups with different preferences and
needs may respond very differently in regards to push or pull factors. Settling new cities raises other

issues such as achieving socially integrated communities; this is typically described as segregation
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by wealth, race or nationality. In Kuwait, segregation by nationality is prevalent due to land use
policies.

The Kuwait government is launching a project for developing new cities for its current and future
residents (Kuwait Municipality 2009). This study recognises and investigates this research
opportunity related to assessing the importance of public participation in urban development,
identifying the push and pull factors and modelling the impacts of establishing new cities on
residential segregation. This paper attempts to study future internal migration in Kuwait, which we
believe typifies trends in other Arabian Gulf countries. The research questions addressed in this
paper are:

a. Will future planned city areas attract sufficient population for settlement?
b. Do people’s preferences on migration and future cities differ from the government plans,
and potentially avoid problems of creating ghost cities?
c. Will removing land use policies that separate Kuwaitis and non-Kuwaitis change future
settlement patterns?
This will be done by simulating the migration to new cities in Kuwait under different scenarios,
including scenarios where public opinion for urban development is considered. The preferences and
responses of the two resident groups (citizens and non-citizens) in Kuwait in relation to housing and
migration obtained via an online survey and are integrated as behaviours in a simulation model.
Finally, simulation outcomes are assessed in terms of their effectiveness in addressing a key urban

issue in Kuwait, the level of residential segregation

2.  Background

2.1 The value of participatory planning in urban development

Among the most important issues in urban planning is failing to meet project goals due to
differences between community stakeholders’ perspectives, especially when resident opinions are
not included in planning (Gualini 2015). In order to prevent this, many cities have amended their
systems to involve the public in the planning and decision making processes of urban development.
This may be done through consultations with community committees, open forums, public meetings

and citizens surveys (Kelly, 2010).

The aforementioned methods are referred to as participatory or comprehensive planning.
Participatory planning involves the residents in the decision making processes in an attempt to

develop successful urban development (Fagence 2014). The benefits of participatory planning
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include promoting the notion of democracy, and validating the decision making processes.
However, there are also disadvantages, such as increased complexity and costs. Projects with
participatory planning are mainly limited to small scale development (Brown 2012; Cilliers &
Timmermans 2014). Integrating public opinion at neighbourhood level may be done through public
surveys or web questionnaires (Evans-Cowley & Hollander 2010). For large scale regional
development projects in cities, state or national level, the decision making is centralized and state
controlled, with inputs from studies and consultations with experts (Kelly, 2010; Levy 2015).
Kuwait does not have a framework of comprehensive planning, but as a country it is small enough
to conduct a form of participatory planning with public engagement conducted via a tailored online
survey, the details of which are presented in section 3.

2.2 Modelling internal migration to new cities

Several internal migration models have been developed in recent decades based on the individual
migrants’ behaviours and decision making. These models implement behavioural theories using
decision rules such as the random utility theory, game theory, economic theory or the theory of
planned behaviour. On the other hand, models that simulate migration are purely empirical. Such
models are based on direct observation or collected data from key stakeholders (Klabunde &
Willekens 2016). In this paper a purely empirical internal migration model is developed based on
the outcomes of a resident survey, which in turn attempts to identify push and pull factors driving

migration.

Modelling internal migration to evaluate and check the validity of future development decisions can
be done through simulating future locational patterns of migrant destinations (Batty 2009). The
majority of urban models deal with small scale development projects, such as selection of
residential housing (Guo and Bhat, 2001; Habib and Kockelman 2008). These urban residential-
choice models use questionnaires to generate outcomes of future residential movements (Huang et
al. 2014). Migration modelling may also be carried out with the help of Agent Based Modelling
(ABM) (Klabunde & Willekens 2016). ABM is considered as one of the most suitable options, as it
can convert small scale behaviours to larger scale spatial outcomes (Batty 2007, Crooks &
Heppenstall, 2012).

ABM has been widely used for modelling urban planning and future development assessment
around the world (Benenson 2004; Beuck et al. 2007; Gaube & Remesch 2013; Murray-Rust et al.,
2013; Jordan et al. 2014; Crooks 2015). Agents represent autonomous entities that have the ability
to make independent decisions and may be individuals or groups, such as residents, developers or

urban planners (Aliaga 2012; Crooks & Heppenstall, 2012).
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ABM can simulate stakeholder (agent) decisions and preferences as actions and interactions
between the agents and their environment by ‘what if” statements in a spatial simulation.
Scheduling agent behaviours and decisions may take place over a period of time that could range
from seconds to decades. The environment within agents live, commute and interact can also be
simulated at various spatial and temporal scales, (Brunsdon & Singleton 2015). The advantages of
ABM include its ability to simulate micro level interactions within dynamic environments from a
bottom-up perspective, its ability to handle heterogeneous agents and its flexibility in terms of
geospatial model development (O’Sullivan et al., 2012; Crooks 2015). Due to the successful
implementation of ABM in numerous studies, it was selected to predict the future impact of the

master plan in Kuwait.

Spatial modelling with ABM’s is important in urban planning for understanding the way cities grow
with internal urban intensification or outward expansion, and for assessing potential negative
impacts such as traffic congestion and housing shortage (Wang et al. 2011; Alghais & Pullar
2017a); This paper explores the use of ABM’s with GIS to model the establishment of new cities;
three scenarios were simulated in the ABM:

1- Government scenario: Simulates the urban development of new cities based on the
government’s plans alone (without any public participation). Segregation is simulated
according to the business as usual approach.

2- Resident scenario: Simulates urban development of new cities based on the resident
preferences as extracted from the online survey. Segregation is simulated according to the
resident responses.

3- Global Cities scenario: Simulates urban development of new cities based on the resident
preferences as extracted from the online survey. Segregation is simulated according to the
Global Cities plan (no segregation in new cities, only mixed districts).

For each of the above scenarios, nationality segregation levels and the potential of limited internal

migration to new cities will be assessed. The outputs are expected to help in evaluating the new

master plan and understanding the future internal migration trends in Kuwait.
2.3 Case study background

Kuwait is used as case study in this paper. Kuwait has a population of 4.5 million living in an area
of 17,818 km2 and the non-citizens make up for 70% of the total population (PACI 2017). The
government plans to establish 12 new urban centres independent from the sole existing urban area
of Kuwait City, but as of the date of this paper none as yet have been implemented (Keay 2012). In

2007 the government established a program titled “Kuwait Vision 2035” in order to transform
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Kuwait as the major financial and trade centre of the region by 2035 (Al-Diwan Al-Amiri 2016). A
major component of this plan is the development of new transportation modes, including a train
network to link the old urban area with the new cities (Lowe & Altrairi 2013). Figure 6-1 shows the

new cities locations.
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Figure 6-1: Kuwait regions and proposed new cities locations

The most important issues identified for developing the new plan according to the government were
housing shortages and traffic congestion (Alghais & Pullar 2018). However and according to the
planning authorities, future development decisions were made without any input from the residents.
Another distinct issue in Kuwait is the high residential segregation between citizens and non-
citizens. This nationality segregation is due to the following reasons (Khalaf 2006; Gardner et al.
2014):

a. The government policy of offering free dwellings to citizens in specific residential districts.

b. The right to own a house is limited to Kuwaitis and Arabian Gulf citizens only (Alshalfan
2013).

c. The differences in district type and dwelling type preference between citizens and non-
citizens: Kuwaitis prefer residential districts and large plot size houses; whereas, non-
Kuwaitis prefer mixed use districts and apartments (Alshalfan 2013; Dakkak 2016; Alghais
& Pullar 2017a).

143



The population proportion in mixed districts is 9% Kuwaitis and 91% non-Kuwaitis. In residential
districts, non-citizen numbers are still notable, but the majority is living in their employers’
(citizens) dwellings as servants. The high levels of segregation can be seen in Figure 6-2 for all
districts.
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Figure 6-2: Kuwaitis/ non-Kuwaitis distribution in 2015
2.4 Modelling urban development in Kuwait

Due to the relatively small area and population of Kuwait, the high ratio of non-citizens and the
existence of a single urban area, the drivers of internal migration are not clearly understood.
Furthermore, there is a lack of data to understand the future of internal migration to the new cities,
as there has been no significant internal migration occurrence in the past in Kuwait as explained

earlier.

From the literature, and to the best knowledge of the authors, there are potential institutional
destination pull factors that may attract citizens to move to the new cities in Kuwait; specifically the
provision of housing welfare (lands or houses that are almost free) from the government (Alshalfan
2013). As of 2017, plans to offer new housing in the new cities have been confirmed (PAHW
2017). Other factors attracting residents to new cities may be the creation of job opportunities, the
opening of large areas for private sector investments, opening branches and new government offices
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and new education institutions (KDIPA 2016). Push factors at the origin may include the high cost
of living in established areas close to the capital, the long-time of commuting (traffic congestion)
and the long waiting list for government supported housing. Pull factors may include the desire to
live in areas with similar cultural backgrounds, live close to families and relatives and their current
work locations (Al-Arfaj 2016).

Cultural diversity is a rather controversial topic with a range of political and social dimensions. In a
country with a high number of foreign residents like Kuwait, even internal migration is likely to
trigger unpredictable effects and may undermine social solidarity in previously culturally uniform
regions. For instance, non-Kuwaitis (South Asians or Egyptians) often concentrate in one district
and so do Kuwaitis from the same tribe (Khalaf 2006; Brettell & Hollifield 2014). Generally
speaking, Kuwaiti clusters are found in residential districts and non-Kuwaiti clusters in mixed use
districts. Segregation according to nationality may compromise the plan of making Kuwait the
financial and trade centre of the region, as it assumes Kuwait’s new cities will be global cities
attracting people from around the world. If social segregation between citizens and non-citizens is
increased it may also make citizens feel as minority in their country and generally creating a non-
integrated society (Khalaf 2006; Gardner 2011).

With the above points in consideration, a research opportunity for Kuwait is clear. The new master

plan of establishing new cities has not been modelled in terms of:

a. Push-pull factors at the origin (existing urban areas) and destination (new cities).

b. Resident willingness to move to new cities.

c. Effects of nationality segregation.

d. New master plan approval by the public.
This paper is part of a larger project that contains two additional scenarios (business as usual
scenario: following the historical trends of urban development plus the new master plan scenario:
following the government assumptions and perspective) (Alghais and Pullar 2015; Alghais & Pullar
2017a; Alghais and Pullar 2017b; Alghais & Pullar 2018) The new master plan has been evaluated
in previous papers from the government perspective without including the residents’ opinions and
based on the authorities’ assumptions. The results showed that the plan will provide positive
outcomes in terms of housing shortages and traffic congestion if the new cities and the train

network can be established on time without delays (Alghais & Pullar 2018).
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3.  Data and Methodology

3.1 Resident surveys
3.1.1 Survey design

Due to the lack of data about internal migration and its drivers in Kuwait, it was necessary to
conduct a survey for residents to obtain primary data. According to Brown and Robinson (2006),
data collected directly from residents may be used to identify and understand their preferences and
behaviours. The survey questions should be direct, easy to understand and designed in a way that
avoids statistical bias. To meet these prerequisites, the survey participants were identified as
residents (both Kuwaitis and non-Kuwaitis), above 18 years old and excluding any servant who
lives in their employers’ home. Furthermore, residents who can understand Arabic or English were
selected, as these are the most common languages in Kuwait. Due to the differences between the
citizens and non-citizens, the survey participants were separated into two groups (citizens and non-
citizens) and two separate question sheets were developed. Table 6-1 shows the population details

for each survey group in 2015.

Table 6-1: Survey target

Nationality Total Aged Population after | Arabic or
Population | older excluding English
than 18 servants speakers
Kuwaitis 1,307,605 701,741 701,741 701,741
Non-Kuwaitis 2,931,401 2,446,8 1,784,766 1,249,336
44

The survey invitations were sent via social media including Twitter, Instagram and WhatsApp, as
these applications are the most commonly used in Kuwait (Tawfik et al. 2015). More than 2000
invitations were sent to obtain a 95% confidence level, +/- 5% confidence interval (Margin of error)
and standard deviation equal to 0.5, as the expected response ratio was 20% according to Smith
(2013).

The survey was online and stayed open for collecting responses for 2 months. 879 responses were
collected from Kuwaitis, which represent a 3% of Margin of error, whereas 406 responses were

collected from non-Kuwaitis, which represent a 5% of Margin of error (Barlett et al. 2001).
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According to Klabunde and Willekens (2016) Push and pull factors of internal migration are
outcomes of people’s decisions in terms of migration. Push factors in the origin location refer to any
pressing issues that adversely affect resident lifestyles, such as traffic congestion, unemployment,
lack of safety or unaffordable housing. All these may cause locals to consider migration to a
different location. On the other hand, pull factors at the origin refer to residents’ ties to their
community, families and workplace. Pull factors in the destination, refer to any condition that
attracts residents to that location; common examples of pull factors include family ties (if family
resides in a different location), employment opportunities, access to high quality education and
healthcare and natural environment. Intervening obstacles that may affect internal migration include
geographic distance, opportunities present in between the origin and destination or administrative
difficulties (for instance obtaining permits) (Mufiiz et al. 2010).

Eleven key questions were developed that investigate internal migration decisions and locational
preferences. These questions relate to the theoretical model of push and pull factors. Question 1 was
developed to extract the residents’ decisions about migration. Questions 2-5 and 11 were designed
to understand the main drivers of their decisions (migrate or stay); or in other words the push-pull
factors of origin and destination locations. Question 6 and 10 were designed to obtain the residents’
preferences about district type and future migration locations. Finally, Questions 7-9 served the
purpose of collecting inputs and parameters for the migration model. A list of these questions can

be seen in Table 6-2.
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Table 6-2: Survey questions for residents

Q

For Kuwaitis

For non-Kuwaitis

Question type

Kuwait government is planning to develop new cities outside the existing urban area. I am

considering moving to these new cities within the next 5-10 years.

Likert scale from 1 — 5 with 1 being
the least favourable (strongly
disagree) to 5 being the most

favourable (strongly agree).

| am considering moving because of financial reasons i.e. lower real estate cost or new

employment opportunities. (If answer was Strongly agree or Agree in Question 1).

Likert scale from 1 — 5 with 1 being
the least favourable (strongly
disagree) to 5 being the most

(strongly agree).

| am considering moving because of social or
other reasons i.e. to be near to relatives or
friends, change of family size or to obtain
free dwelling provided from the government.
(If answer was Strongly agree or agree in
Question 1).

I am considering moving because of social or
other reasons i.e. to be near to relatives or
friends or change of family size. (If answer was

Strongly agree or agree in Question 1).

Likert scale from 1 — 5 with 10 being
the least favourable (strongly
disagree) to 5 being the most

(strongly agree).

| am not considering moving because of financial reasons i.e. living near to work or living cost is

reasonable. (If answer was Strongly disagree or disagree in Question 1).

Likert scale from 1 — 5 with 1 being
the least favourable (strongly
disagree) to 5 being the most

(strongly agree).

I am not considering moving because of social or other reasons i.e. to be near to relatives or

Likert scale from 1 — 5 with 1 being
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friends or own a house/ apartment. (If answer was Strongly disagree or disagree in Question 1).

the least favourable (strongly

disagree) to 5 being the most
(strongly agree).

6 | Preference for what region of Kuwait: | prefer to reside in residential districts (Fiha, Surra or | Likert scale from 1 — 5 with 1 being
Audiliya) rather than mixed districts (Salmiya, Hawalli or Khaitan). the least favourable (strongly
disagree) to 5 being the most
(strongly agree).
7 | Household size Choosing number from 1-20.
8 | Number of servants residing in my household’s premises Choosing number from 0-10.
9 | Preference for locational features: Please order the following criteria/ elements based on your | Ordering (From 1= Most important
demands and wishes: to 7= Less important).
Closeness to government services such as ministries and organisations.
Closeness to public services such as shopping malls, hospitals, universities and others.
Closeness to the sea/ beaches.
Closeness to the existing urban area.
Closeness to airports.
Closeness to public transportation (bus or train networks).
Low cost of dwellings (purchase or rent).
10 | Please choose your first preference for settlement location based on your demands and wishes: Single choice answer.

Stay inside the existing urban area.
New city in the North side of Kuwait.
New city in the Middle side of Kuwait.
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New city in the West side of Kuwait.

New city in the South side of Kuwait.

11

Which of these factors may affect your

decision of not moving from the existing

urban area and make you change your answer

to a new city? (If in question 10, answer was

a.)

- High pressure on land and property values
in the existing urban area.

- Housing shortages in the existing urban
area.

- Very long commuting times in the
existing urban area.

- High rates of accidents in the existing
urban area.

- All needed public services provided in the
new city.

- Open a branch of your job in the new city.

- New modern train network established.

- Larger house sizes in the new city.

Which of these factors may affect your decision

of not moving from the existing urban area and

make you change your answer to a new city? (If

in question 10, answer was a.)

High pressure on land and property values in
the existing urban area.

Housing shortages in the existing urban area.
Very long commuting times in the existing
urban area.

High rates of accidents in the existing urban
area.

All needed public services provided in the
new city.

Open a branch of your job in the new city.

New modern train network established.

Multi-choice answers.
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3.1.2 Data processing

The survey data was firstly disaggregated in different age and nationality categories. A separate
category for servants was implemented, as they live in their employers’ dwellings and do not have

the ability to make any decision for migration.
The agent groups formed and used in the ABM were:

1- Kuwaitis- teenagers (<18).

2- Kuwaitis- young adults (18- 34).

3- Kuwaitis- middle aged (35-49).

4- Kuwaitis- seniors (>50).

5- Non-Kuwaitis- teenagers (<18).

6- Non-Kuwaitis- young adults (18- 34).

7- Non-Kuwaitis- middle aged (35-49).

8- Non-Kuwaitis- seniors (50->60).

9- Servants (non-Kuwaitis).
These population categories were assigned to actual agents in the ABM, the details of which are
presented in section 3.2.1. A possible sampling problem of bias may arise as it is expected that more
young adults will be attracted to participate rather than seniors. To make sure this statistical bias is
avoided, a correction technique called post-stratification weighting adjustment (ATLAS 2009) was
used to ensure that the sampling is stratified to the population demographics. The adjustment factors
were gender, age and nationality. To determine any significant differences between citizens and
non-citizens in their responses, a single way ANOVA test was utilised. Table 6-3 summarizes the
differences and similarities between Kuwaitis and non-Kuwaitis based on the ANOVA test. For

more details for the survey responds, see -supplementary materials in Appendix E.

Table 6-3: Differences and similarities between Kuwaitis and non-Kuwaitis

Q Is there a significant difference between Interpretation
n citizens and non-citizen responses? (one
way ANOVA)

1 | There were no statistically significant differences | Nationality does not affect intention
between group means (F(1,1232)= 0.088, p = [ to move to new cities.
0.767 > 0.05).

2 | There was a statistically significant difference | Economic pull factors are more
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between group means (F(1, 456)= 13.117, p = | important to non-citizens.
0.000 < 0.05).

3 | There was a statistically significant difference | Social and other pull factors are
between group means (F(1, 456)= 11.218, p = | more important to citizens.
0.001 < 0.05).

4 | There were no statistically significant differences | Same economic reasoning for
between group means (F(1, 279)= 3.005, p = | staying for both groups.
0.084 > 0.05).

5 | There were no statistically significant differences | Same social and other reasons for
between group means (F(1, 279)= 1.059, p = | staying for both groups.
0.304 > 0.05).

6 | There was a statistically significant difference | Kuwaitis prefer residential districts,
between group means (F(1, 1008)= 594.208, p = | whereas non-Kuwaitis prefer mixed
0.000 < 0.05). districts.

7 | Not applied Not applied

8 | Not applied Not applied

9 | Not applied The ranking of criteria is different

between citizens and non-citizens.

10 | There was a statistically significant difference | Preferred locations of settlement are
between group means (F(1, 916)= 4.177,p = | different between citizens and non-
0.041 < 0.05). citizens.

11 | Not applied The same push and pull factors affect

both groups’ decision of moving.

Figure 6-3 shows the preferred migration destinations according to the survey results (Question 10)

from the existing urban area to new regions.
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Figure 6-3: Migration destinations preferences from survey (Question10)
3.2 Model and Scenario Design
3.2.1 Model design and concept

There are several tools available for ABM that describes simulation models in terms of agents,
environment, scheduling, interacting and rules and behaviours (Crooks & Castle 2012; Johnston
2012; Abar et al. 2017). Integrating agent interactions and the spatial movement of these agents was
challenging with available ABM tools so the model was implemented in a programming language,
namely Python, which is integrated with GIS software. The implemented model follows the same
procedures and simulation control as supported in ABM tools, but allows a higher level of coupling
with spatial data as provided by GIS. There were two spatial scales in the model: national and
district. The simulations run in 5-yearly intervals from 2015 to 2050, for a total of 7 time steps. The
model assumed that population and land use distribution are going to evolve according to three

different scenarios as mentioned earlier. Table 6-4 explains the details of these scenarios.
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Table 6-4: Scenarios characteristics

Scenari Characteristics
0 Modelling | Establishing Migration Nationality segregation
type new cities

1 Top-down | Based on | Based on | Based on government district
government government spilt policy and historical
authorities assumptions trends.
plans. and

expectations.

2 Bottom-up | Based on resident preferences, | Based on resident preferred
demands and choices as | district type as extracted from
extracted from the surveys. the surveys.

3 All new districts are similar

and there is no spilt policy or
preferred resident district type.

The model involves two types of agents:

a. Decision agents (government planning authorities).

b. Resident agents (mobile agents able to migrate from existing urban areas to the new cities).

The resident agents are divided into two categories (citizens and non-citizens). These categories

were further classified into 9 classes, according to the factors discussed in 3.1.2. Table 6-5 shows

the agents groups.

Table 6-5: Model’s agents

Agent Classes Actions Behaviours

Governme | - Establish  the new | Responsible for urban planning and
nt cities in scenario #1. establishing new cities and
authorities infrastructure.
Citizens Teenagers | Stay in current | Have no ability to make any decision
(Kuwaitis) residence or migrate to | independently.

new cities with their

parents.
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Young Have the ability to [ Prefer to settle in residential districts.

Adults change the order of | High chances of migration.
Middle establishing cities | Prefer to settle in residential districts.
aged based on their | Average chances of migration.

Seniors | preferences and needs | Prefer to settle in residential districts.
(in scenarios #2 and | Low chances of migration.

#3).

Choose to stay in
current residence or

migrate to new cities.

Non- Teenagers | Stay in current | Have no ability to make any decision
citizens residence or migrate to | independently.
(Non- new cities with their
Kuwaitis) parents.
Young Have the ability to | Prefer to settle in mixed use districts.
Adults change the order of | Low chances of migration.
Middle establishing cities | Prefer to settle in mixed use districts.
aged based on their | Average chances of migration.

Seniors | preferences and needs | Prefer to settle in mixed use districts.
(in scenarios #2 and | High chances of migration.

#3),

Choose to stay in
current residence or

migrate to new cities.

Servants | Stay in current | Have no ability to make any decision
residence or migrate to | independently.
new cities with their

employers.

Each of the nine resident agents was represented as resident agent locations (point features in GIS)
for spatial visualization of migration in the model (each point = 100 persons). The environment was
represented as a polygon feature class that includes the land use as districts. Figure 6-4 shows the

model flowchart.
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Figure 6-4: The model flowchart 3 Global cities: scenario

The decision-making process in modelling typically involves two steps: firstly, an assessment of the
choices about migration and secondly the transformation of the assessment results into an action
(Klabunde & Willekens 2016). However, in this simulation and as data was directly collected from

the residents, the decision-making process includes three steps.

The first step is about establishing or not establishing new cities according to the number of people
willing to move, as derived from the surveys. The threshold percentage of residents willing to
move, above which new cities are established is 50% of the new city establishment capacity
(Alghais & Pullar 2017a). The second step applies the migration decision as collected from the
responses to Question 1. Finally, in the third step the resident migration actions are carried out to
any new location based on their preferences as collected from Questions 9 and 10. These actions

occur under a few important conditions:

a. There are vacant lots in the district.

b. Migration may be only towards the new cities (old districts can be occupied by residents in
infilling step).

c. The residents that would want to migrate to the new city exceed the aforementioned

threshold percentage.
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Certain assumptions had to be made during the model design, due to lack of data and to promote

realistic representation of the urban development in Kuwait. These assumptions are summarized in

Table 6-6.

Table 6-6: Model main assumptions

Assumption

Reason

Effects

Employment opportunities,

public services, housing and
infrastructure distribution are

spatially uniform in new cities.

Stated in Kuwait
municipality’s master plan and
Public Authority of Housing
Welfare’s dwellings provision

plan.

There are no

resident

preferences based on these

parameters.

Distributing resident age classes
and servants in existing suburbs

was based on averages.

Lack of data.

All existing districts have the

same distribution

groups and servants.

of age

Current resident preferences will
be applied in all future time

steps.

Lack of future data.

Each time step will has the

same preferred locations and

district type and migration

ratio.

New cities will be initially filled

25% of its maximum capacity

According to historical data

new cities need more than 5

New city will initially house

only a few residents and will

via internal migration. years to be occupied by | be filled via infilling in the
residents. following time steps.

No financial and political | Outside of scope of this paper. | Stable conditions for urban

changes that may increase development practices.

instability will occur.

The maximum capacity of | Lack of data. Existing districts will not host

existing districts will be the

same as 2015.

more residents than in 2015

(could be less).

Household size for Kuwaitis is 7
(assuming 2 parents, 3 kids and

2 servants)

Based on the survey averages.

This will affect

the

establishing new cities action.

Household size for non-

Kuwaitis is 5 (assuming 2

parents, 2 kids and 1 servant)

Based on the survey averages.

This will affect

the

establishing new cities action.
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3.2.2 Model inputs

The model uses two types of spatial and population data to simulate population migration: 1)

locational suitability parameters and 2) model demographic variables.

The locational suitability parameters were calculated with the Near tool in ArcGIS and according to

existing and future infrastructure. Costs were calculated with the help of real estate annual reports
(KFH 2015). Suitability weights were determined by using the Analytic Hierarchy Process (AHP)

(Nyerges & Jankowski 2010); this involved transforming the resident survey responses from

Question 9 into weights. The weights affect the decision of establishing new cities in scenarios #2

and #3 and affect the distribution of residents in all scenarios based on their preferences. The

suitability weights can be seen in Table 6-7 (top rows presents parameters ranking similarity and

lower rows shows the differences).

Table 6-7: Locational suitability parameter rankings and weights

Parameter Kuwaitis Non- Kuwaitis Weight
Ranking
1 Lower cost of dwellings [ Lower cost of dwellings| 35%
(purchase or rent). (purchase or rent).
4 Closeness to  government | Closeness to  government | 10.5%
Services. Services.
7 Closeness to airports. Closeness to airports. 3%
2 Closeness to the existing urban | Closeness to public services | 24%
area. such as shopping malls,
hospitals, universities.
3 Closeness to public services | Closeness to the existing urban 16%
such as shopping malls, | area.
hospitals, universities.
5 Closeness to the sea/ beaches Closeness to public 7%
transportation (bus or train).
6 Closeness to public | Closeness to the sea/ beaches 4.5%
transportation (bus or train).

The model’s demographic input variables include future demographic data with aggregate

projections from 2015-2050 by nationality and age group (Alramadan & Almusallam 2013) and

allowed predictions for international migration, death rates, birth rates and nationalization (the
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process of obtaining Kuwait citizenship). This data may be modified over time. Variables collected
from the surveys, but do not change over time, were classified spatially and can be seen in Table 6-
8.

Table 6-8: Collected input variables

Variables Residents’ agents
Citizens Non-citizens
Youn | Middle Seniors | Young | Middle | Seniors
g aged Adults aged
Adults
Migration Desire % 40% 35% 35% 44% 36% 45%
Preferre | Existing 42% 41% 53.5% 54% 53% 49%
d region | urban area
North region 9% 11% 2.5% 6% 7% 2.5%
Middle 36% 32.5% 31% 25% 20% 29%
region
West region 5.5% 4% 8% 9% 7% 0%
South region | 7.5% 11.5% 5% 6% 13% 19.5%
Preferre | Residential 92% 91% 94% 36.5% 30% 28%
d district | Mixed 8% 9% 6% 63.5% 70% 2%
type
Household size 7 5

3.2.3 Model Algorithm

The algorithm steps for the simulations (see Figure 6-4) are as follows:

1- Initialization: Firstly, the spatial environment is created in GIS, initialising the default
parameter values and input variables, loading population projections and initialising the
model schedule to begin in 2015.

2- Preparation and calculation: This step includes calculations of the suitability weights for the
new cities and the districts inside new cities and calculations for the threshold for opening
the new cities.

3- Infilling: This step allocates new residents to old districts (including new open districts if
any available) with available housing capacity. Residents are distributed based on their

agent class and in way that is aligned with the age distribution averages. The numbers of
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residents are converted into resident agent locations points in the map (i.e. for each
residential classes as in Table 6-5). For scenarios #2 and #3, new cities will opened only if
the survey participants state that such new cities can meet their needs and expectations.
Figure 6-5 shows the difference in algorithm steps when deciding whether to open a new
city or not at each time step.

Planning process (new urban development)

In the model
Planning authorities (2nd and 3rd
prepare the master plan scenarios)

Planning authorities decision Planning authorities offer location
making of a new city to be establish

Suvrveying the residents to extract
information about:
a. migration decsion
b. preferred location
c. preferred district type
d. suitability parameters

Add the residents' responds as
behaviours and rules

In reality (1st
scenario)

Residents decision making

. Does the new city meet
Open a new city the residents demands
and needs?

Figure 6-5: Framework of involving residents in future plans model

Selecting the scenario: The user may select which scenario will be simulated at this stage.
Establishing a new city: for scenario #1 cities will be established according to the master
plan. For scenarios #2 and #3, suitability weights, numbers and desires of residents, as well
as new city capacity and threshold percentage will be taken into account.

Migration: This will be done by moving the resident agents from the old urban area to the
selected city. The initial migration will fill 25% of the new city’s capacity. Agents will be
added to the new districts based on suitability weights. In addition, residents under 18 years
old and servants will follow their parents/employers according to average household size.
Finally, the residents that moved to new cities will be removed from the existing urban area.

Segregation distribution: This step will be different depending on the scenario.
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1 As per the current distribution ratio averages.

2 According to survey responses (Question 6) (resident preference of
district type).

3 Uniformly to all new districts (all being mixed type).

8- Calculation of nationality segregation outcome: the ratio of Kuwaitis to Non-Kuwaitis can

be calculated at this step as:

Nationality segregation ratio =

Total Kuwaitis in mixed districts

Total non — Kuwaitis in mixed district

At the end of each time step output maps, tables and figures are produced to show the simulation

results for the population distribution and migration patterns, new city development stages and

nationality segregation levels. Details about the ABM in this paper follow the ODD (Overview,

Design concepts, Details) protocol can be seen in the supplementary materials- Appendix E (Grimm

et al. 2010).

4, Results

Results shown in this section are the average or mode values out of 35 runs of the model. Figure 6-6

summarizes the main outputs for each model scenario.

Each scenario has
different outcome.

The order of establishing
the cities in residents and
global cities scenarios are
different than the
government's scenario.

. Model's scenarios
- Model's results

-

The nationality segregation in
the global cities is different
than other scenarios.

=
=

-

Figure 6-6: Model’s results differentiations
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The results section will present the model’s results for the different scenarios in three different
outcomes: a) future migration, distribution and densities in 2050, b) the order of establishing the
new cities and c) the future nationality segregation levels. Therefore, Table 6-9 shows the
predictions for density and demographics of 2050 for each scenario compared to the current
situation (2015).

Table 6-9: Scenarios predictions of demographics and distributions

Scenario Preferred primary residence regions
Citizens Non-citizens
Young Mid | Senior Young Middle aged Seniors
Adults dle S Adults
aged
Current | Existing urban area Existing urban area
(2015)
#1 1.Existing 1. Existing | 1.Existing 1. Existing | 1.Existing
(2050) urban area urban area urban area urban area urban area
2. Middle 2. Middle 2. Middle 2. North 2. Middle
3. South 3. North 3. South 3. Middle 3. South
#2 1.  Existing | 1.Existing 1.Existing 1. Existing | 1.Existing
(2050) urban area urban area urban area urban area urban area
2. Middle 2. North 2. Middle 2. North 2. Middle
3. North 3. Middle 3. North 3. South 3. North
#3 1.Existing 1. Existing | 1.Existing 1. Existing | 1.Existing
(2050) urban area urban area urban area urban area urban area
2. North 2. Middle 2. Middle 2. North 2. Middle
3. Middle 3. North 3. North 3. Middle 3. North

According to the survey responses, the South region ranked higher in preference, however
simulation results showed that the North region will host more residents. This is due to the
suitability weights of the North region that are higher than the South region cities and the fact that
North region cities have higher capacities and hence may host more residents. The West region does
not appear to be in the top 3 regions for any group, due to its high distance to the current urban area
and the coast. The Middle region is the second most preferred in most cases, most likely due to its

closeness to the existing urban area and existing public services. Finally, the existing urban area is
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still predicted to be the most highly preferred region for all the residents even by 2050. Based on the

future resident distribution in Table 6-9 possible reasons behind these outcomes are:

1- Survey data or simulation such as:

a. The simulation period is not long enough for the new city pull factors to reach high level

of desirability.

b. The residents are concerned about delays in new cities projects

c. The residents prefer to be stay close to their current work places and current public

services.
2- Real world reasons such as:

a. Senior citizens who own a dwelling do not desire to move.

b. Young citizens who live in their parents’ dwellings are content with their current

situation.

c. Push factors of the existing urban area affect only young and middle aged residents.

Although the population is expected to be higher in 2050 compared to 2015, the urban density will

drop by more than 50%. Figure 6-7 shows a typical output map for middled age citizen distribution

in 2050.

Middle age Kuwaitis /
group distribution I,/"
[ Desert and islands
B non residential districts
& each point = 100 persons

Saudi Arabia

50

Figure 6-7: Agent group distribution in 2050

Figures 6-8 and 6-9 show the population distributions maps and highlight any differences between

the scenarios.
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Figure 6-9: 2nd and 3rd scenarios population distribution with differences

Table 6-10 shows the order of establishing the new cities according to the 3 scenarios.
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Table 6-10: Establishing new cities order based on scenarios

City Region Establishing year according to scenarios
1% scenario 2"% and 3™ scenarios
1 South 2020 2030
2 Middle 2020 2025
3 South 2025 2035
4 Middle 2025 2020
5 South 2030 2035
6 Middle 2030 2025
7 North 2035 2025
8 North 2035 2040
9 North 2040 2040
10 West 2040 2045
11 West 2045 2045
12 North 2045 2030

It can be seen that the order based on citizen responses is different than the master plan proposed

order, which highlights the importance of participatory planning.

The diagram in Figure 6-10 shows the nationality segregation ratios for each time step in each

scenario simulation (ratio of 1 means no segregation between residents).
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Figure 6-10: Nationality segregation levels in different scenarios
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In all scenarios the segregation ratios will be lower compared to the current situation and the Global

cities scenario will present the lowest segregation ratio between residents. Figures 6-11 and 6-12

show the nationality segregation ratio maps, with 1 representing equal distribution of Kuwaitis and

non-Kuwaitis.
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In all scenarios the segregation levels will be lower across all new regions compared to the existing

urban area. This trend is mainly due to the allocation of residents being only in the new cities.

5. Discussion and conclusions

Three scenarios were developed and simulated with Agent Based Modelling (ABM) as a purely
empirical model, to address a series of research questions in relation to the nationality segregation
levels and the desirability of Kuwait’s new cities in terms of internal migration by 2050. The
simulation outcomes signify the importance of public participation in urban planning. While this is
not considered by the government in Kuwait or countries with similar conditions at present, the
model of this paper may form a basis for integrating resident opinions in the design and evaluation
of construction projects in the future.

Furthermore, the online survey used in this research was a successful approach to involve residents
in future planning and simulate migration trends that can help avoid the construction of uninhabited
cities. This can be seen in Figure 6-5. Besides, the survey allowed extracting residents’ choices,
demands, needs and preferences. These were in turn used in the model as inputs and behaviours for
the agents. The results showed that the new master plan of Kuwait will most likely not create ghost
cities, as there is interest and sufficient number of residents willing to move to the planned new

cities.

From the survey it was clear that the main drivers of internal migration were related to housing and
new employment opportunities. However, it was also noted that there were some differences
between citizens and non-citizens in their needs and preferences. The results of the survey and the
outcomes of the model suggested that there were no significant differences in terms of deciding
whether to migrate or not. However, the preferred new settlement regions and district types were
different between the two groups. In addition, economic and social reasons behind the decision of
not moving to the new cities (pull factors at origin) are similar; whereas, the pull factors (at
destination) that new cities offer to attract residents are different. All of these meant that it was

necessary to split the citizens and non-citizens and treat them as different agents in the model.

It was no surprise that young and middle aged Kuwaitis had the highest desire to migrate to the new
cities, as these age groups are the primary recipients of the welfare housing. However, it was
surprising that non-Kuwaiti seniors are the keenest on migration. This could be explained because
the old non-Kuwaitis are nearing retirement age and they may migrate back to their countries. The

new cities may offer new employment opportunities and entice them to stay in Kuwait instead.
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Furthermore, this illustrates how the push-pull drivers behind migration are different between
citizens and non-citizens in Kuwait. The major pull factor at the destination for Kuwaitis and for
non-Kuwaitis is housing, and employment opportunities respectively. Push factors at the origin
were found to be similar: high pressure on land and property values and long commuting times in

the existing urban area.

The results showed that the nationality segregation levels will be lower in the future compared to
2015 level. In the scenarios based on government’s plans and resident preferences segregation is
higher by 15% than in the third “Global Cities” scenario. The main reason for this is that citizens
prefer to settle in purely residential districts, while non-citizens prefer mixed districts and this
preferred settlement trend appears to persist by 2050 in the new cities. Furthermore the government
supports this trend, by offering welfare housing only in residential districts. As seen from the
Global Cities scenario, which does not include any purely residential districts, but establishes mixed
districts with housing, public services and business activities instead, nationality segregation may be
drastically reduced. Lower segregation levels will in turn attract more investors and should
contribute in transforming Kuwait into a regional trade centre according to the government’s new

vision for the future.

The model results confirm that the resident responses are mostly aligned to the government’s
development plans. Importantly, there are a sufficient number of people willing to migrate to the
new cities. It can be concluded that establishing new cities is an effective plan as it will mitigate the
traffic congestion, solve the housing shortage problems (Alghais & Pullar 2017a) and decrease the
nationality segregation levels. Additionally, the new master plan will achieve lower urban density
by 2050. The simulations suggest that new cities should be established in the following order:
Middle region, South region, North region and finally West region. Moreover, the current urban
area should continue gradual expansion by developing new mixed districts for residents who do not
want to migrate to the new cities. This recommendation can be generalized and applied to other

similar Gulf countries, such as Qatar and the UAE.

A major limitation of this study was that current resident preferences and responses were applied in
the model as inputs for all time steps, which assumes that the responses will not change in the
future. However, it was beyond the scope of research to predict and model future generation’s needs
as there is a multitude of non-linear and unpredictable factors that may affect them. Future work can
focus on predicting future political, social and economic conditions and integrate them in the ABM

for future time steps for enhanced result reliability. In addition, further investigation about the
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minimum number of cities needed to reduce the negative impacts of urban growth in Kuwait can be

carried out through new simulations.
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Chapter findings

This chapter incorporates resident behaviours as agent rules in ABM to explore the ways that public
participation affects urban growth in Kuwait or similar Arabian Gulf countries.

The simulations confirmed that establishing the new proposed cities according to the master plan is
effective in mitigating traffic congestion, solving the housing shortage problem and decreasing the
nationality segregation levels. The model incorporated the resident opinions suggesting that the
planning authorities in Kuwait must slightly alter the master plan by establishing the new cities in a
different order to the initially proposed one: Middle region first, followed by the South and North
regions and finally the West region. In addition, the existing urban area should continue to
gradually expand with mixed districts for residents who do not want to migrate to the new cities.

Furthermore, the findings of this chapter suggested that creating new cities in Kuwait will most
likely not create Ghost cities, as there is sufficient interest from residents willing to move to these
cities. Simulating the future urban development with the survey responses also showed that the
nationality segregation levels will be lower compared to 2015.

The key differences between Kuwaitis and non-Kuwaitis were the preferences about new settlement
regions and district types. However, there was no notable discrepancy in the willingness of the
groups to migrate or not. Moreover, economic and social reasons behind the decision of not
migrating to the new cities are similar between the two groups. On the other hand the pull factors
that new cities offer to attract residents are different between the two groups: economic reasons are

more important to non-citizens and social reasons are more important to citizens.

For more details of the algorithms in this model, including the ABM codes and data the reader may

refer to Appendix E.
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Chapter 7 : Conclusion

This project contributes to the research field of urban systems and urban modelling through
addressing issues specific to Kuwait and other Arabian Gulf cities. The overriding theme of the
research thesis was that nationality segregation and centralised planning contribute towards
negative urban growth impacts in Arabian Gulf societies. With the help of the findings from the
models, the conceptual issue of interpreting and predicting urban dynamics, and the practical issues
of housing shortages and traffic congestion may be resolved. This reflects on the main research
hypothesis, which was to investigate how urban modelling can be integrated in urban planning in
Arabian Gulf countries and assist with the design and implementation of alternative expansion
approaches that improve the growth impacts. As shown in the results of the simulations, the

conceptual and practical contributions of the new models include but are not limited to:

- Urban modelling can be used to extract data useful in monitoring and interpreting the urban
dynamics of Arabian Gulf societies.

- Urban modelling can be used to simulate alternative urban growth plans, analyse the impacts
of each and assist with decision making.

- Urban modelling can be used to extract data useful for responding to practical issues in
Arabian Gulf societies, such as traffic congestion and housing shortages.

- Urban modelling can be used to detect and analyse the underlying conceptual effects of

nationality segregation and centralised planning on urban dynamics.

In order to set up the new models, it was first necessary to understand urban systems, urban growth
and the associated impacts in the case study city of Kuwait. Via an extensive literature review,
direct interviews and surveys it was established that the key decision maker in the past, as well as
for the most recent master plans for urban development is the government. In Kuwait, the private

sector and the community have little say in planning decisions.

After establishing the key decision makers, it was necessary to understand the key impacts of urban
growth as perceived by the government and the local residents. It was found that traffic congestion
and housing shortage are the most significant growth impacts of concern in Kuwait. Worryingly, the
first simulation for future urban development that follows historical trends of expansion around
existing urban areas, shows that traffic congestion and housing shortage will be both aggravated.
These simulations, discussed in Chapter 4, were conducted after collecting and spatially collating

socio-economic data for Kuwait from 1995 to 2015 in a land use model with automata elements.
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As expansion of existing urban area appeared to be ineffective in addressing the urban issues in
Kuwait, alternative ways of expansions were considered. The most recent master plan in Kuwait
aims to establish new cities at a distance from the single existing urban area. In Chapter 5, a set of
interviews with the government decision makers, and survey responses obtained from residents in
Kuwait provided insight in assessing the effectiveness of this new master plan. It was shown in the
simulations that creating new cities around the country is expected to produce better outcomes than
the continuation of existing city expansion in terms of both traffic congestion and housing shortage.
This conclusion holds true even if delays will occur in construction projects.

Even though the creation of new cities proposed by the master plan appears to be a step towards the
right direction, there are still certain weaknesses in its policies. Most significantly, public
participation is non-existent in the master plan, which is a common practice in urban planning in
Kuwait’s history. Furthermore, the master plan projections are not complemented by urban
modelling simulations and it does not consider the important underlying demographics of
nationality segregation in Kuwait. In Chapter 6, the simulations in the ABM addressed the
aforementioned weaknesses. The third simulation model was developed according to data collected
directly from surveying Kuwait residents and applied to the basic elements of the master plan. The
data obtained from the resident surveys generated conclusions about the resident desires and
expectations from urban development. The results were segmented according to resident nationality
between citizen and non-citizen groups. There were notable differences detected in terms of the
reasons that may cause each group to consider moving and the locations they would prefer to settle.
Specifically, economic factors such as employment opportunities, closeness to workplace and
saving on rent are more important to non-citizens. On the other hand, social reasons such as
closeness to relatives and friends are the most critical factors influencing the citizens’ migration and

settlement decisions.

Prince of Kuwait Sabah Al-Ahmad in 2006 stated that: “Development and planning have the first
national priority that must be agreed upon, and work to achieve, for planning and development are
life necessity and the bases for building and securing the future of our sons and our future
generations. What we aspire to in planning and developments must revolve around the Kuwaiti
citizen, their objectives are his welfare and happiness, ....” (Al-Diwan Al-Amiri 2017). This
statement served as a major inspiration for this thesis. The author is confident that its findings
indeed can help achieve the Prince’s vision for the future of Kuwait. The contribution of the thesis
extends beyond simply improving existing State planning and development processes. Instead,

improving the wellbeing of residents may be achieved through a process that involves the residents

172



themselves as well. Indeed, the involving of Arabian Gulf residents in the urban projects was
recommended by (Schafer 2013). In the proposed methodology, the resident involvement is carried

out via online surveys as these are among the easiest and most direct participation channels.

Reflecting on the significance of this research thesis, we should first highlight the practical
applicability of the new automata tools in modelling and assessing different urban growth scenarios,
which expands the literature related to automata (Timmermans 2012). Among the most significant
reasons that ABM and automata modelling are recommended is their flexibility in analyses of
interactions of individuals as agent groups in an urban setting. ABM in this thesis was applied to a
series of practical issues instead of just providing new theoretical insights. This in itself, is an
innovative application of ABM, which has been already recognised as a valuable tool for research
in the field of urban systems (Benenson & Torrens 2004). The urban systems of Kuwait, within
which these interactions develop, were not well understood before this project. The simulation
results from chapters 4 and 5 are very valuable in that sense, as they allowed a quantitative
comparison of the impacts of the master plan (new cities) versus the business as usual (existing city
expansion) scenarios. The simulations from the new models have revealed a range of underlying
factors that explain the urban dynamics in Arabian Gulf countries with demographics and economic
conditions similar to Kuwait. These factors include the differences and similarities in preference of
citizens and non-citizens for settling and commuting. More importantly, the survey provided some
evidence that the residents in Kuwait are welling to live in a mixed society in the near future (higher
rate with non-citizens and lower with citizens); however, it is depend on the future. In turn, the
aforementioned findings can be directly used in practice from the state planning authorities or as
reference in future studies that aim to expand on the academic knowledge in the field of urban

modelling and urban systems.

In addition to assessing the impacts of growth and evaluating the different expansion alternatives
with the models, this research concludes that using automata models, such as ABM in the unique
context of Arabian Gulf countries is both viable and highly recommended. Data derived by
automata modelling may be used in parallel with or in place of conceptual designs based on
statistical patterns of past urban growth as is currently the case in Kuwait and other Arabian Gulf
countries in their master plans (Madbouly 2009). The proposed models may be easily applied to
other similar Arabian Gulf cities with little modification effort, as the nationality segregation,
economic conditions, centralised planning and social/institutional structures are shared between

several emirates and kingdoms in the region (Khalaf, 2006).
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Furthermore, the significance of this research is notable in investigating the integration of resident
inputs in the models and comparing the outputs to government plans. These inputs obtained from
surveys directed to residents, not only provided the means to acquire valuable urban modelling
inputs, but also opened a channel of public participation in urban planning decisions in Kuwait for
the first time. The methodology of Chapter 6 described ways that these responses were used to
determine weights of model parameters and determine the behaviours and rules of resident agents in
the ABM. In fact, the ability to easily integrate such bottom-up data in simulations is a major
strength of automata that solidifies the earlier recommendations for using them in urban system
modelling. After all, modern cities and their respective systems are increasingly influenced by
factors related to quality of life and resident inputs, rather than simply relying on traditional
economics and land use models. The model and findings in this thesis are strongly towards this
direction, which is especially innovative in the context of Kuwait and Arabian cities. Using online
platforms for collecting primary data for government decisions and planning is a relatively new
notion; sometimes this is referred to as e-Democracy (Hilbert 2009). While there are still many
challenges with the full integration and utilisation of e-Democracy in planning, such as the data
integrity and user verification, this research thesis offers a successfully implemented example of

surveying residents and extracting useful data.

The interviews with the government and private sector representatives also constitute a novelty in
Kuwait. It was possible to comprehend the roles of the key stakeholders in planning and decision
making very clearly for the first time, as well as their rationales and concerns. The interviews
revealed that there are no alternative options in case the Master Plan is cancelled or delayed and that
no predictive modelling of any sort is being used. Furthermore, the government officials confirmed
that there is no formal intention of integrating the public opinions to future planning decisions;
however, there is interest in reviewing the findings of urban simulations from the model presented
in this thesis. Finally, during this research project, it was confirmed that the private sector in Kuwait
has the ability, willingness and desire to participate in future planning if the government allows that
— this is an important finding that may open new research pathways about how this may be done in
terms of urban planning, policy making and finances. The participation of the private sector in local
and regional projects has been highly recommended by the Secretariat General of The Cooperation
Council for the Arab States of the Gulf (GCC) (GCC Secretariat General, 2011).

Besides the broader contribution to the modelling field, the results of the simulations with the
resident inputs confirmed that establishing new cities in Kuwait is a better option than expanding

the existing urban area for alleviating the negative impacts of urban growth (traffic congestion,
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housing shortage and nationality segregation). This expands on the scarce prior research that
attempted to assess the effectiveness of master plans in Kuwait (Abu-Ayyash 1980; Abu-Ayyash
1981; Al-Damkhi et al. 2008; Al-Nakib 2014b). It was also shown that there are specific
preferences among all residents or particular groups that should have been considered in the master
plan. Regardless, another contribution of this thesis to the success of the master plan is the fact that
the interest of citizens and non-citizens to move to the new cities is indeed very high. This implies
that the Kuwait government, or other state authorities with similar master plans, should attempt to
integrate public participation in their future decision making processes. In this project this was
achieved through surveying the residents via social media, as the usage of social media in the
Arabian Gulf countries has increased significantly since the Arabian spring protests in 2011 and can
function as an informal public participation channel (Peterson 2012). This method of data collection
IS in many ways easier to manage compared to independent research. Furthermore, the advantages
of doing so are obvious; firstly, public participation of any kind can help avoid any risks that the
government may have omitted in their analysis. Secondly, it was shown that modelling resident
responses is easily achieved with ABM, so there is no need to develop any special sophisticated
models. Ultimately, it is not in the scope of this research project to comment on the social and
political factors related to public participation in Kuwait’s urban system decision making. However,
the author strongly believes that the planning authorities can only realise benefits if they choose to
follow this recommendation in the future and the community will feel more entitled and involved.
The inclusion of social and political factors in the model should make the predictions even more
realistic and accurate, albeit the parameterisation and data collection processes would become
increasingly complex. Regardless, the author is convinced that this constitutes a natural next step

for future work.

The model findings also expand our understanding of planning and urban systems in Arabian Gulf
cities (not just Kuwait). Firstly, previously known or suggested points were confirmed and
enhanced with first hand responses from surveys and interviews: the planning systems are
centralised and run exclusively by the government, the private sector’s contribution is limited to
consultations and there is no plan or willingness from the government side to open planning
processes in the near future to either private developers or residents. In addition, new information
that highlights the unique context of Arabian cities was revealed during the analysis in this thesis.
For instance, we can now ascertain that citizens and non-citizens have clearly different goals and
desires in terms of housing and mobility with urban areas. This is particularly important for further
research, as first-hand information about both groups and how they perceive urban development and

issues was scarce before this thesis. The contribution of this thesis may expand beyond the field of
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urban systems and/or urban planning, as it was implied through the private sector interviews and
public surveys that there is a clear discrepancy between what the government plans are (closed and
centralised planning) versus what the residents desire (more open participation channels and private
sector involvement). This discrepancy has partially contributed towards unrest in the past with the
results seen in Arabian spring movements in 2011, which expressed the dissatisfaction of big parts
of population versus various state practices (Peterson 2012).

Considering the above contributions, we believe there is significant novelty value stemming from
this research thesis. The outcomes described above contribute to the research field of modelling of
urban systems by addressing how population groups defined by nationality have different roles and
behaviours to shape urban form. Also, to our knowledge, the use of an ABM to evaluate urban
growth issues and to attempt to address these issues with future planning has never been done in the
past in cities in Arabian Gulf countries, and specifically Kuwait. In fact, there have been no
simulations of future urban growth of any kind in Kuwait in the past at all, and all master plans
were based on conceptual designs and assumptions that were never tested. ABMs are well suited to
modelling urban dynamics based upon observed patterns and when combined with direct resident

group inputs they form powerful tools that can be integrated in future planning decisions.

Furthermore, the design and validation of alternative scenarios via surveys enhanced our
understanding and allowed incorporating the residents’ preferences, needs and expectations in urban
planning for the first time. More importantly, the voice of non-citizens’ was considered, which is
another novel concept in the reality of Arabian Gulf cities. From an urban geography perspective,
the survey results from this thesis improved our understanding of the nationality segregation in
Kuwait. Specifically, there was more favourable support for social integration from residents

wishing to settle in the new cities.

As urban dynamics change rapidly, the findings related to the conceptual and practical issues and
presented in this thesis are not only significant for the provision of data that may be used in
planning; instead, the surveys and models themselves may be used with or without modifications in
the future to capture any new trends or issues related to urban growth. The demographics, opinions
and social contexts may vary significantly and therefore having tools like the models developed in
this thesis that can be integrated in urban planning are imperative to monitor and respond to any

changes in urban systems in the Arabian Gulf states.

However, that is not to say that this thesis had no challenges. For example, international migration

trends were not considered, as this would require extensive data collection from various sources and
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more complex modelling of future trends. Another limitation is that the next generation’s responses
may differ from the current ones — so the findings of the study may suggest different outputs if it
was conducted in the future. Finally, it was assumed that the macroeconomic conditions remain
favourable for Kuwait (or other Arabian Gulf cities). However, as seen in the last few decades,
turbulence related to the complicated Middle East geopolitics and oil price fluctuations are anything
but uncommon. Hence, future research may focus in investigating how these potential

developments may affect urban systems and the local population dynamics.
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Behavioural and Social Sciences Ethical Review Committee (BSSERC) for the
following reasons: 1) the research does not directly involve human subjects from
vulnerable or special populations, 2) the research does not involve any risk above
“everyday living”, 3) the research is not intrusive, and 4) informed consent will be
obtained before data collection, participation is voluntary, and participants may
withdraw at any time. The research is thus classified as low risk and ethics approval at
School level is appropriate.

The research proposal, as presented, complies with the National Statement on Ethical
Conduct in Human Research and the associated university regulations. You may
conduct the research subject to the following conditions: 1) the interviews/surveys
should be conducted as described in the research protocol; 2) participants should not be
personally identifiable in the results without explicit permission of the participant; and
3) the data collected is to be kept in a secure location. Should any of the above
conditions change, you must refer the amended research protocol back to the GPEM
Ethics officer.

If you have questions about the ethics review process, please contact me.

Q‘ZVL/P(L

Dr. Paul Dargusch (p.dargusch@uq.edu.au)
Ethics Officer
School of Geography, Planning, and Environmental Management

School of

The University of Queensland T +61 7 3365 6455 http:/iwww.gpem .ug.edu.au/

Geography Planning and Brisbane QLD 4072 Australia F + 6173365 1242
Environmental Management
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Appendix B1: Participant Information Sheet for the government authorities and developers
CONSENT FORM FOR PARTICIPATION

PROJECT TITLE: Modelling of urban development and future urban growth impacts on
congestion and housing shortages in Kuwait

PRINCIPAL INVESTIGATOR: Nayef Alghais

| have been given information about research title and discussed the research project with Nayef
Alghais who is conducting this research as a part of a PhD degree, supervised by Dr David Pullar
from the school of Geography, Planning and Environmental Management (GPEM) at the University
of Queensland, Australia.

| agree to participate in a questionnaire survey related to the title given above that will take
approximately 30 minutes. | have read the participant information sheet that gives further
information on the questionnaire and | understand the nature of the research and my role in it.

Therefore, | hereby agree to be involved in this research project as a participant.

| understand that the data collected from my participation will be stored confidentially and will be
used after analysed and summarised for a PhD thesis and for paper publications in relevant journals.
| consent for it to be used in that manner. Besides, | understand that | will be provided with a

summary of the project outcomes if | opt to.

| have been advised of the potential risks and burdens associated with this research, which include
no foreseeable added risk above the risks of everyday living, and have had an opportunity to ask

Nayef Alghais any questions | may have about the research and my participation.

| understand that my participation in this research is voluntary, and | am free to refuse to participate
and to withdraw from the research at any time. My refusal to participate or withdrawal of consent

will not impose any direct or indirect penalty to me.

If | have any enquiries about the research, | can contact Nayef Alghais (+61 336-58340
n.alghais@ug.edu.au) and/or Dr David Pullar (+61 336-56522 d.pullar@ug.edu.au) or if I have any
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concerns or complaints regarding the way the research is or has been conducted, | can contact the
Ethics Officer, Human Research Ethics Committee, Office of Research, University of Queensland
on +61 3365-1594 or email p.dargusch@ug.edu.au.

By signing below I am indicating my consent to be interviewed and answer the researcher’s

questions based on my knowledge and experiences.

Organisation Name and POSIION...........cccorerireeinine e

Email (Optional)........ccoveriiiiii e
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Participant Information Sheet for the government authorities and developers (Arabic version)
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PROJECT TITLE: Modelling of urban development and future urban growth impacts on
congestion and housing shortages in Kuwait
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Appendix B2: Completed survey by the government authorities and developers representatives

Q1 Are you working in Public or private
sector?¢ualdll ai e gsall pUadl) 3 Jaas Ja

Answered: 19 Skipped: 0

[ Public sector ,«Sabgisdi [ Private sector selad g Uil

Answer Choices Responses
Public sector - Sad g Uaill 78.95% 15
Private sector s=\ali ¢ Usall 21.05% 4
Total 19
1/127
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Q3 Educational background il Ja sal

Answered: 15 Skipped: 4

@ Oiploma »5= [ Bachelor x5S [ Master Degree Lswsie (@ Doctor Degrees +/ ;55

| Other (please specify) 1 S5 els ) s )

Answer Choices Responses
Diploma » sk 0.00% 0
Bachelor s, 8% 60.00% 9
Master Degree siwale 26.67% 4
Doctor Degrees sl , 582 13.33% 2
Other (please specify) l S els JJ) s ,af) | 0.00% 0
Total 15
# Other (please specify) W s sla ) s ) [ Date

There are no responses.

5/127
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Q4 Planning approach- Kuwait’s Master
Plan is the main direction for future
development lalaill 2 Sl Jakdall ~dadadtl) ol
Cu oSl B Al Jayhaddh) cililes 8 Al g o ) |
Answered: 14 Skipped: 5

100%

80%

60%
40%
- (S—
(no label)
[ 1 Strongly disagree &% wajel (1) 2 Disagree sl 3 Natural 3=« [ 4 Agree ¥4

{1 5 Strongly agree s 34 [ Do not know sl ¥

1 Strongly disagree 2 Disagree 3 4 Agree 5 Strongly agree Do not know ¥ Total  Weighted
Bady G jel wael Natural staa @84 Sady 8 g el Average
(no 0.00% 7.14% 0.00% 57.14% 35.71% 0.00%
label) 0 1 0 8 5 0 14 4.21
6/127
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Responses

Q5 Planning approach- If the planning
approach in Kuwait is not a Master plan,
what do you perceive the planning
approach to be? (Please write if
applicable) st (s Sl Dabiall (S 13 ~dagdadl) ol
o Al hubadtl) cibles B diladl g i ) aUATY
ALY L ) Sactiall aUaIN oA La ey esl)

Answered: 2 Skipped: 17

a0 B iyl e yn Jasi  Japlill il U 3y S 0 Y

s By Y 8

7/127

Date
4/22/2016 7:48 AM

4/20/2016 7:48 PM
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Q6 New plans development- Implementing

the new master plan is mainly controlled by

one division of government !-5 333l kbill aa

Liag8a dga 0 (e 4y pSadll ) paal) g0 hbdal) 345
Lasd 3.aa) g]

Answered: 14 Skipped: 5

100%
80%
60%
40%

20%

(no label)

0%

[ 1 Strongly disagree % ==l (1) 2 Disagree =il 3 Natural sa« [ 4 Agree G5
{11 5 Strongly agree 3: 38 J [ Do not know sl ¥

1 gly g 2 Disag 3 4 Agree 5 Strongly agree Do notknow ¥  Total
Bady G e el S er Sady @il g aled
(no 14.29% 64.29% 0.00% 0.00% 14.29% 7.14%
label) 2 9 0 0 2 1 14
8/127

Weighted
Average

231
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Q7 New plans development- If there are
divisions within the government leading to
different responsibilities (creating the new

plans, overall approval of investment and
applying the plans and land use
allocations), can you please list them?
(Please write if applicable)!d) -3y hbdl) aljg
ddlide il gigena ) (53758 A gSad) JA1S cilabudl) dlUia cuils
¢ i) e Auulgll 488 gall Sysal) hbill aug) S
daild aual £ la )l () V) Cilaladind a6 ¢ abadl) gakas
LUl ) fclgad) 0d¢d)

Answered: 12 Skipped: 7

# Responses

1 LI e el )38 (e S Ay

2 i S 5550 Ayl

3 oo e a Sl Blaadl Ule iad

4 e 2 U8 Sins 5 el o g pag el 2l

5 a0 dae daasnl 4l

6 b5 35 elally el 54885 ) 5y A0l 5 50 5 Jaiih 3 ) 5y, LSl Te 3 Aalall Lpgll oS0 Gl daglatl 5 5155
7 Jadadll et dadl (sl ol o KU agaly Jadadnl] oW1 dacdll 4 4yl

8 Lozl leWh dadll Aalad 4slall oy oSN 4l

9 Jaiil ) S ol gl g Uil 5 5y Cy oS Ay

10 M LRI Jast 4

1 and dgadl o Lol Ll e a2 pie g Al 5 AT Clgadl (el 5 e LS
12 Al Glalll St a0 Lokl

9/127

Date

4/30/2016 5:17 AM
4/28/2016 12:59 AM
4/25/2016 6:21 PM
4/25/2016 5:47 PM
4/24/2016 3:51 AM
4/22/2016 7:48 AM
4/22/2016 7:36 AM
4/22/2016 7:11 AM
4/21/2016 8:09 PM
4/20/2016 9:11 PM
4/20/2016 7:48 PM

4/19/2016 5:28 PM
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Q8 New plans development- Kuwait State
Audit Bureau has a big role in decision
making process in new plans development
in Kuwait_sS Js0 daulaall ¢ ol s yaadl abadl) g
Cugsl) A ga B ladadil B ) AN I Ales B
Answered: 14  Skipped: 5

100%
80%
60%
40%

N -

0%
(no label)

@ 1 Strongly disagree % s =l 2 Disagree a el 3 Natural stse 4 Agree Gi §

() 5 Strongly agree s+ 34 3 {8 Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Sy el el s gy Sady gy alei

(no 21.43% 50.00% 0.00% 28.57% 0.00% 0.00%

label) 3 7 0 4 0 0 14

Weighted
Average

2.36
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Responses

Q9 New plans development- If Kuwait State
Audit Bureau has a big role in decision
making process in new plans development
in Kuwait, what is its role? (please write if
applicable)dstaall ¢ g2l 1S 13) 5yaad) bbdl) auda g
Lo ey gl Adga A laladsl) B ) 40 3A%) Alee B S 40
dglugy) ) ou9d R)

Answered: 8 Skipped: 11

Lz 5y Aadaia llpall S 13 L imd y cilialliad o ol 5050

Y,

3l el

A a1 ey el y e e e 30D 44l 8

sl Sllia 5 Clualliall 5 Sl jlaadl Jle 8

Cileadlid) 4y U 55

Clallidl e 2y Gl pal

Sl el g Sl 48 e

117127

Date

4/30/2016 5:17 AM

4/25/2016 5:47 PM

4/24/2016 3:51 AM

4/22/2016 7:36 AM

4/22/2016 7:11 AM

4/21/2016 8:09 PM

4/20/2016 9:11 PM

4/19/2016 5:28 PM
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Q10 New plans development- Kuwait
Ministry Of Finance has a big role in
decision making process in new plans
development in Kuwaits _Jl s -5 a2l bbill alj
Qo A lphadsl B ) &N JA5) dles (B S g0 ALal)
S o<l

Answered: 14 Skipped: 5

100%
80%
60%
40%
20%
]
0%
(no label)
[ K Strongly disagree & a el 2 Disagree ==l 3 Natural ¥ 4 Agree 3

= 5 Strongly agree s:% 33 § [ ] Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
53y g fel el e iy sady G g el
(no 14.29% 35.71% 7.14% 42.86% 0.00% 0.00%
label) 2 5 1 6 0 0 14
12 /127

Weighted
Average

279
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Q11 New plans development- If
Kuwait Ministry Of Finance has a big role in
decision making process in new plans
development in Kuwait, what is its role?
(please write if applicable)!d) - yaall kladl) gl g
bl A )8 A ddee A S g0 Al B ) 8t oS
AUl o ) Tla gl oa La ey sl Aga )

Answered: 9 Skipped: 10

Responses

il el sy

Jaid Lale

4l 3aab dlaed

S5 sty Aah Jaladd il el 48 pea
sl I e e 438 gl

i sl

A 8yl

Y S ol e 18 280 e

) Ak 3 3y 8 g i B b g5 e S (San

13/127

Date

4/30/2016 5:17 AM
4/27/2016 10:33 PM
4/24/2016 3:51 AM
4/22/2016 7:36 AM
4/22/2016 7:11 AM
4/21/2016 8:09 PM
4/20/2016 9:11 PM
4/20/2016 7:48 PM

4/19/2016 5:28 PM
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Q12 Cooperation and coordination- The
cooperation and coordination between the
government of Kuwait’s planning
authorities are considered in high
level.clgadl (i Gl g ¢ gladl) yiing - Gaudil) g ¢ glall
A 5 Fia o aubdilly datidal) dagsal)

Answered: 14  Skipped: 5

100%
80%
60%
40%

20%

(no label)

0%

@ 1 Strongly disagree 3% (= el |2 Disagree _a sl 3 Natural s 4 Agree il 5
(17 5 Strongly agree s 38 [ Do ot know Aely

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
By G el ael s byl Bady i 4 el
(no 14.29% 42.86% 7.14% 14.29% 14.29% 7.14%
label) 2 6 1 2 74 1 14
14 /127

Weighted
Average

269
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Q13 Urban growth management- The
government would like to improve urban
growth management in its planning
Process.? < i Cu sl dagsa ¢ ~g paall galll 3
el 8 Jubodsll DIA (e g paall gaill B 1Y Cpeuns

Answered: 14 Skipped: 5

100%
80%
60%
40%
20%
[ —
- ||
(no label)
@ 1 Strongly disagree s o el 2 Disagree _a el 3 Natural == 4 Agree Gil 5l

(11 5 Strongly agree s Géf {0 Do not know el ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Sy g el oasel s g Bady 4 pei
(no 14.29% 7.14% 7.14% 50.00% 14.29% 7.14%
label) 2 1 1 7 2 1 14
15/127

Weighted
Average

3.46
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Q14 Consultations- if consultants are
international or national, what are other
roles of external government involvement in
new plans. (Please write if
applicable)s) s axiicd da gSal) il 13} -5 Laiuy)
psEE AN gAY e A Lad cplaa ol Gl 99 G L
LU ) Busal) bbill A 4 gsal 8 cilgad) W)

Answered: 8 Skipped: 11

Responses

alal p Uil (e LY

Sl s Sl s el aitl e Sy S s

dalaidi Cysad sl

Iy o a8

o stlaall (5 gl o Canad 5 LAY

il Y

Sy lslad y pdiaall g e el Gy Sal cilgad o Gl el g iaal y Wlildiel y Clalaidl nnl e

3V A seluad

16 /127

Date

4/30/2016 5:17 AM

4/28/2016 12:59 AM

4/25/2016 6:21 PM

4/25/2016 5:47 PM

4/24/2016 3:51 AM

4/22/2016 7:48 AM

4/21/2016 8:09 PM

4/12/2016 8:02 PM
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Q15 Decision Making- The government of

Kuwait is the final decision maker in
initiation of new development plans

implementation process. cu Sl 4agSa - i &l a3

Sasall Jabadl) gkt B g gl B gl RN Al A

Answered: 14 Skipped: 5

100%

80%

60%

40%

N .

0%
(no label)

@ 1 Strongly disagree % oa el [ 2 Disagree =il 3 Natural +as

(11 5 Strongly agree % S8 ) Do not know Al y

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree
sady L el va sl A adlgl Bady gl
(no 0.00% 28.57% 7.14% 35.71% 28.57%
label) 0 A 1 5 4
17 /127

Do not know ¥

i

0.00%
0

4 Agree &

Total

14

Weighted
Average

3.64
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Q16 Decision Making- In your opinion, are
there any external decision makers exist in
the final outcome of planning in Kuwait?
(Please write if applicable)«i & - _all s
o b)) Alee A Aagsall 8 ) B plia gl g da

B ) S s2l)

Answered: 11 Skipped: 8

Responses

S g A el L AT e

& A e A dae

AV (e Gl el

o Jail 4 e yaal daa

Ll el 5 8 e

)y el el 35 s el d 58 (sl Jaladl Jdaas (gt g daladl) e B oSaid aa el
Al das

& Ml Sl Claal (e A gl (T
Y

Ayl 8 Ukl ULl any

sday ol 54V daa ae sl

18 /127

Date

4/30/2016 5:17 AM

4/28/2016 12:59 AM

4/25/2016 6:21 PM

4/25/2016 5:47 PM

4/24/2016 3:51 AM

4/22/2016 7:48 AM

4/22/2016 7:36 AM

4/21/2016 8:09 PM

4/20/2016 7:48 PM

4/19/2016 5:28 PM

4/12/2016 8:02 PM
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Q17 Cost responsibility- The Government of
Kuwait is solely liable and responsible for
the costs of the development and
implementation of new plans.-4:iall 43 g gl
380 okl LA (o B gl Al gpunall (& gl dagsa

5ajaall Jakadl)
Answered: 14 Skipped: 5
100%
80%
60%
40%
20%
0%
(no label)
[ 1 Strongly disagree s o el 2 Disagree =i 3 Natural vas 4 Agree i
(11 5 Strongly agree s ad s I Do not know el y
1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
B2y el cael Haa abyl Bady 4 e
(no 0.00% 0.00% 0.00% 42.86% 50.00% 7.14%
label) 0 0 0 6 T 1 14

19/127

Weighted
Average

4.54
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Q18 Cost responsibility- If the government
is paying some parts of development plans,
which parts are paid for citizens
(residential, activities, infrastructures)?
(Please write if applicable))d -4l 44 gl
cdaaill) Jabad g jal Gy AR A g'pana Jaadi da gSall cuilg
Ay Andl ¢ A3isu) bl gall adai Al g1 5aY1 A e
B (2 ) S(ka)

Answered: 2 Skipped: 17

Responses Date
Al Cleadll 5 Anath And 4385 Jeas 4a 8ol 4/22/2016 7:48 AM
Ol sl Cilalial 4/19/2016 5:28 PM
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Q19 Cost responsibility- There are
differences in payment for residential
development between Kuwaitis and non-
Kuwaitis.lawial) ddlsil) & 33 dlia 4l 4 gigeal
Ol gl g ol gall (g ApiSual) Apaiill
Answered: 14  Skipped: 5

100%
80%
60%
40%

- | | IIIII
[
LI |

0%
Likert scale

@ 1 Strongly disagree % = jel [ 2 Disagree sl 3 Natural e 4 Agree 5

(171 5 Strongly agree s 385 [ Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
ady G el el s Sy Bady 3l plel
Likert 7.14% 21.43% 0.00% 35.71% 28.57% 7.14%
scale 1 3 0 85 4 1 14
21 /127

Weighted
Average

3.62
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Q20 Cost responsibility- If There are
differences in payment for residential
development between Kuwaitis and non-
Kuwaitis, who is the responsible for paying
both residential development (Kuwaitis and
non-Kuwaitis)? (Please write if
applicable)ads (& ULl dlia (S 1Y ~dullal) 43 g gesal
B O el s s oSl O AiSad) Al Al
SCmisSl e g G g8l Al Apalill S a8 0 J ghesall
sl > )

Answered: 8 Skipped: 11

Responses

el @5 Y Ll

Ol g A Sall ANe Y

¥l g Uil 1 il yol Leih

B (e A e s i 5 G OS5 o

GE ie Il Aie] Az

OSan Sy eldae! o a2 S (el g0 U0 (S b 5 00 A ene oS0 Al

Osil pall 4S Hle Y a0 ASl el L gl gl sl a5 aall Al 2l

G [l Uil U ol s 5 A e G 0 S

22 /127

Date

4/28/2016 12:59 AM
4/25/2016 6:21 PM
4/25/2016 5:47 PM
4/24/2016 3:51 AM
4/22/2016 7:36 AM
4/22/2016 7:11 AM
4/21/2016 8:09 PM

4/12/2016 8:02 PM
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Q21 Time - The new master plan will be fully
finished and implemented in 2030. aiuw -85l
ebggay+ng5*ﬂhbidiQﬁ:gudASd&hgwéNl
2030

Answered: 14 Skipped: 5

100%
80%
60%
40%

20%

(no label)

0%

@ 1 Strongly disagree 22 L el 1 2 Disagree watel 3 Natural +ae 4 Agree i
(17 5 Strongly agree sx 38 J [ Do not know el ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
By G el oajel s Gl Bady 8§ el
(no 14.29% 35.71% 714% 28.57% 0.00% 14.29%
label) 2 5 1 4 0 2 14
23/127

Weighted
Average

258
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Q22 Time- What decisions affect or delay
implementation of the master plan, please
list the reasons and consequences (Please
write if applicable) a5 & (Al <) ) A & Lol
L g ) S g o Al Bhadlal) 345 e S

L) 2 )

Answered: 12 Skipped: 7

Responses

S L gl gl ke pie g (ol g Uil S itun 1 Y Sl iy Ahal IS
b g s O OSae il A g i Sa

AasSal 338 fe Gl AL

G e AS s

R

oMl 2 4l e 5 pae g a el

Al o i3 O Gm 4 aall o 4 5l e Y1 e 1A Al s 5

Uyl sl s

Gl e Bl e Bk e BB

e Sl gl Lol A Sall 0 e do i A0 Y £

4B 550 3my pie RasSal 38 e U NAT Ciaaa o3l el i Jagdadtl Ciann

s ) 8 gmall sad Apaianall 553 G815 5 el psme s A s 5l il Y

24 /127

Date

4/30/2016 5:17 AM

4/28/2016 12:59 AM

4/27/2016 10:33 PM

4/25/2016 5:47 PM

4/24/2016 3:51 AM

4/22/2016 7:36 AM

4/22/2016 7:11 AM

4/21/2016 8:09 PM

4/20/2016 9:11 PM

4/20/2016 7:48 PM

4/19/2016 5:28 PM

4/12/2016 8:02 PM
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Q23 New plan-There is new plans as drafts
for the period between 2030 (or the finish
time of the existing master plan) to 2050.kka
2030 (i 5 80 A i g Ldia gf Syaa Jakad LA B
e i (A paadl Sl hbadal) (e plgaN) <y )
2050

Answered: 14 Skipped: 5

100%
80%
60%
40%
20%
1
0%
(no label)
@ 1 Strongly disagree % ==l 1) 2 Disagree k! 3 Natural s 4 Agree il 5

5 Strongly agree 3% (¥ 5f Do not know =i ¥
= |

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total Weighted
B2y el cael Haa Gl Bady @i 4 e Average
(no 14.29% 42.86% 7.14% 0.00% 0.00% 35.71%
label) 2 6 1 0 0 5 14 1.89
25/127
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Q24 New plan-If There are new plans as
drafts for the period from 2030 (or the finish
time of the existing master plan) to 2050,
what kind of plan or strategy is it? (Please
write if applicable)s s kb dllia (s 135320 hld
hbiall ¢ LN Cdg o) 2030 o 8L &y Lda gl
Lbil) o3 £ 53 A L2050 ale Aa (Al Bl gl
AU ) Tebadl A )
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There are no responses.
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Q25 Precaution plan-There is a precaution
plan in Kuwait in case of depletion of oil or
extremely decline in state's revenues to
deal with citizens situation (Kuwaitis and
non-Kuwaitis). 4bbial dbd a3 65 -Agkia) dad
Lalad) ) (@A) Jla A gl Jadll) Gugal Jla Ay <)
Gl g 5 ikl 9a) (Sl plud g g Jalaill S Sy A all)
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Q26 Precaution plan-There is a precaution
plan in Kuwait in case of depletion of oil or
extremely decline in state's revenues to
deal with population situation (Kuwaitis and
non-Kuwaitis, what kind of plan or strategy
is it? (Please write if applicable). -Asblial iki
Jia A gl bl gl Jla (B cy gl B Akilial Al aa g8
gl pa Jalaill S Sy Ad gall dalal) il 3l ) Lalddl)
Shpal ) o) i) oda £ 5l La (Cudy 9 Gkl ga) S
I 2 )
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Q27 Other comments (Please write) =i
LUl ) s A)
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Q28 Technologies and tools- Is technology

used in the land use planning now such as

GIS? dntiinia Ayaal) L gl ST Ja -l ol gl il
A8 ol cila glrall alii e Llla o) ) aladiad Jagdads
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Q29 Technologies and tools- Besides GIS
what other technologies or tools are used
for land use planning? (Please write if
applicable)<tasiaall alii cuila ) L gl 5330 sl
& Ll Aasdioiall g AY) o) o il A Le A8 gl
AU 2 ) Sl ) pladind Jadeds)
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Q30 Alternatives- The development of new
plans (such as Master plan) has
alternatives, and the government selects

the most applicable in Kuwait.z<ay i -Jdad
Bae Jilay dua (ASed bbiall Jia) aaall Jabadl)
G oSl aad) LA 685 da gSall g
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Q31 Population projections- In the
development of new cities/districts projects,
your organisation uses population growth
projections for the future. s - Sl galll Cilad g
eé'&'.wﬁ Ll 50 Qgé cdaaall ‘shu.aﬂ | oxall @JL&A Jg#
Jiiual) (B Al galll Cilad g5
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Q32 Population projections- The accuracy
of population growth projections are
adequate for purpose of planning (Please
answer if the pervious answer was
Yes). Adls Al galll cilad g 483 - SISl gall) cilad s
AR sl CilS Jla b cal) Jaubash (a) £Y)
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Average

3.45
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Q33 Population projections- If your
organisation used population projection for
the future, what is the projection calculation

method? For example Cohort Component
method, Ratio method, others. (Please write
if applicable)divwse il 1)) - JlSud) gaill Cilad g
43kl o Lad ¢ Jatiaal) (B LSl ad giall il padid
Ay ks JUal S Ao T8 giall Sl bt Ladiiaal)
TS 2 ) s A 5 iy ) ) 1)
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Q34 Population projections- If your
organisation used population projection for
the future, what is that projection
reference? For example, UN, KSR, your
organisation, other. (Please write if
applicable)® v se cils 13 - Sl galll cilad g5
138 e g2 La cdaliall (B (Sl aBgia 3ad Caaddiii
Gila B Cy oSl dgaa Bantiall add) (JUal Jaa Ao €203
LU o) (LS o e cdzalal))
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Q35 Population projections- What do
believe are the main risks that change
future population growth in Kuwait? (Please
write if applicable)l datiicl; - Sl gaill Clad &b
P S gaill S ) g5 3B AN dpni ) kil A
AU ) Ty esh) B Jiliall)
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Q36 Urban modelling -The new
development plans are evaluated by
simulation within urban modelling tools to
demonstrate the consequences of the new
plans. (s 3l Lailll hbd 4l ol -4y paad) dalall
DSV Y Al Aaladll ¢ gl (e BlSLaal) 3k
Sayaal Jabadll o A yial
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(no 28.57% 42.86% 7.14% 7.14% 0.00% 14.29%
label) 4 6 1 1 0 2 14
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Weighted
Average

1.92
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Q37 Urban modelling - If an urban model
technique/ tool had been used, what are the
simulation techniques/ tools used? (Please

write if applicable)as £ ¢S 13 -4, paal) 4314l

A8 A L o pandl £ Ul Apdall 3141 / A aladiud

4l L ) SAasdiouall 31431 / BlSlaall)
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39/127

241



Q38 Simulations- If simulation technique/
tool have been used, what is/are the
rectification on the future that have been
used for evaluation? (Please write if
applicable)sstaall 3141 / 485 Cuaddin 13) 3LSlaall
Al il galS Crasdind ) el sl A La (Al
ALY L ) SJsiinall)
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Q39 Other comments (Please write) <t
LUl 2 5) s A)
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Ayl 4/24/2016 3:51 AM
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Q40 Non-citizens- In the new development
projects, Non-Kuwaitis have been
considered in the process, i.e. Where they
will live and work? / How long will they
stay? / Their estimated population number
in the future?ia) & sl Leaiil) 4y L (b -8l gl
OSead) Alkaia JUal) Jorns Ao cdlaal) (B LSSV Gy (bl gl
Siiinall A adse [ € aapliyBaa ) Sdanllg
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label) 0 5 0 5 3 0
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Total

13

Weighted
Average

3.46

244



Q41 Society participation- Kuwait citizens
are indirectly engaged in the planning
process only through their parliament and
municipality council’s representations.
bbdill dles (B S JLdia () gilal gall iy ~paliaall 4S jLi
culaall 5 A ulaa (B pgldad DA (e piilsa s JS

il
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Weighted
Average

3.54

245



Q42 Society participation- If there are any
other forms of Kuwaitis engagement in
planning process, what kind of these forms
is? (Please write if applicable)!d -aisall 48 L
chaahadill Aplee (B iy oSl AS Ll 5 AT JISE) g1 dlia oS
LU ) SJSEY) oda £ 6 L)
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Q43 Society participation- Kuwait
government is interested in greater
engagement of Kuwait citizens in the
planning process.<usSl dagsa aaiaall 48 Lia
Byaal) abadsl) cildes (B (pai) gall AS JLda 335 (B Aaliga
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label) 3 6 1 3 0 0 13
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Weighted
Average
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Responses

Q44 Society participation- If Kuwait
government is interested in greater
engagement of Kuwait citizens, how is that
can be done? (Please write if
applicable)iaigs <5<l da g s 1) -paiaall 45 jldia
S Baaad) il cldes A ik gall AS jLdia B4 B
ASh ) ¢ty ALAD (Sa))
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Q45 Society participation- Non-Kuwait
citizens are not engaged in the planning
Process.iules b agsl pdl ol ¥ (bl ol -aaliaall 48 it

Lybiny)
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label) 1 2 1 6 3 0 13 3.62
47 /1127

249



Q46 Society participation- If there are any
forms of non-citizens (non-Kuwaitis)
engagement in planning process, what kind
of these forms is? (Please write if
applicable)cr Jsé i dua (1813 ~aaiaall 45 L
SISEY) oda £ 5 La cdasdadil) Alas (B bl o) Jal ASH JIS
LS 2 )
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Q47 Society participation- Kuwait
government is interested in greater
engagement of non-citizens (non-Kuwaitis)
in the planning process.asSa ~aaiaal) 45 Lia
bl cliles (B (bl gl AS jLdia 3L (B Aaliga Cuy oSl

saaadl
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Average

231

251



Q48 Society participation- If Kuwait
government is interested in greater
engagement of non-citizens (non-Kuwaitis),
how is that can be done? (Please write if
applicable)iaige <y sl dagSa Cils 13 -paliaall 45 L
i 3ayaadl hadadtl) cibles b () ol 4S e a5 b
LUl 2 ) ¢ el oLl (a))
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Q49 Private sector participation- The private
sector has been engaged within the
decision-making processes for plan

implementation and future

developments.4l galdll g Uil - aldl) g Uail) 4S L

ALl Jabadl) 3a3 ) AN adue cililes B AS Ll (3
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Q50 Private sector participation- If the
private sector has been engage in the
planning processes or decision making
processes, how did they engage or
participate? (Please write if applicable)as Lis
clles A& Ls 8 aldll pUall) (1S 1Y -paldd) p Ul
AU L ) Tl a3 S ) AN e cilbles gf Jagadlill)
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Q51 Other comments (Please write) <.
LUSi ) s A)
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Q52 There is specific number of districts to
be developed in specific period of time by
law. For example, 5 residential districts
each 5 years.l ki ol (Al (GhUall (1 333 23 dla
5 cJlall Jass (A8 G giRN (DA (o Badaa dia )5 50 A
& gien 5 IS i€ bl
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Average
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Q53 If there is specific number of districts
to be developed in specific period of time by
law. What is the number of districts and
what is the period of time? (Please write if
applicable)W s shi aby (3hliall (ra 333 230 dlia (S 1)
Lag Gaholiall dae g Lo oy gildl) (PIA o Badaa 430a 5 430 b
sl ) 4aia 3 3 50N )
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Q54 The government is seeking to increase
urban population density for future
districts. i saad) dilud) AU 334 5 & 5 da gSal)
Gl i il
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Q55 If there are plans or policies for more
dense residential developments, what kinds
of plans or policies are considered in
planning? (Please write if applicable)<is 13
5 Lad ¢ ahliall & i) ABUS 54 3 Cilulpw gf Jakad Sllia
) Shabidl B Lasdiual) cilubwd) gl kbdl) o3a £ o8
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Q56 Private sector can pressure on
government to build new districts (mixed
districts) such as (Salmiya, Hawalli or
Khaitan).da ssall e kiudy o aokivg (alid) g Uail
Jia (Aalidal) /45 Laiiu) (ghaliall) 3 (3hilie U
CMasd gl (A sa cdpallall)
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Q57 The new residential districts mainly

developed for citizens (Kuwaitis). &Sl (il
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Q58 In the future there will be new mixed
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Q59 It is strictly prohibited to develop new

districts within (oil fields, military sites,

islands, environmentally sensitive

areas).chilll Jsia) Ja1a Sy (ghlia s okl Ul lade pday
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Q60 New centres (large scale cities) are the
governments’ preferred new headed
plans. Al sl Abdl L (aaad) 5 us) Sasdall Gaall
Lo glall Lglal g Lgbas
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Q61 New centres (large scale cities) will
mainly be for residential.’ ) sl Gl

Laih A (3hlia ¢y 9SS G g (a2l
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1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady ga el cajel S iy Bady 85 e
(no 23.08% 61.54% 0.00% 7.69% 0.00% 7.69%
label) 3 8 0 1 0 1 13
63 /127

Weighted
Average

1.92
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Q62 New centres (large scale cities) will
mainly be for mixed use.(paall 5 2S) aaalal) (aall
Aaliie /4y el (3halda () 585 i o
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1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
By o el oajel o gyl Bady il g et
(no 0.00% 0.00% 0.00% 61.54% 30.77% 7.69%
label) 0 0 0 8 4 1 13
64 /127

Weighted
Average

4.33
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Q63 Multi-cities will dampen and resolve
many direct impacts and negative
externalities resulted from the existing
urban growth pattern such as traffic
congestion and housing shortages.
BN (e SN Jad g GRS Ui g (aadl 3 ypaS) Basaall
Al W) Jia Al g pdaald) galll Jaad oo Aaalill Al
Ol AlSia g (g 94l
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(17 5 Strongly agree s: 38 J [ Do not know el ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total Weighted
Bady g fel wael Has Gyl Sady g4 el Average
(no 0.00% 0.00% 0.00% 69.23% 23.08% 7.69%
label) 0 0 0 9 3 1 13 4.25
65/127
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Q64 New districts could continue
development and expansion while applying
the new master plan.<igw 5yl 43Sl ghlial
aal) Al Jabadal) gaat pUS kil 5 pu gilly saliud
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By G el oajel s Gl Bady 8§ el
(no 0.00% 7.69% 0.00% 69.23% 15.38% 7.69%
label) 0 1 0 9 2 1 13
66 /127

Weighted
Average
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Q65 Other comments (Please write) <t
LuSh 2 5) s A)
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Date

4/25/2016 5:55 PM
4/24/2016 3:51 AM
4/20/2016 9:21 PM

4/12/2016 8:03 PM
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Q66 Please order the following elements for
where the new residential districts occur
(for locating new districts)(From 1= Most
important to 6 = Less important)<s 5 sl

Saadl) Sysal) ghiall sLidl tie paal) s A0 ualial)
6 =dzaal g ) 1 =Ll JSY)(Busad) shall a8 4a)

Answered: 10  Skipped: 9

Number p&

Closeness to a
district wit...

Closeness to
governments’...

Closeness to
the existing...

Closeness to
the Kuwait...

Closeness to
the coastal...

Closeness to
the existing...

Number &)

0% 10% 20% 30% 40% 50%
m B2 B E, . e
1
Closeness to a district with existing services such as (shopping centers, 20.00%
hospitals and universities). Skaiudly G sl 81 ) Jie bita 2008 Clesd L Gt e o 2
Cladally)
Closeness to governments’ offices and ministries such as (Shuwaikh or 11.11%
Ministries district).<s i ;s dalaia 5 & pdll) e b 598 5 GapSall (OIS (pa o il 1
Closeness to the existing street networks.ilal G skl SISl e il 22.22%
2
Closeness to the Kuwait Capital City (CBD).<x 58l A /Aacalall e il 0.00%
0
Closeness to the coastal line. s /Jalud (e il 20.00%
2
Closeness to the existing urban area (Kuwait cities and its environs).os < il 33.33%
B T e e R ] 3
68 /127

60%

2

30.00%
3

33.33%
3

22.22%
2

M11%
1

10.00%
1

0.00%
0

70%

3
10.00%

11.11%
1

33.33%
3

1.11%
1

10.00%
1

22.22%
2

80%

4
30.00%

0.00%

0

1.11%
1

1.11%
1

10.00%
1

33.33%
3

90% 100%

5
0.00%

44.44%
4

0.00%
0

44.44%
4

0.00%
0

11.11%
1

10.00%

0.00%
0

M11%
1

22.22%
2

50.00%
5

0.00%

0

Total
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Q67 Please order the following urban
growth impacts based on your
understanding as the most important
issues that forms concern to the

government (From 1= Most important to 6

Housing
shortagecial...

Traffic
congestionJ...

Environmental
degradationl...

Accessibility
to public...

Lack of social
integrationg...

Sustainability
future...

Other s Al

Number 4

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
| 2 ., ., 5 @S
1 2 3 4 5 6
Housing shortage®sSad AL 76.92% 23.08% 0.00% 0.00% 0.00%
10 3 0 0 0
Traffic congestiongs s <l sz ¥ 23.08% 76.92% 0.00% 0.00% 0.00%
3 10 0 0 0
Environmental degradation s , sl 0.00% 0.00% 30.77% 30.77% 15.38%
0 0 4 4 2
Accessibility to public servicesis Sall clexll J Jsasll 0.00% 0.00% 30.77% 30.77% 38.46%
0 0 4 4 5
Lack of social integration sl s 5 (il sall u el rles¥) pie 0.00% 0.00% 0.00% 30.77% 30.77%
0 0 0 4 4
Sustainability future development  fiudi fadadsll b d s Zual 0.00% 0.00% 38.46% 15.38% 15.38%
0 0 5 2 2
Other & 100.00% 0.00% 0.00% 0.00% 0.00%
1 0 0 0 0
69 /127

Total
0.00%
0 13
0.00%
0 13
23.08%
3 13
0.00%
0 13
38.46%
5 13
30.77%
4 13
0.00%
0 1
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if other (please specify) 44 2 5) s Al &) Date

ksl pua 4/12/2016 8:03 PM
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Q68 When planning new districts, traffic
congestion is taken into consideration.xs
SN o s gl plaa ) AT %y Byanl) (glalial Jahads

Answered: 13  Skipped: 6
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-  — 1 |
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[ 1 Strongly disagree % o el 12 Disagree =<l 3 Natural saa 4 Agree i

s Strongly agree s G# I Do not know Aely

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady el oael s abl Sady gl g aled
(no 7.69% 23.08% 0.00% 53.85% 7.69% 7.69%
label) 1 3 0 7 1 1 13
71/127

Weighted
Average

3.33
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Q69 If traffic congestion is taken into
account, how is it measured? For example
traffic surveys, Vehicle Kilometres Travelled
(VKT) or others. (Please write if
applicable) Lis¥) (ura 3.5 5 9 0al alad NI s 1
JEall S Ao Sl gl Al oy CiiSh (Jagdadsl) e
3 bdls A ghaiial) < sia gliCl cibuaa ¢ g pal) AS A cliluiad
Lugl ) g )

Answered: 5 Skipped: 14
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Vtv Real time traffic info. Capacity of roads (level of service) for intersections il 5 il
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AR G pall S e il (B sk 0o

721127

Date

4/27/2016 10:53 PM
4/21/2016 9:12 PM
4/21/2016 8:30 PM
4/20/2016 8:08 PM

4/19/2016 5:56 PM
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Q70 There are new projects to expand the
existing roads to reduce the traffic
congestion. (from 3 lines to be 4 or 5
lines) e all Al @kl aom sil Basas ag ldia 23 3
S lwa 5 o 4 0S8 @l lwa 3 ) Lalaa Y

Answered: 12  Skipped: 7
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.
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[ 1 Strongly disagree 2% s el |2 Disagree =)<l 3 Natural vae 4 Agree ¥

(111 5 Strongly agree % Gy ) Do not know Aely

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥
53y g o vael s s 5as g el
(no 0.00% 0.00% 0.00% 91.67% 8.33% 0.00%
label) 0 0 0 " 1 0
73/127

Total

12

Weighted
Average

4.08
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Q71 There are new projects to build new
roads to reduce the traffic congestion.2s:
ANl G aall Basaa 3k e U Baaa ao L

Answered: 13  Skipped: 6

100%
80%
60%
40%
20%
=
0% =SS
(no label)
@ " Strongly disagree 32 v el 11 2 Disagree o=l 3 Natural s 4 Agree i 4

= 5 Strongly agree % 38 [ ] Do not know A=l ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
53 g jel va el s gy saly gl g e
(no 0.00% 7.69% 0.00% 76.92% 15.38% 0.00%
label) 0 1 0 10 2 0 13
74 /127

Weighted
Average

4.00
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Q72 There are decentralizing policy
government’s offices/ companies’ offices
from the existing urban areas.® 48 25 ¥
TS CsS Cuny S Al GilSa g dpa gl GilSal) a8
Aaildl) Ay puaaall ghaliall
Answered: 13 Skipped: 6

100%
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40%

N -
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(no label)

@ 1 Strongly disagree % i | 2 Disagree = J<! 3 Natural e 4 Agree 5
(1715 Strongly agree s G [ Do not know o=t ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
sady 2 el oajel Aaa g Bady gl g alei
(no 23.08% 38.46% 15.38% 23.08% 0.00% 0.00%
label) 3 5 2 3 0 0 13
75/127

Weighted
Average

2.38
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Q73 There is more attention from the
government on the public transportation in
the future.Jibug Ao dagsall J8 (e 4l Fie alaitl 22

Gulieaall (B alall Jall
Answered: 12 Skipped: 7
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40%
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(no label)

@ 1 Strongly disagree 322 (= =l 2 Disagree =)l 3 Natural ¥ 4 Agree il 5

(11 5 Strongly agree % a8y I Do not know el

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady g el el e aig Sady il g el
(no 33.33% 33.33% 8.33% 25.00% 0.00% 0.00%
label) 4 4 1 3 0 0 12
76 /127

Weighted
Average

225
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Q74 There are separated lines in the roads
for the buses.cdélal 3kl 3 Aadia &) s 23 9
alad) Jadl

Answered: 13  Skipped: 6

[ 1 Strongly disagree s o el (1) 2 Disagree uatel 3Natural ¥« [ 4 Agree GilJ

100%

80%
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(no label)

(1 5 Strongly agree sx 38§ {3 Do not know Aely

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total Weighted
Sady (i el wajel Saa bl Bady 3 g e Average
(no 46.15% 53.85% 0.00% 0.00% 0.00% 0.00%
label) 6 7 0 0 0 0 13 1.54
771127
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Q75 There are new plans to separate bus
lines from car lines. < juws Juail 3400 ki 22 gy
B land) & e e DB

Answered: 13  Skipped: 6

100%
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20%
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@ 1 Strongly disagree 352 i ef 2 Disagree =kl 3 Natural e 4 Agree i 5
= 5 Strongly agree s i 4 [ ] Do not know A=l ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady o2 el oa el S aiy Bady 8§ el
(no 23.08% 38.46% 7.69% 30.77% 0.00% 0.00%
label) 3 5 1 4 0 0 13
78 /127

Weighted
Average

2486
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Q76 There is coordination between
governments’ agencies or ministries to
adjust the working starting and ending

hours to reduce traffic congestion in peak

hours. had! & 5l gl dagSall clgad) (o Gl 235

clebu B alad W1 e dall el ol gall Algs g Ay il gl
5 g

Answered: 13  Skipped: 6

100%
80%
60%
40%
- |
(no label)
[ 1 Strongly disagree % o el 2 Disagree =)<l 3 Natural sae 4 Agree i 5

(11 5 Strongly agree s 38 [ Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
sady pa el vajel s Gl ady @il plel
(no 23.08% 38.46% 0.00% 30.77% 0.00% 7.69%
label) 3 5 0 4 0 1 13
79 /127

Weighted
Average

242
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Q77 There are new plans on applying taxes/
tolls on driving cars on the roads. For
examples peak hours. kil 3y kb dua

Clebu b @kl ol bl 3308 o o gy [ il pa
3 g

Answered: 13  Skipped: 6
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@ 1 Strongly disagree % = =i (77 2 Disagree =kl 3 Natural 3= 4 Agree i 5l

(11 5 Strongly agree s ady [ ] Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
8ady g el cajel Haa et Sady g g aled
(no 7.69% 69.23% 0.00% 15.38% 0.00% 7.69%
label) 1 9 0 2 0 1 13
80/127

Weighted
Average

225
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Q78 There are new policies to increase the
registration fees due to reduce traffic
congestion. s a g 5L 3 Saas Clubw dlia
alaa NI e aall @ls yall

Answered: 13  Skipped: 6
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40%
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1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total Weighted
Sady gatel oael s Gy Bady gl el Average
(no 0.00% 23.08% 0.00% 30.77% 0.00% 46.15%
label) 0 3 0 4 0 6 13 3.14
81/127
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Q79 Kuwait will apply new rail network in
the future to reduce traffic congestion.aix
A (e aall el B By Lnas dSu Al gk

Answered: 13  Skipped: 6
(no label)
@ 1 Strongly disagree 352 i ef 2 Disagree =kl 3 Natural e 4 Agree i 5

= 5 Strongly agree s i 4 [ ] Do not know A=l ¥
1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady o2 el oa el S aiy Bady 8§ el
(no 0.00% 7.69% 0.00% 84.62% 0.00% 7.69%
label) 0 1 0 1" 0 1 13
82 /127

Weighted
Average

3.83
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Q80 The new master plan (multi-cities) is
considered important for reducing traffic
congestion. (saxiall Gaall) yaall AGel) bdall ey
g gl ClBLEAY) (ha ol aga

Answered: 13 Skipped: 6
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Sy oa el oa el Fee) aigi Bady 3l e
(no 0.00% 0.00% 0.00% 84.62% 15.38% 0.00%
label) 0 0 0 1 2 0 13
83/127

Weighted
Average

4.15
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Q81 Other comments (Please write)<tisla
LuSh 2 x) sa))

Answered: 6 Skipped: 13
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a3V il S il LS (ol 345 s b

LAl A e Y
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Q82 When planning new districts, housing

shortages (wait list for housing) is taken
into account.c Gyl LSl ghiall bbis sie

(Al bl cilaal UL Aail) (Stusall (o i

- o R
JEeY) Gy A
Answered: 12 Skipped: 7
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(no label)

| Strongly disagree & a el [ 2Disagree el 3 Natural

(171 5 Strongly agree s 385 [ Do not know =i ¥

1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree
5y G ol el S gy sad g
(no 0.00% 25.00% 8.33% 41.67% 25.00%
label) 0 3 1 5 3
85/127

Do not know ¥
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0.00%
0

4 Agree 5

Total

12

Weighted
Average

3.67
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Q83 When building new districts, the
amount of expected houses covered the
annually demands. 43 ¢ 3432 48w (ghlia gLy Mo
Lgi cbdlal) (3 o giall Uil dae Akais a3y
Answered: 12 Skipped: 7
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1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
Bady gasel el o i Basy il g aei
(no 8.33% 50.00% 8.33% 33.33% 0.00% 0.00%
label) 1 6 1 4 0 0 12
86 /127

Weighted
Average
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Q84 There is a plan to solve the housing
shortage in the near future.iai Jal dad 12 g
A Jiianal) (B (Sl

Answered: 12 Skipped: 7
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1 Strongly disagree 2 Disagree 3 Natural 4 Agree 5 Strongly agree Do not know ¥ Total
8ady el oa el e ably Bady 84 pel
(no 16.67% 16.67% 8.33% 50.00% 0.00% 8.33%
label) 2 2 1 6 0 1 12
87 /127

Weighted
Average

3.00
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Q85 If there is a plan to solve the housing
shortage in the near future, what is this
plan? (Please write if applicable)as: s )3
o1a £ o5 o Lad ccu il Juiiuall A oSl Ao Jat ddad
4l ) fdkil)

Answered: 5 Skipped: 14
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4/30/2016 5:32 AM

4/28/2016 1:18 AM

4/25/2016 6:03 PM

4/21/2016 8:36 PM

4/12/2016 8:03 PM
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Q86 Kuwait government offer free lands or
build houses for the citizens (Kuwaiti
families), there is no future plan to stop this
policies which is considered expensive to
the government. s dsilas ol ) i <y o< da gSa
Aad duin (sl g (A gSl) Jaall) ikl gall diisa (SLusa
Ul o dilSa piiaf AN dulpdd) 038 i gl Al 0ua

Answered: 12 Skipped: 7
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8y el asel e aill Bady il 5 el
(no 0.00% 25.00% 0.00% 50.00% 25.00% 0.00%
label) 0 3 0 6 3 0
89/127

Total

12

Weighted
Average

3.75
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Q87 There is new government plans to
develop vertical housing (high density
districts) offering apartments instead of
houses. sl (Sull skl 300 d3a g8a kbd 22 45
Cigall (o Yy (RN aa85 g (ABLSY Adle (3hlia)

Answered: 12 Skipped: 7
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Sy g el oasel s g Bady 4 pei

(no 0.00% 16.67% 0.00% 75.00% 8.33% 0.00%

label) 0 2 0 9 1 0 12

Weighted
Average

3.75
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Q88 The new master plan (multi-cities) will
cover the 100,000 demand
applications. i gw (5a:adall Gaall) yaal) ASed) kil
b Gl 100 <jslad AN ddal) Ay cldhl) oy
Answered: 12 Skipped: 7
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(no 8.33% 16.67% 0.00% 58.33% 8.33% 8.33%
label) 1 2 0 7 1 1 12
91/127

Weighted
Average

3.45
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Q89 The new master plan (multi-cities) is

considered important for reducing the

housing shortages and will solve

problem.ags (3amiall (aall) yaadl Al badall yiiny

ACial) Jag g g ¢Sl @l (pa 2all
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label) 0 1 0 9 2
92 /127

Do not know ¥
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0

4 Agree ¥ 5

Total

12

Weighted
Average

4.00
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Q90 If the new master plan (multi-cities) will
solve the housing shortages problem, how
if the application is not stopping from
increased due to population growth. (Please
write if applicable)call) sl ASgd) hbial) ¢S )Y
Al O Sy S cSbuall el ASia Jay g (Saan
Al galll Cuy i 635 o A aldhll b Lale lld
s )
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Q91 The government is planning to engage
the private sector to solve the problem.dasss
Lial) Ja (b aldll pUadl) ol iy Jabads oy o)
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label) 1 2 1 6 1 1 12
94 /127

Weighted
Average

3.36
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Q92 If the government is planning to
engage private sector to solve the problem,
how? (Please write if applicable)is s cils 13
e S (Al Ja B Galdl) pUall) &) iy Jadads oy o<

AU ) el
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Q93 The government is planning to develop
new laws or amend the existing rules to
solve the problem. il $ g ol kit ¢y o<l dagSa
ACiall Jat Allal) (i) 68N Judad i Bajas
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Q94 If The government is planning to
develop new laws or amend the existing
rules to solve the problem, what are these
rules? (Please write if applicable)<is 13
Jad Ailal) ¢ g8 Juand ol Byan (il 8 auda gl Jakads Aa gSal)
AUl o ) S0 g8 038 A La (AlSiall)
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Q95 There are predicted PAHW applications

numbers for the future (until 2050). For
example, an average per year. i 35 dla
£.(2050 ale Sa) Juieal) B A5 clthll dasY

§ sl g..nLuAJ\ Lo giall ¢ Jlall Jase
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Q96 If there are a predicted PAHW
applications numbers for the future (until
2050), what is this number and based on

what (i.e. equations)? (Please write if
applicable)silsay) cildhl) sy ad gia 230 dla ¢S 1Y)
¢l o9 3l 138 g4 L (2050 ple Sa) Juiwall S
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Q97 Other comments (Please write) <\l
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Q98 7 According to your experience, what
do you think are the critical success factors
that will improve the Kuwait planning
processes to control urban growth and
decrees its impacts in both traffic
congestion and housing shortages?™
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Q99 General Informationils <l sias
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4 o s
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3 14
4 Y
# City/Town
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# ZIP/Postal Code
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There are no responses.
Email Address 5581
@

@

*

Phone Number <isg) s,

There are no responses.
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Q100 Type of company’s business Lt ¢ s
g
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Q101 Educational background -l Ja sl
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Q102 The Private sector can pressure and
lobby the government to build new districts.
For example, Mixed districts (Salmiya,
Hawalli or Khaitan).kiud; of gabivg (aldll ¢ Uil
Gbliall QU Jaw Jo Bass (3hlia sUd dagSall o
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Q103 If the private sector can exhort
pressure government to build new districts,
how this can be done? (Please write if
applicable) s ki of aakivg Galdll gUadl oS 1)
L ) Tl CaSd Baaa (ghalia s L da gSal))
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Responses Date
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Q104 The private sector is the responsible
for developing new districts. For example
infrastructure, housing, street network.g Wall
o (Ao Baandl ghliall gkl o Jgsmall 2 Galdd)
£ ) sl ASudig ¢yShusall Atiatl) 45 Sl
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Q105 The private sector is the responsible
of developing new districts cost.g<l g ail)
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Q106 The private sector is a partner with
the government in the development new
districts. (in cost and developing)ualall g Uil
) Baaadl BhUAN ki B dagSal) e i) iing
sl 5 il
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Q107 The private sector is considered as
facilitator for developing new districts. (In
developing without cost)h (aldll gladll ey
AR (190 s Ll (B) Baaa (3hilia y shall)
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Q108 The private sector can develop new

city with its all needed infrastructure with

government approval. sk ¢ palidll g Uil (Say
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Q109 The private sector can suggest to the
government some new projects. sl ¢ Uil
Bayaad) o ldiall any dagsad) o iy o Sy
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Q110 Other comments (Please write) <
LuSh ) sa))
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Q111 The private sector can build new
houses in the new districts or cities with
government approval.djts sl galidll gUadll (Say
dagSal) A8 ga ko pdy Bagaadl paall g (ghliall B Baaa
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Q112 The private sector can build
residential buildings (vertical) in the
residential districts.< jledl sUs (aldl) g Ul <oy
4l (ghlial) (A (452 genll) dpisid
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Q113 The private sector has a role in
selecting the new residential districts
location. hliall adl sa LI (A 8 A alddl g Uaill
Sagaald ducull
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Q114 The private sector can participate to
solve the housing shortages. <l gUaill (S
Cu sl B A Aall Ja B AS Liall
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Q115 If Private sector can participate to
solve the housing shortages,explain how?
(Please write if applicable)g Usill (S ¢S 131
pl CiuSh oSl B Al AEal) Ja B AS Ll Laldl)
s ) 1l
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Q116 The private sector that owns
residential buildings in the districts prefers
to rent it to Kuwaitis. bl dlay o3 (aldl) pUadl

o 3811y ol iy (3lial) B i
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Q117 Other comments (Please write)<\i
LUK ) s A)
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Q118 The private sector can build business
activities in the residential districts (Fiha,
Surra, Audiliya). Al sUs (aldl) pUadll ¢Say
Lbaal) 3 ) (pladll) Al ghaliall & 4y Lo
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Q119 If the private sector can build
business activities in the residential
districts, what kind of activities? For
example shopping centers, universities,
private hospital, etc... (Please write if
applicable)iadd) sl 4iay alil) g Uadl) oS 13
& TARAN o0 £ o8 o Le diSud) (ghlall B 4y s
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Q120 The private sector prefers to build
business activities in the mixed districts
(Salmiya, Hawalli or Khaitan). e\l gUsil) Juad,
Aabidal) /4 e (ghaliall G 4 jladl Al Uy
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Q121 The private sector prefers new multi-
cities rather than residential and mixed
districts (current situation).oeli guadll Jai
Aalidal) g Al (ghaliall (pa Yoy Sayaad) Basaiall Gaall
(Al e 5l)
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Q122 Other comments (Please write)<\;la
LUK ) s A)
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Q123 Are there any important issues not
covered in this survey that you would like it
to be added? If so, please write the
questions and answer them kindly in the
space provided below.al dage dlici i duia Ja
IS ) S 1 HSgLLl B ol 5 g i) 10 Lelady
sUd awadall Glsall A Lle Aula) g ALy S o
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AUSTRALIA

School of Geography, Planning
and Environmental Management

Appendix C1: Participant Information Sheet for citizens and non-citizens — Electronic
PARTICIPANT INFORMATION SHEET

PROJECT TITLE: Modelling of urban development and future urban growth impacts on
congestion and housing shortages in Kuwait

PRINCIPAL INVESTIGATOR: Nayef Alghais

School of Geography, Planning and Environmental Management.

+61 336-58340

n.alghais@ug.edu.au

PURPOSE OF THE RESEARCH

This is an invitation to participate in a study conducted by researcher at the University of
Queensland. The purpose of the research is to investigate the unique urbanisation traits in
modern Kuwait. These traits include an economy almost completely driven by oil exports,
non-existent public participation in urban planning and the majority of the population
comprising of foreign non-citizen labourers. The study aims to ascertain the impact of urban

growth future and analyse its future impacts on housing shortage and traffic congestion.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS

This questionnaire takes approximately 20 minutes. It will be an online survey and we can
foresee no risks for you. Your involvement in the study is voluntary and you may withdraw
your participation from the study at any time. Any such withdrawal will result to any data that
you have provided to that point being erased. Refusal to participate in the study or withdrawal
will not impose any direct or indirect penalty to you. Confidentiality is assured, and you will

not be identified in any part of the research.
ETHICS REVIEW AND COMPLAINTS

This study adheres to the guidelines of the ethical review process of The University of

Queensland. Whilst you are free to discuss your participation in this study with project staff
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(Nayef Alghais (+61 336-58340 n.alghais@ug.edu.au) and/or Dr David Pullar (+61 336-
56522 d.pullar@ug.edu.au)), if you would like to speak to an officer of the University not

involved in the study, you may contact Dr Paul Dargusch, the Ethics Officer on +61 3365
1594; or p.dargusch@ug.edu.au.

DECLARATION OF CONSENT

By clicking on Next (I Agree) button I am indicating my consent to participate in the
research. | understand that the data collected from my participation will be stored
confidentially and will be used after analysed and summarised for a PhD thesis and for paper
publications in relevant journals. | consent for it to be used in that manner. Besides, |
understand that | will be provided with a summary of the project outcomes if | opt to.
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THE UNIVERSITY
o/ OF QUEENSLAND

AUSTRALIA

School of Geography, Planning

and Environmental Management

Participant Information Sheet for citizens and non-citizens — Electronic (Arabic version)

A jldial) il glaa

PROJECT TITLE: Modelling of urban development and future urban growth impacts on

congestion and housing shortages in Kuwait
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Appendix  C2:

Q1 Do you live in Kuwait? (iss &
S ssl A ga “,5

Answered: 1,340 Skipped: 0

No ¥

Answer Choices Responses
Yes pi 95.90% 1,285
No ¥ 4.10% 55
Total 1,340
1/76

Completed survey by residents (Kuwaitis and  non-Kuwaitis)

334



Q2 Please select your nationality. - W
Tl

Answered: 1,286 Skipped: 54

Non-Kuwaiti »
s

Kuwaiti (A58

Answer Choices Responses
Kuwaiti 55 68.43% 880
Non-Kuwaiti 5 & 31.57% 406
Other (please specify)s 3 sa ) s 5l) 0.00% 0

Total 1,286

2/76

335



Q4 Gender (il

Answered: 880 Skipped: 460

Female i
Male s}
Answer Choices Responses
Male s> 52.50% 462
Female .4 47.50% 418
Total 880

4176

336



Answer Choices
<18
18-24
25-29
30-34
35-39
40 - 44
45-49
50 - 54

55-60

> 60 o LS

Total

Q5 Age s

Answered: 880 Skipped: 460

5/76

Responses

1.14%
17.50%
19.32%
15.45%
10.91%
9.66%
8.64%
7.05%
7.95%

2.39%

20% 30%

154

170

136

85

76

62

70

21

880

337



Answer Choices

Student i

Employed «ibsa

Unemployed Jbe

Retired =l

Other (please specify)&l » »

Total

Q6 Employment status & s) sl

Answered: 880 Skipped: 460

Student -t

Employed wiliss

Unemployed
Jhe

Other (please
specify)> ..

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Responses

15.57%
64.32%
2.84%

13.30%

3.98%

6/76

137

566

25

117

35

880

338



Q7 Total monthly income (if applicable) <
25 0l) g Add)

Answered: 783  Skipped: 557

<500 K.D o i

>1500 K.D o i T

1000-1500 K.D
Answer Choices Responses
<500 K.D o= 11.37% 89
500-999 K.D 17.75% 139
1000-1500 K.D 33.08% 259
> 1500 K.D o= 8 37.80% 296
Total 783

7176

339



Q8 Marital statusisiaay) Al

Answered: 880 Skipped: 460

Widower JaJ

Divorced (il
Never married
A By ol el
Tl

Married gy

Answer Choices Responses
Never married z!s 4 B ol el 29.43% 259
Married z 35 63.30% 557
Divorced Gl 6.14% 54
Widower Jal 1.14% 10

Total 880

8/76

340



Q9 Educational background sl Ja sal

Answered: 880 Skipped: 460

Post graduate
degree W clud )

Less than bachelor
degree o J8
s Sy

Bachelor cusi 98
Answer Choices Responses
Less than bachelor degree _s: 3 o Jil 25.57% 225
Bachelor o s, 848 60.68% 534
Post graduate degree e < ;2 13.75% 121
Total 880

9/76

341



Q10 Kuwait government is planning to
develop new cities outside the existing
urban area. You considered moving to
these new cities in the next 5-10 years. a5
4 panl) dahial) 3g0a gz A By Gl p LAY Jahads cy o<
) giw 10-5 B Gaall o3gd JUEINL i el Al
Aqaal,
Answered: 859  Skipped: 481

100%
80%
60%
40%

20%
=1 - I

0%
(no label)

[ " Strongly disagreess aslel [ 2 Disagreecael ()3 Neutralsias 4 Agreegi 4
(175 Strongly agreess: iyl [ 6 Do not knowalel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@sl 6 Do not knowY Total
Bady Disagreeca sl Neutralsias  Agreeddsl — 5a& el
(no 13.50% 15.37% 24.68% 28.99% 9.08% 8.38%
label) 116 132 212 249 78 72 859
10/76

Weighted
Average

2.80

342



Q11 1 will move because of economic
reasons i.e. less cost or employment
opportunities. oaladl 1Jie duala® Gluud Ji5 Ci gu
Basall el (8 Addg a B aga sl o) < liad) laud,

Answered: 316  Skipped: 1,024

100%
80%
60%
40%
20%
Pep— | e
0%
(no label)
[ " Strongly disagreess asel [ 2 Disagreecael ()3 Neutralsias 4 Agreegi §

[0 5 Strongly agrees: 335l [ 6 Do not knowlel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agreedsl 6 Do not know¥ Total
Saky Disagreecs ¢!  Neutralsiss  Agreecisl — 5:& pei
(no 6.96% 5.06% 13.61% 48.42% 18.67% 7.28%
label) 22 16 43 153 59 23 316
11/76

Weighted
Average

3.45

343



Q12 | will move because of social or other
reasons i.e. to be near to relatives or
friends, change of family size or to obtain
free dwelling that provided from the
government. b sf delaia) Gl J8 G gu
g Gl s B0 5 Y (a B (oS (S e s A
Jyandl dal (1 gl Aol paa 35 e ¢ dla ¢ gl
AUia dagSal) (e cufa ) o

Answered: 316  Skipped: 1,024

100%
80%
60%
40%
- :
0% EEE—— | - —
(no label)
[ 1 Strongly disagreessi: a el |2 Disagreec=,t=i (3 Neutralsisa 4 Agreeds 4
[ 5 Strongly agrees== aiy {8 6 Do not knowei ¥
1 Strongly disagreecajsl = 2 3 4 5 Strongly agrees'ss 6 Do not knowY Total  Weighted
Baly Disagreeca)sl  Neutralstss = Agreeddsl — 5:& el Average
(no 3.80% 5.06% 15.82% 54.75% 18.04% 2.53%
label) 12 16 50 173 57 8 316 3n

12/76

344



Q13 1 will stay because of economic
reasons i.e. living near to work or living
cost is reasonable. :Jis dnlail Gl Jai ¢l
Oa B 0l S ol (A Al (Sl Cua ) ) e

e (s,

Answered: 237 Skipped: 1,103

100%
80%
60%
40%
N -
i | — - ‘ =
A
(no label)
[ 1 Strongly disagreesss el 2 Disagreec=sl! ()3 Neutralsiss [ 4 Agreesi J

[ 5 Strongly agrees»: 3451 [ 6 Do not knowkel ¥

Strongly disagreecajsl 2 3 4 5 Strongly agree@s) 6 Do not know¥ Total
Baky Disagreec2.'s! = Neutralyss  Agreecdsl = 3:% ai
(no 5.91% 7.59% 11.39% 45.15% 26.58% 3.38%
label) 14 18 27 107 63 8 237
13/76

Weighted
Average

3.69

345



Q14 1 will stay because of social or other
reasons i.e. to be near to relatives or friends
or own a house/ apartment. ¥ Jaiif ¢l
SAY e B a8l S e g AT Gl e laial
JEEDU zlial ¥ g A8d o J3ie dldl AN g s BaY),

Answered: 237 Skipped: 1,103

100%
80%
60%
40%
20%
- [ —
A
(no label)
[ 1 Strongly disagreess% sael 172 Disagreecaste! )3 Neutral¥ss 14 Agrees§

[ 5 Strongly agrees:: 3 6 Do not know el ¥

Strongly disagreecajsl 2 3 4 5 Strongly agree@s) 6 Do not know¥ Total  Weighted
saky Disagreects!  Neutraliiss = Agreedds — 5i% = Average
(no 7.59% 4.64% 4.64% 43.04% 39.66% 0.42%
label) 18 " 1 102 94 1 237 4.01
14/76

346



Q15 Please order the following urban

issues (From 1= Most important to 5= Less
important) based on your feeling as the
most important problems that concern you
as a resident in Kuwait 4450 Jsliall 5 o
o dagd L ol (4saal JY =50 Al ASY) =1 ()
s B bl gas Al 318 jhaa JO&I LAY LR aaf L

8

Answered: 717 Skipped: 623

Housing
shortage...
Traffic
congestion...
Environmental
degradation...
Accessibility
to public...
Lack of social
integration ...
0 d 2 3 4
1
Housing shortage 4.0 sl 45.61%
327
Traffic congestion ¢ sl sas ¥ 31.52%
226
Environmental degradation sl sl 9.62%
69
Accessibility to public services 4aal iasll Jsasd 7.39%
53
Lack of social integration (sl b 3 csilal sal (s elaia¥) zlasi¥l o2 5.86%
42
15/76

26.50%
190

35.70%
256

16.32%
17

15.62%
112

5.86%
42

13.67%
98

18.55%
133

21.20%
152

34.73%
249

11.85%
85

9.34%
67

9.90%
71

30.26%
217

27.34%
196

23.15%
166

10

4.88%
35

4.32%
31

22.59%
162

14.92%
107

53.28%
382

Total

M7

M7

77

M7

M7

Score

3.99

3.80

2.60

2.73
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Q16 If you think there is another urban
problem that is more important that the
aforementioned issues, Please specify.=is |3
Gy AN JSUaY (e paf Ay paa A Alia ¢ SiaS

Answered: 189 Skipped: 1,151
16 /76

348



Q17 Residential statuescsw!l Ala

Answered: 706 Skipped: 634

Own house dl

Living in parents’

house Jjia (b (S
Ly
Rented house
J5ia ki
\ Own apartment dl
as
Rented apartment
Answer Choices Responses
Own house J i dlla 27.62%
Rented house Ji ki 6.94%
Own apartment 4 <l 1.70%
Rented apartment %% sl 18.56%
Living in parents' house <Ll J i b (S 45.18%

Total

17/76

195

49

131

319

349



018 Household size: Family membersaaa
Byt 38 aae 15l

Answered: 706 Skipped: 634

Answer Choices Average Number Total Number Responses

7 4,861 706

Total Respondents: 706

18/76

350



Q19 Servants (if applicable)s ) a2 2:2)

Answered: 657 Skipped: 683

Answer Choices Average Number Total Number Responses

Total Respondents: 657

19/76

351



Q20 Application statutes in PAHWh) pa )
Asud) Ao U Aalal) A sall A AISA)

Answered: 706 Skipped: 634

Never used a4 ol
ay il
Obtained Jsaall &
Al g Jsate
Waiting daid
)
Answer Choices Responses
Obtained =i § Jji e Jsyemad 37.68% 266
Waiting Uiyl G 33.99% 240
Never used s pidl 2 ol 28.33% 200
Total 706

20/76

352



Q21 Waiting years (if applicable) Wil & giu
& g )

Answered: 499 Skipped: 841

20

Answer Choices Average Number Total Number

Responses

10 5,130

499

Total Respondents: 499

21/76
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Q22 How long have you been live in your
current dwelling?¢ )l disu 8 (S @) g e

Answered: 706 Skipped: 634

4years &)
(8 i

5years o
L)k o g

> 5years i
e uad Ga

Since birth
5 g Ba

0% 10% 20% 30% 40% 50%

Answer Choices
<1year i e Ji
1 year byidie
2 years Ly i (e
3years Ly i < i 230
4 years Lt < yiu i)
5 years b i < s (uad
> 5 years < s pus g Sl
Since birth 32Y ) dia

Total

22/76

60%

70% 80% 90% 100%

Responses

5.24%

2.97%

4.53%

5.67%

3.12%

5.95%

52.41%

20.11%

37

21

32

40

42

370

142

706

354



Q23 House prices are reasonable, so you

can buy new house without using PAHW

options. Jiia £l dliSe cuild (A gira (Slual) e
4 gSal) e dadial) AiSid) Ale ) ol JLA aladiiad g A,

Answered: 691 Skipped: 649

100%
80%
60%
40%
20%
I S
0%
(no label)
[ " Strongly disagreess astel [ 2 Disagreeca)el ()3 Neutralsias 4 Agreegs §

[0 5 Strongly agrees:: i [ 6 Do not know i ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@'sl 6 Do not knowY Total
Bady Disagreec2 sl  Neutralsiss  Agreegis = 3:& pel
(no 86.54% 6.51% 2.32% 1.01% 2.17% 1.45%
label) 598 45 16 4 15 10 691
23/76

Weighted
Average

1.21

355



100%

80%

60%

40%

20%

0%

[ 1 Strongly disagrees: o= leh

Q24 There is a housing shortage problem.
G gl B Shunal b i Al G,

Skipped: 649

(no label)

Answered: 691

(]2 Disagree=st<i ()3 Neutralsiss (7714 Agreeds J

[ 5 Strongly agrees=Z; 335l () 6 Do not knowlel ¥
1 Strongly disagreecajsl 2 3 4 Strongly agree@s' 6 Do not know¥ Total
B Disagreec=,=!  Neutralsiss = Agreeddsl — s:% el
(no 10.42% 7.24% 5.07% 23.15% 52.24% 1.88%
label) 72 50 35 160 361 13 691
24176

Weighted
Average

3.94

356



Q25 The waiting time for PAHW application
is reasonable (if applicable). 4le Ul Ui cd;
A 5 s B) Jsliea ey da gSal) (ha dasiial) AiSll),

Answered: 691 Skipped: 649

100%
80%
60%
40%
20%
- | I —
b
(no label)
@ " Strongly disagreess ajlel [ 2 Disagreecastel 3 Neutralsiss 4 Agrees §

[ 5 Strongly agreess: ésl i) 6 Do not knowei ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@'ss 6 Do not know¥ Total
ak Disagreeca.'s!  Neutralsisa  Agreecis = 5a& el
63.97% 22.87% 5.93% 275% 1.45% 3.04%
442 158 41 19 10 21 691
25/76

Weighted
Average

1.46

357



100%

80%

60%

40%

20%

0%

Q26 You prefer to live in a district that is
less segregated between citizens and non-
citizens. Juwab g a2 g ¥ ddhaia B Giad o Juad o

Ol sl g il gall O,

Answered: 691 Skipped: 649

(no label)
[ Strongly disagreesst: saslel 12 Disagreeasiel (3 Neutralsiss 4 Agreeds J
[ 5 Strongly agrees: 3451 g 6 Do not know =l ¥
1 Strongly disagreecajsi = 2 3 4 5 Strongly agreeds 6 Do not knowY Total
By Disagreecsl  Neutralsiss = Agreedls = 5ix sl
(no 33.86% 22.72% 22.43% 11.58% 7.53% 1.88%
label) 234 157 155 80 52 13 691
26/76

Weighted
Average

2.31

358



Q27 You prefer to live in residential districts
(Fiha, Surra or Audiliya) rather than mixed
districts (Salmiya, Hawalli or Khaitan). i

Y (Db 3 ) cpladl) Al ghlial) B (Gual) Juads
Ol.h;ts c“,JJA caedl.u.“) Kkﬁ&di IL’JLA::“Y\ dhu.d\ QA)

Answered: 691 Skipped: 649

100%
80%
60%
40%
20%
0%
(no label)
[ 1 Strongly disagreesss: salel 72 Disagreeca el ()3 Neutralsiss |4 Agreeds §

[0 5 Strongly agreess=; 3isl [ 6 Do not knowlel ¥

Strongly disagreecajrel 2 3 4 5 Strongly agree@sl 6 Do not knowY Total  Weighted
Bady Disagreecael  Neutraliiss = Agreedds — 5a el Average
(no 1.59% 2.32% 8.39% 25.90% 61.07% 0.72%
label) " 16 58 179 422 5 691 4.40
27176

359



Q28 Public opinion should be considered
for new development and planning
decisions. & JLeY) cpa 3 of G aaiaal 6l
Sanaal) Jadadl) ¢ y) 8 MAS),

Answered: 691 Skipped: 649

100%
80%
60%
40%
20%
0%
(no label)
[ " Strongly disagreess; aslel [ 2 Disagreecastel ()3 Neutralsiss "4 Agreedi J

[ 5 Strongly agrees 335l [ 6 Do not knowlel ¥

1 Strongly disagreecajsl 2 3 4 5 Strongly agree@'sl 6 Do not know¥ Total  Weighted
Sady Disagreecas!  Neutralstss  Agreeddsl — 5:x pel Average
(no 1.30% 1.16% 767% 33.29% 56.15% 0.43%
label) 9 8 53 230 388 3 691 4.41
28/76

360



Q29 Other comments (Please write) i
ALY ) s )

Answered: 80 Skipped: 1,260

29/76

361



Q30 Transportation used type (Multi-
answers)_Lid) (Say) daxdival) clal gall Jilug £ 5
Aol g iS)

Answered: 684 Skipped: 656

Private car
Aaldd) 5 )b
Public
transportati...
Walking =)
Cycling &
Motor cycling
A A,
40% 80% 90% 100%
Answer Choices Responses
Private car ialal s Ll 99.71% 682
Public transportation &dal it sl 4.09% 28
Walking =l 6.29% 43
Cycling 4l 1.61% 1"
Motor cycling 4t 2al 3 219% 15
Total Respondents: 684
30/76

362



Q31 How long does it usually take from you
to reach your work? (in minutes)<dsll s a$
@B fellia ¢ dlaal CAM BAle (3 Aius)

Answered: 684 Skipped: 656

_38

60

Answer Choices Average Number Total Number

Responses

38

25,955

684

Total Respondents: 684

31/76
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Q32 How long does it usually take from you
to reach your work without traffic
congestion? (in minutes)sae (§ il cdgll G oS
GHBAlL) falaa ) Bl e A dlljia ) dllead GlaL)

Answered: 684 Skipped: 656

19

Answer Choices Average Number Total Number
19 13,171

Total Respondents: 684

32/76

60

Responses

684

364



Q33 You prefer to use private car rather
than public transportation. aiiu Jaais o
plad) JAN Jiauy (0o Yoy dualdl) o s,

Answered: 676 Skipped: 664

100%

80%

60%

40%

L
0% &

(no label)

[ 1 Strongly disagreesst ajlel 72 Disagreea =l 3 Neutralyiss (74 Agreesi )
[ 5 Strongly agreess: s [ 6 Do not knowel ¥

1 Strongly disagreec2jsl 2 3 4 5 Strongly agree sl 6 Do not know¥ Total = Weighted
Sady Disagreeca,tsl  Neutralstss  Agreegdyl — sa& el Average
(no 0.44% 1.78% 4.29% 26.63% 66.72% 0.15%
label) 3 12 29 180 451 1 676 4.57
33/76

365



Q34 You perceive the traffic congestion as
serious problem in Kuwait. sl 45 a alas )
Gl (B8 bl g dyan ASha e,

Answered: 676 Skipped: 664

100%
80%
60%
40%

20%

0%

(no label)

[ 1 Strongly disagreessts ajlel (72 Disagreecaiel 3 Neutralsiss (14 Agreesi
[ 5 Strongly agreess: ésl i) 6 Do not knowei ¥

1 Strongly disagreecajs! = 2 3 4 5 Strongly agreei@ss 6 Do not know¥ Total  Weighted
Sady Disagreeca,tl  Neutralsiss  Agreegds — 5a& 2l Average
(no 0.74% 1.18% 1.04% 19.08% 77.96% 0.00%
label) 5 8 7 129 527 0 676 4.72
34/76
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Q35 There is congestion even if it is not
working hours. For example at night. <
@ JEal Jasa o Jaal) cligl z JA S 594 pladl

i,

Answered: 676 Skipped: 664

100%
80%
60%
40%

20%

—
0%

(no label)

[ ' Strongly disagreess; el |2 Disagree =, @3 Neutralzae 4 Agreedi J
[0 5 Strongly agrees 33,1 [ 6 Do not knowlel ¥

1 Strongly disagreecajsl 2 3 4 5 Strongly agree@s) 6 Do not know¥ Total = Weighted
Baky Disagreec=,s!  Neutralsss  Agreedds — s:% pel Average
(no 0.15% 1.63% 3.55% 36.24% 58.14% 0.30%
label) | 1 1" 24 245 393 2 676 4.50
35/76
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Q36 How likely would you be to use a train

system in your trips to work and home if it

is available? s J¢b cussh b o b dla s gl
003kl g Janll eiMa ) A Lgariiad

Answered: 676 Skipped: 664

100%
80%
60%
40%
B
- ---!IIIIQIIIII |
(no label)
[ 1 Strongly disagreesst: Ja el 2 Disagreev=stcl (3 Neutralsise (714 Agreei J

[0 5 Strongly agrees 33,1 [ 6 Do not knowlel ¥

1 Strongly disagreecas! 2 3 4 5 Strongly agreeis' 6 Do not knowY Total
Baky Disagreeca)sl  Neutralyss = Agreedds = 5:% el
(no 4.44% 6.80% 12.43% 38.76% 27.51% 10.06%
label) 30 46 84 262 186 68 676
36/76

Weighted
Average

3.48

368



Q37 Other comments (Please write) <,
LS ) s A)

Answered: 86 Skipped: 1,254

37/76
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Q38 Please order the following criteria/
elements based on your demands and
wishes (From 1= Most important to 7= Less
important): il quua 40 jualial) G5 el )
A =) L oSl b 5 LAY Aisu) dahial) B el
Laal JBY) =7 N L)

Closeness to
government...

Closeness to
public servi...

Closeness to
the seal...

Closeness to
airports.@...

Closeness to
public...

Less cost of
dwellings...

Closeness to government services such as ministries and
organisations.<tua 5 < J 55) Aae Sall Clasdl (e o al),

Closeness to public services such as shopping malls,
hospitals, universities and others. 8! s Ji dalall Slasill e o a0
b g Slaalad Sl 4 (5 gl

Closeness to the sea/ beaches. ! sl / jad Ga il
Closeness to the existing urban area. & yasl ik ;a wi il

Closeness to airports. < Hasl Ga il

Closeness to public transportation (bus or train
NEtworks). < jab 3 cilaly) slall Jidl Jib g cddasa (3a i)

Less cost of dwellings (purchase or rent).sS oS jad
S sh el %) i),

Answered: 634 Skipped: 706

Closeness to
the existing...

0 1 3 4 5 6

1 2 3 4 5
4.42% | 16.25% | 20.98% @ 21.61% @ 22.24%
28 103 133 137 141
22.24% | 31.39% | 23.66% @ 14.20% 4.89%
141 199 150 90 31
11.99%  13.41%  1530%  16.72% = 19.09%
76 85 o7 106 121
23.66% | 19.40% | 17.82% @ 16.56% @ 11.04%
150 123 113 105 70
1.58% 1.10% 2.37% 6.31%  16.56%
10 7 15 40 105
1.74% 3.47% 5.99% 9.62% @ 16.88%
1" 22 38 61 107
34.38% | 14.98% | 13.88% @ 14.98% 9.31%
218 95 88 95 59

38/76

6

9.46%
60

2.05%
13

14.51%
92

8.36%
53

29.81%
189

28.71%
182

7.10%
45

10

5.05%
32

1.58%
10

8.99%
57

3.15%
20

42.27%
268

33.60%
213

5.36%
34

Total

634

634

634

634

634

634

634

Score

4.10

5.39

4.03

4.90

2.06

243

5.07

370



Q39 Please choose the most preferred
strategy to be applied as the new
development in Kuwait in this project based
on your demands and wishes. . JLid) 2
s sl g g pdall 138 (B Lghdat A @l Alada A Sl
Ll dl) il ) il

Answered: 625 Skipped: 715

VVWV.jpg

mwﬂm;lll
image.jpg .

image.jpg

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Answer Choices Responses
s
4, L 10.40%
31.68%
8.32%

35.20%

5.44%

8.96%

Total

39/76

65

198

52

220

371



Q40 What of these factors could affect your
decision of not moving from the existing
urban area and make you change your
answer to a new city? (Multi answers)» !
Aé&ddﬁﬂﬂe&qﬁjJsuh_ﬁﬁCﬁo$uﬂdpddymbh
Oa S LR (Say) Seli 5 i cllaat o LgiSay 53
4la)

Answered: 259 Skipped: 1,081

High pressure
on land and...

Extreme
housing...

Very long
commuting ti...

High rates of
accidents in...

All needed
public servi...

Open a branch
of your job ...

New modern
train networ...

Larger house
sizes in the...

None, | will
not change m...

Other (please
specify)s Al...

0% 10% 20% 30% 40% 50% 60% 70% 80%

Answer Choices
High pressure on land and property values in the existing urban area. il & jcasl dilaial 8 jhal jad 4 gl g lis NI,
Extreme housing shortages in the existing urban area.idal 4 sasl kil 3348 (s 32 5 pe,
Very long commuting times in the existing urban area.idald & jaal Alaiad 3 Jill laa Jigla 2y
High rates of accidents in the existing urban area.idal i jasd Glaid 3 adlia JS5 &3 w2 gl ),

All needed public services provided in the new city saal Ainal 8 ialal Clesil fiaa i

Open a branch of your job in the new City.sasad i 3 cllas Lea e g b 2l

40/76

90%

100%

Responses

68.73% 178

22.39% 58
28.96% 75
9.27% 24
37.07% 96
25.87% 67

372



New modern train network established. S =i )i 3805 oL, 22.39% 58
Larger house sizes in the new city.suad s i 58l e dalas 35.14% 9
None, | will not change my mind. ) »&1 & 5 e p Y. 11.20% 29

3.09% 8

Other (please specify)'s s: sla ) s )

Total Respondents: 259

41176

373



041 General Informationisle cilaglza

Answered: 92 Skipped: 1,248

Answer Choices
Contact details, such as email (Optional) Jbil) s 2SN )
Organisation/ Ministry name 4 /s # 55 ad
Job title ik 3 avead
Work experience (Years)<d sis) s il [Jaad & i)
City/Town
State/Province
ZIP/Postal Code
Country
Email Address (Optional)es hial) s 58N 2,4)

Phone Number (Optional)s skisl) <l 4 )

42176

Responses

0.00% 0
0.00% 0
0.00% 0
0.00% 0
0.00% 0
0.00% 0
0.00% 0
0.00% 0
100.00% 92
0.00% 0
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Q42 Genderusial

Answered: 406 Skipped: 934

Female il

Male s

Answer Choices Responses
Male 5 71.43% 290
Female i 28.57% 116
Total 406
43/76
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Answer Choices
<18 ;e
18-24
25-29
30-34
35-39
40 - 44
45-49
50- 54

55-60

> 60 e 8

Total

Q43 Age s

Answered: 406 Skipped: 934

<18 oadil

18-24

25-29

30-34

35-39

&
&

45-49

2
2

55-60

>60 e 8

0% 10% 20% 30%

Responses

6.65%
23.15%

| 15.76%
15.02%
9.85%
10.84%

| 8.13%
3.94%
3.94%

2.711%

44176

27

61

40

33
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Q44 Employment statusi il )

Student -

Answered: 406 Skipped: 934

i b _

Unemployed
JHe

Retired =l ‘

Servants in
Kuwaitis hou...

Other (please
specify)>..

0% 10% 20%

Answer Choices
Student i
Employed <ilisa
Unemployed Jbe
Retired sl
Servants in Kuwaitis house S Jjia (b 3k § p3a

Other (please specify) st »

Total

30%

40%

45/76

50%

60%

70%

80%

90% 100%

Responses

27.09%
58.87%
4.68%
0.49%
517%

3.69%

377



Q45 Total monthly income (if
applicable)as O) g 1)

Answered: 304 Skipped: 1,036

>1500 K.D o A8

1000-1500 K.D

<500 K.D o g8l

500-999 K.D

Answer Choices Responses
<500 K.D o 48.38% ol
B 36.84% 12
1000-1500 K.D SR %
> 1500 K.D e 3 826% 96
Total 304

46 /76
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Q46 Marital statusslaay) Au

Answered: 406 Skipped: 934

Widower Ja
Divorced (3lha
Never married
4 eyl o
cls
Married zsxa
Answer Choices Responses
Never married z!s3 4 Gua ol el 38.42% 156
Married z 55 55.67% 226
Divorced Glas 419% 17
Widower Ja)l 1.72% 7
Total 406

47176
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Q47 Educational backgroundcalsll Ja sal

Answered: 406 Skipped: 934

Post graduate
degree W cilui 2

Less than bachelor
degree o i
S

Bachelor wusi,8%

Answer Choices Responses
Less than bachelor degree wus 3 oa Ji 35.71% 145
Bachelor 5 52.96% 215
Post graduate degree We < ;2 11.33% 46
Total 406

48 /76
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Q48 Kuwait government is planning to
develop new cities outside the existing
urban area. You considered moving to
these new cities in the next 5-10 years. 4assa
4 panl) dahial) 3g0a gz A B Gia p LAY Jabads cy o
&) giw 10-50 B Gaall o3gd JUEINL i el Al

-

418l

Answered: 376 Skipped: 964

100%
80%
60%
40%

—_— 1|

0%
(no label)

[ 1 Strongly disagreess; La el [ 2 Disagreec= <l 3 Neutralsas 4 Agreedd §
[0 5 Strongly agreess: sl i 6 Do not knowei Y

1 Strongly disagree v sl 2 3 4 5 Strongly agreegd sl 6 Do not knowY¥ Total Weighted
Sak Disagreecatsl  Neutralsss  Agreegdsl = 5s& sl Average
(no 5.05% 7.18% 33.24% 28.46% 9.84% 16.22%
label) 19 27 125 107 37 61 376 2.82
49/76

381



Q49 |1 will move because of economic
reasons i.e. less cost or employment
opportunities. oaldad) :Jia dpalatd) bl JE G g
Basal (aall (B B Akl g o B aga sl o i) e,

Answered: 142 Skipped: 1,198

100%
80%
60%
40%

N — - . [—
0%
b

(no label)
[ Strongly disagreesst: saslel 12 Disagreeasiel (3 Neutralsiss 4 Agreeds J

[0 5 Strongly agrees 33,1 [ 6 Do not knowlel ¥

1 Strongly disagreecajsi = 2 3 4 5 Strongly agreeds 6 Do not knowY Total
Baky Disagreeca)sl  Neutralyss = Agreedds = 5:% el
(no 0.00% 2.82% 13.38% 50.00% 29.58% 4.23%
label) 0 4 19 71 42 6 142
50/76

Weighted
Average

3.94

382



Q50 1 will move because of social or other
reasons i.e. to be near to relatives or
friends, change of family size or to obtain
free dwelling that provided from the
government. clba o delaial Gl JE0 G g
g () £BaY) 9 JAY) (e B ST S 1 g A
ol paa S Coy i dUa (gl

Answered: 142 Skipped: 1,198

100%
80%
60%
40%

B .
S e

0%
(no label)

[ " Strongly disagreess asel (72 Disagreeca)el (3 Neutralsas 4 Agreeds J
[ 5 Strongly agreess&: sl i) 6 Do not knowei ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@s) 6 Do not knowY Total  Weighted
By Disagreec=. ! Neutralitss  Agreesl 5 el Average
(no 211% 8.45% 28.87% 38.73% 14.08% 7.75%
label) 3 12 41 55 20 " 142 3.31
51/76
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Q51 | will stay because of economic
reasons i.e. living near to work or living
cost is reasonable. :Jia Lalail Gl Ja ¢
Oa e B Sl S gl A dalia oSl Gl ) lad

e olsa,

Answered: 44 Skipped: 1,296

100%
80%
60%
40%
200/0 -
(no label)
[ 1 Strongly disagreesss: salel 72 Disagreeca el ()3 Neutralsiss | 4 Agreed

[0 5 Strongly agreess=; 3isl [ 6 Do not knowlel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@sl 6 Do not knowY Total
Baky Disagreeca.¢!  Neutraltss  Agreecls = 3a& sl
(no 227% 2.27% 9.09% 50.00% 34.09% 2.27%
label) 1 1 4 22 15 1 44
52/76

Weighted
Average

4.05

384



Q52 | will stay because of social or other
reasons i.e. to be near to relatives or friends
or own a house/ apartment. b Jasi ¢
5 A (e b a8l S 1 e s AT Gl ol Aelaial
JEEBU zlal ¥ 948 o J3ie dld AN g s Bad),

Answered: 44 Skipped: 1,296

100%
80%
60%
40%
200/0 .
(no label)
[ 1 Strongly disagreesss: salel 72 Disagreeca el ()3 Neutralsiss | 4 Agreesi §

[0 5 Strongly agreess=; 3isl [ 6 Do not knowlel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@sl 6 Do not knowY Total  Weighted
Bady Disagreecael  Neutraliiss = Agreedds — 5a el Average
(no 227% 0.00% 15.91% 38.64% 43.18% 0.00%
label) 1 0 7 17 19 0 44 4.20
53/76
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Q53 Please order the following urban
issues (From 1= Most important to 5= Less
important) based on your feeling as the
most important problems that concern you
as a resident in Kuwait 4,2 Jslial 5 2
) Tl (el JBY) =5 ) Laal 51 =1 ) A0
o plaS Al 3B jraa JOE AN LU aaf WSl e dlagh
<) A ga

Answered: 328 Skipped: 1,012

Housing
shortage...
Traffic
congestion...
Environmental
degradation...
Accessibility
to public...
Lack of social
integration ...
0 d 2 3 4 5 6 7 8 9 10
1 2 3 4 5 Total Score
Housing shortage 4. A< 25.30% 29.57% 17.68% 16.77% 10.67%
83 97 58 55 35 328 3.42
Traffic congestion s s pas ¥ 33.84% 28.96% 16.16% 9.45% 11.59%
1 95 53 31 38 328 3.64
Environmental degradation s 11.28% 12.80% 14.94% 27.74% 33.23%
37 42 49 91 109 328 24
Accessibility to public services 4aal iasll Jsasd 9.15% 16.77% 30.79% 22.56% 20.73%
30 55 101 74 68 328 2.7
Lack of social integration (s &8 5 csilal sall (s elaiall eVl oo 20.43% 11.89% 20.43% 23.48% 23.78%
67 39 67 7 78 328 2.82
54176
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Q54 If you think there is another urban
problem that is more important that the
aforementioned issues, Please specify.=is |3
Cada g Al JSUERD (e pbl Ay paa A LA ¢ Aia
oS g o oW

Answered: 51 Skipped: 1,289

55/76
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Q55 Residential statues sl la

Answered: 325 Skipped: 1,015

Living in Kuwaitis
house as servant

Own house 4l
J3a

S e b oSl
adas

Rented house
Own apartment <l
P
Rented apartment
Answer Choices Responses
Own house Ji s 10.15% 33
Rented house Jia sl 18.46% 60
Own apartment 4 dlla » 3.38% 11
Rented apartment %2 jaliu. , 66.77% 217
Living in Kuwaitis house as servant p3as S8 Jjia b (S 1.23% 4
Total 325

56 /76
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Q56 Household size: Family members or
rommates ¢Sl s d gf 5 ) 38 2o 13l aaa

Answered: 325 Skipped: 1,015

10

Answer Choices Average Number Total Number

Responses

1,663

325

Total Respondents: 325

57176

389



Q57 Servants (if applicable)as o) asdd) 2x2)

Answered: 201 Skipped: 1,139

Answer Choices Average Number Total Number Responses

Total Respondents: 201

58 /76

201
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Q58 How long have you been live in your
current dwelling?¢ ) dliSu b (i @ 5 e Ll

Answered: 325 Skipped: 1,015
<1year # [
PR ]

1 year &is

L

4years &)
LB g

5years o
L)k o g

> 5years i
e uad Ga
Since birth
5 ) e

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Answer Choices Responses
<1year A geJil 10.46% 34
1year byt 4.92% 16
2 years Ly o 15.38% 50
3 years Ly < s 230 9.23% 30
4 years Ly i j 7.38% 24
5 years b i < s (uad 6.15% 20
> 5 years < yiu pusd ga S 33.54% 109
Since birth 53 ) 3ia 12.92% 42

Total 325

59/76
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100%

80%

60%

40%

20%

0%

Q59 You prefer to live in a district that is
less segregated between citizens and non-
citizens. Jad b a2 50 ¥ dihala B (i o Jad e

Ot 5l g il gal) Cona,

Answered: 319 Skipped: 1,021

(no label)
[ Strongly disagreesst: saslel 12 Disagreeasiel (3 Neutralsiss 4 Agreeds J

[ 5 Strongly agrees: 3451 g 6 Do not know =l ¥

1 Strongly disagreecas! 2 3 4 5 Strongly agreeds 6 Do not knowY Total  Weighted
saky Disagreec=,s!  Neutralsss  Agreedds — s:% pel Average
(no 7.84% 9.72% 30.72% 27.90% 20.06% 3.76%
label) 25 31 98 89 64 12 319 3.31
60/76
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Q60 You prefer to live in mixed districts
(Salmiya, Hawalli or Khaitan) rather than
residential districts (Fiha, Surra or
Audiliya). /A tdiny) 3hlal) 3 (hal Juads e
i) (ghliall e ¥ (e ¢ Asa cAgalludl) ddalisal)
Ll 6B cplandll)),

Answered: 319 Skipped: 1,021

100%
80%
60%
40%
| ]
(no label)
[ " Strongly disagreess% ajlel [ 2 Disagreecael 3 Neutralsiss 4 Agreeds

[0 5 Strongly agreess: 3 5f [ 6 Do not knowplel ¥

1 Strongly disagreeca,sl = 2 3 4 5 Strongly agreedsl 6 Do not know¥ Total
Sady Disagreec2.s!  Neutralyss  Agreeddyl = sa& el
(no 13.48% 11.60% 20.06% 36.68% 15.67% 2.51%
label) 43 37 64 17 50 8 319
61/76

Weighted
Average

3.22

393



Q61 Public opinion should be considered
for new development and planning
decisions. e JLie¥) (s 5 ¢ g aaiaal i
Saaal) Jadadil) ¢ ) B MAS),

Answered: 319  Skipped: 1,021

100%
80%
60%
40%
- .
% — - (—
(no label)
[ " Strongly disagreess ajel [ 2 Disagreecael ()3 Neutralsiss " 4 Agreedd §
[ 5 Strongly agrees~> 34 [ 6 Do not know ! ¥
1 Strongly disagreecas! 2 3 4 5 Strongly agreedsl 6 Do not know¥ Total
Saky Disagreecs sl  Neutralyiss  Agreecisl = 5:& pl
no 2.82% 2.51% 13.79% 38.87% 36.99% 5.02%
(
label) 9 8 44 124 118 16 319

62/76

Weighted
Average

3.90

394



062 Other comments (Please write) <l
A ) s A))

Answered: 25 Skipped: 1,315

63/76

395



Q63 Transportation used type (Multi-
answers)_Lid) (Say) daxdival) clal gall Jilug £ 58
Aol g iS)

Answered: 318 Skipped: 1,022

Private car
Aaldd) 5 )b

Public
transportati...

Walking =)

Cycling &

Motor cycling
A A,

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Answer Choices Responses
Private car ialal s Ll 88.36% 281
Public transportation idal =iSid sal 24.21% 77
Walking =l 14.78% 47
Cycling 42/ 3 3.77% 12
Motor cycling 4,4 Aal 4.40% 14

Total Respondents: 318

64/76
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Q64 How long does it usually take from you
to reach your work? (in minutes)<a sl (s aS
GBAL) fellia ¢ dlaal CAM BAle (5 Aius)

Answered: 318  Skipped: 1,022

60

Answer Choices Average Number Total Number

Responses

35

11,215

318

Total Respondents: 318

65/76
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Q65 How long does it usually take from you
to reach your work without traffic
congestion? (in minutes)sale (3 aiui cd gl (e oS
GiBAIL) Salaa sy byl e 8 Gl jia of dlleal Glalll)

Answered: 318 Skipped: 1,022

19
0 10 20 30 40 50
Answer Choices Average Number Total Number
19 6,040
Total Respondents: 318
66 /76

60

Responses

318
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100%

80%

60%

40%

20%

0%

1 Strongly disagree o= js!

sy

(no 3.18%
label) 10

Q66 You prefer to use private car rather
than public transportation. al:iiu Jai il
plad) JAN Jilauy (o Yoy Aualdl) e s,

Answered: 314 Skipped: 1,026

— . [
(no label)
[ 1 Strongly disagreessts ajlel (72 Disagreecaiel 3 Neutralsiss (14 Agreesi

[ 5 Strongly agreess: ésl i) 6 Do not knowei ¥

2 3 4 5 Strongly agreesl 6 Do not know¥ Total  Weighted
Disagreeca.'s!  Neutralsisa  Agreecis = 5a& pel Average
1.91% 8.60% 39.17% 46.18% 0.96%
6 27 123 145 3 314 4.20
67/76
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Q67 You perceive the traffic congestion as
serious problem in Kuwait. Jsa 4 a alas))
gl 35 plad g sy AlCiia e,

Answered: 314 Skipped: 1,026

100%
80%
60%
40% [ '
20%
0% e —— I
(no label)
. Strongly disagreess: (alel w2 Disagree s ! -3 Neutralstas [14Ag reedd §
(17 5 Strongly agreess: sl [ 6 Do not knowel ¥
1 Strongly disagreecajs! = 2 3 4 5 Strongly agree@s' 6 Do not know¥
Sady Disagreeca,isl  Neutralsiss  Agreegllsl = 5a& el
(no 0.00% 2.23% 8.28% 42.36% 45.86% 1.27%
label) 0 4 26 133 144 4

68 /76

Total

314

Weighted
Average

4.28

400



Q68 There is congestion even if it is not
working hours. For example at night. <\
qﬁdﬁd\ Jav Ao Jard) cld g TIS A g paa))

Jall,

Answered: 314 Skipped: 1,026

100%
80%
60%
40%
- ---u.llll'lllll IIIIIl.....
0% >
b
(no label)
[ ' Strongly disagreesst ajel [ 2 Disagreeael (3 Neutralyss (74 AgreesiJ

[ 5 Strongly agrees~-: 344 [ 6 Do not know kel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agree@s' 6 Do not know¥ Total
Sy Disagreeca)sl  Neutralsiss = Agreegits = sax el
(no 3.50% 9.55% 15.29% 44.90% 22.93% 3.82%
label) 1 30 48 141 72 12 314
69/76

Weighted
Average

3.63

401



Q69 How likely would you be to use a train

system in your trips to work and home if it

is available? <igw Jgd cussh B o b dlia s gl
SR g Janll Bla ) (A gaading

Answered: 314  Skipped: 1,026

100%
80%
60%
40%
20%
0% — - ———
b
(no label)
[ " Strongly disagreess asel [ 2 Disagreecael ()3 Neutralsias 14 Agreedd J

[0 5 Strongly agrees: 335l [ 6 Do not knowlel ¥

1 Strongly disagreecajsl = 2 3 4 5 Strongly agreedsl 6 Do not know¥ Total
Saky Disagreecs ¢!  Neutralsiss  Agreecisl — 5:& pei
(no 2.55% 4.46% 13.06% 35.99% 39.49% 4.46%
label) 8 14 41 13 124 14 314
70/76

Weighted
Average

3.92

402



Q70 Other comments (Please write) i
ALY ) s A)

Answered: 22 Skipped: 1,318

71176

403



Q71 Please order the following criteria/
elements based on your demands and
wishes (From 1= Most important to 7= Less
important): il quua 40 jualial) G5 el )
A =) L oSl o 5 AN A ddhatal) B el
Laal JBY) =7 N L)

Closeness to
government...

Closeness to
public servi...

Closeness to
the seal...

Closeness to
airports.@...

Closeness to
public...

Less cost of
dwellings...

Closeness to government services such as ministries and
organisations.stua 5 & 5s) daasSal Slasdd e i),

Closeness to public services such as shopping malls,
hospitals, universities and others. 8! s Ji dalall Slasill e o a0
b g Slaalad Sl 4 (5 gl

Closeness to the sea/ beaches. ! sl / jad Ga il
Closeness to the existing urban area. i yasl dakial o il

Closeness to airports. < Hasl Ga il

Closeness to public transportation (bus or train
NEtworks). < e 5 heals) plad Jail Jila s llana (30 o i)

Less cost of dwellings (purchase or rent).sS oS jad
S sh el %) i),

Answered: 298 Skipped: 1,042

Closeness to
the existing...

0 1 3 4 5 6

1 2 3 4 5
6.71% | 11.74% | 18.79% @ 1711% @ 21.48%
20 35 56 51 64
15.77% | 26.85% @ 2215% @ 14.09%  11.07%
47 80 66 42 33
7.72% | 1577% @ 1577% @ 14.09%  14.43%
23 47 47 42 43
10.40% = 13.09%  14.43% 21.81%  1577%
31 39 43 65 47
3.69% 4.03% 7.72% 9.40%  11.74%
1 12 23 28 35
5.03% @ 1275% 11.74% 1711%  16.78%
15 38 35 51 50
50.67% @ 15.77% 9.40% 6.38% 8.72%
151 47 28 19 26
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5.62
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Q72 Please choose the most preferred
strategy to be applied as the new
development in Kuwait in this project based
on your demands and wishes. .5 JWd)
S sUn g el 130 (B Lghual a3 oLl Alaia da) il
Al dl) il 5 il
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Q73 What of these factors could affect your
decision of not moving from the existing

urban area and make you change your

answer to a new city? (Multi answers) !
Aaal JUEN) aans &) B e s o oSaall (e Jal g2l 038
Cn A8 LR () el s dllaas o Lgikay B

Answered: 155 Skipped: 1,185

High pressure
on land and...

Extreme
housing...

Very long
commuting ti...

High rates of
accidents in...

All needed
public servi...

Open a branch
of your job ...

New modern
train networ...

None, I will
not change m...

Other (please
specify)s ...
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40%

50%

Extreme housing shortages in the existing urban area.idlal &; sl Zilaiad 3248 (Sha 52y o,

Very long commuting times in the existing urban area.idad 4 jwasl Alaia 4 Jill b gl iy,

High rates of accidents in the existing urban area.idal i jaal Gkl 3 alls JS0 2 a0 gl ),

All needed public services provided in the new city saal diaal b iaal Slexdl gusa fgi

Open a branch of your job in the new city.susl Az 3 dle L ap 58 2l

New modern train network established. Sy < Uad 4Sut oL,

None, | will not change my mind. . &1 & 5 e w V.
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66.45% 103
26.45% 41
35.48% 55
14.84% 23
26.45% 41
23.23% 36
12.90% 20
14.19% 22
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Other (please specify)a 3 sla ) s Al) 1.94% 3

Total Respondents: 155
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Q74 Are there any important issues not
covered in this survey that you would like it
to be added? If so, please write the
questions and answer them kindly in the
space provided below.al dage Alici i dlia Ja
AN A S 1MLl Bl 5 g claia) 13s Lglady
oLl Lawadal) oSl 8 Lpde Alay) g ALLY) AU o p

Answered: 88 Skipped: 1,252

76 /76
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Appendix D: Supplementary material for the 1* scenario- Chapter 4

Supplementary Material - Modelling future impacts of urban development in Kuwait
with the use of ABM and GIS

Nayef Alghaist and David Pullarf

TSchool of Geography, Planning and Environmental Management, The

University of Queensland

Purpose: Evaluate population growth in Kuwait over time and it impact on urban systems.

Overview: Refer to paper generally and see Figure 4-12 showing flowchart of the model.

Entities and variables

The focal agents are the high level decision makers, i.e. government and developers, and actions

they take to manage population growth. The population is structurally differentiated between

Kuwaiti and non-Kuwaiti citizens as the former (young families) have a right to Government

supported housing. Government regulation also affects urban land uses with housing differentiated

as residential districts (mainly Kuwaiti with some non-Kuwaiti household support staff) and mixed

districts (predominantly apartment housing with non-Kuwaiti and smaller number of Kuwaiti).

New urban residential districts are opened by the Government to provide housing for young

families, whereas new mixed districts are influenced by developers. The location for new urban

districts is determined by characteristics of developable districts stored in ABM environment.

Variables:

Population_projections: projections for Kuwaitis and Non-Kuwaiti population growth from

2015 to 2050

Housing_waiting: count for (young) Kuwaiti family who apply (await) residential housing

Housing_allocation: number of allocated welfare housing each year
Over_spill_increment: adjustment for the districts’ capacity to hold new population
Districts_CBD_Traffic: the level of traffic catchment to the capital (CBD)
Number_dwellings: number of PAHW new dwellings based on the scenario

Average_change_applicants: the average annual rate of change in housing applications
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Agents:
Government is main decision agent responsible for urban settlement. It may exhibit rigid growth
regulation (scenario where it allocates fixed number of new urban districts) or adaptive
(scenario where it anticipates housing shortages and allocates variable number of new urban
districts)

Developers influence government decision for mixed urban development and the builder for

dwellings in mixed districts.

Residents (Kuwaitis and non-Kuwaitis) are the agent whom located in the districts based on

urban development and growth.

Environment
Districts with: i) types for restricted, developable (currently un-occupied), residential, mixed,

purposed, ii) current population for Kuwaiti and non-Kuwaiti, iii) area, and iv) land cost

Input data
Table D-S1: Data types and sources

Variable Data Type/ Format | Source

Population_projections | Population Projection for both | Table as image | KISR (Alramadan

Kuwaitis and non-Kuwaitis from & Almusallam
2015 to 2050 2013)
Districts Population distribution on districts | Excel (PACI 2015)

both Kuwaitis and non-Kuwaitis in
1995, 2000, 2005, 2010 and 2015

Districts Kuwait land use (districts), street | GIS ready data | KISR,  requested
networks, landmarks (ministries, officially
companies, hospitals, universities

and shopping malls)

Districts Cost (rent and sale) of districts Table as image | (KFH 2015)
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Initialization

Initialise parameters
number_new_urban_districts is set from historical figures as 4 new residential districts and 0.5
mixed district every 5 years
Housing_waiting initiated from current status

Process overview and scheduling

The model is run for 35 years with 5 yearly steps. The main driver of change is propulation growth
and how they are spatially distributed to available land and the urban impacts of this growth.

for each 5 yearly period from 2015 to 2050
compute district Suitability

if government Expects_housing_shortage then
number_new_urban_districts is increased
else
number_new_urban_districts is decreased

for number_new_urban_districts
new_district = Greenfield_choice

re-assign (move) proportion of Housing_allocation to new_district

intensification loop:
for all urban districts (in a random order)
if district type = residential and Capacity < population then
add kuwaiti and nonkuwaiti population increment to district
if district type = mixed and Capacity < population then

add kuwaiti and nonkuwaiti population increment to district

if new population not assigned then
increase capacity for districts by Over_spill_increment

go to intensification loop
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evaluate impacts on Housing_waiting and traffic congestion
Submodels
District Capacity

Capacity of district to settle new population. A maximum capacity was determined from existing
data based on average density. Different capacities are calculated for Kuwaiti and non-Kuwaiti
based on nationality and district type.

If type is residential

capacity = (max_density_residential x district_area) — population_current_kuwaiti and

nonKuwaitis
else if type is mixed
capacity =(max_density_mixed x district area) — population_current_kuwaiti and

nonKuwaitis

District Suitability

Suitability scores for districts are determined by composite factors for proximity to infrastructure,
proximity to facilities, proximity to other urban areas and land costs (see section 3.4 article). Most
of these factors are stable and may be held fixed for the simulation, but proximity to other urban
areas and land costs will change as un-occupied developable districts are converted to residential

or mixed districts. So district suitability is re-computed each time step.

District Greenfield choice

Developable districts have a suitability score for their preference for development, i.e. conversion
to a residential or mixed land use district. The choice of a district to develop is mostly determined
by a suitability score but it is also stochastic; so a new district for development is selected based
upon a sampling method using weighted sampling without replacement, where the suitability score

is normalised to a weight distribution.

Housing re-assign

Reduce Kuwaiti population in over capacity residential districts; this is reflects move of young

families from extended family home.

Fututre accidents predection

From the analysis of the historical accidents data, a regression analysis model was used to estimate
the future accidents rates, which in turn used as an indicator for congestion. The regression is linear
412



and projects the accidents data to the future with two dynamic variables: the population and the
level of traffic catchment to Kuwait capital (CBD). Therefore, the equation used for the regression

analysis is:

If type is residential or mixed

accidents = (0.01585 x population_current_kuwaiti and nonKuwaitis) +(86.2 x
Districts_CBD_Traffic)

Housing shortage impact

A simple equation had used to calculate the housing shortage impact based on the housing
applications and the new government provided dwellings.

New dwellings =Number_dwellings % time_step_years x number_new_residential_districts

Housing_applications = (Current_housing applications x Average_change_applicants x
time_step_years) - New dwellings

Model Design
The work presented in this paper regarding the design of the ABM is based on the Overview,
Design concepts and Details protocol (ODD) (Grimm et al. 2010), which is a common

nomenclature in the field. According to the ODD the following principles were utilized:

« Adaptation represents spill-over mechanisms in the simulation algorithm. Adaptation occurs when
it is not possible to add new dwellings to a region, so the density is increased instead. An example
of this is whenever new families live in their parents’ houses or newly arrived non-Kuwaitis share
the same dwelling with their friends from the same nationality. In the adaptive scenario the

government reacts to the housing shortage problem based on an if rule.

* Objective represents the desired goal of agents. In this work this is moving to new districts based
on suitability, based on historical trends and various dynamically changing weights for each

parameter.

* Predictions are the simulation outputs made according to multiple criteria (suitability parameters).
In this work, the predictions are in regards to residents seeking to find the best suitable place to live

in according to their behaviours and the parcel parameters.

* Stochasticity is a random selection process in the simulations. A set of suitable districts for future

development is present in the simulation steps, but only a specific number will be actually
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developed. Any districts that were not selected will have a better chance to be selected in the next
time steps, as they have higher suitability weights than others.

» Observer variable, housing shortages impact accumulated as a direct observer variable in the

model.
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Appendix E: Supplementary material for the 3" scenario — Chapter 6

Supplementary Material — Involving residents’ preferences in establishing new cities:

a case study of population in Kuwait

1. Survey responses and statistical tests

The response options for Questions 1-6 were given in Likert scale, quantified with values between 0
and 5. The Likert scale responses were subject to single way ANOVA test to determine if there is a
significant difference between Kuwaitis and non-Kuwaitis in their behaviours and needs. Table E-
S1 below shows the assigned values for each Likert scale response used in the survey analysis.

Table E-S1: Likert Scale

Response Value

Do not know

Strongly Disagree

Disagree

Neutral (Neither Agree nor Disagree)

Agree

gl B~ W N | O

Strongly Agree

For each single way ANOVA test, 0.05 was taken as the significance level value and each question

was tested with a confidence level of 95%.

Q1: Kuwait government is planning to develop new cities outside the existing urban area. |

am considering moving to these new cities within the next 5-10 years.

Answers by nationality Response Valid
count |Response| response
percent percent
0 Do not know 86 9.9 10.0
1 Strongly disagree 115 13.2 13.4
K uwaiti Valid 2 Disagree 124 14.3 14.4
3 Neutral 215 24.8 25.0
4 Agree 233 26.8 27.1
5 Strongly agree 87 10.0 10.1
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Total 859 98.8 100.0
Missing 10 1.2
Total 869 100.0
0 Do not know 41 10.8 11.9
1 Strongly disagree 15 3.9 4.3
2 Disagree 26 6.9 7.6
Valid 3 Neutral 121 31.9 35.1
Non-
- 4 Agree 98 25.9 28.6
Kuwalitis
5 Strongly agree 43 114 125
Total 343 90.7 100.0
Missing 35 9.3
Total 378 100.0

Q1 Kuwaitis

10% | 10%

H Do not know

B Strongly disagree
M Disagree

H Neutral

W Agree

1 Strongly agree
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Q1 Non-Kuwaitis

10% | 12%
5%
8%

H Do not know

B Strongly disagree
 Disagree

H Neutral

B Agree

1 Strongly agree

N 859
Mean 2.7617
. Std. Error of Mean 0.05058
Kuwalitis
Std. Deviation 1.48226
The 95% confidence interval of this
] 2.6624 to 2.8609
difference
N 343
Mean 3.0185
| Std. Error of Mean 0.07836
Non-Kuwaitis
Std. Deviation 1.45207
The 95% confidence interval of this
] 2.8643t0 3.1726
difference
ANOVA test
Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 858 2.7949 1.43628| .04903 2.6986 2.8911
Non-
- 376| 2.8218 1.54494| .07967 2.6651 2.9785
Kuwalitis
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Total 1234 2.8031 1.46966( .04184 2.7210 2.8852
Sum of df Mean F Sig.
Squares Square

Between 0.190 1 0.190 0.088 0.767

groups

Within 2662.959 1232 2.161

groups

Total 2663.148 1233

There were no statistically significant differences between group means (Kuwaitis and non-
Kuwaitis) as determined by one-way ANOVA (F(1,1232)=0.088, p = 0.767 > 0.05).

Q2: I am considering moving because of financial reasons i.e. lower real estate cost or new

employment opportunities. (If answer was strongly agree or agree in Question 1).

Answers by nationality Response Valid
count | Response| response
percent percent
0 Do not know 20 2.3 6.4
1 Strongly disagree 28 3.2 9.1
2 Disagree 14 1.6 4.6
Valid 3 Neutral 39 4.5 12.5
Kuwaitis 4 Agree 142 16.3 45.6
5 Strongly agree 68 7.8 21.8
Total 310 35.7 100.0
Missing 559 64.3
Total 869 100
0 Do not know 8 2.1 5.6
Non. 1 Strongly disagree 0 0 0
K uwaitis Valid 2 Disagree 3 v 1.9
3 Neutral 17 4.5 12.1
4 Agree 69 18.2 49.1
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5 Strongly agree 44 11.6 31.3

Total 141 37.1 100.0
Missing 238 62.9
Total 378 100.0

Q2 Kuwaitis

H Do not know

B Strongly disagree
W Disagree

H Neutral

m Agree

[ Strongly agree

Q2 Non-Kuwaitis

H Do not know

B Strongly disagree
W Disagree

H Neutral

M Agree

[ Strongly agree

N 310

Mean 3.4721
Kuwaitis

Std. Error of Mean 0.08223

Std. Deviation 1.44848
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The 95% confidence interval of this
) 3.3103 to 3.6339
difference
N 141
Mean 3.9306
~ | Std. Error of Mean 0.10010
Non-Kuwaitis
Std. Deviation 1.18662
The 95% confidence interval of this
) 3.7327 to 4.1285
difference
ANOVA test
N Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 316| 3.4494 1.42114( .07995 3.2921 3.6067
Non-
. 142 3.9366 1.10585( .09280 3.7532 41201
Kuwalitis
Total 458 3.6004 1.34919 .06304 3.4765 3.7243
Sum of df Mean F Sig.
Squares Square
Between 23.260 1 23.260 13.117 0.000
groups
Within 808.619 456 1.773
groups
Total 831.880 457

There was a statistically significant difference between group means (Kuwaitis and non-Kuwaitis)
as determined by one-way ANOVA (F(1, 456)=13.117, p = 0.000 < 0.05).

Q3: I am considering moving because of social or other reasons i.e. to be near to relatives or
friends, change of family size or to obtain free dwelling provided from the government. (If

answer was strongly agree or agree in Question 1).
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Answers by nationality Response Valid
count [Response| response
percent percent
0 Do not know 7 8 2.2
1 Strongly disagree 11 1.3 3.6
2 Disagree 15 1.7 4.8
Valid 3 Neutral 48 5.5 154
Kuwaitis 4 Agree 176 20.2 56.7
5 Strongly agree 54 6.2 17.3
Total 310 35.7 100.0
Missing 559 64.3
Total 869 100.0
0 Do not know 13 3.4 9.2
1 Strongly disagree 3 9 2.5
2 Disagree 12 3.1 8.4
Valid 3 Neutral 35 9.3 25.0
Non-
Kuwaitis 4 Agree 55 14.6 39.4
5 Strongly agree 22 5.8 15.6
Total 141 37.1 100.0
Missing 238 62.9
Total 378 100.0

Q3 Kuwaitis

17%

H Do not know

B Strongly disagree

m Disagree

H Neutral

W Agree

Strongly agree




Q3 Non-Kuwaitis

H Do not know

B Strongly disagree
W Disagree

H Neutral

W Agree

[ Strongly agree

N 310
Mean 3.7264
. Std. Error of Mean 0.06032
Kuwalitis
Std. Deviation 1.06254
The 95% confidence interval of this
] 3.6077 to 3.8451
difference
N 141
Mean 3.2986
| Std. Error of Mean 0.11784
Non-Kuwaitis
Std. Deviation 1.39695
The 95% confidence interval of this
] 3.0656 to 3.5316
difference
ANOVA test
Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 316( 3.7057 1.09780| .06176 3.5842 3.8272
Non-
- 142 3.3099 1.31647| .11048 3.0915 3.5283
Kuwaitis
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Total 458 3.5830 1.18280| .05527 3.4744 3.6916
Sum of df Mean F Sig.
Squares Square

Between 15.351 1 15.351 11.218 .001

groups

Within 623.996 456 1.368

groups

Total 639.347 457

There was a statistically significant difference between group means (Kuwaitis and non-Kuwaitis)

as determined by one-way ANOVA (F(1, 456)=11.218, p = 0.001 < 0.05).

Q4: I am not considering moving because of financial reasons i.e. living near to work or living

cost is reasonable. (If answer was strongly disagree or disagree in Question 1).

Answers by nationality Response Valid
count | Response| response
percent percent
0 Do not know 7 8 2.9
1 Strongly disagree 13 1.4 55
2 Disagree 15 1.7 6.6
Valid 3 Neutral 26 3.0 11.4
Kuwaitis 4 Agree 105 12.1 45.8
5 Strongly agree 64 7.3 27.8
Total 229 26.3 100.0
Missing 640 73.7
Total 869 100.0
0 Do not know 0 1 8
1 Strongly disagree 1 2 2.4
Non-
Kuwaitis Valid 2 Disagree 1 3 3.3
3 Neutral 3 T 6.9
4 Agree 18 4.8 47.6

423



5 Strongly agree 15 3.9 39.0

Total 38 10.0 100.0
Missing 341 90.0
Total 378 100.0

Q4 Kuwaitis

B Do not know

B Strongly disagree
m Disagree

H Neutral

B Agree

1 Strongly agree

Q4 Non-Kuwaitis

H Do not know

B Strongly disagree
W Disagree

H Neutral

B Agree

1 Strongly agree

N 229

Mean 3.7521
Kuwaitis

Std. Error of Mean 0.08259

Std. Deviation 1.24865
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The 95% confidence interval of this
) 3.5894 to 3.9149
difference
N 38
Mean 4.1504
~ | Std. Error of Mean 0.15769
Non-Kuwaitis
Std. Deviation 0.96958
The 95% confidence interval of this
) 3.8309 to 4.4700
difference
ANOVA test
N Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 237| 3.6878 1.29027 .08381 3.5226 3.8529
Non-
. 441 4.0455 1.05554| .15913 3.7245 4.3664
Kuwalitis
Total 281| 3.7438 1.26145( .07525 3.5956 3.8919
Sum of df Mean F Sig.
Squares Square
Between 4,748 1 4,748 3.005 .084
groups
Within 440.804 279 1.580
groups
Total 445552 280

There were no statistically significant differences between group means (Kuwaitis and non-
Kuwaitis) as determined by one-way ANOVA (F(1, 279)= 3.005, p = 0.084 > 0.05).

Q5: 1 am not considering moving because of social or other reasons i.e. to be near to relatives
or friends or own a house/ apartment. (If answer was strongly disagree or disagree in
Question 1).
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Answers by nationality Response Valid
count |Response| response
percent percent
0 Do not know 1 1 5
1 Strongly disagree 15 1.8 6.7
2 Disagree 9 1.1 4.0
Valid 3 Neutral 10 1.1 4.2
Kuwaitis 4 Agree 102 11.7 44.5
5 Strongly agree 92 10.5 40.0
Total 229 26.3 100.0
Missing 640 73.7
Total 869 100.0
0 Do not know 0 0 0
1 Strongly disagree 1 3 2.7
2 Disagree 0 0 0
Non. Valid 3 Neutral 6 1.5 14.6
K Uwaitis 4 Agree 15 4.0 39.7
5 Strongly agree 16 4.3 43.0
Total 38 10.0 100.0
Missing 341 90.0
Total 378 100.0

Q5 Kuwaitis

B Do not know

B Strongly disagree
Disagree

B Neutral

B Agree

Strongly agree
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Q5 Non-Kuwaitis

B Do not know

B Strongly disagree
W Disagree

B Neutral

B Agree

1 Strongly agree

N 229
Mean 4.0571
. Std. Error of Mean 0.07507
Kuwalitis
Std. Deviation 1.13497
The 95% confidence interval of this
] 3.9091 to 4.2050
difference
N 38
Mean 4.2035
| Std. Error of Mean 0.14525
Non-Kuwalitis
Std. Deviation 0.89304
The 95% confidence interval of this
) 3.9092 to 4.4979
difference
ANOVA test
Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 237 4.0127 1.17704| .07646 3.8620 4.1633
Non-
- 44 4.2045 .87815| .13239 3.9376 4.4715
Kuwalitis
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Total 281| 4.0427 1.13623| .06778 3.9093 4.1761
Sum of df Mean F Sig.
Squares Square

Between 1.366 1 1.366 1.059 304

groups

Within 360.121 279 1.291

groups

Total 361.488 280

There were no statistically significant differences between group means (Kuwaitis and non-
Kuwaitis) as determined by one-way ANOVA (F(1, 279)= 1.059, p = 0.304 > 0.05).

Q6: | prefer to reside in residential districts (Fiha, Surra or Audiliya) rather than mixed

districts (Salmiya, Hawalli or Khaitan).

Answers by nationality Response Valid
count [Response| response
percent percent
0 Do not know 5 .6 T
1 Strongly disagree 11 1.2 1.6
2 Disagree 15 1.7 2.1
Valid 3 Neutral 53 6.2 7.9
Kuwalitis 4 Agree 196 22.6 28.8
5 Strongly agree 401 46.1 58.9
Total 681 78.3 100.0
Missing 188 21.7
Total 869 100.0
0 Do not know 5 1.4 1.8
1 Strongly disagree 55 14.5 18.9
er\;aitis Valid 2 Disagree 110 29.0 37.9
3 Neutral 55 14.6 19.1
4 Agree 33 8.7 11.4

428



5 Strongly agree

32

8.3

10.9

Total

289

76.4

100.0

Missing

89

23.6

Total

378

100.0

Q6 Kuwaitis

Q6 Non-Kuwaitis

H Do not know

B Strongly disagree
W Disagree

H Neutral

M Agree

1 Strongly agree

H Do not know

B Strongly disagree
M Disagree

m Neutral

B Agree

1 Strongly agree

Kuwaitis

N

681

Mean

4.3918

Std. Error of Mean

0.03548

Std. Deviation

0.92576
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The 95% confidence interval of this
) 4.3222 to 4.4615
difference
N 289
Mean 2.5213
~ | Std. Error of Mean 0.07490
Non-Kuwaitis
Std. Deviation 1.27376
The 95% confidence interval of this
) 2.3738 t0 2.6687
difference
ANOVA test
N Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 691 4.4038 .94051 .03578 4.3335 4.4740
Non-
. 319( 2.6301 1.32032 .07392 2.4847 2.7755
Kuwalitis
Total 1010| 3.8436 1.35454( .04262 3.7599 3.9272
Sum of df Mean F Sig.
Squares Square
Between 686.582 1 686.582 594.208 .000
groups
Within 1164.701 1008 1.155
groups
Total 1851.283 1009

There was a statistically significant difference between group means (Kuwaitis and non-Kuwaitis)
as determined by one-way ANOVA (F(1, 1008)= 594.208, p = 0.000 < 0.05).
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Q7 & 8: For these questions, a summary of the average results can be seen in below table.

Nationality Household average size Average number of servants
Kuwaitis 7 2
Non-Kuwaitis 5 1

Q9: For this question, the ranking of migration criteria based on nationality can be seen in below

table.

Criteria | Kuwaitis Non- Kuwaitis

rank

1 Lower cost of dwellings (purchase | Lower cost of dwellings (purchase
or rent). or rent).

2 Closeness to the existing urban area. | Closeness to public services.

3 Closeness to public services. Closeness to the existing urban

area.

4 Closeness to government services. Closeness to government.

5 Closeness to the sea/ beaches Closeness to public transportation.

6 Closeness to public transportation. Closeness to the sea/ beaches

7 Closeness to airports. Closeness to airports.

There is a significant difference between the two groups in terms of the criteria ranking order.

Q 10: Please choose your first preference for settlement location based on your demands and

wishes:
Answers by nationality Response Valid
count |Response| response
percent percent
Stay  inside  the
o 265 30.4 43.6
existing urban area.
New city in the North
) ) ) 50 5.8 8.3
Kuwaitis Valid |side of Kuwait.
New city in the
Middle  side  of 206 23.8 34.0
Kuwait.

431



New city in the West
) ) 35 4.0 5.7
side of Kuwait.
New city in the South
) ) 51 5.8 8.4
side of Kuwait.
Total 607 69.8 100.0
Missing 262 30.2
Total 869 100.0
Stay  inside  the
o 139 36.7 525
existing urban area.
New city in the North
_ _ 17 4.4 6.2
side of Kuwait.
New city in the
Valid [Middle side  of 62 16.5 23.6
Non- .
Kuwait.
Kuwalitis —
New city in the West
] ) 18 4.7 6.8
side of Kuwait.
New city in the South
29 7.7 11.0
side of Kuwait.
Total 265 69.9 100.0
Missing 114 30.1
Total 378 100.0

Q10 Kuwaitis

B Stay inside the existing urban
area.

B New city in the North side of
Kuwait.

M New city in the Middle side of
Kuwait.

B New city in the West side of
Kuwait.

B New city in the South side of
Kuwait.
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Q10 Non-Kuwaitis

M Stay inside the existing urban

area.

B New city in the North side of

Kuwait.

1 New city in the Middle side of

Kuwait.

B New city in the West side of

Kuwait.

B New city in the South side of

Kuwait.
N 607
Mean 2.2692
. Std. Error of Mean 0.05274
Kuwalitis
Std. Deviation 1.29919
The 95% confidence interval of this
] 2.1656 to 2.3728
difference
N 265
Mean 2.1757
| Std. Error of Mean 0.08680
Non-Kuwaitis
Std. Deviation 1.41222
The 95% confidence interval of this
) 2.0048 to 2.3467
difference
ANOVA test
N Mean Std. Std. 95% Confidence Interval
Deviation Error for Mean
Lower Upper
Bound Bound
Kuwaitis 625 2.3088 1.30544( .05222 2.2063 2.4113
Non-
o 293 2.1160 1.38739| .08105 1.9565 2.2756
Kuwalitis
Total 918 2.2473 1.33441| .04404 2.1608 2.3337
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Sum of df Mean F Sig.
Squares Square
Between 7.412 1 7.412 4.177 .041
groups
Within 1625.456 916 1.775
groups
Total 1632.868 917

There was a statistically significant difference between group means (Kuwaitis and non-Kuwaitis)
as determined by one-way ANOVA (F(1, 916)=4.177, p = 0.041 < 0.05).

Q11: For this question, the most important factors chosen by responders were as below:

Factor type

Order by nationality

Kuwaitis

Non-Kuwaitis

Push factors

High pressure on land and
property values in the existing

urban area.

High pressure on land and
property values in the existing

urban area.

Very long commuting times in

the existing urban area.

Very long commuting times in

the existing urban area.

Extreme housing shortages in the

existing urban area.

Extreme housing shortages in the

existing urban area.

High rate of accidents in the

existing urban area.

High rate of accidents in the

existing urban area.

Pull factors

All public services provided in

the new city.

All public services provided in

the new city.

Larger house sizes in the new

city.

Ability to work in a new branch

of own job in the new city.

Ability to work in a new branch

of own job in the new city.

New modern train network

established.

New modern train network

established.
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2. Model description

The model design description presented in this section follows the ODD (Overview, Design
concepts, Details) protocol for agent based models description to make the model easily as possible
to be perceived by modellers (Grimm et al. 2010).

Purpose:
The main objectives of the model are:

a. To simulate the residents’ migration patterns towards new cities based on their preferences
and choices.

b. To investigate and predict the future impacts of urban development on nationality
segregation levels via three different scenarios:

1. Government master plan scenario: Top-down development following the master plan and
maintaining the existing segregation levels.

2. Residents’ preferences scenario: Bottom-up development following the resident opinions
and preferences for migration, residence location and segregation, as derived from direct
surveys.

3. Global cities’ scenario: Bottom-up development following the resident opinions and
preferences for migration and residence location, as derived from direct surveys.
However, the segregation will be simulated according to the Global Cities plan (no

segregation in new cities, only mixed districts).
Entities, State Variables and Scales

Agents

Decision agents (government planning authorities): is the main decision agent responsible for

establishing new cities and infrastructure.

Resident agents: are the agents that will be allocated to the new cities based on their preferences.
They were classified into 8 different subgroups according to their age and nationality with an extra
agent for the servant group (see Table 6-5- in Chapter 6).

Environment

Districts were classified in terms of:

i) Land use in the district (residential, mixed or other use)
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if) Current population of Kuwaitis and non-Kuwaitis in each age group
iii) Region location (existing urban area, north region, middle region, west region and south

region).

Variables

The state variable input data is spatially distributed and saved as shapefiles in vector format. The
environment in this model has two levels: high level (selected scenario) and low level (the land use
represented in the districts). The residents residing in a particular district (polygon), which is a part
of the environment, are associated with state variables, such as nationality, age group and district
settlement ID. In addition, each district has attributes with the following static state variables: ID,
type (residential, mixed or other uses), maximum capacity and suitability parameters (closeness to
government services, public services, sea/ beaches, the existing urban area, public transportation
and airport).

The dynamic state variables are: cost of dwellings (suitability parameter), suitability weight (see
Table 6-7- in Chapter 6), statutes (new or old), open date (based on the scenario) and population
per agent group.

Data sources for the aforementioned state variables are summarised in Table E-S2:

Table E-S2: Summary of state variables used in the model

Variable type Content Source

GIS data

Street networks, district locations

and types in 2015.

Kuwait Institute for Scientific
Research (KISR).

New cities data: location,

capacity, districts’ types. Train

network and station locations.

Kuwait  municipality  and
interviews (Alghais & Pullar

2018).

Demographic

Current population distribution on

Public Authority for Civil

group.

data districts by nationality and age | Information (PACI 2015).
group.

Population Aggregated  projections  from | (Alramadan & Almusallam

projection 2015-2050 by nationality and age | 2013).

Other input data was obtained from the surveys, including migration ratio, preferred locations,

preferred district type and household size for each agent groups (see Table 6-8- in Chapter 6).
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Initialisation

Urban development of new cities in all scenarios begins in 2015. In the initialisation of the model

the following data will be loaded:

a. Input demographic data: current population distribution and population projections for each
agent group (nationality, age and servants).
b. Input spatial data: existing district types, street and train networks and future available cities.

c. Resident responses from the survey.
Process Overview and Scheduling

In each 5-yearly time step after 2015, the government agent establishes new cities based on the
selected scenario and then the resident agents start migrating to the new established districts. After
the end of each time step the nationality segregation level is calculated and the output map is
updated. After reaching year 2050, the model will stop. Establishing new cities and migration
modelling vary according to the selected scenario and provide different outcomes in each scenario,

as seen in Table E-S3.

Table E-S3: Scenarios main differences

Scenario Establishing a new city Migration

#1 Government | Open dates, locations, number | Based on government expectations

of cities and order according to | and the suitability weights of the

the new master plan. districts.
#2 Resident According to master plan only | Based on the suitability weights and
for number of cities. locations by preferred district type.

Predominantly based on

#3 Global cities | responses obtained from the | Based on the suitability weights and
survey. considering all new established

districts are similar (mixed use).

In the resident and global cities scenarios, opening a new city is modelled according to the state
variables and after checking if there are enough residents for migrating. The model checks the
responses for each resident group - young, middle and senior aged - and calculates the numbers of

servants and underage residents that follow. The model establishes the new city only if there is
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enough interest compared to the minimum threshold, else it selects another location and repeats the

process.

Before establishing a new city, infilling actions are run for each time step in order allocate the new
population in existing districts. In regards to migration to the new cities, the number of willing
residents is calculated from the survey responses. The willing residents are then allocated according
to their preferred district type and the suitability factors, until all districts become full or there are
no more residents willing to migrate. This is done by adding new residents (points) in the new city
and then deleting an equal amount of residents from the existing urban area. At the end of this

cycle, the model updates the district settlement ID.
Model flow and submodels
The model flow runs according to the following Pseudocode:
for each 5 yearly period from 2015 to 2050
infilling loop:
for all urban districts (in a random order)
if district type = residential or mixed and Capacity < population then

add resident agent points to district based on the average of the age distribution on the

district type

Establishing new cities:

if Current_Scenario=1:
New Cities_IDs = Select Current Time Step Cities
for city in New_Cities_IDs
result=Check_City

if result.canOpen=true:

Open_City

Else:

Writelog (“City is Faild to open this timeStep”)

elseif Current_Scenario >1.:
Sort cities based on their sutabity weights
Get number should be Opened Cities= get current_Year_CitiesCount()

New Cities_IDs= Select Current remaining Cities()
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for index=0 of Number should be Opened Cities :
city=New Cities_IDs_threshold[index]
for city in New_CitiesIDs_thershold:
Calculate available residents willing to migrate to the selected new city
If available residents willing to migrate to the selected new city > citiy
threshold
result=Check_City
if result.canOpen=True:
Open_City
Number should be Opened Cities = Number should be Opened Cities -
1

Else
Writelog (“City is Faild to open this timestep”)

Migration loop:

Select resident agent points randomly from existing urban area districts
Reallocate selected resident agent points to new city
Remove the reallocated resident agent points from existing urban area districts

Change district settlement ID for the reallocated resident agent points

Calculation of the suitability weights:

Suitability weights for cities and districts are determined by composite parameters related to
proximity to government services, public services, sea/ beaches, the existing urban area, public
transportation and airport and land costs. These weights are constant, except land costs that can
change during the simulations, as unoccupied developable districts are converted to residential or
mixed districts. The district suitability is re-computed each time step after the new land cost

calculations have been finalised.

Calculation the number of residents willing to migrate to the selected new city:

This is calculated according to the household size for Kuwaitis and non-Kuwaitis residents as
follows:
For Kuwaitis: 3 kids + 2 servants + 2 Kuwaitis

For non-Kuwaitis: 2 kids + 1 servant + 2 non-Kuwaitis.
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Segregation distribution:

Residents are allocated according to their preferred district type. This action is skipped in the
global cities scenario; instead, in this scenario all districts are treated as mixed and residents are
distributed based on suitability only.

Calculate the nationality segregation average:

A simple equation is used to calculate the nationality segregation at the end of each time step:

Total Kuwaitis in mixed districts

Nationality segregation average = — : —
ysegreg g Total non — Kuwaitis in mixed district

Figure E-S1 shows the model overview with all submodels.

¥

Initilization input
data 2015

I

[ [
Calculate

suitability of new
cities

Preparation
submodels

N |

Government's . Residents’
( scenario ) Seloct scenarlo ( scenario )
y Global cities l

scenario "
Establish new aoonew.
cities based on

based on
the master plan suitability weights

Infilling

Calculate Select another
threshold option till no more

No

Enough residents to
open the city?

Establish a new
city based on
residents
preferences

l

Calculate
suitabity of
districts

!

Migration

l

Distribute on * This step will be skipped
preferred district in the global cities scenario
type*

Calculate
nationality
segregation

End date 20507

Figure E-S1: Model’s overview flowchart
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Design Concepts

e Basic principles: Obtaining resident opinions and applying them in simulation models provides
an opportunity to evaluate the master plan and show any differences between the government
planners and residents perspectives. In addition, comparing the nationality segregation levels
provides insight about this urban issue and how it may affect transforming Kuwait into regional
trade and financial centre. Finally, the resident scenario results help to assess the likelihood of
the occurrence of underpopulated ghost cities in Kuwait.

e Emergence: The key results of the model are emerging from the agent behaviours, specifically
the migration patterns to the new cities, the new resident distribution and the future nationality
segregation levels.

e Adaptation: The resident agent groups act as decision makers in the resident and global cities
scenarios, in selecting the new cities to be opened according to the suitability weights and their
preferred locations. This process is based on ‘if-then’ conditional decision rules. Migration to
these newly opened cities is based on the suitability weights and the preferred district types (in
the government and resident scenarios). In the global cities scenario, the resident agent
behaviours (preferred district type) will be changed in response to environment stimuli.

e Prediction: Resident agent selections for their settlement district in residents and global cities
scenarios are made directly from the survey input data (suitability weights and preferred
locations) and after adding random sorting of the order of establishing the districts each time
the model is run. The government scenario will produce only one outcome: the order of
opening new cities. Additionally, the nationality segregation levels in any case will be
heterogeneous.

e Sensing: During the migration action (allocation residents), agents based on their type are
assumed to be able to sense their preferred location, district type, and suitability parameters for
each district. However, they do not consider or know other residents’ actions nor they do
determine future consequences of their choices.

e Interactions: Agents generally do not interact with each other. However, underage citizens and
servants are linked to other agents in households for migration purposes.

e Stochasticity: Stochastic processes are used to simulate randomisation in the model. For
example, in the resident scenario the new city selection order is randomised for migration
purposes. In the global cities scenario the distribution of residents based on citizenship will be

randomly determined to obtain a low nationality segregation level.
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o Collectives: The resident agents are collectives of 100 persons of the same nationality and age
group. A specific number of individuals from the collective group forms a household that is
needed for migration calculations.

e Observation: The model code is written and recorded in Python. The variable inputs,
environment and agent parameters are saved in ArcGIS database as shapefiles. In addition, the
resulting maps and diagrams from the scenarios simulations at each time step are added to the
same database. This provides near-perfect observation of the model in its entirety (simulations
with all variables, inputs and outputs).
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