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ABSTRACT

We hve m a world full of change as a result of either natural processes or
human activities. This study focuses on evaluating and monitoring the urban changes
of Al Am city by quantufing and visualizing various #spects of that change between
1972 and 2000. The results of the actual study will serve for effective city planning
and decision making process for better ife quality of the residents of the city. Rapid
changes of the land use and land cover especialy built up and impervious areas. make
It necessary to Invo ‘ 5

depict these changes and analyze its dvnamics.

In this study remote sensimg and Lrengraphic Intormation Systems (Gl%) were
integrated to monitoring and mappmg the urban growth of Al Ain city between 1972
and 2000. Landsat M%5. TN and FTR+ tor the vear 1972, 1990 and 2000
respectively were chosen to study and analyze the urban growth m Al Ain city.
Remote sensmg techniques have the ability to delineate land cover categories by
means of classification process. A hybrid unsupervised-supervised classification
approach was used for detecting the changes using multi-sensor. multi-temporal
remotely sensed i1mages. Prior knowledge of the study area. unsupervised
classificaion outputs. information from previous researchs and the Anderson
classification schema concluded to the application of a classification schema
consisting of 6 classes: urban. vegetation. sand and gravel, sand dune, lime stone,

water bodies and shadow

Changes in land cover between the successive
two techniques in a mulu stage approach. Post classification comparnison and GIS
overlay are adopted with given attention to urban areas. The urban change detection is
used to identify the pattern of urban growth. Using spatial metrics like Land

consumption Rate and Land Absoprtion Coefticient wags very helpful to analyze and

Y1l



understand the urban growth pattern. Dniving forces behined Al A urban growth
along with associated 1mpacts on the city were identified. discussed and analyzed
An attempt to predict future trends to help the mumecipality to plan for better future of
the city was ivesugated. The outcomes from this study are a demonstration of the
embedded powerfulness of remote sensig and GIS techmiques for studying spatial
and temporal changes of land use m general and urban areas n particular. These
outcomes reveal that Al Am ety hived through a period of huge and rapid
development after the foundation of the Umited Arab Enurates in 1971. The expansion
of the city generally occurred at the expense of sand dune, gravel sand and hmestone

with a high density i areas close to the city centre.
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Chapter One

INTRODLICTION

1.1  Background

Al Am 1s an oasis town. often described as the "Garden City". Over the years.
the city has emerged as a centre tor agriculture. education and tourism (Dyck 1995:
Barrault 2003). Moreover. its conditions, for example. its geographic location,
geomorphology. water resources and chimate have encouraged its development to

become a modemn city.

Structurally. Al Ain lies on the castern side of a topographic and structural
depression between the Arabian shield and the Oman Mountamns. It 15 located on
gravel and outwash plamms, with a ndge formation runnimg tfrom north to south from
Bida Bint Saud to Hateet Mountam. The Al Jaww Plain is located to the cast of
Hafeet Mountain where 1t 1s drained by two mam wadis - Al Ain and Al Toyawwa.
The alluvium brought down by the wadis plays an important role in creating a fine
soil texture which played a significant role in the history ot plantation: the area where
the city 1s built 1s composed of deposits of alluvial silts and sands. These are
generally thicker to its north and east. while in the west. the deposit thins out with

gravel close to the surface (Master plan 1986).

Historically, Al Ain has played a significant role in the Arabian Peninsula
because of its geographic location. Beneficially, the city 1s located at the junction of
two major trade routes. namely between Abu Dhabi in the west and the mountain pass
to the Gulf of Oman in the east and Dubai in the north and the scttiement south of Al
Ain along the foothills of the Oman Mountains. Furthermore. its location on the edge
of the Empty Quarter meant it became a significant oasis, trading centre and stopping
point for caravans carrying merchandise across the Arabian Peninsula to India and

Persia (Hell and Buckton 1998).



The physical nature of Al Amn as an oasis where natural water, fertile soil and
relauvely deep loamy soil were available helped 1t to emerge as a penmanent
agricultural settlement.  Indeed. "the mmual scttlement of the city consisted of twelve
plantation villages where fertile silts washed down from the mountains could be
exploited with water drawn from the underground water table by means of the Afly)"
(Master Plan 1986). Histerically, the main urigation system was composed of the
Aflaj. namely Hill. Jimi, Qattara, &aa and Jahli, with each playing a worthy role in
trrigating the palm trees. The city had a large number of atlaj, possibly exceeding
300. Many of these still exist. but most of them have now become historic sites (Helo

19%3: Master plan 1998, Takhriu 2002).

The discovery of o1l in the Abu Dhabi Enurate in 1959, the estabhishment of
the nation n 1971 and the development of the Arabian Gulf countries led to the
United Arab Emirates in general, and Al Ain city in particular. to experience rapid
development 1n several sectors over a very short period of ume. During his
appoinument as the representative ruler in the Al Ain Region from 1946 to 1966. H.H
Sheikh Zaved bin Sultan Al Nahyan did not spare any eftort to improve the local
situation (Antom 2002)  His demonstration of wisdom began with settling disputes
with neighboring states and drawing up the borders between Oman. the United Arab
Enmirates and Saudi Arabia following the claim to Buramu by Saudi Arabia, and
ended with his desire to build a modem city with unique specifications. As a result,
Al Am witnessed a period of rapid change and growth in the areas of agriculture.

medical care and education.

Particular attenton was paid to agriculture and the irrigation s¥stem by
cleaning the aflaj and building the new Al Sarrou) Falaj. In addition. H.H Sheikh
Zayed bin Sultan Al Nahyan changed water distribution practice, and introduced a
water policy making water available to the public free of charge to increase fanming
lands (Barrault 2003). Previously. there had been two kinds of palm tree owners, the
first had farms privileged with a large percentage of the atlaj water, and who irrigated
their farms five times a month while the second, owners of small farms could only
irrigate once a month. The less irrigated farms had to be sold to the wealthier owners

during times of drought when they had been damaged due to the conditions (Arshani



The physical nature of Al Ain as an oasis where natural water, fertile soil and
relauvely deep loamy soil were available helped 1t to emerge as a permanent
agnicultral setlement. Indeed. "the imual settlement of the city consisted of twelve
plantanon villages where ferule silts washed down from the mountains could be
exploited with water drawn from the underground water table by means of the Atlay”
(Master Plan 1986)  Histonically. the main imigation system was composed of the
Aflaj. namely Hilh. Jum. Qattara. %aa and Jahh, with each playing a worthy role n
wrigating the palm trees. The city had a large number of afla), possibly exceeding
300 Many of these stll exist, but most of them have now become historic sites (Helo

19%3; faster plan 1998:; Takhriu 2002).

The discovery of o1l in the Abu Dhabi Emurate in 1959, the establishment of
the nation in 1971 and the development of the Arabian Gulf countries led to the
United Arab Enurates in general. and Al Ain city in particular. to experience rapid
development in several sectors over a very short period
appointiment as the representative ruler in the Al Ain Region from 1946 to 1966, H.H
Sheikh Zaved bin multan Al Nahyvan did not spare any eftort to improve the local
situation (Antomi 2002)  His demonstration of wisdom began with settling disputes
with neighboring states and drawing up the borders between Oman. the United Arab
Emirates and 5audi Arabia following the claim to Burammu by Saudi Arabia, and
ended with his desire to build a modem city with unique specifications. As a result.
Al A witnessed a period of rapid change and growth in the areas of agrniculture,

medical care and education.

Particular attention was paid to agriculture and the irrigation system by
cleaning the afla) and building the new Al Sarrouj Falaj. In addition. H.H Sheikh
Zayed bm Sultan Al Nahyan changed water distribution practice, and introduced a
water policy making water available to the public free of charge to increase fanming
lands (Barrault 2003). Previously. there had been two kinds of palm tree owners, the
first had farms privileged with a large percentage of the aflaj water, and who irnigated
their farms five times a month while the second, owners of small farms could only
irrigate once a month. The less irrigated farms had to be sold to the wealthier owners

during times of drought when they had been damaged due to the conditions (Arshani



1980, Qamri 1983). These agricultural reclamations led to an increase in agnicultural
production and estabhished Al A as a market centre for the w

result. today. the city 1s considered the second capital 3§ Abu Dhabi Emirate after Abu
Dhabi ¢ity and uts region plays an unportant role i tood sccurnity because of its
agricultnal development The first experimental farms were established in the city
and the area now produces high quality local vegetables and fruits at competitive

prices (Hellver and Buckton 199¥).

Durmg that same period. medical care and education also witnessed great
improvements. For anstance, m November 1960. the Oasis Hospital played an
important role m the provis i
be established in the region (Dyck 1995). The establishment of Al Mahyaniaa Primary
School in 1955 followed by the Islamic Insutute tor Qu'ranic Studies in 1967 started
Al Ain’s educational transformation. These developments were the first steps in
bringmg Al Ain mto a new
cultural role in both the United Arab Enurates and the Gulf countries  As a source of
knowledge. 1t hosts a number of umversitics and colleges. particularly the main
national umiversity. the United Arab Fmirates University (UAELT), Abu Dhabi Private
University. Al Ain Technology Private University and the Higher Colleges of

Technology (Qanim and AlQavdi. 2001).

In spite of its modermization. the city s
character and its harmonious relationship with the oases has survived to the present
day. Significantly, historic buildings, original physical fabric and setting assist to
preserve its integrity. In addition, social customs and traditions have been preserved
and many continue to be respected through their regular practice. such as, wedding
celebrations. Bedouin hospitality. falconry. and camel racing (Retrieved 02 April.

2009 from http:/ whc.unesco.org/en/tentativelists/5266/).

Even though the urbanization of Al Ain city during the last three decades
came primarily as a result of its geographic location. oil discovery, establishment of
the nation. and the wise leadership of H.H Sheikh Zayed bin Sultan Al Nahyan. It
cannot be denied that, additional driving forces contributed significantly to the

urbanization process. The various political events in the Arab countries during the



last six decades. for example, the 1973 War with Israel. lrag-Iran War (1980-19%%
Second Gult War (1990-1991) and Arab-lIsrach confhict since 1948 had an indirect
positive impact for the Umited Arab Enurates. For example. n 1973-1974_ the price
of o1l increased threefold. and consequently mcreasing o1l revenue utihzed for
continuimg economic development. Furthenmore. and notably.

e workers from a number of countries and especially those sutfering from poar
pohtical conditions migrated to the Gulf region due to the availability of work
opportunitics (Mver 1992; Shamsi 1996).

e 1 addition to the expansion of the work force. the enhancement ot medical
care lead to a reduction i infant mortality rates and longer hite expectancy and
hence contributed to population growth.

¢ the neighbourhood and open political boundaries between Al Ain and Buraimi
District (Sultanate of Oman) unul very recently contributed to the urbamzation
of the city; a substantial number of Omams depend on Al Ain citv for
employment. work. study and shopping.

e cconomic development and increased per-capita mmcome lead to more
individual investment in different sectors such as industry. commerce and real

estate.

“Ithough the conversion of Al Ain from a number of small villages with very
simple capabilitics to a modern city offering all aspects of welfare, urbanization
comes with both advantages and disadvantages. For mstance. the growth
agricultural activities has seen the creation of a very large workforce whose
contribution to population growth contlicts with the objective of reducing an
expatriate workforce (Master plan 2006). On the other hand. urbanization is the result
of a reclamation process that has seen the desert give way to a green garden. In this
way. the nature of its urbanization differs from that of other countries where urban
development came at the expense of green areas. for example. Indonesia (Dimyat et

al 1996). Canada (Hathout 2002) and China (Weng 2002).



1.2 The Study Area

1.2.1 lLocation and size
% Am city s located 1in the Eastern region of the United Arab Emirates
between 23" 45" and 247 40" North and S47 05" and 56 l:ast with an average alutude

of about 270 meters above sea level (Al Am Town Planning and Survey Sector 2008)

Today. Al A s the fourth largest city in the United Arab Enurates and the
second largest in the Enurate of Abu Dhabi. with a population of 421.948 (2005
estimate). 1t s located at 160 km east asf Abu Dhabi city, and approximately 130 km
southeast of Dubai. Al Ain s linked by a six-lane dual highway to Abu Dhabi ity
(Al Ain - Abu Dhabi Road) and Dubai (Al Ain — Dubai Road) and 15 approximately at

a one and half hour drive trom either city

Why has Al Ain city been chosen as the study arca? For varied reasons, including: -
(1) The site ofters a discrete boundary for analysis (Al A Mumicipality Boundary).
See Figure 1.1.

(2) The availability of high quality remote sensing imagery of this site n
georeferenced format

(3) Prior to the period of urban growth. the site contained a number of green oases, so

it 1z an ideal example for observing the effect of urbanization on the oases.
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Figure 1.1: Study Area

Source: Al Ain Town Planning and Survey Sector

1.2.2  Physical Setting

Al Ain has a dramatic natural landscape surrounded by red sand dunes from
the west and north, Hafeet Mountain on the south and rocky gravel plains to the east.
The most attractive feature of Al Ain is that no buildings are more than three storeys
high (22m) with the exception of some hotels, universities and hospitals (TPSS,
2009). Furthermore, there are many different factors affecting the climate of the city

such as its location, distance from the sea (Continental), relief and pressure zone.



The location of the city nside the desert at some distance from the coast of the
Arabian Gulf to the we Grulf of Oman to the east. affects s chimate
According to the classiticauon of Koppen. Al Ain’s climate 1s classitied as and desert
(BW) (Qamim 1991, Qamm and AlQaydi 2001) where davtime temperature increases
durmg the month of July to 40 degrees Celsus with htle and sporadic raintall  The
rain usually falls m the w
Book 2000)  The year 2000 chimate data indicates that. the maximum temperature
recorded in Al A w 0 s
9 degrees Lelsius.  The total ramnfall m the city wa

maximum recorded in the month of December.

In addition, the location of the desert city shelters 1t trom high hunudity. The
average humidity in Al A city in the summer 12 78% compared to 90%, observed in
cities Iving on the Arabian Gulf or the Gulf of Oman. Also. the sand dunes bartier to
the west and the mountam chams to the east protect the city from the affect of winds
and sea breeze coming from the cast and w
for making the city a favorite holiday desunation for inhabitants of big coastal cities

like Abu Dhabi and Dubai (Qamri 1983: Qanim and AlQaydi 2001).

Indeed. there is a correlation between chimate and vegetauon: chimate attects
the vegetation cover and the vegetation plays a significant role m nmugating the harsh
climate conditions associated with dry lands. Plants in Al Ain are xerophytes (Qanim
and Al-Qaydi 2001) that can adapt to and survive in dry condinons. The annual
vegetation grows after rainfall events and survives only for a short period. Winter.
where most of the rainfall events occur. extends from December to March. In addition
0 ramnw S
valleve (Qanim and Al-Qaydi 2001). In fact. it has several natural groundwater
springs that feed the vegetation and oases (Qamm 1991) Beside groundwater, water
used in the citv for residential. industrial. agricultural and landscaping purposecs
comes from desalinated sea water. brackish groundwater and treated sewage eftluence

(Master plan 199%).



1.2.3  Socio-F.conomic¢

As the home-town of the rulmg family of the nation, there was a strong desire
to develop Al Am mto a modemn garden ety (Master Plan 19%6) The development of
the ¢ty s reflected in the populaton growth and the radical transformation in its
urban space and has included investment programs involving roads. housmg and

uttlinies

In the past. the Gulf socienies were small and did not have the technical skills
o undergo radical modermzaton  Indeed. the cites on the Gulf. in general, never
achieved a high urban status prior to the discovery of the oil because their poor
environmental setings compared to the neighbouring urban centres in Oman. Iraq.

Iran and India (Ouf 2000).

Revenues from oil enabled the hiring of a large expatniate skilled and
professional workforce that playved a cntical role m the urbanization process. This
worktorce contributed substanually to the populauon growth of the city (Khalaf and
Al Kobaisi. 1999). In additon 1o the expatriate workforce. the United Arab Emirates
EIniversity plaved a major role through the attracton of students from all over the
country (Hellver and Buckton 1998)  The urban population in the city increased from
144,672 1in 1985 1o 179.640 i 1990 with a further increase to 218.510 in 1995 and
284.039 1n 2005 (Staustcal Year Book. 1989 and 1995: Al Ain Town Planning and
Survey Bector 20081 During this period. the city also witnessed construction of new
builldings. development in commercial and industrial activities, the use of modem
methods and equipment for agriculture and irrigation. Alongside these, development
of 1ts infrastructure. such as roads. bridges. clectricity, and sewage contributed to 1ts

notable expansion (Qamri 1983).

1.3 Scope of the Research

Bumerous studies have been carried out worldwide using Remote Sensing
(RS) and Geographic Information System (GIS) tools to detect urban expansion.
However, previous studies of the development of Al Ain conducted by Qanim (1986).

Al Ain Town Planning Department (Master Plan 1986). and Qamm and Al-Qayd:



(2001) were based on staustical indicators and tield surveys. The only exception is an
urban growth study by Yagoub (Yagoub 2004) that is based on a combmation i
statistical data. remote sensing and Lil% to deteet change for selected sites m the city

using a post classification image difference approach

The research presented in this dissertation 1s tundamentally ditferent from
previous studies in that t relies on the classitication of the whole region of Al Amn
using remotely sensed 1mages from 3 tine periods and then GIS to map change by
tracing trajectories from urban to non-urban classes and to calculate a set of urban
spatial metrics. Fven though the study focuses on changes n the urban class, the
classification and change detection maps created as pant of the study encompass a
wider range of classes that are available to researchers in a GIS format for use mn a
wider range of apphcations. For instance, data sets created as part of this rescarch can

subsequently be used to study the impact of urbanization on oases in Al Ain regron.

The overall aim of this research 1s to portray the pattern of urbanization
through the use of spatial metnes. such as. the Land Consumpuon Rate. Land
Absorption Coefticient. Annual Urban tirowth Rate. and the Percentage of Built-up
Land in Al Am city between 1972 and 2000 In addition. there 1s a desire to identify

its driving forces along with their endemic impacts and future evolution.

1.4 Aim & Objectives

The research will also attempt to achieve the following specific objectives. to:

1. outhne the urbanization process of Al An city using existing documents:

1o

apply remote sensing and GIS techmques to estimate the urban growth rate
during the study period:

3 map spatal distribution and direction of urbanization during the specified
period by applying change detection techniques and GIS overlay analysis;

4. identify the driving forces of urban growth across the study period.

'h

evaluate impacts of urban growth on other land use classes:

6. evaluate urbanization trends and predict a possible future evolution of the city

L]



Chapter Twis

REMOTE SENSING AND GIS TECHNIQUES IN URBAN STUDIES

2.1 Background

Remote Sensing technology s essenual for dealing with dynamic phenomena
on the surface of the Earth such as urban growth. Devices orbiting the carth at high
altitude 1image 1ts surface and prirduce spatial data necessary to manitor and estimate
urban growth etfectively over nme  Fortunately. during the past decades. this
technology has witnessed remarkable development i the capability of providing
repetitive data of the same area  Likewise, spatal. spectral. and temporal resolutions
of satelhite 1mages have witnessed notable advancements. Spatial resolution. for
instance. jumped from 80m m the early 1970s to less than Im n the year 2000, while
spectral resolution increased from around 4 bands 1 1972 to more than 210 bands
with the hyperspectral technology durmg the same period. Temporal resolution has
scen shorter visiting time and even imagmg on demand. In addition. substantial
advances were made in the area of stereo-imaging and 3D mapping. The combmation
of all these factors has made the study of urban growth casier and more effictent.
&oreover. RS technology 1s cost-effective compared to conventional methods of
mapping and monitoring usually used n urban studies. which are time consuming and
relatvely highly expensive (Massasat 1991: Yagoub 2004: Opeyenu 2006; Saleh and
Rawashdeh 2007. Jat et al.. 2007).

In addition 1o the use of R% to monitor the spatal and temporal vanability of
LULC (Jat er al. 2007). Gl& plays a key role in providing a framework for spaual
analysis of remotely sensed data products and other sources of spatial data (Donnay er
al., 2001). The mtegration of RS and GIS can be carried out in one of three ditferent

ways: (1) RS can be used as a tool to gather data sets for use in GIS: (2) GIS data sets



can be used as ancillary information to improve the products derived from R% and (3)

RS and GIS data can be used together for modeling and analysis.

Lirban growth 1s a phenomenon that has been and 1s sull occurning n the
majority of the cities of the world  Foody (2001) and Jensen (2005). found that its
impacts are i the area of LULC change. which 1s considered a major component of
global change with impact perhaps greater than chmate change NMoreover.
urbanizaton s responsible for some serious problems facing big ciues today
Ixamples range from traftic congestion and urban sprawl as was the case m Atlanta
aty (Yang and Lo 2002) to urban heat island as m Zhujpang Delta. Chma (Weng
2001) Yang and Lo (2002) found that Atlanta city witnessed notable urban growth
from 1973 10 1998. this growth came at the expense of forest, cropland and grassland
Indeed. many studies demonstrated that urban growth m most cities around the world
led to the loss of agricultural area (Yeh and Li 1998; Stewart 2001: Yang and Lo
2002. Hathout 2002). In contrast. Dwived e7 al.. (2005). found that urban growth in
parts of Ethiopia led to a decrease of barren land.  Sinularily. Yagoub (2004) found
that desert land i the city of Al Ainin the UAE had decreased trom 66,105 hectares
i 1990 to 43405 hectares in 2000 with vast desert areas bemng converted to

agricultural farms

Lithun growth has its own driving forces and several authors reported that
ccononug  development. industnialization. population  growth. nugration, traftic
infrastructure, topography and policy strategies are the major factors contnibuting to
its progress (Masek er al, 2000; Herold er al.. 2003a: Yagoub 2004; Mundia and
Aniva 2005: Than er al, 2005: Xiao er al., 2006). In contrast. there are several
constramts that control its cxpansion rates and directions such as. mountams, water
bodies. and political boundaries. Barredo and Demicheli (2003) found that Lagos city
i Migena did not witness notable development on its south and west sides due to
existing water bodies. which stood as constraints agamnst its development m those
direcions. Furthermore. Mundia and Aniya (2005) found a number of negative
factors that discouraged the expansion of Nairobi city mn certain directions. such as,
brown and black clay soils. the Mairobi National Park. as well as the safety zone and
noise corridor surrounding the Nairobi International Airport.  Similarly. Yagoub

(2004) found that Al Ain Valley. Hafeet Mountain. high sand dunes and the
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conservation zones of the defense and zoo areas represent both natural and legal
constramts to the expansion of Al Aun city to the south-east.
p

2 RS and GIS techniques in urban studies -with special focus on
dryland cities

T'he driving forces and constramnts of urban expansion can be analyzed
after the monitormg and detection of change n a given area using change detection
methods For almost thiee decades, extensive rescarch eftforts have been directed
towards urban change detection using RS mimageny (Yang and Liu 2005)

In tact. the employment of R and GIS technigues in urban studies is one of the topics
that occupied a srgmficant place m urban studies literature.  The various topics
covered i urban studies include. urban sprawl (Jothimani 1997: Yeh and Li 2001
Sutton 2003, Sudhira er al.. 2004 Jat er al.. 2007). urban expansion (Pathan er al..
1993, Yeh and L1 1997, Dar er al., 1996: Yeh and Lt 1998; Chen er al, 2000; h er al
2001, Weng 2001. Hathout 2002. Yagoub 2004: Forsythe 2005: Mundia and Aniva
2005: Xwao er al . 2006, Zhao er al.. 2007: Saleh and Rawashdeh 2007) and urban
modelhing (Sui 1998: Ward er /., 2000: Ly and Yeh 2000: Allen and Lu 2003: Cheng
2003. Barredo and Denucheh 2003, Herold er a/. 2003a: Weber and Puissant 2003:

Yang and Lo 2003: Oguz 2004: %udlira er al . 2004: Jat et al , 2007).

Special attention s given herem to urban studies of cities with conditions
similar to those of Al A ity such as, Seeb District in Oman: Al-Ahsa Oasis in Saudi
Arabta. Doha in Qatar: £ airo m Egypt: Bombay in India: Amman, Ma'daba and Irbid
ciies m Jordan and Istanbul in Turkey. In the Gulf region. three case studies
mtegrate  R% and GIS techniques to study urban growth and detect change in three
major cities: sceb District in the Sultanate of Oman by Al-Awadhi and Azaz (2005):
Al Ahsa Oasis n saudi Arabia and Doha city n Qatar (Belaid 2006). The last two
studies mvestige the effects of change on land use categories and predict the direction
of growth. Therr results revealed that. the built-up areas increased during the study
period in all three cities. while the agricultual arcas decreased in both Seeb District
and Doha city and increased in Al Ahsa. On the other hand, Yagoub (2004)
monitored the urban growth of Al Ain city over the last three decades using RS and

GIS. by focusing on sclected sites in the city. and found that its development was not



at the expensce of green arcas which expanded over the same period due to the
conservation of agricultural arcas and desert reclamation

In Caro aiy. Y er al.. (2005) focused on the spatial extent of urban land use
rather than its mtemal vanation. That study analyzed the relationship between the
built-up surtace and population distribution as indicators of wban expansion  The
result revealed that built-up areas increased at the expense ot desert and there was a
strong correlation between built-up surtaces and populanon density
Pathan er o/ (1993) also studied the relanonship between the population and urban
growth i the Bombay Metropolitan Region during 1986-1989 1 order to estimate the
requirements of urban development untuil the yvear 2001 Their results indicated that.
all zones mvesugated m the study witnessed an increase in built-up areas and
population growth except for the central Busiess District (CBD). which may have

been growing in a vertical direction.

Usmg R%5 and 4if% to study the urban expansion mn three Jordaman ciues.
Amman. Ma'daba and Irbid. detected the causes ot uncontrolled urban growth (Saleh
and Rawashdeh 2007). The authors found that the urban area in the three cities
increased during the study period following major roads and tertile lands. whereas the
addition of war-ume Palestinian refugees and the internal nugration of Jordamans has

led to rregular, but massit e urban growth.

Fially. in their study based on mtegration of R& and 1115, Maktav and Erbek
(200%) used RS to investigate the impacts of urban growth on land use changes,
particularly on agricultural land n the district of Buyukvekmece in suburban Istanbul.
They used 1mage differencing and image ratioing methods to detect change and an
MDVI based index as an indicator of lack of vegetated arcas. The results revealed
that, urban growth was mainly driven by population migration leading to a decrease n

agnicultural areas.

2.3 Classification and mapping of urban areas

Determining a definition of wurban areas is essential 1o monitoring urban

growth. Urban definitions and urban classificatons are two of several subjects that



concermed indinviduals. governments. and the Umted Mauons (L), Although there
arc vartous defimtions of urban, there 1s one clement that 1s common to all these
detimtions: the existence of man-made structures related to the city (Massassati
1991). In this rescarch. we define urban arcas as man-made structures (e.g buildings,
roads, pavements) and vegetation covered area (¢ g. oases, tarms. parks. agricultural
arca mside the ciy) The argument behind merging built-up with vegetatnon to form
urban areas 1s twofold: firstly i the study area it 1s found that built-up always led to
the occurrence of new vegetation cover. as m the past. where oases and farms had
been the most populated sites. Becondly. Al-Awadhi and Azaz (2005) used this same
definition for their study on urban growth of Seeb Distriet in Chiman and obtained good

results in their monitoring study.

RS s considered as a source of information used to characternize the LIILL at
local. regional and global scales (Townshend and Justice 2002: Lunetta and Lyons
2003) LULC can be extracted by classification based on statistical pattem recognition
techniques apphied to multispectral remote sensor data (Marumalant er /.. 2002). In
general, classificaton methods are divided nto two methods - supervised and
unsupervised  The unsupervised classification allows spectral clusters to be idenutied
with a high degree of objecuvity (Yang and Lo 2002: Mundia and Aniya 2005).
where the user does not require specitying information about the features contained m
the images. The software idenufies the homogenous pixels and puts them m one
cluster. The ISODATA (lterative Self-Orgamzing DATa Analvsis) cluster algorithm
1s one of the most frequently used unsupervised classitication algorithms used to
identify a spectral cluster. Then the user combines unsupervised clustering and labels
them (Jensen 2005: Alundia and Anmiya 2005). On the other hand, supervised
classification requires the user to detine training sites with known land cover type.
which are used to derive the spectral signatures of the land cover classes from
specified locations in the image. Supervised classitication algorithms are divided into
parametric  (c.g Maximum likelihood) and nonparametric algorithims (e g.
Parallepiped and Minumum Distance). Parametric algonthms assume that the spectral
response n each class follows a Gaussian distribution law (Serra er al., 2003) whereas

nonparametric algorithms make no such assumption (Jensen 2005).



Even though it requires prior knowledge ot representative sites of the study area and
of the land cover classes of interest. supervised classification remams the method of
choice tor land cover change studies where the conversion from and to a predefined
set of classes 1s assessed (Rogan and Chen 2004). Among the different supervised
classification algonthms, the maximum likelhihood algorithm s the most widely used
m land cover mapping (Murai1996) and n urban growth studies (e.g Flnazir et al .

2004, Yilmaz et al . 2006 and Xiao et al . 2006).

A hybnd classifier combining an unsupervised classificaton approach with
tramng areas 18 actually the supervised process leading or comphmenting the
unsupervised one (Lillesand and Kiefer 2000) It has proven more successtul than the
maximum likehihood classifier (Sema er fl.. 2003). As a result. the hybrnid
classitication was adopted i this stud¥ in order to classify the satellite images mto
different land use classes in the first step then grouping them into urban and non-

urban areas

2.4 Use of Spatial Metrics in urban studies

R% 1s an aimpontant source of data for spatial metric analysis (Barr and
Bamsley, 2000)  There are many simple idices computed from thematic maps used
to quantify the pattern and structure of an urban environment (Herold ¢/ «f.. 2003a).
The adoption of these indices for landscape ecology has been identtied as landscape
metrics (Gustifson. 199%). Several landscape metrics were primarily used m
ecological mvestigations. which then were cxtended to be used to improve the
understanding of urban forms (Sudhira er a/. 2004). From the literature review
(Gustafson 1998; McGarigal er al., 2002). it was found that spatial metrics are
commonly used to quantify the shape and pattern of quasi-natural vegetation in
natural landscapes (Herold er al.. 2003a). However. there is not a continement of
thesc metrics to vegetation studies as, there has been an increasing interest in applying
spatial metric techiiques in an urban environment (Herold e af . 2002). For instance.
Sudhira er al.. (2004) computed Shannon's entropy. map density and patchiness to
detect the urban sprawl phenomenon m Mangalore, Udupi region in Karnataka state.

India. Yang and Lu (2005) used an imperviousness index which was found to be a



usctul alternauve for quick and objecuve assessment of urban spatial growth,
especially over large arcas. Herold er «f. (2003a) calculated twenty two spatial
metrics. ¢ g. percentage of landscape. patch density. edge density. mean patch size.
largest patch index. n the urbanized arca of the south-coast region i Santa Barbara
County. Calitornia. to describe the spaual charactenisues of land-cover objects within
cach land use region as derved trom mterpreted aenal photographs. Tian er al
(2005) calculated urban land percentage and urban land expansion index for every one
square kilometer cell throughout Ching using ArcGl%  Xiao er of., (2006) evaluated
the spaual distnbution of urban expansion mtensity by applymg annual urban growth
rate (A1HR) used for evaluating urbamzation speed of a umt area. Land Consumption
Rate and Absorptuion Cocthicient metrics were computed by Opevenmi (2006) to
quantty and assess the amount ot change n the built-up land n Tlorin, Nigeria.

The use of spatial metrics in the previous studies, in an urban environment
demonstrated that spatial metries -

e huve been used tor detailed analvses of the spatiotemporal patterns of urban
change.

e ofter enhanced deseription and representation of heterogencous urban areas
and provide a link between the physical landscape structure and urban form.
funcuonahty and process (Barnslev and Barr. 1997);

e are usctul m providing the most mmportant information for differentiating
urban land uses:

e are considered an important tool for the analysis of urban mapping derived
from RS data.

e play an efticient role 1in capturing the dynamics change of urban growth:

e are useful for the analysis of urban growth because they provide a
comprehensive method for the description of process, the comparison between
cities. and comparison with theory.

However, 1t should be noted that the spaual resolution. extent of the study area and
level of detail in the landscape classification affect the absolute values of these

metrics (Herold er al., 2003a).

Although several spatial metrics were used i urban studies, only four of them

are used m this study for their simplicity and case of interpretation. They are: Land

16



Consumption Rate (LCR). Land Absorption Coetticient (LAC). Annual Urban
Cirowth Rate (AGR). and the Percentage of Built-up Land (PLAND U).

2.5 L hange analysis techniques

Change detection "is the pracess of idenutving differences i the state of an
object or phenomenon by observing it at ditferent times” (Lu er al . 2004, Opeyen
2006)  The change detection can be seasonal. for example. snow coverage, flooding.
agncultural practices, natural vegetaton growth cycles or permanent. for example.
urbamzaton. forest clear cutung or surface minmg (Avery and Berhin 1992) In fact,
several studies have applied change detection 1n order to monitor LEILC and urban
growth changes (Kwarteng and Lhavez 199%; Yeh and Li 1998, Petit and Lambin
2001, Yang and Lo 2002: Zhang 2002). There exist difterent change detection
algorithms using satellite digital images, such as. image differencing. visual analysis
of mulu-date images. vegetation index differencing. image difference. principle
component analysis (PLA). Selective Principal Components Analysis. Direct mulu-
date classitication and Post-classitication analvsis (Kwarteng and L havez 1998: Nass
1999. Yagoub 2004) with each algorithm having its advantages and disadvantages

(Jensen 2005)

In this study. a post-classificaton comparison change detection approach
based on comparing two classitied 1images with GIS overlay was adopted. This
approach 1s commonly used i LULC change studies and offers a quantitative
measure of change n individual classes suntable for exanunimg LULL dynamics
(Serra er al., 2003: Lu er al., 2004; Mundia and Aniya 2005). Moreover, it produces a
detailed "from—to" change detection as it has the potential to detect the nature of
urban LULC.

The following points summarize the mam characteristics of the post-
classification method (Jat ez al.. 2007: Zhang 2002: Mas 1999): -

I. 1t s less affected by different vegetanon phenology and soil maisture
compared to the map algebra method;
2. 1t 1s less sensitive to registration errors and it 1s possible to integrate

interpretive knowledge into the classification procedure:



3 umages intended for post-classification change detection. do not require the
performance of atmospheric corrections or normalizations.
4 al=o it s easy to mplement in a £x1% environment
However. the post-classiticanon companson method has the disadvantage of requiring
scparate classificavon of nput data and compounding errors from both input

classiticaton maps

2.6 GIS Overlay analysis

In recent decades. RS has been the most widely used source of data for change
detection (Lu er al., 2004). However, this has not prevented the occurrence of Glis-
based change detecton. which meludes the integrated GIS and RS methods along
with pure GIS methods alone

Integrating GIS and remote sensmg can be applied by the incorporation of
imagery and GilS data. such as the overlay of GIS layers directly on umage data and
transfer the results of 1mage processing mto a GIS svstem for further analysis.
Addinonally, 1t allows access of ancillary data to help n the nterpretation and
analvsis of remotely sensed data and offers the ability to directly update land use
informaton in GIS. However. different data quahty from various sources can degrade
the results of LULC change detection in general (Lu er o/, 2004). Liu and Zhou
(2005) adopted in their study the mtegratuon of RS, GIS, and muluvarate
mathematical models, where the LL'LE and spatio-temporal patterns were modelled
by LULC change trajectories over a series of observation vears. Yang and Lo (2002)
used an unsupenvised classification. GIS-based 1mage spatal reclassification, and
post-classification comparison with Gl% overlay to map the spatial dynamics of urban
LULC change in the Atlanta. Georgia, metropolitan arca. Their results revealed that.
this hybrnid approach offered many advantages over traditional change detection
methods in multi-source data analysis. They found the combination of post-
classification comparison and GIS techimques has made possible the production of
sngle-theme land use/cover change maps. which emphasize spatial dynamics. These
successes were the reason for combining two techniques in a multi- stage approach

post classification comparison and GIS overlay i this study.



2.7  Modelling urban change with GIs

Modeling of an urban development pattern 1s a pre-requisite for local urban
planners to understand the coamplex urban growth process (Cheng and Masser. 2003)
LIrban growth modehing and prediction history essenually started m the 1950s. slowed
down m the 1970s and 1980s. and then it saw a strong revival in the 1990s. benefiting
from mprovements n spatial data availability and advancements o computer

technology and ©il% (Allen and Lu, 2003)

A model 1s a simplified representation of the real world and 1ts processes. It is
a summary of data making gencral statements about the existence of phenomena and
their operation. €15 modeling uses spatial analysis techniques in the production and
modeling of spatial phenomena, it has two maimn objectives: to understand and to
predict (Lo and Albert Yeung, 2002). The predictive model has provided a vision of
the tuture. good or bad. that 1t is hoped will draw public attention along with an
increase m environmental awareness.  Indeed. urban modelmg and growth prediction
15 the frontier of urban studies (Allen and Lu 2003). &cveral urban studies have seen
the application of modelling. such as thise off Swi 1998: Li and Yeh 2000: Lo'pez e
al, 2001: Allen and Lu 2003, Cheng and &asser 2003: Martin e7 al., 2003: Yang and
L 2005: Jat er al.. 2007 and Yuan 200%) as a result of its usefulness for planning
managers and decimion makers in guiding urban development correctly to minimize

the impact on the umportant sites (Li and Yeh 2000).

Conversely urban modeling has its limitatons in the quality and scope of the
data needed for their parameterization. calibration and validation of application and
performance. Likewise, it suffers from a lack ot knowledge and understanding of the
physical and socio-economic drivers that contribute to the pattem and dynamics of
urban areas (Batty and Howes 2001; Longley and Mesev 2000: Herold er al., 2003a).
However. modelling was not in the scope of the actual study and may be the subject
for future mvestigations n future studies. 1 think that researchers have to think
developing such models for the city of Al Ain to help in planning and predicting the

future growth rates and directions of the city.



Chapter Three

RESEARCH METHODOLOGY

The tollowing Flowchart summarises the methodolagy used i this study

details are outhned m the next sectuons and subsections of this chapter.

Accuracy assessment tor
Selected study arca - LULEL and urban area
(AL A Munmcipality (samphng techmques and
boundary) | acnal photographs, map)
Data procurement Extract Lirban class
(Landsat MSS, (create a binary map for the
INMLETHE= acnal three date, urban and non
photographs) d urban) 1
Spatial data preparation Calculating spatial metrics
] i
I Il
i_hange detection analysis
Developimg of classification (Post-classification
scheme companson and GIS
4 Overlay) W
| i
Hy brid Classiticaton Statistics
(Unsupervised then ~
Supenvised) = Thematic map
4 1]

Figure 3 1. Methodology Flowchart
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3.1 Spatial datasets, Software and Hardware.

A time series of Landsat satellite images spanning the period from 1972 1o
2000 were used a= a primary source for extracting the main land cover classes in the
study arca. Al Ain Municipality Boundary shapefile was used to generate an AO!
(Area Of Intrest) and was implemented in ERDAS Imagine 8.7 1o subset the study
arca from all images. Tabel 3.1 shows the st of primary as well as secondary data

used i the re=ecarch.

Table 3.1 List of pnimary and secondary data used

Data Type Primary/sec Date Format Resolution =source
ondary / Accuracy
Landsat M%& primary 29 January g S7 meter UAEI
1972
Landsat TM primary 2K august .amg 2K.S meter L'AEU
1990
Landsat ETM+ primary 23 March amg 15 & 30 L'AEU
2000 meter
Aenal photos secondary 1976 Geotif 1:5000 Al Ain Town
Planning and
Surveying Sector
(TPSS)
Aenal photos secondary 1983 Geonif 1: 50.000 Al Ain Town
Planning and
Surveying Sector
(TPSS)
A8 Al land use secondary 2000 mg 30meter UAEU
map
IKONOS secondary 2000 & 2006 | .amg 4 meter/ L'AEU 'Al Ain
I meter Town Planning
(data and Surveying
fusion) Sector (TP&S)
Master Plan of Al secondary 1986- 2000 — —_— Al Ain Town
Ain Region & 2000-2015 Planning and
Surveying Sector
(TPSS)
Al An primary 200% shapfile — Al Ain Town
Administrative Planning and
boundary map Surveymg Sector
(TPSS)
Geology map secondary 2009 JPEG [ 1:120000 | UAEU
Demographic data 1ec-onda|) 1989 _ _ Al Ain Town
1995 Planning and
2001 Surveymg Sector
2005 (TPSS)/ UAEU




RS 1mages covering the study arca were procured from the United Arab
Emirates University -~ GIS/RE Masters program and used as a pnimary data source to
map all LULC classes m the study area. mcluding the urban areas so as to exhibit
physical growth i every decade period since early sevenes to the late nimues. All
images are rectitied to a common Umiversal Transverse &lercator (L/TM) coordinate

svstem. zone 40 and the WGS 84 Datum

Softwares used m this study include. ERDAS Imagime version %7 which was
used for displaying. enhancing, processing and analvsing the images: Arc GIS version
9.3 used tor editing vector data, pertorming overlay analysis and laying out maps.,
Excel %15 was used for calculaung the metrics and creaung the charts: finally M%
Word processor used for writing and compiling the drafts  Furthermore. hardware
used includs PC Pentium 1V and HP Desklet D1650 color printer. All lab works were
exccuted in both the GI% RS laboratories of the UAEL! and the Al Ain Towwn Planning

and Sunvev &Bector (TPAS)

3.2 Data preparation.

Spanal data was the subject of the tollowing preparation and pre-processing
tasks -
a. Upload and stack the different images (MSS 1972: TN 1990):
ETM+ 2000). Thermal bands are excluded.
b. Adjust vector files coordinates to tit with the UTM coordinate system
c. Use of Al Ain Municipality boundary polygon shape file as an Area of
Interest (AOI) to subset the raster data
Geometric correction is an essential step for remote sensing data. It is a process of
correcting the systematic and nonsystemic errors i the remote sensing system during
the process of image acquisition (Jensen. 2005). Therefore Geometric correction of
the 1976 aerial photography and the 1990 landuse map was performed by collecting
ground control points (c.g. a road intersection) from existing IKONOS images: and
registered to the UTM. zone 40 and WGS 1984 datum. Twenty-five, well distributed.
ground control points (GCPs) and 11 check points were used to correct the 1976

aerial photography.(Figure 3.2) Likewise. twenty (GCPs) and 10 check points were

e |



used for correcting the 1990 landuse map. In both cases, a first order polynamial wa

used resulting in an RMS error of less than half a pixel.

Figure 3.2 : An example of GCPs distribution of 1976 acrial photograph.

3.3 Image classification.

Motably, there is no single classification system that can be used for all types
of imagery and all different scales. Up to the present, the Anderson classification
system also referred to as the U.S.Geological Survey (USGS) classification scheme
continues to be the most successtul scheme compatible with RS data. Most available
schemes are in fact a kind of new versions being modified from this first scheme e.g.,

Opeyemi (2006).

“fundia and Aniya (2005) found that some considerations should be
attentioned during the design of a classification scheme, including :- (1) The major
LULC categories within the study area: (2) Differences in spatial resolution of the
ensors: (3) The need to consistently discriminate LULC classes irrespective of the
seasonal differences. Therefore. in this study, and based on: prior knowledge of the

study area, unsupervised classification output of the three dates, findings of previou



studies and the Anderson classification scheme, the following six classes were

adopted to represent most land cover types present (Table 3.2).

I. Lirban (built-up including roads and buildings).

o

\'egetation (oases, tarms. parks).

9

=and and gravel (dark soils).
4. =and dunes(bright sand).
5 Limestone.

6. Water bodies and shadow.

Table 3.2: Land cover classification scheme

Code Description Sample

Urban (built-up including:
roads and building)

Vegetation (oasis, firms

mnrks)h

Sand and gravel {dark soils)

Sand dunes (bright sand})

Limestone

Water bodies and shadow




Indeed. the number of classes 1s the most important parameter when apply g
an unsupervised classification where an increased number of classes may give better
results, but will consumie time and effort when cluster labeling 1s underway (Yang and
Lo 2002: Mundia and Anrva 2005). To obtain the optimum number of classes.
different iterations has to be empirically tested until we reach the optumum number
that gives the best discrimmation possible among classes Yang and Lo (2002) and
Mundia and Aniya (2005) found that. the number of maximum iterations and the
convergence value also has an effect om classificauon. The laters achieved better
results for differenuation between the vegetation mixed with other types of land cover
by applying these criteria. They found 40 classes to be the optimum number for TM,
ETM+ and MSS data while 80 was the maximum number of iterations allowing the

clustering to stop naturally upon reaching the convergence threshold of 0.990.

In this study. we started arbitrarily with smaller numbers of classes to be
incremented after each iteration. The problem of discrimination between oases. dark
sands or shadow soon became obvious. therefore 67. 80 and 60 iterations with a
convergence value of 0990 for all images were found most suitable for MSS, TN and
ETM+ respectively. Resampling the images to a tiner resolution was carried out
some studies in order to solve mixed pixels concems (Fung 1992: Lodhi et al.. 1998:
“erra ¢r al.. 2003). Resampling the Landsat M5S to 30m was carried out using
bilinear mterpolation then nearest neighbour to achieve better classification accuracy.
Unfortunately. this did not give better results Consequently. we did not adopt
resampling method and the Landsat MSS image with 57m spatal resoulution was
used. Labeling of classes based upon the orniginal image n a false color composite and
clustered map were displayed together using geolink and swipe tool in ERDAS
Imagine. In addition. aerial photographs from 1976 and 1998 were used %o as to label

the pixels in the correct classcs.

Supervised classification was the second step i our image classification
scheme. Signatures resulted from the unsupervised classification process were merged
and recoded in ERDAS Imagine, to keep optimum number of the main six land cover
classes in the study area; then we used the maximum likelihood algorithm with
traing sites carctully selected from the unsupervised classification results to run the

supervised classificaton. Furthermore. classified images were filtered using a 3 x 3



majonty filter to remove speckles and to smooth the resulting images and decrease

analytical errors (Yang and Lo 2002).

3.4  Extracting Urban areas from satellite images (MSS 1972, TM
1990 and ETNM+ 2000).

The second main focus of this study 1s on urban areas, so in order to analyse
urban change. a bit map is produced including onl¥ two land cover classes: Urban and
non-Urban. This same approach was applied by Southworth er al., (2002) to address
the relationship between the trajectories of forest-cover change and the biophysical

and social characteristics of the landscape in the mountains of Western Honduras.

Extraction of the urban area from the three LULC maps of 1972, 1990 and
2000 first required conversion of them to binary maps by merging urban/built-up and
vegetation classes in all three maps to Urban. Vegetation is merged with built-up
areas because vegetation occurred within built-up areas as a man made feature
associated with this desert city’s urban areas. Such features include gardens. grasses,
parks and tree plantations along roads network. While the other classes were recoded
as non-Urban except for the class of water-body and shadow in the first 1972 image.
Here the water-body and shadow classes were merged into the non-Urban class
because of the largest percentage of shadow occurred in places that were not urban,
for example, Hafeet Mountain. (Figure 3.2). However, in 1990 and 2000 LULC maps,
this class was merged into Urban because it i1s mainly caused by built-up and man

made features, e.g.. buildings and newly constructed roads (Table 3.3).

Table 3.3: Recoding of the LULC classes into Urban and non-Urban.

Class T2

Sand dunes

.Sand & Gravel

: Mon-Urban
Limestone

Water body & shadow

M



Clasn 1990 and 2000

Sand & C;a\ el

Lumestone Non-Lirban

‘Sand dunes

Lertain classes were over-estimated e.g vegetation while others were underestimated
when running the accuracy assessment. For example. in the 1972 classified image,
sand and gravel were classified as urban areas because they are usually used for
construction of urban areas such as: buildings. roads, pavements and other urban
features being brought from the surrounding environment, (Yang and Liu 200S:
Zhang 2002). Furthermore, this explained the occurrence of urban pixels on Hafeet
Mountain and other parts of the studw¥ area which was absurd! This problem was
resolved manually (by working on the vector polygons!) by the removal of the pixels
that were judged as non urban using the researcher knowledge of the study arca and

the existence of reference maps.

In the 1990 classified image, there were some buildings under construction,
such as, the Al Ain Intemational Airport and Al Towayya District, which were split
into urban in some cases and non-urban, as sand and gravel, limestone and sand dune,
in others. Likewise, in the 2000 classified 1mage. water bodies and shadows were
classified as non-urban areas while they were formed in the built-up areas which
should be eliminated to avoid overlapping with the existing built-up and then added

(merged) to form one urban class (Figure 3.3 a. b. and ¢).



Urban area 1972 betore editing

Lirban area 1972 atier editing

Urban area 2000 before editing

Urban area 2000 atter editing

Figure 3.3: a, b, and ¢: Urban areas before and after editing.




3.5 Selecting spatial metrics.

Spatal metrics have played an important role in urban studies as was
mentioned in the chapter 2 Consequently, the application of a number of spatial
metrics 15 used to analyze and understand the urban growth pattem and dynamics to
help in the prediction and planning of the future evolution of the city.  As such. the
fellowmg spatial metrics are apphed. -

e Land Consumption Rate (LCR)

e Land Absorption Coefticient (LAC)

e Annual Urban Girowth Rate (AGR)

e The Percentage of built up land (PLLAND U)
[.and € onsumption Rate (LLCR) and Land Absorption Coefficient (I.AC)
L € R 15 a measure of compactness which indicates a progressive spatial expansion of
a ciy. While, L AL 15 considered as a measure of change in consumption of new

urban land by ecach unit increase in urban population.

The Land consumption rate and absorption coefticient formula are shovwn below -

LCR= A
P
A = areal extent of the city in hectares P = population ( per capita)

LAC=A2-A]
P2 R
Al and A2 arc the areal extents in hectares for the early and later years. whilst P1 and

P2 are population (per capita) for the early and later years respectively (Yeates and
Garner. 1976).

e Annual Urban Growth Rate (AGR)

Annual Urban Growth Rate (AGR) is used to evaluate the urbanization speed of a unit

area. AGR is detined as follows:-

'I||



AGR = UAn# - Ufg x 100%
nT.An+1

where TAn + 115 the total land area of the target unit to be calculated at the time point
of 1 = n: UAn + 1 and UAi the urban area or built-up area in the target unit at time i +n
and 1, respectively. and n s the interval of the calculating period m vears (X1ao er al |,

2000)

e T'he Percentage of built- up land (PLAND 1)

The Percentage of built-up land (PLAND 1)) was applied by Tian er al.. 2005 and
Herold er a/. 2003b. In general. PLAMD equals the sum if the areas (hectare) of a
specific land cover divided by total landscape area (hectare). multiplied by 100
(FLAND LI)=LIL = 100%

——

TL

3.6 Urban change analysis techniques.

A combination of two techniques (hvbnd) m a multi- stage approach pisst
classification comparizon and Gl* overlay 1s implemented in this study. Starting with
the post-classification comparison approach that 1s used based on comparing
separately the produced classitied landuse/cover maps (1972, 1990. 2000) in order to
identify the change in the landuse cover classes and provide descriptive information
about the nature of change that occurred in different dates (Mundia and Aniya 2005).
Besides detecting change by applving a post-classification comparison algorithm. GIS
overlay was adopted with attention given to urban areas. After all binary maps were
generated for the three dates. urban change trajectories were further investigated and
analyzed by integrating the three vector maps in ArcGIS software. The binary maps
were produced by converting the raster classified maps to vector format using
conversion tools i ArcToolbox "from Raster to polygon” in order to conduct a
Polygon-Polygon-Polygon overlay analysis between the three dates. All urban
change trajectories were produced and mapped using SQL statements. A total of

eight trajectories have been identified (Table 3.4 and Figure 3.4).



Table 3.4: Urban-non urban trajectory between the three dates:

1972-1990-2000.

Case 1972 1990 [ 2000
1 1 U U U
2 U N ' N
3 U N . §]
4 U I U ] N
T8 N N U
6 N U N
7 N U [ U
= H N N Z N
L = Llrban

% = non-Urban

1972

2000

Figure 3.4: Instances of urban change trajectories from 1972 - 2000.
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Chapter Four

LULC MAPS FOR THE YEARS 1972, 1990 AND 2000

4.1 LULC map of the year 1972

The 1972 LULC map, similarly w the other two dates, was produced by
applving a hybrd classitication approach including unsupervised and supervised
classificaton schemes (§ 3) Accuracy assessment of the results gave acceptable
values. for mstance, the overall accuracy of the 1972 LULC map was 74.81% (Table
45) Figure 4 | and table 4.1 shows that: sand dunes, sand and gravel, and hmestone
were the dommant land cover types as they occupied more than 90% of the study
arca: whereas urban arcas. includmg bult-up and vegetation. occupied less than 10%¢
The contribution of vegetation to urban areas constitutes 70° o, while the built-up areas

occupted the remaining 30% (Figures 4.1 and 4.2).

4.2 LULC map of the year 1990

In 1990, the study arca showed great change in most LULC classes compared
to the 1972, For example. urban areas jumped from 6.720 hectares m 1972 to 14.472
hectares 1in 1990. an increase of 115% mn 19 years. as shown in Table 4.1. During the
same period. the contribution of vegetation to the total urban arca dropped to only
4% while built-up areas jumped to reach 52% exceeding that of vegetation. as can be
seen m Figure 4.2. On the other hand, sand dunes, limestone. sand and gravel
witnessed net decrease during the same period especially for sand dunes and sand and
gravel classes: in particular. sand dunes decreased from 26.221 hectares in 1972 to

22.43% hectares n 1990. a decrcase of 13%0 in 19 years (Table 4.1).

4.3 LULC map of the year 2000
The largest increase in urban arcas of Al Ain city however was noticed on the

2000 classified map. Indeed. the urban area increased sharply by the year 2000 to

=F



wccupy more than a quarter of the city. It is notable from the three maps in figure 4.1
that the non-urban areas witnessed a net decrease over the period of study from 90%
in 1972 e 0% mn 1990 and to 70% in 2000. Figure 4.2 also indicates that the
contribution of vegetation to urban areas rises again to reach 51% of total urban arcas
while built-up areas occupied the remaining 49%. The total area, in hectares,
occupied by cach of the LL'LL classes in the classified maps are summarized in Table

4.1

R UE]

i

b
& |.
0255 10 15 20

™ i Kilometers

Vegetation B
Umestone ]
Sand dunes E
Urban/Buil-up | =]

—

Sand and Gravei
Water body/Shadow -

Figure 4.1: Al Ain LULC maps in 1972, 1990 and 2000
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1972

52%

1990

@ Vegetation

The percentage of vegetation and built-up contributions to urban areas in
1972, 1990 and 2000

49%

2000

B Bullt-up

51%

Figure 4.2: Percentages of vegetation and built-up contributions to urban areas in
1972, 1990 and 2000

Table 4.1: Areas (in hectare) and percentage of land cover classes during the study

LULC classes

Vegetation
Built-up

Sand and gravel
Sand dunes

Limestone

Water body/ shadow

Total

1972

period

Area
(%)
6.14
SY
33.00
34.05
2BN6
0.60

100.00

77000

1990
Area Area
(%) (ha)
9.08 10335
9.71 9844
27.09 18614

29.66 20983
22.88 o ®J4422

1.58 I‘B
100.00 77000

2000

Area
(%)
13.42
12.74
2417
27.25
18.73
3.64
100.00




4.4 Extracting Al Ain urban areas for the vears 1972, 1990 and
2000.

4= explained in chapter 3, urban areas were extracted by producing binary
maps from the LLILE maps by using the *Recode Function® n ERDAS Imagine 8.7.
A value of 1 14 assigned to classes that fall n the urban category and 0 is assigned to

all other classes. The results of this operation are presented m figures 4.3.

Wiy
L)

0255 10 15 20

e e it ometers

Urban areain 1972 -

Urban area in 1880 -
Urban area n 2000 -

Figure 4.3: Al Ain urban areas in 1972, 1990 and 2000.



4.5 Calculating spatial metrics.

The set of spatial metrics discussed in chapter 3 requires knowledge of the
population count n the study domain along with its total area and the area of the
urban fraction. Population counts for representative time periods were obtained from
external sources and are summarized in table 4.2. The nceded areas were calculated

from the classified maps and presented in table 4.3,

Table 4.2: Population data of Al /Ain city for the years 1972, 1990 and 2000

Year Population Source

1975 50.700 Mlaster plan for the Region of Al Ain 1986
1990 179.640 &tatistical Yearbook 1995

2001 264.000 2001 survew (corrected for under enumeration)

Table 4.3: Areas (hectare) of urban and total study area

Area (ha) 1972 1990 2000
Urban area 4.107.00 13.965.00 | 21.160.00
Total Study area 77.000.00

Calculating L.and Consumption Rate and Land Absorption Coefficient

Land consumption rate (LCR) was calculated by dividing the area in hectare
by the population count in the study area for the corresponding year. It should be
noted here that population counts were not available for the same years as the
classified maps. Counts from the closest year available were used, that is. 1975 was
used for the year 1972: the 1995 statistical year book of the govemment of Abu Dhabi
was used for the year 1990, and the 2001 survey was used for the year 2000. The total
area of the study area was found to be 770 km? (TPSS, 2008). and was converted to

hectares for use in the metrics calculations.

1y




LLR (1972) = 4.107:50.700 = 0.081

LLR (1990) = 13.965'179.640 = 0.07%

LLR (2000) = 21.160 264.000 = 0.0¥0

The Land Absorption L oefticient (LAC) was calculated for two periods (1972-1990)
and (1990-2000)

LALT (1972-1990) = 13.965 - 4,107 = 9.K5K 0.076
179.640 - 50.700 128,940

LAC (1990-2000) = 21.160 - 13.965 = yALYS 0.085
264.000 - 179,640 ®4,360

From the results, it is obvious that, the LCR across the three dates showed
only a little difference (Table 4.4). There was a decrease in the land consumption rate
trom 0.081 to 0.078 between 1972 and 1990 then an increase to 0.080 in the year
2000. While the land absorption coefficient scored 0.076 between 1972 and 1990
and 0.085 in the second period 1990 - 2000.

Table 4.4: Land Consumption Rate and Absorption Coetficient

Year Land Consumption | Year I.and Absorption Coefficient
Rate

1972 | 0.081 19721990 [ 0.076

1990 | 0.078 1990/2001 0.085

2000 0.080

Annual U'rban Growth Rate (AGR)

AGR (1972-1990) =__{|3,865- 4.107) ¥100% = 0.67
(77.000%19)
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AGR (1990-2000) = {21, 160-13.965) "1 =093

(77.000*10)

Clearly, the second period witnessed a more rapid expansion in urban areas than in

the first period.

The Percentage of built-up land (PLAND 1/}

PLAND U (1972)=_ 4,107 *100% =5.33%

77.000
PLAND 11(1990)=_131965  *100% = 18.14%
77.000
PLAND 11(2000)=_21160  *100% = 27.4K %
77.000

Irban arca increasc across the period of study is shown in percentile in Figure 4.4.

Percentage of the urban area 1972-2000 |

30.00 +
25.00
2000

15.00

%

10.00

5.00

0.00 :
1972 1990 2000 |

Years

Figure 4.4: Percentage of urban area from 1972 - 2000
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4.6 Conducting change detection analysis between 1972, 1990 and
2000.

As cexplained in chapter 3, change detection analysis across 1972, 1990 and
2000 was conducted based on the post-classification comparisisn method of the LL L&
map= of the three dates. Visual interpretation and statistical examination of the change
i the area of each of the six main classes was carried out. The LI'LC classification
results are shown in Table 4.1 and statistical results are illustrated in Figure 4.5. The
115 overlay analysis was also applied to the LLILL maps which allowed the creation
of the 216 (=67) pozsible combinations of classes over the 3 study periods and hence
producing 216 different from-to-to change maps (not shown here!), e.g.. CL1-CL1-
LLI: CLI-CLI-LL2: CLI-CLI-CL3. etc. Visual interpretation of the three mages
indicates that the LULC classes of the study area followed two opposite trends over
the study period testifying increase in some classes and decrease in others. For
mstance, vegetation, built-up. water body and shadow testified an increase while sand
and gravel, sand dunes and limestone followed a decreasing trend over the same

period (Figure 4.5).

Land use/cover change

30000

25000 (01
Vegetation

] —
B |— @ Buit-up
Area (ha) 15000 f1 | O Sand and gravel
=i O Sand dunes

10000 ]

| Limestone
5000 -" Water body/ Shadow

1972 1990 2000

Figure 4.5: Trends in land use/cover changes from 1972 to 2000
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4.7 GIS overlay analysis & Visualization.

Conversion of the binary maps to vector format was an essential step towards
the apphication of overlay analysis in order to conduct a Polygon-Polygon-Polygon
overlay analysis between the three dates.  After conversion of the binary maps to
vector format as seen in Figures 4 6. 47 and 4.5, the analysis was applied to trace
back and visualize the urban change trajectory across the study period. Figure 4.9 1s a
map consisting of eight lavers; each layer represents one of cight cases as explained in

Chapter 3 The process to create these layers 1s summarized n the next paragraph.

After conversion of the urban map from raster to vector format for the three study
dates. an overlay of the maps from 1972, 1990 and 2000 was performed in ArcGls
using the "Umon Function". This operation resulted in merging urban features from
the three dates into one laver whose attributes table included all the attributes of the
mput lavers The attnbute table plays an important role in the analysis process. In
partucular. ficlds "GRIDCODE", "GRIDLCODE 1" and "GRIDCODE 2" which
correspond to the urban status of the associated polygon (1 for yes and 0 for no) in
1972. 1990 and 2000 respectively. These tields were used to trace the change in urban
status from ene study penod to the next with the help of a well formulated database
query usimg 5QL to idenufy features that fall in any of the 8 cases discussed n
chapter 3 . The 5QL statements used in define these & cases:
I. ["GRIDL"ODE" =1 AND "GRIDLODE 1" =] AMD "GRIDCODE 2" =1] for
the U-U-LI case
2. ["GRIDLODE" =1 AND "GRIDCODE 1" =0 AND "GRIDLODE 2" =0] for
the U-M-M care
["GRIDCODE" =1 AND "GRIDCODE 1" =0 AND "GRIDCODE 2" =1] for

(93]

the 1!-M-17 case
4 ["GRIDiL'ODE" =1 AD "GRIDCODE 1" =1 AND "GRIDCODE 2" =0] for
the U-U-N case
["GRIDCODE" =0 A%D "GRIDCODE 1" =0 AMD "GRIDCODE 2" =1] for
the N-U-U case
6. ["GRIDL'ODE" =0 AND "GRIDCODE 1" =] AND "GRIDCODE 2" =0] for

the M-11-M case

'h
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7 ["GRIDLEIDE" =0 AND "GRIDCODE 1" 1 AND "GRIDCODE 2" =1] for
the M-U-U case
£ ["GRIDCODE" 0 AND "GRIDCODE 1" <0 AND "GRIDCODE 2" =0] for
the M-M-M case
The process to create a laver that contains features belonging to each one of the &
cases starts by usig the “select by attnbute” command to identify features to be
included Figure 4 10-A depicts an example of such a query for the -1 case.
Features sclected as a resuft of this query are highlighted on the map as seen i figure
4.10-B. The next step consists 1n using the "Ureate Layer From Selected Features”
command to extract these features and save them in a new layer (figure 4.10-C) that
can be displayed and used independently (figure 4.10-D).
This process was used to create the 8 layers contaming features that belong to the 8
different cases of interest to this study. The 8 individual lavers were then combined

into one map for analysis The results of the analvsis are discussed in Chapter S.

4]
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Al Ain Urban Area in 1972
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Figure 4.6: Al Ain urban area in 1972 (vector layer)




Al Ain Urban Area in 1990
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Figure 4.7: Al Ain urban area in 1990 (vector layer)




Al Ain Urban Area in 2000
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Figure 4.5: Al Ain urban area in 2000 (vectar layer)
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Al Ain Urban Change Trajectories 1972-1990-2000
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Figure 4.9: Combined Al A Lirban vector maps n 1972, 1990 and 2000.
U: Urban / ™: ™on-urban for the year 1972, 1990 and 2000, respectively.
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4.8  Accuracy assessment.

Accuracy assessment 1+ an important step for thematic data derrved from
remotely sensed mmagery as at provides a measure ot the classification method
perlotinance by comparig classitied images with ground truth data: The comparison
is usually performed tor a himited set ot reterence locatons that constitute
representative sample of the whole land cover map  The reference sample should be
selected mdependently  of  the data used for tramimg and o developmg  the
classinication procedure (Stehman. 1997) It can be performed with the assistance ot
aerial photographs, topograplical maps and local knowledge (Mundia and Aninva
200%)  Indeed. a vanety of measures for assessing the land cover classitfication
performance can be derived from the contusion matrix. such as. overall accuracy
among all classes, the kappa coefticient. user’s accuracy and the producer’s accuracy
(Kvriakidis and Zhang 2003; loody 2002: Stchman 1997)  However. 1t should be
recognized that the resulung contusion matrix and the accuracy statement may be

signiticanthy distorted by errors in the refetenee data (Foody. 2002)

User s accuracy or comnussion crror s calculated by dividing the total

number ot carrectly classified pivels in a given category by the total number of
pivels that were classified in that category (1e the total number of pisels m ong
row of the confusion matrix) and 1s an indicator ot the probability that a classitied
pixel actually represents that category n reality (Rogan ¢r ol 2002)  While the

Producer’s accuracy or onussion error. 1s calculated by dividing the total number of

correctly classified pixels in a given category by the total number of pixels that
actually helong to that category (1. e the total number of pixels in one column of the
confusion matrix) and 1s an indicator of the probabuility that, a reterence pixel 1s being

correctly classified (Jensen. 2005)

User’s Accuracy # ol correctly classified pivels *100
Total # of pixels in @ row

Producer’s Accuracy = # ul correctly ¢lassified pizels  *100
Total # of pixels in a column
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The Kappa staustic incorporates the off-diagonal elements of the ¢rror matrix

that correspond to classification errors and represents the agreement between
obwenved and truth after removing the proportion of that agreement that could be

cxpected to oceur by chance ( Yuan er af . 200%)

i le=1!| BCCURNSY 15 |.|rl'|1|'l|J||.‘|| by dividing the wial rumiber of camectly elassified

preels by the total numhga-'\f reference preels (Rogan ¢ral, 2002, Muwan 2002)
o

Overall Accuracy = sum of major diagonal tallies =100
total number of samples

An Accuracy Assessmen! was pertormed twice m this study. Fustly, tor the
LLILE" maps and secondly when extracting ithe wrban aeeas Historical aenal
photographs. fand use maps and knowledge ot the study area were used to collect
reterence data for the three dates: 1972, 1990 and 2000 Untortunately . collection of
reference data for assessimg the accuracy ot mulu-temporal images always oceurs
with a serious constraint because of the absence of simultaneous “ground truthing’
data over a long period of ume (Chmine e al.  2002) All classified images were
asszesicd using a random =ampling design. a total ¢f 135 sites were selected fai each
image A ¢opfusion matnix was produced. from which the overall accuracy and kappa

index of agreement for each scene vwere computed

An aerial photography from 1976 was used to collect reference data for the
1972 LIILE map. While for 1990, the land use map of the city from the same year at
a nominal scale of 1:60000 was adopted for gathering the hst of reference points
Finally. the Land use map produced by hfassassati and Al-Thaibam (2000) together
with an [K{IHEES 2000 1mage that covers part of the study area, were used as ground
references for the year 2000 classified images  From Table 4.5, 1t 1s clear that the
LLULLC map produced from the ETM+ mmage has the best overall classificaton
accuracy of 79.26%. fnllowed by that from the TM image at 76.30% and then the
k5% 1mage at 74.81%. An examination of the kappa mdices of LI'LL categones

reveals that. the IETh* and TM umages consistently gave better classification



accuracy than that of the M55 image. Unfortunately, eommon usage of the term

‘truth’ when describing ground data 4 problematig because 1t contains some errors

(Bird er al., 2000: Khorram. 1999).

Table 4.5 Error matnx isf land use cinver maps derived from Landsat data.

(a)
! Row | Producers | Users
(111I1) Water/shadow | Lunestone | Agriculiare | Urban | Sand&Gravel | Sand dunes | total | nccuracy | accuracy
rater’shadow | 0 il 0 0 0 0 0 == =
imestone 1] j24 0 | 1 0 f26 [9231% [9231%
Epelatn 0 = 120 2 1 0 123 17692% | 86.96%
irban 0 0 |12 1 [ 1 [1s  [5238% [7333%
and&Gravel 0 2 3 7 15 2 130 [68.18% | sunir,
and dunes 0 0 0 0 4 37/ 41 92.50% 90 24%

|

‘olumn total | 0 26 24 2] 22 40 135
iverall Classification Accuracy =79.26% | Overall Kappa Statistics = 0.7363 3

(b)
v Row | Producers | Users

\Water'shadow | Limestone | Agriculiute | Urban | Sand&Gravel | Sand dunes | total | accuracy | accuracy

‘ater/shadow | 0 0 1 1 0 0 2 --- ---
imestone 0 20 ] 1 2 0 24 86.96% 83.33%
egintion 0 | 13 0 ol o 19 §6.52% i e
rban 0 0 1 |7 2 0 20 i 38% 14 (¥
and&Gravel | 0 1 6 i 15 0 29 65,22% SI1. 7296
and dunes 0 1 1 0 1 38 41 95 00% L
olumn total | 0 23 23 26 23 40 135
verall Classification Accuracy = 76.30% | Overall kapps Statistics = (0.7002

el
i i Row | Producers | Users
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Some sources of error that may affect the accuracy of the results of our classification

can be summarized below -

e T'he uncertainues ot the mput data hinut the accuracy of the classitication.

e [he companson of ground and themate map labels based on ditferently sized
units. MSS-57m, T'Al. ETM# 30m. which can result in difterent esumates of
classificaton accuracy (Bigng et al . 1999)  Furthermore. the size and purity
of the mmimum mapping umt used and how 1t s related to the nature af the
ground data (Bigmg et al.. 1999 Khorram. 1999).

e Spectral confusim s the major cause of classificaton maccuracy of a
spectrally-based classitication method especially with old data in a desert
study arca without enough features to consider during the geometric correction
process (Yang and Lo 2002).

e lieometric corrections of the 1976 acnal photgraphy and the 1990 Al Am
land use map (plammetric error: locational imaccuiacy).

o Mli=rggustrauon problems between images of the three dates decreasing the
overall accuracy of the classitied data (Serra ¢r af . 2003, Townshend e al.
1991).

e NMerging and recoding the classes either i unsupervised or supervised

classitication

Lirban area maps were produced using a semi-automatic method mcluding the
manual editing of the boundaries of certamn classes based on knowledge of the study
area. The accuracy assesament of these areas was performed using sixty random
points for each date. Fortunately. the overall accuracy of the urban areas class
increased acros= the three dates giving a better accuracy than with the original LL!Lt
#ix ilusges produced mn the first step as can be seen in Table 46 However. the
accuracy of Land«at M55 1972 is better than the Landsat TM and EThl+. because of
the quality of the ground data where it was the best in 1972 and low 1n 1990 and
2000. Furthermore, the Kappa coefficient can be considered to have moderate
agreement according to the classification of Landi= and Koch (1977). Indeed. Landis
and Koch classified Kappa value into three classes: K values =050 represents a
strong agreement of accuracy between the ¢lassification map and the ground reference

information: K values between 0.40 and 0.%80 represents moderate agrcement: while K
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values = 0.40 represents poor agreement. Accordingly, the K values calculated in the
first and sccond assessment in this stuidy are considered to have relatively moderate,

to strong agreement

Table 4.6: The overall accuracy and Kappa coefticient of Lirban arcas on the three
) pp

dates
1972 1990 2000
Dverall sccaracy | BT Eo.6T% 1
Kappa coefficient | 0.65 0.68 0.74

£l




Chapter Five

DISCLSSION

S.1 Al Ainurban growth characteristics.

Urban areas were cxtracted primarily from the three LULC maps of 1972,
1990 and 2000 by merging urbanbuilt-up and vegetated areas classes to form the
Urban class n all three dates (£ 3). In addinon, water-body and shadow classes were
added to the built-up area class of the city n both the 1990 and 2000. because they
were either man made or caused by man-made features. e.g.. buildings and newly
constructed roads 15 3). By contrast. water-body and shadow classes were merged
into the non-Urban class on the 1972 map because the largest percentage of shadow

occurred in places that were not urban. e g.. Hateet hlountamn ¢ Figure 3 3)

Following the praduction of the Urban'non-Lirban binany maps, a conversion
of the bitmap 1mages to vector formats was applied to facilitate the calculatuon and

mnterpretation of spatial metrics used to characterize Al Amn urban growth.

Four spatial metrics were used in this study to quanufy and characterize the
urban growth of Al Ain ity (§ 4.4). Explicitly: The Land Consumption Rate (L.C.R).
which 15 a measure of compactness which indicates a progressive spatial expansion of
a city: The Land Absorption Coefficient (L.A.C), which 15 a mecasure of change in
comsumption of new urban land by each umt increase in urban population: The
Annual Urban Growth Rate (AGR), which is used to evaluate the urbanization speed
of a umt area: and The Percentage of built-up land (PLAND 11). which 15 a measure
of the concentration of built-up area in a region and 1s equal to the sum of the area
(hectares) of a specific land cover divided by total landscape arca (hectares)

multiplied by 100



[t1s clear that Al Ain wimessed a notable growth during the study period as
can be scen in Table 4.3 The percentage of urban area increased over the twenty-
eight vears study period from 5.33 % 1n 1972 to 1% 14 % 10 1990 and 27.45 %, 1n 2000
(Frgure 4.4). The annual urban growth rate (AGR) was calculated for two different
pertods 1972 - 1990 and 1990 - 2000. The rate of urban growth was greater m the
second pertod 1 e 1990 - 2000 Although the percentage of change 1n the urban area at
240% 1n the first period trom 1972 to 1990 was greater than that of 51.5% n the
second period (Table 5.1), a comparnison of the pace of change between them shows
that the second period witnessed greater expansion. This can be explamed by
considering the furst period as the mual phase of urbanization when the city was
transformed from a cluster of small villages to a modern city. While aiver the second
period. the city  experienced urbamization accompanied by rapid increase in
population. mostly expatriates brought to meet the reéguirémeiiis and challenges of the

rapid modermization processes and increase in emplovment demands

LCR plaved a significant role 1n explaming the eftect of the shape of urban
growth 1n the compactness of the city. As can be seen. urban growth in Al Ain city
took the shape of a star with four mam axes. that 1s. north-east to Dubai. west to Abu
Dhabi. south-cast to the Dhaher and Mezvad Districts. south-west to 4in Al Fayda
and the road to the farming arcas of Dhahra, Abu Kravyah and Al Araad.(Figure 5.1)
The two new axes that appeared m the 1990 map (Figures 5.1 and 5.7) aftfected the
compact nature of the aty and was translated in a decrease of the LCR calculated
value from 051 1n 1972 10 0.078 n 1990. One would expect LCR to increase as a
result of the urban growth between 1972 and 1990. However, i1t decreased as a result
of the greater increase 1n population than 1n urban areas (Sce Table 5.2). In the second
period from 1990 through 2000. the LCR witnessed an increase to 0.0%0 as the growth
in urban areas was greater than population growth Therefore, there 1s an indication
that there was more compactness in 2000 than in 1990 demonstrating that the former

was a period of gap-filling following the establishment of the two urban axes that

appeared i1n the 1990 map
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The land absorption coefficient. a measure of consumption af new' urban land
by each unit increase m urban population. wias low between 1972 and 1990 (0.076)

and increased to 0.05S between 1990 and 2000

Al Ain Urban Area in 1990 a-.
3 i

Urban area in 1990
0 2500 5000 10.000 14020 -
LiErs Al An Gy boundary

Figure 5.1: Direction of urban growth in 1990.




Table 5.1: Arca and percentage of urban expansion

Date 1972-1990 1990-2000
L'rhan Change in hectare 9.855.00 7.195.00
Percentage of urban F 20PN +51.5%
change

Table 5.2: Percentage of change in population and urban growth

Population% | Urban%
1972-1990 254 240
1990-2000 46.9 3.5

Table 5.3 wak created to give a quick and qualitative analysis of significant
milestones i the change process of the city. It was produced by careful investigation
and visual interpretation of the three LL'LC maps produced on the three different
dates. It presents a quick analysis of the Spatio-temporal trajectory of some main land
cover types especially in the urban areas. For instance, in 1972, natural green
vegetation was abundant in the north-easten part of the city though it witnessed a
decreaze 1n vegetation cover by 1990 and continued to do the same in 2000. This
may be a false alarm in the interpretation caused by an increase in soil moisture at the
end of the ramy season in the UAE which coincided with the capturing date of the
1972 Landsat %155 1image. while the other two images were captured in August of
1990 and 2000 respectively. which may also explain the disappearance of natural

green vegetation on the 1mages of the later two dates.

In contrast. the distribution of green vegetation i the centre of the ity

demonstrated an increase 1n area during the whole study period when new urban areas




led to an increase in the green areas due mamly to the construction of new roads
accompanied by trees and grask plantation along these roads and in the roads islands
and roundabouts.  The effort to green more areas came as a result of government
concemn to preserve the character of the city an a green oasis. Historically. 1t 1s also
known that the people of Al Am city were confined to tree plantation particularly
palm trees.  Therefore, it 15 rarcly found that private houses or buildings are not
surrounded by planted trees such as palm trees, mango. banana and lemon. Qther
indications of the city urbanization are new cponstructions such as: Al %

International Airport in the north-west and the Camel Racing Stadium in the west.

Table 5 3: Spatio-temporal trajectory analysis of main land-cover types

Type 1972 1990 2000

=

L
L

[Nalurz;l green vegetation distribution NE of city %+

v

~ Distribution of green areas n city center

-
“

- Distribution of green areas near airport

ik

_._.._-".

Tracing the urban growth trajectories during the study period using Gls
overlay analysis delivered not only an msight into the growth of the city in the past,
but also revealed a good vision of the trend of the city growth i the future.
Differentiating between eight different possible urban change trajectories (§ 4.4) drew
the obvious conclusions and following ishacrvations:

- the oases resisted change over time as scen m Figure 5.2,




some urban features, farms for cxample. that existed in 1972
chsappeared by 1990 (Figures 5 Sand S.11).

tome furms and ranches in different parts of the city that existed n
1990 disappeared by 2000. (Figure S 4)

m the second pennd (1990 - 2000). the city witnessed a huge
capansion In comparison to the first period (1972-1990). as it was
actually a completion of what had begun n the 1990s. for example,
Al Am International Airport. and the Al Toyawwa and Zakhir
districts

likewise. new urban districts appeared, for example, Al Agabiyaa.
Fala) Hazza and A&l Shuaibah (Figure 5.5)

the map representing non-urban areas 1n the three periods (M-M-1)
provides the possibility of predicting vwwhere urban expansion may
occur 1n the future (Figure 5.6)

the maps representing urban in 1972 and non-urban in1990 or 2000
(c.g U-M-M, L5M-N, LI-LI-I) related to vegetated areas rather than

built-up areas.

%5 a result of monitoring the direction of urban growth during the twenty -
cight years study period. it 1s obvious that in 1972, the urban expansion followed two
axes: the first westward to Abu Dhabi and the second. north-ecast to Dubai (see Figure
5.7). These two axes have played an important role m hnking A&l Ain to the capital of
the Linited Arab Emurates. that is. Abu Dhabi. and to Dubai, the trading capital to the
north-east. Whilst, in 1990 and 2000. new axes occurred to the sauth-east and the
south-west In the south-east where it 1s structurally suitable, construction was
underway for wndustnial usage. such as, light and heavy industry. wholesale.
warchousing and company camps. whereas the area to the east of Hafect Mountain
iwas =et aside for the armed forces. The area to the south and south-west witnessed the
growth of a number of tourism features including Hafeet Mountam, Green
hfubazzarah and Ain Al Fayda. all of which are attractions that lure people from the
other emirates to the area, As mentioned previously. these axes had an effect on the

compactness of the city (See Figures 5.1 and 5.¥).
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Figure 5.2: Llrban arcas common (preserved) to the three dates
1972, 1990 and 2000.



Urban Area in 1972 only
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Figure S.3: Urban areas of the 1972 only that do not exist in 1990
and 2000.
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Examples of urban areas of the 1990 only :
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Figure 5.4. Urban areas of the 1990 énly that do not exist in 1972 and 2000.




Urban Area in 2000 only
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Figure S.5: Lirban areas of the 2000 only that do not exist in 1972 and
1990.




Non-Urban area n 1972,1990 and 2000
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Figure 5.6: Mon-Urban area common to the three dates.
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Figure 5.7: Direction of urban growth in 1972,
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Al Ain Urban Area in 2000 rﬂ-.
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Figure 5.8: Direction of urban growth in 2000.




5.2 Driving forces

AL A ciry 15 the result of a great conversion process from rural arca to a large
and most modern city aw'ier the past forty vears. It was created from a cluster of small
villages and nomads hving from their camel stocks and palm plantauon products
Rapid and planned expansion marked the growth of the city over the study period
Many factors have contributed to 1ts expansion and comtinte to affect its present and
future growth. One of the mam objectives of the actual study 1% to unveil some of the
mam factars behind s growth rate and directions

e Licographic location

Indeed. several driving forces contributed to its urbanization. Historically. the
city had an important geographical location. Its locaton on the edge of the Empty
Quarter played an important role i its development as a trading center and stopping
pomt for caravans carrying merchandise across the Arabian Penmsula to India and
Fersia. Also. its phy=ical nature as an oasis where natural tresh water. fertile and
relatively deep loamy soils promoted the city to emerge as a permanent agrigultural
settlement. especially with the invennon of the mamn intelhigent irrigation system,
%latla). which was an aruculation ot the benetits of the exploitaton of underground
water for agriculture Furthermore. the city plays a significant tourism role as the
favorite holiday destinauon for imhabitants ot the big coastal ciues like Abu Dhabi

and Dubai. especially in the summer secason (%lazter Plan 19%6)

e Economic and social development

The above factors alone contributed to the develapment of the city before oil
discovery and the establishment of the state. However, after the discovery of oil n
the Abu Dhabi Emurate in 1959, the establishment of the state in 1971 and the large
scale modernization schemes which took place in the Arabian Gulf countries 1n
general. the United Arab Emurates. and Al Am city n particular, experienced rapid
development 1n several sectors over a very short period of ime. During this time. the
government of the Linited Arab Emirates had a vizion to add new developed land to
the city: there was an attempt to expand the city and redistribute the population by
giving subsidies. new government houses (60mx45m), private plots (90x90m) and
farma away from the oases n the tirst move towards developing the city (Master plan

2006). In addition. the use of modem methods and equipment for agriculture and




irrigation led to an increase n agricultural production thereby establishing the city as
a market centre for the whole region. As well. economic development and an
mcreased per-capita income led to more mdividual investment m difterent sectors

such as industry. commerce and real estate

Onl returns were used to develop the country in the areas of education. medical
care. agriculture and industryv. alongside with the deveclopimient of its trastructure
such ax roads. bridges. clectricity. and sewage which contributed largely to its
notable expansion. For example. the city watnessed the estabhshment of the Linited
\rab Lnurates University m 1977 and Higher Colleges of Technology in 198%; these
led to the airy playing a significant cultural role in the United Arab Emurates as well
as the ather Gult countries. Also. estabhshing Al Am and Tawam hospitals attracted
the population from difterent Enurates as they sought medical care. especially at
Tawam Hospital Without doubt. facilities such as education, the healthcare system

and social welfare services were causes of population growth.

e Population growth

On the other side. the enhancement of medical care had led to a reduction in
mfant mortahty rates and resulted mto longer life expectancy. There are three man
causes of population growth m the UAE in general and in Al Ain city in particular
These are. the enhancement of health care: the nugrauon of work forces including
skilled and professional expatriate workforce. which played a criugal role m the
urbanization process: and the naturalization of people from different Gulf and
neighboring countries. As a result. the total population of the city and the region has
increased of more than 221% m 22 vears, as shown in Table 54 Whereas the urban
population of the city alone. increased of more than |39% during the same period, as

shown 1n table 5.4 and 1llustrated 1n Figure 5.9.
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Table 5.4: Lirban /rural population distribution 1950 - 2001

' Year L'rban ' Rural | Total

j 1980 102,329 [ 19039 | 121368
! 1985 144.672 27386 | 172,058
| 1990 | 179.640 6,511 236,151
| 1995 | 21%510 8,714 287,249
| 2001 | 264000 | 125,600 R4, HIN

Urban population growth from 1980-2001
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250,000
200,000
150,000
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Figure 5.9: Urban population growth from 1950 - 2001

Comparing the percentage change of urban population growth and the growth of
urban area across the two periods 1972 - 1990 and 1990 - 2000 as seen in Figure 5.10,
it was found that, there was no noticeable difference between the change in population
growth and urban growth. However, the percentage of change in urban population
growth at 254% was greater than the urban at 240%, thus demonstrating good reason
for the growth of the city based on the expectation that the population would continue
to grow. This was reflected in the second period 1990 - 2000 when the change in

urban growth of 3] 5“4 was greater than in population growth at 46.9%.

e Family pattern

Urbanization also led to obvious changes in family settlement behavior patterns.

In the United Arab Emirates in general and in Al Ain, in particular. this change saw

(5.1




families divided into more and smaller groups, especially as a result of the
government granting new private homes or public housing to each married male
citizen twenty vears and over either resident or born in the Eastern Region.
hKoreover. housing 1s also granted to divorced and widowed women (Master plan
2006). Each of these decisions hat led to an £xpansien of the city and to an increase

in residential arca

Percentage change in population and urban growth

1972-2000
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< 150 § i@ Population
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Figure 5.10: Percentage change in population and urban growth
1972 - 2000

e Policies and structure
As the home-town of the ruling family, Al Ain also became the beneficiary of
the strong desire to develop it into a modern garden city while at the same time
preserving its unique. original character as a green oasis. Consequently. the planning
puthoriy of the city adopted a by-law limiting building height to 22 meters for
commercial buildings and 13 meters for residential buildings, that is, private plots and
government houses (TPSS. 2009). so as to ensure everyone could benefit from the
view to Hafeet Mountain as well as the preservation of the natural landscape. These
constraints led to the city growing in a horizontal rather than a vertical direction.
While the proximity and open political boundaries, until recently. between Al
Ain and Buraimi District. the Sultanate of Oman, contributed to the city. a substantial

number of Omanis depend on Al Ain for employment, work, study and shopping.
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e Transportation network
In addition, development of the transportation network has played a key role
in reducing the distance between different parts of Al Ain and other cities thereby
making movement of the population easier both in the city and in its surrounding
region. Impaortantly. the risads to Abu Dhabi and Dubai led tix its expansion in these
directions, the swzurrence of urban areas aling the road networks, as well as of the
road to the south-west to the farming areas of Dhahra, Abu Krayyah and Al Araad

Districts

5.3 Urban growth impact (on other land use classes)

Detecting the LULC change in the city and monitoring urban growth over the
twenty-eight year period helped in the assessment of the impact of urban growth on
other land use classes. In general, the urban growth of Al Ain came as the result of
reclamation of barren land and preservation of the oases around which the city had
been mitially built. and gradually saw expansion in four directions; west, south-west,
gouth-east and north-east. Table 5.5 shows a decrease in sand dunes, sand and gravel
and limestone during the period of urban growth as can be seen on the classified maps
of all dates. Whilst vegetated areas witnessed an increase over the study period, there
15 good 1ndication that urban growth did not have a negative impact on vegetation as
has been the case with other cities around the world. However, although the total area
of vegetation increased, it does not mean that all vegetation covered areas were
preserved over the study period. There are indications that some vegetated areas were
cleared (Figure 5.11). This is an issue that requires further study and is beyond the

scope of this work.

Table 5.5: Area in hectares of barren land in Al Ain city from 1972 to 2000

Barren Land f1972 | 19%0 2000
Sand snd gravel | 25,413 20,857 | 18,614
wand dunes | 26.221 [ 22 Ra% 20 983

' Limestone 18.183 ..'.'.Q-H- ' ]-1_-:1-2:_'
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Figure 5.11: An example of vegetation clearance during the study period.

On the other hand, the expansion of the city led to an increase in the
importance of some locations, such as, the Al Jimi District which saw a
transformation after the Civic Centre was moved from the City Center District. Also,
establishment of a the Al Jimi Shopping Mall. the first mall in the city, played a
significant role in the increasing importance of the district as it drew customers to

utilize it more than the centre of town shopping area.

In addition, the urban growth and development of the city over the three
decades led to changing the main position of the oases, for example, the Al Ain oases
which had been located in the downtown area were witness to the initial settlement
when its palm trees were the main source of income. Now, however. these have
become a historical and tourism site surrounded by commercial area and the Al Ain
Municipality and Abu Dhabi Culture and Heritage Authority devote their efforts to

preserving them though not only in the city, but across the whole region




5.4  Future directions of urban growth

In accordance with the percentage of urban growth over the study period and
along with the results of spatial metrics. it seems that the percentage of urban grawth
will continue to mcrease i the future so s 1o see the completion of projects begun in
2000 Clearly. the growth of the city will pursue the tollowing four directions

(1) Dubai Riad to the north-east.

(2) Mezyad District road to the south-east.

(3) Zakhir. Memma and Amn Al Favda to the south-west direction and.

(4) Albu Dhabi road to the west
However. the city may not see gxpansion in the north-west because this area has been

reserved for the Al Ain Intemauanal Arrport as £an be seen on Figure S ¥

It appears that structurally. the sand dunes have never formed a barrier to
urban growth and will probably not do so mn the future. Just as n the past, people
without a developed transportation network could cross the sand dunes to travel to
and from Abu Dhabi. the huge sand dunes have been conquered agam to host a
modem city. Moreover. Hafeet Mountain never formed a barrier in tunes past, and
actual evidence demiansirates that it continues not to as the city has expanded in that
direction; especially with the construcuon of a new road along the mountain. the
building of a tive star hotel and the discovery of the hot springs at hMubazzarah and
their development to become one of the most popular tourist attractions in the city.
However. the municipality desires to preserve the lanmdscape of the city through
preservation of the sand dunes. green oases as well as by the disallowance of
buildings more than three stores in height As such. these decisions can be considered
a temporary and man-made constramnt rather than natural ones that may otherwise

impede the expansnimi of the city m the future

From the point of view of the researcher. in the short-term, the city will not
witness urban expansion across the sand dunes for reasons explained above However,
the decision-makers and planners may well be forced to review their decision not to

further expand the city across the sand dunes 1n the longer-term, that 15, perhaps three




or four decades, as the city may become over-crowded thiugh other solutisns may
also be sought. Examples would be the miminuzation @t standard size government

housing and private plots or an increase in permissible building height.




Chapter Si1x

COMNCLUSIONS AND RECOMNMEMNDATIONS

6.1  Summary and conclusion

The outcomes from thix study are a demonstration of the embedded
powertulness of remute sensing and GIS techmques for stuilving spatial and temporal
changes of land use in general and urban arcas 1n particular. These outcomes reveal
that Al Am aity hved through a period of huge and rapid development after the
foundation of the Umited Arab Emurates in 1971 Durning this process of rapid
urbanization, barren lamds, sand dune. sand and gravel and limestone were
transformed nto urban areas. Likewise, there was a sigmificant increase mn newly
reclaimed agricultural land ‘whilst suceessfully preserving the oases. The roads
nenworks played a major role in the expansion of the city in the different directions. In
addition to making the movement of people casier and more flexible at city and
regional levels. their mam arteries. connecting Al A to other major cities. defined
the directions of new urban expansion. Moreover. the transfer of the Civic Center
from the dovwntown to Al Jinu District =hifted the importance and role of the historical

center of the citv.

To guantfy the rates of change that occurred in Al Ain i the last three
decades. this study relied on the use of remoie sefismg data to create urban area map#
of Al Am at three different dates using different sensors Remote sensing 1s
considered a significant source of data that can be used in detecting change in both the
cover and use of land surfaces. Informaton acquired trom monitoring the change in
urban area across the three decades 1s valuable both for urban purposes and the
appropriate allocation of services and infrastructure However. the classification
process by which maps are created from remote sensing data is not error free. The

challenges that confronted this study mcluded the accuracy of classification,
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especially as we used mulu-temporal and mulu-resolution images, which usually
atfect the analytical results of image classificavon (Qinung. Baohn and Alishir 2010%),

and the lack of ancillary data including ground truth for old umages.

The apphcation of unsupervised classification put in evidence the problem of
muxed pivels where the tootprint ot the sensor encompasses muluple LULL classes
This problem reduced the accuracy of the classiticauon and had to be addressed. This
study exanuned two approaches to solving i, the first consisted in artificially
increasing the resolution of the older Landsat MSS data and the second consisted in
mcreasing the number of classes used i the unsupervised classification. The second
approach combined with the use ot the ISODATA clustering algorithm yielded better
results and was thus adopted however. 1t required much more effort and ume for
labeling and clusterimg Finally, the accuracy of the classificaton obtained trom the
30m Landsat TM and ETNM+ was sutticient to capture the urban features while some

difficulty was encountered with the 37m Landsat M55

Analvsis of the maps created trom remote sensing data provided a quantitative
mcasure of the change i Al Ain city. They revealed the notable urban expansion over
the last three decades increasing from 5.33 %o of the total area of the city in 1972, to
18.14 % 1n 1990 and to 27 44 % 1n 2000. In contrast. areas of sand dune decreased
trom 34.05 % to 29.66 % and to 27.25 %.. and those of sand and gravel decreased

trom 33.0 %0 t0 27.09 %0 and to 24.17 %o over the same time period

The expansion of the city generally occurred at the expense of sand dune,
gravel sand and limestone with a high density in areas cliise to the city centre. This
study found that urbamzaton in Al Am gity followed four major axes: 1) the north-
east axis following the road to Dubai: 2) the west axis following the road to Abu
Dhabi: (3) the south-west axis following Zakher and Hateet Mountain: 4) the south-
east axis followmg Myziad area. Thix expansion pattern 1= samular to what occurred in
other cities of the world where spatial growth of urban areas often follows

transportation hnes and existing urban centers (Liu and Zhou 2005).




Human acuviues played a most significant role m the expansion of the city
over the period of study articulating the ability to change and adapt the environment

for lifestyle purposes

some constramts hampered the city expansion i some directions. such as Al
A International Awrport in the north-west direction. But the largest urban expansion
occurred on sand and gravel areas. which were found more suitable for construction
than sand dune and hmestone. As sand and gravel areas are geting more scarce,

future expansion ot the city will probably eceur in the sand dune and limestone areas.

An mcrease m vegetated areas was noticed a trend parallel to that of urban
areas \here the general trend of urban growth atter 1972 was about 50%0 for built-up
and 30% for vegetated area. Consequently. this study argues that urban growth has led
to an increase i green areas in the city retlecting the ability of Al A Municipahty to

achieve its objective to preserve the city as green oases.

In general. Al Amn city has been able to preserve the natural features of the
oases over the last few decades with some mnor changes such as. building fences

around palm trec farins to assert ownership. especially after the increase in land value

Al A city has recorded high levels of greening accompanying 1ts urbanization
which contrasts with many other parts of the world. This achievement has come as a
result of government policies encouraging trees plantation along the sophisticated
roads network crossing sand dunes and remote areas. further leading to a reduction in
air pollution and miugaton ot the weather with the outcome being beautification of

the cityv.

The Annual Lirban Growth Rate recorded 0.93 n the second period from 1990
to 2000 witnessing rapid expansion whilst the first perniod from 1972 to 1990 had scen
a lower Annual LIrban Growth Rate of 0.67. It was also observed that future change
will likely follow the trend of the 1990 - 2000 period as other growth drivers remain

unchanged.
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The herzontal growth of the city. dictated by the pohicy m place, has led to a
far from optimum use of land suntable for construction. where that land was depleted
quickly over a short period Consequently. verucal growth will be a successtful
solution to this problem In addiion, wrbamization has created some other problems
such as, traftic congestion and air pollution, threatening the quality of life in the city

on the long term unless remedial steps are taken

6.2 Recommendations

In conclusion. the research approach and methodology adopted by this study
may be used for analysis of the urban growth dynamics in developing countries where
good quality geographic infonmauon and other associated ancillary data are in short
supply. In addition. the results and findings of this study cunstitute a perfect starting
point for a subsequent research to model and predict future urban growth 1n the city of
Al Aun, They also can be used as the basis tor a comparative study of urban growth in
other cities uf the country and the region m general. such as Abu Dhabi capital city,
Dubai and Burammu District in the Sultanate of {3man as these ciues pirssess simular

environmental and physical conditions.
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