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Abstract

Urban landscapes are complex systems, exhibitingoa-stationary temporal dynamics and
complicated spatial heterogeneous land cover patt@ihus, the characterisation and measurement is
riddled with challenges to directly address thesjoa of how patterns of urban development affect
landscape dynamics. Based on a rapidly growing &depe district of Istanbul metropolitan city in
Turkey, we tested how spatial or landscape metdedyed from remotely sensed imagery and GIS
data could provide objective information and usefakcriptions of urban land cover change for
urban planning purposes. Land cover data from ifiedsatellite images of Landsat TM of 2002 and
2009 were used to analyse land cover changes, N@\Apatial and temporal variation in biomass,
landscape metrics for landscape configuration amdposition (distribution, structure of discrete
land cover classes on the landscape), the bagiegies of a landscape mosaic. Key results ingicat
that the landscape pattern of Sancaktepe distridemwvent fundamental transition from bareland
dominant landscape to built-up dominant landscagtevden 2002 to 2009. It was accompanied by
the decline of vegetated land cover categorie®ist and grassland, thus suggesting conversion of
undeveloped land cover categories into developadl Idhe NDVI method also showed that the total
amount of vegetation cover in Sancaktepe distedlided over this period. Landscape metrics like
number of patches, mean patch size, and total énldjeated that there was an increase in
agglomeration of built-up patches while barelandvebd fragmentation process which both
attributed to densification and increase of unpégharban development respectively in the study
area. As a result, built-up showed high complexitypatch shape and irregular patterns, though
bareland and forest showed irregularity patternst@came less complex in patch shapes, while
grassland showed simple shapes and regular patiernseasured by Area Mean Weighted Shape
index and Area Weighted Patch Fractal Dimensiorexnd.andscape heterogeneity and evenness
slightly decreased. It was concluded that landsaaptrics are robust quantitative measures for
analysing landscape composition and configuratiange and also to monitor dynamic processes of
agglomeration or coalescing, disintegrating andyrfrantation of land cover patches. Consistent
monitoring the direction, magnitude, distributicarsd patterns of urban land cover changes using the
research methodology presented here could be uaetuflexible framework for supporting urban
planning and management purposes of a rapidly gigwlistrict like Sancaktepe in the Istanbul

metropolitan city.

Key words: Land cover, change detection, NDVI, remote senslaggdscape metrics, landscape

structure and composition, usability, grain size.
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Chapter one

1.1. Introduction

Processes of urban growth, urbanization and dewmedap across the world are changing urban
landscapes, patterns and dynamics which resulés damplex pattern of intermixed high and low-
density built-up areas and fragmented patches (&ori®95). Over half of the 6 billion people on
Earth currently live in cities and metropolitanaseup from just 5 per cent in 1900 (United Nations
2005). Henceforth, worldwide metropolitan citie® aggrowing at unprecedented rates due to high
population concentration and urban sprawl creaértgnsive mosaic of urban landscapes that are
highly heterogeneous, spatially nested and hieizalth structured (Forman 1995). Urbanisation of
the world’s population and human modification o€ tenvironment are among the most visible,
irreversible and rapid transformations of thesengea. Throughout the past two centuries land cover
changes associated with increasing urbanizatioe had impacts that resonate at local, regional, and
even national scales (FAO & UNEP 2002; Berry 1990)

Changes in urban land cover patterns have signifigaplications and adverse impacts on urban
environment. Potential social and economic impadétehanges in urban land cover and land use
patterns include increased costs of providing puddirvices, increased congestion and infrastrectur
pressure (Ludlow 2009). Potential ecological impaatlude loss of habitat, fragmentation of habitat
degradation of air and water quality and alteratadnthe hydrological regime. Other ecological
impacts of changes in urban land cover include tdgsroductive agricultural land and open spaces
and increased fragmentation of forest biome, theréiminishing the positive functions of the
ecosystem. In most cases, changes in urban laret g@nerate large-scale patterns that have far-
reaching impacts on communities, local and regioe@nomies and the environment (Ludlow
2009).These changes affect the quality of life imndreds of millions of people and should be
managed to preserve or enhance the quality ofdiid,to ensure social, economic and environmental
sustainability as enshrined in the UN MillenniumvBlpment Goals and UNCED Agenda 21
(Ludlow 2009).

The increasing awareness of the importance of isadtitity in urban environment is also stimulating
the improvement in the current knowledge of un@@ding and monitoring urban land cover change
patterns (Turner 1987). However, before effectikgan policies can be developed to respond to these
demands, concerns and needs, better informatichniggues and methods are required on how to
quantify urban land cover in terms of type, maghgudirection and extent of changes over time. In
most cases, this requires and involves the abdityuantify the urban land cover change patterngusi

multi-temporal satellite data sets (Singh 1989})elite remote sensing technique has the capability
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of accessing both historical data and up-to-datgery that can be analyzed at time intervals more
frequently over a large geographical area and ieits cost and less subjective interpretation due to
the higher information content of multispectralalétiowarth and Boasson 1983; Ehlers et al. 1990;
Jensen and Cowen 1999; Seto et al. 2000; Seto20G; Schneider et al. 2003). By providing a vast
amount of data with continuous temporal and spat@erage, remote sensing can therefore

contribute to a successful means for monitoringaodand cover changes.

In addition, understanding urban land cover charges traditionally involved computer-modeling
approaches based on quite complex techniques aittexagonal-packing models, general neural
network models, agent based models, cellular autared others which are either deterministic and
stochastic (Forman 1995). Although the results hifsé computer and explanatory models are
promising and find applications in urban plannimggtice, their empirical base is limited. Torrens e
al. (2000) identified following weaknesses for itehal computer urban models: their centralized
approach, a poor treatment of dynamics, weak a&temd detail, shortcomings in usability, reduced
flexibility, and a lack of realism in addressingtboncerns of current urban planning, policy anslys
and decision making.

However, spatial metrics are used in landscapeoggahnd some of them could be very useful for
practical applications for quantifying and prowvigimore detailed objective information about spatia
and temporal changes in urban cover and growthemett(Gustafson and Parker 1992). Spatial
metrics are commonly used in landscape ecology,ravitleey are known as landscape metrics
(Gustafson and Parker 1992). The research seekefdhe to explore a set of spatial or landscape
metrics that can be used in practical urban plapapplications, which are not be too complicated or
time consuming and the outcomes should be easplémners, decision makers to understand and
apply. It is also the expectation of this studgttthese techniques will help decision makers and
urban planners in managing and planning cities raettopolitan areas that facing are rapid urban

land cover change.

1.2 Background of urban development in Istanbul

The Istanbul metropolitan city in Turkey stretchesth east and west direction from the southern
shores of Bosporus. It is surrounded by the prasmaf Tekirdag to the west, Kocaeli to the east and
the Black Sea to the north, and the Sea of Marrt@re south. Urban development in Istanbul
metropolitan city has been rapid in the recentyadter highways were constructed towards the end
of 1980s and also after the construction of then§rBuropean Motorway (TEM) and the second

Bosporus Bridge as it facilitated accessibilitp(fens and Alberti 2000).




Since the 1950s, Turkey has experienced rapid iridlization and urbanization and Istanbul has
been the main destination of influx of large saal&l to urban migrants. Due to continuous migratio

from other regions of Turkey to Istanbul metropiitarea, its population has increased rapidly
(TUIK, 2007). Between 1950 and 2000, the city hamwp by an average of 4.5% annually and
according to the Turkish Statistical Institute ddétm the year 2000, Istanbul’'s population had
exceeded 10 million (TUIK, 2007).

Istanbul has been the most preferred destinatidicpkarly due to large numbers of low skilled rura
migrants who seek employment in various informa&ltaes and also by capital owners looking for a
large scale cheap labour source and an extensieé earket. The rapid growth of the city since the
1950s, due to rural migration, has affected urbpatial development and its structure is also
constantly changing (IMP 2008).

Table 1.1: shows population growth rates of the city of Istanbl in the (1950-1970, and 1970-2000)

Years Provincial Annual rate  of | Urban Annual rate of
population increase(Provincial) | population increase (Urban)

1950 1.166.477 1.002.085

1955 1.533.822 5,6 1.297.372 53

1960 1.882.092 4,2 1.506.040 3,0

1965 2.293.823 4,0 1.792.071 3,5

1970 3.019.032 5,6 2.203.337 4,2

1975 3.904.588 53 2.648.006 3,7

1980 4.741.890 4,0 2.909.455 1,9

1985 5.842.985 4,3 5.560.908 13,8

1990 7.309.190 4,6 6.753.929 4,0

2000 10.018.735 3,2 9.085.599 3,0

Average 4.4 4.5

Source: DE, Census 2000(TUIK 2007).

As a result of this significant transformation,giénerates problems like inadequate transportation
networks, illegal settlements development, incrgasiensities and congestion at the center, reductio
of public and green space, dramatic change of lsedand increasing lack of urban infrastructure lik
basic sewerage facilities especially in illegaltlsetents. Due to rapid urban growth of Istanbul,
illegal or informal settlements have been assurodthte expanded and invaded the water resource

basins, forests and high quality agricultural I1&fdrrens and Alberti 2000).

Meanwhile, a regulation in city planning of ApriD@8, divided Istanbul province into 39 municipal

districts from 32 municipal districts, each of thlas a local municipality elected by the peoplantv

in the neighborhoods belonging to that district IN008). The 39 municipal districts of Istanbul

according to the beginning of 2008 with their p@tigins are listed on the Appendix 1. There is a

3
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layered local governmental system that existsHerlstanbul metropolitan city: Greater Municipality
and District Municipalities(see Figure 1)1 The Greater Istanbul Municipality authority is
responsible for a coordinating function through skilemission of the development Plans made by the
District Municipalities. For instance the Istanbetropolitan Municipality authority is responsible
for coordinating and controlling the activities tfe municipal districts for instance selecting doli
waste disposal sites, building and maintaining ctgds and bridges providing burial facilities,

operating a public transport system (IMP 2008).

Special Government for Provinces
Elected Council,
Assigned Governor

Greater Municipality / Municipality
Elected Council,
Elected Mayor
> District Municipality
Elected Council,

FElected Mayor

A 4

A 4

r

Figure 1.1: Local Governmental System (source IMP2008)

1.2. 1. The case of Sancaktepe district

The Sancaktepe district was formed after mergingg8a, Samandira and Yenidogan regions to form
a larger new region under Sancaktepe’s name (IMBR0he district covers approximately 61.74
square kilometres of total surface area. It istiedan the north of Asian side of Istanbul and imad
2008 an estimated population to be around 223 FiEH1.2 shows the location map of Sancaktepe
district in Istanbul metropolitan area. On thetbwt left corner of the map it is located on the UTM
coordinate of 683784 meters East and 4535170 mitats. On the top right corner of the map it is
on 698336 meters East and 4548175 North of the 38ngTM coordinate system. The climate is
temperate which is located within a climatic titina zone between Black Sea and Mediterranean

climates.

The large part of the district is situated on tlam&ktepe granitic pluton (Gr) which is a monzenite
monzonitic granite intrusion into the Paleozoic tsnduring Hercynian orogeny (Ketin 1983).
Generally the greater part of Sancaktepe dissicin a low lying plain with the lowest elevation
being around 57 meters above sea level. As slwwhig 1.1, areas with high elevation are above
387 meters concentrated mainly in southern anchaortpart of the study area. In addition the slopes

are gentle (0-8 degrees) as found in the great¢opthe western side of the study area. Stegpeslo




(19-40 degrees) are mainly in the northern pdmlevmoderate slopes (8-13 degrees) are usually

found north--eastern side of Sancaktepe district.

Digital Elevation Model N Slope map of Sancaktepe district N

Slope (degrees)

B o-40
T 4.0 -8.0

— High :387 meters

- Low : 57 meters

" 8.0 -13.0
13.0-19.6
I 196 - 40.0
—— > uKiIometers —— rater

0 1.5 3 8 9 12

Figure 1.2 (a) the Digital elevation model (b) slapmap of Sancaktepe district

Sancaktepe district was selected for this studwibee it is one of the fastest growing district (IMP
2008). Also, many new construction and urban dgraknt projects in this district are a signal to
Sancaktepe’s potential to become the next poputsarudevelopment centre in the Istanbul (IMP
2008). Conversion of undeveloped vacant or baretamésidential lands due to urban development
may alter the landscape through a range of prosessduding fragmentation, isolating habitat

patches, loss of productive agriculture land anehogpace.

Urban spatial development, growth and sprawl cartowe affect change in landscape configuration
or spatial heterogeneity (i.e., form, structuretgra of variation in land cover and land use) ¢leur

et al. 2001; McGarigal and Marks 1995; Herold et24102). Like many other districts throughout

Istanbul, sprawling and urban development have fneconportant challenges facing Sancaktepe
district in Istanbul (IMP 2008). Thus the Sancaktéstrict presents a good case for studying dpatia
and temporal urban land-cover changes because eofpéhiod of general rapid settlement and

urbanization in the region over the past years.




CITY, TURKEY

QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN

Black Sea

Legend

I Sancaktepe municipality district
Istanbul metropolitan municipality

[ "c_listricts
-:—:—:—'Kilometers
0 15 30 60 90

1120
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1.3. Justification of the study

Understanding urban land cover dynamics is vievged major scientific and societal challenge in the
effort to analyse and project local, regional atwbgl change (Cihlar et el 2000; FAO and UNEP
2002). Urban land cover change can affect thetghofi the land to sustain human activities through
the provision of multiple ecosystem services arfteoresultant economic activities with feedbacks
that affects many facets of local, regional arabgl change. More importantly, the need to quantify
and monitor urban land cover changes is deriveth froultiple intersecting forces, including the
physical climate, ecosystem health, and societalsigTurner 1987). Economic development and
population growth have triggered rapid changesddis land cover over the last two decades, and
there is every indication that the pace of thesenghs will accelerate in the future especially in
metropolitan regions or cities (Ludlow 2009). Thusderstanding and quantifying urban land cover
patterns and its change is also fundamental for itovdmg and assessing ecological and
socioeconomic consequences or impacts that canttogpated from current and future urban growth

and urbanization

Moreover, against the background of the currertiasnable development debate there is an increasing
demand for reliable and timely information aboubarr land cover change patterns and processes
(FAO & UNEP 2002). In addition to quantifying andadyzing temporal and spatial urban land cover
patterns, rates of change and trends, the reseamhalso provide insight into how towns and
metropolitan cities develop under varying sociatl @atonomic conditions and also to identify the
processes that affected its spatial developmeminriers use urban land cover dynamics data to
evaluate environmental impacts, to delineate umpanvth boundaries or service areas, to develop
land use zoning plans, and to gauge future infuagBire requirements and contribute to an
understanding of urban sustainability. Urban langec change data can also be used to generate
alternative land suitability and predictions on thasis of different land use policies and

environmental constraints.

Consistent and efficient characterization of thieanrland cover change therefore provides the basis
for urban planning and decision making, and faa#is the study of local and regional environmental
processes in the broader context of global enviertal change and the sustainability of cities and
their hinterlands or fringe areas. Thus, the kndgée of these dynamics is required to develop

policies related to sustainable urban developmeditd&cision-making on change.
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1.4. Problem statement

The main issue of great importance in understandiegs in metropolitan cities experiencing urban
growth includes spatial and temporal dynamics, iapdieterogeneity and land fragmentation
associated with the urban land cover change. Beit [ consistent, empirical and systematic
historical urban land cover changes, trends aneénpet detection, and a lack of clarity on whatthee
most appropriate and informative methods and indisato measure them, pose a problem for the
assessment of urban planning policies for metrtgolicities in many countries. The lack of
systematic procedure or methods to update urbath ¢tmver changes has hindered many urban
planning agencies and management programmes frapinge accurate and up-to-date spatial
information and records. As a result of the abserigeliable and comparative spatio-temporal urban
land cover change information and methods to meathem, important debates on urban policies

continue to take place with little or not realigtiata to support one policy or another.

Though remote sensing and Geographical informatistems (GIS) techniques have been widely
applied in providing the knowledge of where, howamuand what kind of land cover change has
occurred, considerable uncertainty continues tetarithe scope of understanding urban land cover
change patterns and processes. In particular, tteeneeed for more informative methods for

incorporating remote sensing and GIS data into u®&n cover change detection. The problem
analysis, planning and monitoring phases of a satée urban planning and management policy,
thus require reliable, objective and timely infotioa of urban land cover data on more regular
updates. This research aims to determine the pateritspatial metrics to characterize spatial and

temporal urban land cover change patterns for upleaming purposes.

1.5. Main Objective of the study

The main objective of the research is to deterrhim& spatial metrics, derived from remotely sensed
imagery and GIS data can provide objective inforomatand useful descriptions of urban cover

change for urban planning purposes.

1.5.1. Specific Objectives

(1) Determine and analyze trends and rates ofdamdr change in the study area between 2002 and
2009

(2) To measure vegetation cover change in theystteh between 2002 and 2009 using NDVI

(3) Characterise the urban growth form or morphiclaigpatterns and landscape fragmentation (and
spatial heterogeneity) patterns that have occuwrsat spatial metrics indices

(4) To assess the usability of spatial metrichandtudy area for urban planning purposes




1.5.2. Research questions

The research attempts to answer the following dprest

Objective 1 Land cover change trends

How can we determine and quantify accurate lanceicahange types, magnitude, direction using
Landsat TM data of 2002 and 2009?

Which land cover types in the study area experiérecalecrease and increase between 2002 and
2009?

What is the magnitude of change for each land ctyye that experienced conversion between 2002
and 20097

Objective 2 Vegetation cover change

Is there evidence of vegetation cover loss duetiarugrowth change between 2002 and 2009?

Which areas experienced a decrease and decreasgetétion cover between 2002 and 20097

Objective 3 Urban forms or morphological patterns and landscape fragmentation

change

What landscape metrics indices can we use to clesise and quantify urban forms, morphological

patterns and landscape fragmentation change pattésiudy area?

Which land cover types experienced landscape agghiion and coalescence between 2002 and
2009?

Which land cover types experienced landscape diahescattering and fragmentation between 2002
and 20097

How do the landscape indices behave with variaitioremote sensing spatial resolution (changing

grain size) of IKONOS image?

Objective 4  Usability of spatial metrics for uban planning

Determine, where, how and which spatial metricsroast effectively assist in urban planning
efforts?

What is the relevance of spatial metrics in theaarplanning context?

How could spatial metrics help to complement erggtthange detection techniques in urban land

cover change and growth?
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1.5.3. Hypothesis

Remote sensing data can be used to derive estinfates extent of urban land cover changes.

There is a significant difference between the niéBivI of 2002 and 2009.

Spatial metrics can provide detailed and objeatieasures of the spatial structure and patterns of

urban land cover change.

1.5.4. Expected Results

Maps of urban land cover changes of the Sancaklispréct.

To convey how the progress of urbanization resaltshanges to the landscape patterns for the study

area.

Demonstrate the utility to monitor urban landscepange on a regular time frame using satellite.data

Demonstrate the utility of remotely sensed dat& &id spatial metrics to successfully map changing

urban land cover patterns and structures for Jdepa district.
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Chapter Two: Literature Review

This chapter starts by giving a brief summary of main general approaches to land cover change
detection using multi-temporal satellite data. The next section of this chapter discusses the potential
and utility of using remotely sensed NDVI for accurately detecting vegetation cover change at local,
regional and global scale. Previous and current trends in use of different quantitative methods as
indicators of urban form or morphology patterns are elaborated. This is followed by discussion of the
theoretical conceptual framework, definition and levels of landscape pattern metrics, brief examples
of their application in urban landscape change and the relevance in urban planning are given. The
last section of the chapter reviews general approaches of conducting usability testing procedures of

method, technique, software or prototype.

2.1. Land Cover Change Detection Approaches

There are two main general approaches to changectiet: (1) comparative analysis of

independently produced classifications and (2) &emeous analysis of multi-temporal satellite data
(Singh 1989). Examples of the simultaneous analgsibniques include image differencing, image
ratioing (Howarth and Wickware 1981) and Princi@aimponent Analysis (Ribed and Lopez 1995).

Singh (1989) provides a good discussion of thengtres and weaknesses of these approaches.

However, the most common technique for detectingngk is the comparison of land cover
classifications from two dates. The use of indepatigt produced classifications has the advantage of
compensating for varied atmospheric and phenolbgimaditions between dates, or even the use of
different sensors between dates, because eackficktsm is independently produced and mapped to
a common thematic reference (Gordon 1980; Stow éB8&80; Singh 1989). The method has however,
been criticized, because it tends to compound arorsethat may have occurred in the two initial
classifications (Gordon 1980; Singh 1989). Thegendifferencing procedure has been widely used
for a variety of land cover change investigatiomgluding assessing deforestation (Massart et
al.1995) and urbanization (Dimyati et al.1996).

The image differencing technique involves taking thathematical difference between geo-registered
images from two dates. The input data can be ragliocally calibrated raw imagery, or transformed
data such as NDVI imagery. The procedure has bsed for monitoring forest change (Vogelmann
1988) and detecting urban expansion (Jensen ahd 982). While often producing excellent results,
it has been suggested that image differencing aloag be too simple a procedure to adequately

describe many surface changes (Jensen and Tol] $@8i21999).

11
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2.2. Remote sensing of urban land cover change

Determination of spatial and temporal urban laneec@hanges requires the systematic and consistent
measurement and modelling (Herold et al 2005). Gt#t long term observations from multiple
satellite sensors sources have shown to be preigdor quantifying urban land cover change
(Webster 1996; Jensen and Cowen 1999; HeroldZ26CH).

Satellite remote sensing imagery for instance hagolution data, as well as medium-resolution (MR)
time series has proved to be an important datacedor monitoring and modelling urban land cover
change (Jensen and Cowen 1999). This is becausHitsatemote sensor data supply repetitive,
consistent, and global measurements for proceatetetesearch and modelling, a relatively long time
series of data acquisition which facilitates rgbexgive monitoring studies. These advantages have
made satellite remote sensing the preferred cHoicthe timely production of geospatial datasets at

local, regional to global scales that contain laader information (FAO 2002).

Remote sensing data of high-resolution, mediumhiéisa (MR) as well as low resolution at
different time interval can help in analysing tla¢erof land cover changes. Hence, it has a sogmifi

role in urban planning at different spatial and penal scales. Thus, remote sensing can provide data
needed to detect and measure a variety of elemelating to the morphology of cities, such as the
amount, shape, density, textural form, and spréadhmn areas (Mesev et al.1995; Webster 1996).
Remote sensing data are especially important iasavérapid land cover changes where the updating
of information is tedious and time-consuming (Hdraét al 2005). The spectral reflectance

characteristics of earth surface materials carskd to quantify the spatial distribution of land/en

Geographic Information System (GIS) is an integiatt of developing spatially explicit methodology
of urban land cover change (Clarke et al. 2002addition to providing an efficient means of stgrin
spatially referenced urban land cover and othea,datimary uses of GIS in this context include
identifying spatial patterns of urban land covetamd use change. Given urban land cover data from
two points in time, GIS can be used to derive a ofajhe land cover changes. Such a map in urban
environment can be used to visually explore theepaxtent and pattern of land cover changes
associated with urban growth or urbanization prea@egl to identify “hot spot”, areas of particularly
rapid change. In turn this pattern of urban laonglec change can be visually compared with the
spatial distribution of roads, zoning, public watard sewer, and other determinants of land use

change to qualitatively explore the extent to whitobse factors influence land cover patterns.
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2.3. Monitoring vegetation cover change using NDVI

Though many vegetative indices exist, the most lyidesed index is the Normalized Difference
Vegetative Index (NDVI = (Near infrared band — Rexhd)/ (Near infrared band + Red)) to measure
photosynthetic output or biomass, the amount oEmgreegetation in a pixel in a satellite image
(Lillesand and Keifer 1972; 2000). It can be usedlistinguish the differences between vegetation
and non-vegetation land cover classes. The ND\ tgpe of product known as a transformation,
which is created by transforming raw image dat® iah entirely new image using mathematical
formulas (or algorithms) to calculate the coloutugaof each pixel (Jensen 2005). This type of
product is especially useful in multi-spectral réensensing since transformations can be created tha
highlight relationships and differences in spectiatensity across multiple bands of the

electromagnetic spectrum (Lillesand and Keifer 22000).

The NDVI, like most other vegetative indices, iscodated as a ratio between measured reflectinity i
the red and near infrared portions of the electgmatic spectrum (Jensen 2005). These two spectral
bands are chosen because they are most affectédebgbsorption of chlorophyll in leafy green
vegetation and by the density of green vegetatiothe surface. Also, in red and near-infrared bands
the contrast between vegetation and soil is atxmman. The Red and NIR images are obtained and
used to calculate an NDVI value for each pixel. Ni&VI equation produces values in the range of -
1.0 to 1.0, the resulting index value is sensitivethe presence of vegetation on the Earth's land
surface and can be used to address issues of tiegdigpe, amount, and condition. Vegetated areas
will typically have values greater than zero andyaiee values indicate non-vegetated surface
features such as water, barren, ice, snow, or sldddny satellites have sensors that measure the re

and near-infrared spectral bands, and many vansbto the NDVI exist.

Past researches have demonstrated the potentialutiitg of using NDVI to study vegetation
dynamics for accurately detecting forest or vegmtatover change at local, regional and globallleve
using for instance the Advanced Spaceborne TheEmédsion and Reflection Radiometer (ASTER)
on board the Terra platform, and the Moderate Réisol Imaging Spectroradiometer (MODIS)
sensors on board both the Terra and Aqua platf¢8tefanov and Netzband 2005; Townshend and
Justice 1986). Since NDVI is also strongly reldiethe extent of vegetation cover, it can therefmre
used to detect land cover changes (e.g., foreiaement with built-up) and can also be used as an
indicator of spatial heterogeneity in the landscéfer and Ostrovysky 2003). Fernadez et al. (1997)

used NDVI has been used to map surfaces affectéatdpy forest fires.

Temporal NDVI data analysis using remote sensirig Have largely focused on the Advanced Very

High Resolution Radiometer (AVHRR) to detect lanover and biomass change on board the
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National Oceanic and Atmospheric Administration (N§) meteorological satellites (Townshend

and Justice 1986). The Advanced Very High Resaluftadiometer (AVHRR), is a 5 channel

radiometer with channels in the red (channel 1) mear infrared (channel 2) potion of the spectrum
data to monitor natural vegetation condition myional and national level, identify deforesiati

in the tropics, and monitor areas undergoing déisation and drought. For example, the United
States Geological Survey developed Land cover ctenaation dataset based primarily on the

unsupervised classification of 1km AVHRR 10 day N@¥mposites (Jensen 2005).

The AVHRR, however has a resolution that is muchelothan the Landsat TM/ETM+ sensors.
AVHRR NIR data is transmitted at a maximum resolutdf 1 km, and the NDVI product is generally
produced at an even further reduced resolutionaflys8 km) in favour of providing global or large
scale coverage. The Landsat NDVI is produced asalution of 30 m, which offers far greater detail,
though it is able to provide less aerial extentug;ithe AVHRR data is more appropriate for creating
frequent global NDVI products while the Landsat Thta are most useful for creating images with

greater detail covering less area (Townshend asiicéul 986).

2.4. Quantitative research on patterns of urban form or morphology

Urban form can be defined by a number of quantiéadpatial characteristics, such as density, land
use mix, and street network connectivity, compagnand sprawl (Chinitz 1965). Chinitz (1965)
made some early attempts to quantify patterns losfiruform by focusing on the growth of suburbs
relative to central cities. Such studies have shthaih suburbs especially in United States of Angeric
have grown and continue to grow more rapidly thaa ¢entral cities they surround (Mills 1980).
Such an attempt to measure urban growth form udersity has been used to compare growth in
urban populations with growth in urbanized landaaren attempts to identify the intensity of urban
sprawl (Fulton et al. 2002).

Similarly, Tsai (2005) developed a set of quantitatvariables to characterise urban forms at the
metropolitan level and in particular, to distinquisompactness from ‘sprawl’. Four quantitative
variables were used to measure four dimensionshanuform at the metropolitan level: metropolitan
size, activity intensity, the degree that actiatare evenly distributed, and the extent that kighsity
sub-areas are clustered. Another dimension usetieisglobal Moran coefficient, to distinguish
compactness from sprawl. It is high, intermediatd elose to zero for monocentric, polycentric and
decentralised sprawling forms respectively. In #ddj the more there is more local sprawl,

composed of discontinuity and strip developmerd,lthwer is the Moran coefficient (Tsai 2005).
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Complex measures of urban form were developed bigt&aet al. (2001) by identifying eight
dimensions of urban form: density, continuity, cemication, clustering, centrality, nuclearity, and
proximity. For instance each dimension reflectstigpaelationships among subsectors of the city,
where subsectors are defined by one- or one-hd# grids. While the measures by Galster et al
(2001) provide new and interesting information abaian form, they provide little information that
can be used for public policy. It is often a quifficult to imagine how and whether policy makéars
involved in urban planning are concerned with raglof cities in terms of dimensions like clustering

and nuclearity.

In addition, Ewing et al (2002) created a sprawdex of urban form that combines six sets of
variables that measure residential density, lane nmx, development concentration and street
network patterns to compute an overall measurgrmaivd. Ewing et al (2002) created a sprawl index,
considered policy relevant was tested in US coaniiethe largest 101 metropolitan areas. Quite
essential is the fact that the sprawl index, prediéhformation which can be used to compare the
urban form of one geographic region to another ihatn index of which region sprawls the most.
Moreover it is used to explore the influence ofarrdorm on human behavior, human health, and
environmental quality. That is, policy makers cae uhe index to inform zoning and subdivision
regulations that control density, street networlormetivity, and the location of schools, road
infrastructure and services areas. However, lilwipus measures, the index by Ewing et al (2002) is
geographically coarse. That is, since the indecormputed at the county and metropolitan levek it i
unable to provide information on how urban formi@arwithin counties and metropolitan areas and

how urban form varies over time.

The exposition of fractal geometry by Mandelbro®&2) provided a critical tool for the study of
urban form, and since then a large body of litaehas grown with an emphasis on the use of fctal
to study these complex irregularities. Mandelbrd®83) in his introduction of fractal geometry
explained that most forms in nature do not confr&uclidean geometry based on straight lines and
smooth curves. The topological dimension of a p@r#ero, the topological dimension of a straight
line is 1, and the topological dimension of a scefas 2. But the dimension of the edge of an
irregular, fragmented object (such as the coastin@ritain) is a fraction somewhere between 1 and
2. Similarly mathematical modeling of fractal grimitas been used to simulate and understand urban
growth patterns (White and Engelen 1993; Andersstoa.l 2002a; Andersson et al. 2002b; Onural
1991; Batty et al.1994:1999). Makse et al. (199898) used correlated percolation simulation to
produce a pattern similar to the growth of Berfionfi 1850 through 1945.
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Recently, Huang et al (2007) employed spatial ad$gape metrics to describe urban form using
dimensions like complexity, centrality, compactngssrosity and density for the 77 metropolitan
areas in Asia, US, Europe, Latin America and Alistrd he result demonstrated that spatial metrics
or landscape metrics were able to capture the udgmhtomerations of developing world which

showed distinct patterns that are more compactdande than either in Europe or North America. In
addition there have been wide range of studigbe application of landscape metrics studies fo
not only urban form change but also landscapegdanrural and urban environments (Herold et al.
2002). This is because landscape or spatial mettescribe various properties of the spatial

heterogeneity and configuration of land cover given area (Turner et al. 1989 ; 2001)

2.5. Landscape Pattern Metrics

The terms spatial or landscape metrics’ refersuskebly to indices developed for categorical maps
(McGarigal and Marks1995). Landscape metrics wenelbped in the late 1980s and incorporated
measures from both information theory and fracedbrgetry based on a categorical, patch-based
representation of a landscape (Mandelbrot 1983ni8iva & Weaver 1964). Gustafson 1998) stated
that although a large part of landscape patteaiyais deals with the identification of scale and
intensity of pattern, spatial or landscape metaiesfocused on the characterization of the gedenetr
and spatial properties of categorical map patterpsesented at a single scale (grain and extent).
2.5.1. Patches and Patchiness (Spatial heterogeneity) and Levels of Landscape

Metrics

Patches form the building blocks for categoricalpmmgMcGarigal and Marks 1995). In most
applications, once patches have been establish#unypatch heterogeneity is ignored. Landscape
metrics instead focus on the spatial characterdisiibution of patches. While individual patches
possess relatively few fundamental spatial charisties (e.g. size, perimeter, and shape), cobasti

of patches may have a variety of aggregate pragentiepending on whether the aggregation is over a
single class (patch type) or multiple classes (Magaghand Marks 1995). Landscape metrics may be
defined at three levels (McGarigal and Marks 199%eill et al, 1988).

(1) patch-level metrics

Patch-level metrics are defined for individual e, and characterize the spatial character and
context of patches. McGarigal and Marks (1995) esgthat patches represents relatively discrete
areas (spatial) or periods (temporal) of relativalymogonous environmental conditions that are

perceived by or relevant to the organism or ecclgdhenomenon under consideration for instance
the geographical extent type of vegetation withiarger forest that contains several species aftpla

In an urban environment the concept of patchesbeansed to represent discrete areas of land cover
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(an urban forest) and land uses (single familydeadial) either for ecological and social econorhica
processes (Barnsley and Barr 1997; Forman 1995nef et al. 2001).

(2) Class-level metrics

Class-level metrics are integrated over all thelped of a given type. These may be integrated by
simple averaging, or through some sort of weiglateeraging scheme that biases estimate to reflect
the greater contribution of large patches to theralVindex (DiBari 2007).

(3) Landscape level metrics

Landscape-level metrics are integrated over alitpapes or classes over the full extent of the dat
(i.e. the entire landscape). Like class metrices¢hmay be integrated by a simple or weighted
averaging, or may reflect aggregate propertied®fplatch mosaic (McGarigal and Marks 1995:2002).
It is important to note that while most metricshagher levels are derived from patch-level attrdst
not all metrics are defined at all levels (McGarigad Marks 1995). In particular, collections of
patches at the class and landscape level havegaggrproperties that are undefined at lower levels.
McGarigal and Marks (1995) and O’Neill et al (198®)ted that the fact that most high-level metrics
are derived from the same patch-level attributesstha further implication that many of the metrics

are correlated.

2.6. Spatial landscape configuration and composition

Turner (1989) and Turner et al. (2001) stated thetrics of landscape patterns aim to measure two

major characteristics of the landscape thatdtaposition and spatial configuration.

2.6.1. Landscape composition

Landscape composition refers to the presence amsuranof different patch types within the
landscape, without explicitly describing its sphfeatures, placement, or location of patches withi
the mosaic (McGarigal and Marks 2002). Since laagsccompaosition requires integration over all
patch types, landscape composition metrics are apjicable at the landscape-level. There are many
guantitative measures of landscape compositiodudimy the proportion of the landscape in each
patch type, patch richness, patch evenness, aol gafersity. For instance landscape composition is
assessed using metrics such as landscape div&8kiapnon Weaver diversity and Shannon Evenness
Index (McGarigal et al. 2002).

2.6.2. Spatial configuration

Landscape configuration refers to the spatial ithigtion of patches within the class or landscaps an
this basically means the specific spatial arrangenoé different land cover types on a landscape.
(Turner et al. 2001; McGarigal and Marks 2002). 8arhthe components of landscape configuration
are (1) patches, (2) edges, (3) probability of eeljmy, and (4) patch contagion (McGarigal et al.

2002). Other aspects of configuration, such as eshap core area, are measures of the spatial
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character of the patches. Spatial configuratioro atan be quantified in terms of the spatial

relationship of patches and patch types (e.g.,@séaeighbour, contagion) (McGarigal et al. 2002).

These metrics are spatially explicit at the clasdaadscape level because the relative location of
individual patches within the patch mosaic is repréed in some way. For example, perimeter-area
and fractal dimension are measure of shape contpléMiandelbrot 1983) that can be computed for

each patch and then averaged for the class ordapdsor it can be computed from the class or
landscape as a whole by regressing the logarithpatith perimeter on the logarithm of patch area.

Figure 2.1 provides the conceptual framework ofiaape metrics while Table 2. |. provides specific

description and general overview of the common daage metrics indices based on the description
by McGarigal et al. (2002) and on Herold and Clg2@03).

............ > Functior |
Landscape —>| Dvnamics |

—>| Structure |

v

Landscape/Spatial metrics =~ [re=mrrreeemnemeeeanes » Levels of landscape metrics

v
Types of landscape metrics

\4
Patch metrics

\ 4

Patch density and Size metrics

Edge metrics —-(» Class metrics

Shape Metrics

Diversity and Interspersion metri¢s

Landscape metrics

Core Area metrics

Y

Quantification, Description and Characterisation

\4
Social-economic | Biotic Functions | Abiotic Functions| Landscape monitg

functions

Figure 2.1 The conceptual framework of landscapmetrics (Source:Lausch and Herzog 2002)
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Table 2. I. Description of the spatial metrics( sarce: McGarigal et al. 2002 and Herold et. al

2003).
Landscape metrics| Description Units
(unit)
CA (Class area ;) sum of areas of all patches lgaignto a given class, in map(ha)
units
NP Number of patches
MPS Mean patch size; the average patch size withinrdcphar | (ha)
land cover class
PERCLAND (per cent) Per cent of landscape Percent
PLAND equals the sum of the areas (m2) of a spekifid
cover
class divided by total landscape area, multipligd ®0.
LPI (per cent) LargestLPIlequals the area (m2) of the largest patchef th Percent
patch index corresponding class divided by total area coveyeithét
class (m2), multiplied by 100 (to convert to a getage
PD Patch density; PD equals the number of patchaspecific land cover clagsNumbers
divided by total landscape area per
100 ha
PSCV (per cent) Patch size coefficient of variation
AWMSI Area-weighted mean shape index, the averagengter-to-
area ratio for a class, weighted by
the size of its patches
AREA_SD - Area AREA_SD equals the standard deviation in size ef th Hectares
standard deviation patches
of a land cover class.
ED - Edge density ED equals the sum of the lengths (m) of all edggrssts Meters
involving a specific class, divided by the totaldacape area| per
(m2) multiplied by 10000 (to convert to hectares). hectare
ENN_MN - Euclidian ENN_MN equals the distance (m) mean value ovepaltthes| Meters
mean nearest of a class to the nearest neighbouring patch baisethortest
neighbour distance edge-to-edge distance from cell center to cellarent
ENN_SD - Euclidian ENN_SD equals the standard deviation in Euclidigam Meters
nearest neighbour nearest neighbour distance of land cover class
distance standard
deviation
FRAC-AM - Area Area weighted mean value of the fractal dimensalnes of | None
weighted mean patch all
fractal dimension patches of a land cover class, the fractal dimensia patch
equals 2 times the logarithm of patch perimeterdiviled
by the logarithm of patch area (m2); the perimetexdjusted
to correct for the raster bias in perimeter.
FRAC-SD - Fractal FRAC_SD equals the standard deviation in fractal None
dimension standard dimension of
deviation land cover class.
COHESION Cohesion is proportional to the area-weighted mean Percent
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perimeter area
ratio divided by the area-weighted mean patch shape
Index (i.e., standardized perimeter-area ratio).

CONTAG - Contagion | CONTAG measures the overall probability that a okl | Percent

patch
type is adjacent to cells of the same type

2.7. Use of spatial metrics for urban land cover analysis

Since landscape or spatial metrics describe varpnoperties of the spatial heterogeneity and
configuration of land cover in a given area (Tureerl. 1989 ; Turner et al. 2001), they provide a
guantitative approach for studying urban land cal@ange through the measurement of spatial and
temporal variations in these metrics (Herold et2802).While they were originally developed for
landscape ecological research, recent studies indiegated their potential for the analysis of urban
environments in understanding and inferring theepsses involved in the spatial distribution of urba
land cover and the patterns created (Herzog anddha2001; Herold et al. 2005).

Spatial metrics have been used in the urbair@maent for modelling urban structure and related
dynamics of spatial and temporal change and grewbesses (Alberti and Waddell 2000; Barnsley
and Barr 2000; Bauer and Steinnocher 2000; Heroid. 2002). This is because spatial or landscape
metrics can measure the various aspects of theclawet and land use pattern, including composition
(e.g. diversity, dominance etc.), spatial configiora (e.g. density, size, shape, edge, connectivity
fractal dimension) and spatial neighbourhood (eegerogeneity and contagion) of the landscape. The
area-weighted mean patch fractal dimension indé¥#°FDI) and contagion index (CI) were used
by Torrens (2006) to measure urban sprawl. PaEhasid patch shape indices have been widely used
to convey meaningful information on biophysicallhanged phenomena associated with patch
fragmentation at a large scale (Herold et al. 2008se configuration indices usually correlate with
the basic parameter of individual patch, such as dhea, perimeter, or perimeter—area ratio
(Gustafson and Parker 1992).

Heterogeneity-based spatial metrics indices wese déveloped to quantify the spatial structures and
organization within the landscape (Turner 1987 nfaor 1995). The dominance and contagion indices
were first developed on the basis of the informmatiteory to capture major features of spatial patte
throughout the eastern United States (O’Neill 1988)e proximity index quantifies the spatial
context of patches in relation to their neighbo(@istafson and Parker 1992). For example, the
nearest-neighbour distance index distinguishesatisd! distributions of small patches from the

complex cluster configuration of larger patchesr(ieu 1987). These measures can be used to discern

20



the extent to which the landscape is becoming moress fragmented over time. In addition they
offer much promise as practical tools for quantifythe spatial heterogeneity of the urban landscape
and help predict the ecological effects of urbarasp Such an analysis can aid in informing public
officials and the public about the nature and cqueaces of land cover or landscape change over
time. For instance the extent to which urban spitaadl evolved in a particular region (Alberti and
Waddell 2000).

Studies by Seto and Fragkias (2005) have shown Wmadscape metrics helps to improve
understanding of the shape and trajectories ofrue@ansion. This study used landscape metrics like
area, number, edge density, mean size, patch lfidintansion, and patch variation to analyze spatio-
temporal patterns of urban land use change asedcigith four cities in the Pearl River Delta in
China. Although the choice of indices relies on énephasis of a specific research, it is preferced t
adopt groups of indices when modelling a spatidgfepa because landscape pattern possesses both
homogeneous and heterogeneous attributes (Barasig@yBarr 1997; Turner and Gardner, 1991;
Forman 1995; Farina 2000; 2006; Turner et al. 2001)

2.8. Usability testing procedure of a method

Usability testing is the capability of the methadite understood learned, used and attractive to the
user, when used under specified conditions (ISO3198he phrase "when used under specified
conditions" (equivalent to "context of use" in I9@41-11) was added to make it clear that a product
has no intrinsic usability, only a capability to beed in a particular context for instance urban

planning and management. There are several waysasure the usability of a method.

Shackel (1990) refers to four aspects of interastigability testing: learnability (easy of learn),
throughout, flexibility, and attitude. Rubin (199dgcepts that usability includes one or more of the
four factors outlined by Booth (1989): usefulnesffectiveness (ease of use), learnability, and
attitude (likeability). Smith and Mayes (1996) rothat usability focuses on three aspects: easy to
learn, easy to use and user satisfaction in usheg gystem. International Organization for
Standardization (ISO9241-11) identified three ugbimeasures, which include effectiveness,
efficiency and satisfaction (ISO 1993). Usabiligsting methods involve assessing the method’s

ability to meet user’s performance (effectiveness efficiency) and satisfaction objectives.
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Table 2.2. Usability measures from literature (ISOL993)

Effectiveness Measures the ability of the system in meeting therided goal by
looking at how the system assists the user to ate@nd correctly
complete the tasks

Efficiency Observes time and effort required toauplish particular task by
the user
Satisfaction Relates directly to users attituthemvusing the system. Looks on

how the system is acceptable by the user with detgar
comfortability felt in using it.

2.8.1. Usability evaluation and test methods

Preece (1993) discusses common usability evaluatiethods like observational evaluation and
survey evaluation. These different methods impffedént types of evaluators, different number of

users, and different types of data to be collected.

2.8.1.1. Observational evaluation

This method implies collecting data that providéoimation about what users do when interacting
with a method, software or prototype. It involvesiting one or more users in their work place.

Several data collection techniques may be usedorfiory to Preece (1993) two broad categories of
data may be obtained: how users tackled the tasks,gvhere the major difficulties lie and what can

be done; and performance measures like frequencyookct task completion, task timing, and

frequency of participant errors.

2.8.1.2. Surveys

Surveys are employed to know users' opinions amtterstand their preferences about an existing or
potential method or product through the use ofruiésvs or questionnaires. The interview is one way
of collecting data in a survey. Interviews can tractured (sequence of predetermined questions with
no exploration of individual attitudes) or flexib{# has some topics and develops in responseeto th

interviewees' replies).

The other way to collect data in a survey is thfougiestionnaires. There are two types of
guestionnaires: open ended questionnaire (the megmb provides his/her own answer) and closed
guestionnaire (the respondent selects the answer drchoice of alternative replies). Questionnaires
which are a more common approach for usabilityingstare useful for studying how end users use
the system and their preferred features, but nesde sexperience to design (Holzinger 2005).
Questionnaires are considered an indirect methinde shey do not study the actual user interface;

rather it only collects the opinions of the usedrsi the interface.
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Chapter Three: Research Methods

This chapter presents a general research methodology of how the remotely sensed image data
acquired were pre-processed and how the image classification processing were carried out to derive
land cover maps from Landsat TM of 2002 and 2009. It is then followed by a discussion of post image
classification refinement and accuracy assessment procedures performed on the derived land cover
maps. Spatial Analysis methods used to measure and quantify land cover and vegetation cover
change is then discussed. It is then followed by a discussion on how landscape metrics were selected
to quantify landscape composition and configuration of the study area. The last section of this
chapter presents a methodology used to measure usability of spatial metrics method during the

fieldwork for urban planning purposes.

3.1. General approach and research design

The general approach of the research can be divittedthree parts that is the pre-fieldwork,
fieldwork and post work phase. The pre-fieldwonkadlved designing a research objectives and
guestions to answers the research problem conceivae study area. To answer the specific
objectives of the study, various kinds of data weuired. Land cover and vegetation cover change
detection required multi-temporal satellite datadifferent years. Ancillary data like air photoghsp

and Google image were needed for accuracy assessh@assified images.

Landscape configuration and composition changebamgrowth form, land cover fragmentation and
spatial heterogeneity required classified land cawaps. Usability assessment of spatial metrics
including carrying out interviews needed to be amtdd in the fieldwork to collect relevant
information in the study area. All the data cdilees were done during the fieldwork phase. Data
analysis was a post fieldwork phase that was chroigt in image processing and GIS software.
Conclusion and recommendations about the findihgs toncludes the research design. Figure 3.1

gives a general conceptual framework of the rebedesign of the research thesis.
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Figure 3.1. The general conceptual framework of thresearch

3.2. Remote sensing data acquistion

The Landsat Thematic Mapper (TM) images of 2002 20@P were downloaded from USGS'’s Earth
Resources Observation and Science (EROS) Cdrttpr/{glovis.usgs.gov/).The IKONOS remotely
sensed images of June 2008 were acquired frombistdvetropolitan Planning and Urban Design
Centre (IMP) during the field work campaign betwdénSeptember 2009 to 3 October 2009. The
characteristics of the of satellite image datauaeg are shown on table 3.1.The IKONOS 2008 data
was used to determine the effects of changing @apasolution on landscape metrics. For the urban
land cover change detection analysis in Sancaldégigct, Landsat TM images were used and the
month of June was selected as this is a dry seasthe study area in all the remotely sensed data

acquired to ensure that detected changes are motodseasonal and phenological differences. In
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addition, it is easier to distinguish different dacover types for instance forest, grassland from
bareland or fallow croplands in the dry season ttlenwet season. Furthermore change detection
methods like NDVI performs better in accuratelyiraating biomass abundance in the dry season
since high NDVI values are expected for naturaletation and lower NDVI values are expected for

bareland.

Table 3. 1. Characteristics of satellite imageada

Satellite Data Type Spatial resolution Acquisition date Path/row

Landsat TM 30 meters 2002/6/14 181/31
Landsat TM 30 meters 2009/6/17 181/31
IKONOS Im ( pan sharpened June 2008 181/31

As shown on Table 3.1 and Table 3.2, the LandsatriEtic Mapper data have a spatial resolution of
30 meters, and seven spectral bands that simulialyeecord reflected or emitted radiation from the
Earth's surface in the blue-green (band 1), grband 2), red (band 3), near-infrared (band 4), Midd
Infrared (band 5), and the thermal or far-infrafleand 6) and Short-wave infrared (band7) portidns o
the electromagnetic spectrum. Therefore, urban tanwr change detection can be generated using
the Landsat TM data at different scales of regi@mal local level due to high information content of
its multispectral bands of the electromagnetic spet However, the 30 meter spatial resolution of
the Landsat TM data allows only general land cayemge detection but not detailed as compared to
high resolution images like, IKONOS with 4 meteasal resolution and 3 to 5 days off-nadir and 144

days for true-nadir revisit rate.

However, data from these commercial sensors liIKENKS and Quick bird are costly compared to
government-operated sensors (Landsat Multispe@@@nner, Thematic Mapper, and Enhanced
Thematic Mapper) since they are limited in bothtighaand temporal coverage and also spectral
coverage is also limited to the visible and ne#ramned wavelengths (Jensen 2005). Data from the
USGS'’s Earth Resources Observation and SciencercfEiROS) satellite-based instruments offers
an opportunity to collect high spectral and tempaesolution relevant information for urban
environments and applications. For instance l@hdays revisit time of Landsat TM make it easier
also to find multi-temporal Landsat TM data &drange detection analysis between different years
and or seasons to analyse land cover and vegetatioer changes for urban landscapes which

requires consistent monitoring and measurement.
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Table 3.2. Satellite image spectral bands charactstics

Satellite Data Type Spectral Range Band name
Landsat Thematic Mapper

Band 1 0.45-0.52  micrometefs blue

Band 2 0.52-0.60  micrometefs green

Band 3 0.63-0.69  micrometefs red

Band 4 0.77-0.90  micrometefs Near Infrared
Band 5 1.55-1.75 micrometers Middle Infrared
Band 6 10.40-12.50 micrometels Thermal Infrared
Band 7 2.09-2.35 micrometefs Short-wave hefila
IKONOS satellite

Panchromatic 450-900 nanometeryPan)Black and white
Band 1 445 -516  nanometers(Blue)

Band 2 506 — 595 nanometefqdGreen)

Band 3 632 -698 nanometers(Red)

Band 4- 757 - 853  nanometers(Near Infrared)

3.2. Satellite image data processing procedures

Satellite image pre-processing commonly comprises a series of sequential operations, including
geometric registration, atmospheric correction or normalization. Accuracy assessment and filtering
of the classified images are post classification methods procedures done after image classification.
Pre-processing of satellite images prior to image classification is essential for change detection. The
following procedures were undertaken in the image processing software of Erdas Imagine to derive

land cover data.

3.2.1. Geometric Registration

The satellite images were orthorectified to the UThbrdinate system using nearest—neighbour
resampling method and projected to the World @g8odSystem 1984 (WGS84). Geometric
rectification of the imagery resamples or changmesptixel grid to fit that of a map projection. This
becomes especially important when scene to scemparisons of individual pixels in applications
such as change detection are being sought. Theesnagquired were then digitally processed in
Erdas Imagine software to get land cover maps.reig2 shows the procedures undertaken to derive

the land cover maps.

26



Multi-temporal satellite images Landsat TM 2002
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Figure 3.2. Flow chart showing the steps undertakein the satellite image processing to
derive to derive land cover maps.

27



QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN
CITY, TURKEY

3.2.2. Image normalization using regression

The satellite data were rescaled to the range 25®-n order to facilitate data handing in the imag
processing software. The image normalization wafpaed to minimize pixel Digital Number (DN)
variation caused by non-surface factors so thabtians in pixel brightness value between dates
could be related to actual changes in surface tiondi (Jensen 2005). It was assumed that the
multiple dates of remotely sensed data were acdjuiiéh varying sun angle, atmospheric, and soil
moisture conditions. Relative radiometric correctad the two images was done using the regression
method based on pseudo invariant objects (featuinsstable reflectances) such as water bodies,

airstrips and roads identifiable in the images.

A set of theses pixel samples of features wittble reflectances (pseudo invariant objects) were
then used to develop a linear fit equation fommalizing the Landsat TM spectral radiances of 17
June 2009 relative to Landsat TM spectral radiarioe 14 June 2002 as shown on figure 3.3. Then
the coefficients and intercept of the equation wased to compute a normalized image with the
reference image (17 June 2009). The method is wigedd to improve the fidelity of the brightness
value magnitudes by reducing the influence of ermrinconsistencies in image brightness values for
change detection in digital remotely sensed imddessen 2005). This also ensures that changes in
spectral radiances for corresponding pixels of dtisremporal image sequence are proportional to

actual changes in spectral reflectance of the serfa
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Figure 3.3 Relationship between the DN values of sampled psemdnvariant objects between
the Landsat TM bands 3 of 14 June 2002 and 17 Jar2009
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Figure 3.4. Relationship between the DN values of sampled psemdhvariant objects between
the Landsat TM bands 4 of 14 June 2002 and 17 Jur2®09.

3.3. Image classification

To enhance accurate image classification, eachiniisite was evaluated graphically to determine
their spectral response patterns in Erdas imagirshawn on figure 3.2. This was done to ensure that
sufficient signature separation and the signatweerpted of different spectral classes from each
training site has a high probability of being cethe classified (Lillesand & Kiefer 2000). As
depicted on both graphs of 14 June 2002 and 17 200@ Landsat TM images, forest and grassland
showed high spectral reflectance in near infrabnedow spectral reflectance in the visible barts,
reflectance of built and bareland increases witlt@asing wavelength from visible to near infrared,
while for water the reflectance is maximum at tHaebend of the spectrum and decreases as

wavelength increases from the blue to red bandmnfudis).

Also the two graphs reveals that the spectral sigea of some land cover classes like built areds a
bareland appeared similar at some spectral b@adslsat band 1 and 2) though they were separable
at some spectral bands (Landsat band 4). The hartdsrmal band (band 6) was not used in
generating spectral reflectance of different langect types and subsequently in supervised image
classification due to its different spatial resmotas compared with other bands. The Landsat thlerm
band (band 6) has spatial resolution 120 m coetptr others six Landsat TM bands with a spatial

resolution of 30 m.
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Figure 3.5. Spectral profile for 14 June Landsat @02 Thematic Mapper land cover classes
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Figure 3.6. Spectral profile for 17 June Landsat @09 Thematic Mapper land cover classes

In additional false colour composites were usedrier to distinguish thematic land cover of intéres
on the images. For instance the false colour caeitgpecheme using bands 4(near infrared), 3( ed),
(green) on Landsat TM allowed distinction of diffat land cover types as vegetation appeared in
different shades of red, water appears dark-bldiahe soils buildings appeared in a cyan colour on

the image as shown on Figure 3.7 (a) and (b).
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Figure 3.7. (a) Landsat band 4, 3, 2 colour compibs (b) Landsat band 7, 4, 2 colour

composite

During signature development a two-dimensionattecalots, in the form of feature class ellipses,
were also calculated from the means and standanattbns derived from the range of pixel values
in each training site in two different image daéag(Landsat TM Band 2 and 4cpmbinations.
Sample locations were then selected on each adgimragge to seed polygons as signatures of land
cover classes on-screen in Erdas Imagine 9.3 satvzach sample location was grown into an area
of relatively spectrally homogeneous values usimdak Imagine’s Area Of Interest function. The
satellite images were then classified in Erdas Ine@®.3 software using the maximum likelihood
algorithm to derive land covers thematic classeintdrest that is forest, built-up area, water, and
bareland and grassland (see description of landraddassification scheme in appendix 2). A majority

filter with 3 x 3 window size was applied to remdbe noise in the classified images.

3.4. Accuracy assessment

The classified images were compared to the referglata to asses the accuracy of classification
process. Colour orthophotographs and the Googté ezaps were used as ground reference data for
accuracy assessment of the image classificatiocepso Test sites across the five land cover classes
were selected randomly as ground reference datadtorent high resolution imagery (4m) in Google
earth for accuracy assessment of the classifiedéma7 June 2009 and June IKONOS 2008 while
colour orthophotographs of 2003 were used for 14eJR002. The overall accuracy, producer’'s
accuracy (error of omissions), user’s accuracyofeof commissions), and kappa coefficient were
calculated for each classified image as shown lietén appendix 3. The overall classification
accuracy for June 2008 IKONOS was 91.92% with Oié¢appa Statistics of 89.71%. The high
accuracy reached on the IKONOS image can be exgulay high detailed resolution of data which
accurately discriminate or separate different laxadegories. However, the overall classification

accuracy for 17 June 2002 Landsat TM image was ®@¥% Overall Kappa Statistics = 0.75%. For
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14 June 2009 Landsat TM image, the overall cla=gifin accuracy was 86.7% with the Overall
Kappa Statistics of 82% (see appendix 3). Low pceds accuracy and user’'s accuracy of certain
land cover types was attributed to spectrally mipéckls indicating limitations in detailed urban
mapping and change detection with data at a cospseial resolution. For instance grassland i bot
years had low producer’s accuracy which was ateithtio the larger variability and overlapping with
some land cover types like bareland and foresttdubeir spectral similarity at certain reflectance

channels or bands.

3. 5. Land cover changes and rates analyses

A cross tabulation technique was used to idenéfydl cover conversions between 2002 and 2009 in
Integrated Land and Water Information System (ILy\88ftware. This was after the 2002 and 2009
classified images were exported to ILWIS GISIMS file format from Erdas image software. This

allowed contingency matrices to be generated whlatwed the transitions and conversion of one
land cover class to another in terms of numberxalp which were then converted into hectares. A
spatial analyst method in ArcGIS and also imagéerihce helped to detect the type of change

whether it was decrease, increase or no chandgee ilabd cover between 2002 and 2009.

3.6. Vegetation cover change detection

Vegetation cover was estimated from a remotely etidormalized Difference Vegetation Index
(NDVI) from each date of image acquisition (14 J2@92 Landsat TM and 17 June 2009 Landsat
TM) of the study area. ThBIDVI was calculated from these Landsat TM images lyguthe
combinations of bands 3 (0.63-0.69 micrometer) 4@l 76-0.90 micrometer).

NDVI = NIR-RED [(B4-B3)]

NIR + RED B4+B3)]

Where NIR is the reflectance or radiance in a m&faared channel (0.78-0.90 micrometer) and RED

is the reflectance or radiance in a red visiblencle& (0.63—-0.69 micrometer) on a Landsat TM.

In order to identify areas in Sancaktepe distheit texperienced a decrease, increase or no change i
vegetation cover from 2002 to 2009, an NDVI imagétence method was performed for each year
of analysis, that is subtracting the remotely sénidBVI of 17 June 2009 from the remotely sensed
NDVI of 14 June 2002The NDVI image differencing method was performedEmdas Imagine and
resulted in maps which showed areas of decreasease, some decrease, some increase and no
change of NDVI observed between 2002 to 2009. Titebeorrelate NDVI values with individual
land cover classes, an intersection (cross) meihdategrated Land and Water Information System

(ILWIS) was performed by crossing the NDVI imagea#imthe classified land cover maps of the same
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year. This method distinguished the vegetated gfoemd grassland) and non-vegetated surfaces

(bareland, water and built-up) in the district wietthey had low or high NDVI values.

3.7. Statistical Analysis

The Statistical Package for Social Scientist (SR8 used in the exploratory data analysis to test
the normality of NDVI data of 2002 and 2009 andtlme confirmatory data analysis to test the

statistical significance of independent samplethefmean NDVI values of 2002 and 2009.

3.8. Change in urban growth and land cover fragmentation patterns

Landscape metrics computations were performed erldssified land cover maps of 2002 and 2009
using Patch Analyst, an extension to the ArcViev GI3 software that accepts vector polygon GIS
data or raster-based image data as input. Thetieeleaf the metrics was based on their value in
measuring and quantifying landscape characterigticget meaningful insight into urban spatial
structure changes of the evolving urban growth dyns, land cover spatial heterogeneity and
fragmentation between 2002 and 2009. LiteraturenfMcGarigal et al. (2002) and Herold et al.
(2002) were the major basis and guidance used sébection of certain metrics used in this study
Moreover few metrics were selected since many eddtindices are highly inter-correlated (Riittdrs e
al. 1995). Two groups of metrics were computedis study: (1) class-level metrics (each patch type
(class) in the given mosaic) and (2) landscapetimetrics(the landscape mosaic as a whole).The
class and landscape level metrics used in thidystaptures both landscape composition and
configuration (structure). As for landscape struetunetrics on the number, shape and size of patche

were investigated and quantified as described helow

3.8.1. Quantifying change in landscape configuration

(1) Number of Patches

Number of Patches metric was used to measure afxest fragmentation of patch type or each land
class. NP is the total number of patches of theestype. A land cover or landscape with a high
number of patches is considered more fragmenteld vend cover or landscape with a low number of
patches is considered less fragmented.

(2) Mean Patch Size (MPS)
Mean Patch Size (MPS) can serve as a fragmentaiiex and was used to measure the land

fragmentation that could have taken place betwd&f2 2nd 2009 in Sancaktepe distrittis often

calculated separately for each cover type as faliow
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Thus, MPS equals the sum of the areas of all patohéhe corresponding patch type, divided by the

number of patches of the same type, divided byQD(@ convert to hectares) (McGarigal and Marks

1995). A land cover or landscape with a smallernmeztch size for the target patch type than another
land cover or landscape might be considered maggfented. Similarly, within a single landscape, a

patch type with a smaller mean patch size mightdresidered more fragmented.

(3) Total Edge

Total edge (TE) was used to measure the land cdvagmentation that could have taken place

between 2002 and 2009.1t is an absolute measurgadfedge length of a particular patch type (class
level) or of all patch types (landscape level) réase in total edge indicates more fragmentation.

(4) Perimeter-to-area ratio (m/ha)
Perimeter-area ratio was used for measuring theplepqity of the shapes of patches between 2002

and 2009 at class level. It is also closely relat@t concepts of aggregation or contagion. Thus i
an expression of the spatial heterogeneity of ddeape mosaic. It is calculated as follows;

p

2V (AT
Where P = perimeter and A = area. Holding the amestant, as shape complexity increases, the
perimeter-area ratio increases, the patch, classentire patch mosaic (landscape) becomes
increasingly disaggregated (i.e., less contagioudence this statistic is also a good measure of
fragmentation among patch type.

(5) Area-weighted mean shape index
Area-weighted mean shape index (AWMSI) was usaddasure the urban morphology of the district

in terms of the irregularity in patch shape betw2802 and 2009. The area-weighted mean shape
indexis the sum, across all patches, of each patch paindivided by the square root of patch area,

adjusted by a constant for a square standard, ptiettiby the patch area and divided by the total

landscape area. To formulate, fo= 1... fC patch types (land cover categories) g'ma 1.ni
patches within typé, let Pij andaij equal the perimeter and area, respectively, fodt{hpatch of

thei® type. Then,

kE ny
~ [ 0. 25p Q;i
AWMSI = ” ( ”)
3 A

The AWMSI provides an average shape index of patoheighted by patch area so that large patches
are weighted higher than smaller ones. The patapeshbecome more irregular as AWMSI increases
above 1. Because larger patches tend to be monglentihan smaller patches, this has the effect of

determining patch complexity independent of itesiz

34



(6) Area-weighted mean patch fractal dimension
Area-weighted mean patch fractal dimensidgWVMPFD ) was another metric used to analyze the

built-up compactness and land cover fragmentatizenges that occurred between 2002 and 2009.
Since the AWMPFD averages the fractal dimensionallopatches by weighting larger land cover

patches, this metric is also good measure of glagsh fragmentation because the structure of smalle
patches is often determined more by image pix@ #ian by characteristics of natural or manmade

features found in the landscape. AWMPFD is fornadads follows:

Bong
* o 2log{0.25p; i
AWMPFD =Y} 08(0.25p;;) (ﬂ)

loga;; A
i=1 j=1 £%ij
m =Number of patch types (classes)
n =Number of patches of a class

p(ij) = Perimeter of patch,

a(ij) = Area of patch

ij, A = Total landscaparea.

Fractal dimensions varies from 1, which indicatelsitively simple shapes such as squares, to , 2
which indicates more complex and convoluted sbapew values are derived when a patch has a
compact rectangular form with a relatively smalfipeter relative to the area. If the patches areemo
complex and fragmented, the perimeter increasesyalds a higher fractal dimension. Fractal

dimensions measure the degree of shape complexity.

3.8.2. Quantifying change in landscape composition

To measure landscape composition, the Shannon ditivydndex and the Shannon Evenness Index
were used. Shannon Diversity Index and the Sharifxenness index are robust measures of
landscape composition since they measure the presard amount of different patch types within the
landscape, without explicitly describing its sphfeatures and they are not affected by the spatial
configuration of patches.

(1) Shannon evenness Index
Shannon evennesgas chosen to characterize the land cover distobuif area among patch types,

and is simply the Shannon entropy of the land c@veportions divided by the maximum attainable
entropy. Therefore, far=1... A; land cover types anéi equals the proportion of data pixels in the

landscape that are categorized as type
k
— > i=1 Pilogh;

SHEI =
log(k)
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and as SHEI approaches 0 from above, the landssaipereasingly dominated by particular land
cover types, whereas as SHEI approaches 1 fromvbéhe distribution of land cover types becomes

increasingly more even.

(2) Shannon diversity Index
The Shannon Diversity Index was used to measurdeabeee of diversity of the landscape.

It is calculated as follows:
SHDI = -> (P, In )
i=1

M = number of classes,
Pi = percentage of the landscape occupied by ¢lass
It is zero when there is only one patch in the &maghe and increases with the number of patch types

and as the proportional distribution of patch typeseases.

3.8.3. The response of changing grain size (spatial resolution) on landscape metrics

The spatial resolution of Im panshapened IKONOS82€l8ssified image of five classes of bareland,
built, water, forest and grassland was resamplgthbang with 5m, 10m, 20m to 30m using resample
tool in ArcGIS. The class metrics of number ofgh&ts, mean patch size, area weighted mean shape
index, area weighted fractal dimension, total edge then calculated using the Patch Analyst

extension in Arc View to detect their responsedach changing grain size of 5m, 10m, 20m to 30m.

3.9. The Usability assessment of the spatial metrics

This section presents a research methodology used to explore the usability and the potential role of
spatial or landscape metrics in assisting urban planners who are involved in urban planning in
Istanbul. The basic tentative assumption was that, spatial or landscape metrics can be a potential
useful tool in urban planning activities to current urban planners and practitioners if they became
aware of its functionality and relevance, which can eventually increase usability will, in turn,
increase its applicability in urban planning practice. To test the hypothesis various techniques of
data collection were designed and a fieldwork was conducted between 12 September to 2 October

2009 in Istanbul to get the perspectives of urban planner about the subject.

3.9.1. Data collection techniques used to determine usability

1. Focus group discussionwere conducted with urban planners at the depattofdJrban Planning

at the Istanbul Metropolitan Planning and Urban i@e<entre (IMP), which is the main urban
planning advisory body of Istanbul metropolitanyciOne of the reason of using focus group
discussion is that is relatively easy, affordalbhel @an be quickly assessed and some issues and

misconceptions can be clarified during the grograssions. Information was solicited from the 8
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participants who were drawn from department of arpkanning of IMP’s views on the knowledge
and awareness of the subject being investigatedt, tihderstanding of the pitfalls and capabilitiés
methods they are currently using and to what extame these methods been successful in achieving

their planning goals with satisfaction, efficieranyd effectiveness desired.

2. Interviews with key informants. Relevant key informants wehe thead of urban planning at
Istanbul Metropolitan Planning and Urban Design t@e(MP), head of urban planning department
and decision makers like the deputy mayor and maydhe Sancaktepe distri¢éee Figure 3.8.)
During the meetings with these key informants time af the research was presented and a dialogue
established. This provided valuable informationndrether policy makers involved in urban planning
are concerned with methods like landscape metdsiig examples of printed articles of application
of landscape metrics from literature from authdts Herold et al. (2005) on how spatial metrics can
refine urban planning efforts, various applicatiotes of landscape metrics in urban planning could

be further appreciated by the key informants.

3. Questionnaire surveywas a quantitative data collection method and atieantages of using
guestionnaires include the easy identification wlbjsctive user preferences, satisfaction and the
ability to use them for compiling statistics (Halger 2005). During the fieldwork conducted in
Istanbul, questionnaires were sent mainly to urplamners and some GIS experts involved in the
urban planning process. These were urban planndrsame GIS experts drawn from Department of
Remote sensing and GIS department, Department barUPlanning at the Istanbul Metropolitan
Planning and Urban Design Centre (IMP), the urbkamming department of Istanbul metropolitan

authority and at the Sancaktepe municipality distri Istanbul as shown on table 3.3.

17 people responded to the open ended and closstiannaire (Appendix 4) by filling answers and

expressing their opinions. Out of many usabiliteneénts, efficiency, effectiveness, and user
satisfaction were selected to be used in this reBe&ince it was assumed before fieldwork that
urban planners in Istanbul were using differenthods, respondents were required to rate their
overall satisfaction, efficiency and effectiven@gdsen using their existing quantitative methods on a
scale of 1 to 5 with 1 being the lowest and 5 behmy highest score. Respondents would look at
different questions listed on the questionnaire iadétate their degree of agreement with each item.
Secondly the respondents were also asked whetinyehttd knowledge in the application of landscape

or spatial metrics in urban planning in one of dipen ended question in the questionnaire.
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Table 3.3. The respondents who were drawn from diffrent departments in Istanbul

(Municipality district)

Deputy mayor of

Name of the| The main Organisation Target group Number of
Department Respondents
Department of Urban | Istanbul metropolitan Urban Planners 6
Planning authority
(Asian and European side)
Department of Urban | Istanbul Metropolitan Urban Planners 7
Planning Planning and Urban
Design Centre (IMP)
Department of GIS and| Istanbul Metropolitan GIS and Remote 2
Remote Sensing Planning and Urban sensing experts
Design Centre (IMP)
Department of Urban | Sancaktepe district Urban planners 2
Planning (Municipality district)
Mayor’s Office Sancaktepe district The Mayor and 2

Sancaktepe district

Figure 3.8. Photographs showing some of people casted during the fieldwork interviews and
in Istanbul
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Chapter Four: Findings and Discussions

The first part of this chapter presents results and discussion of spatial and temporal change of land
cover that occurred between 2002 and 2009 in Sancaktepe district, which are visually illustrated with
maps, graphs and table of dtatistics. It is then followed by discussion of results of vegetation cover
change using NDVI method. Change in spatial pattern of urban growth form, Patch shape complexity,
land cover fragmentation, landscape composition then complete the change detection of urban

landscape change which was quantified by using different combination of selected landscape metrics.

4.1. Results of land cover change between 2002 and 2009

Table 4.1 and figure 4.1 and 4.2, shows that Sdepa district experienced urban expansion from
2002 to 2009 since there was about 50% increasieeibuilt—up areas at the expense of bareland
which decreased by almost 24% (2893 hectares i 202204 hectares in 2009).

Table 4.1 land cover change between 2002 and 2009

Year Classified Landsat TM | Classified Landsat

image 2002 TM image 2009
Land cover Total area (hectares) Total area Amount of Percentage change
class (hectares) change (ha)
Built-up 1601 2395 794 50
Bareland 2893 2204 689 -24
Forest 1554 1518 36 -2.3
Grassland 11( a7 63 -57
Water 7 10 3 43

The land cover maps on figure 4.2 (a) and (b) #astiate that by 2009, Sancaktepe district was now
dominated by built-up area (38.8% of the totaltwf study area), followed by bareland areas (35.7 of
the total of the study area) which are adjaceminit sandwiched between built areas and forest areas
(24.6% of the total of the study area). The urbgpaasion inSancaktepe distridtas increased the
pressure on the natural environmerst they are occurring in vacant and undeveloped lie
bareland areas. Figure 4.2 aslo illustrates thaR@Y9 most of the bareland areas of 2002 were

converted into built-up areas.

In addition, the rapid urban expansion phenomenperenced caused also the decline of forest and
grassland areas, as grassland declined from 118rhedn 2002 to 47 hectares in 2009 while forest
declined from 1554 hectares in 2002 to 1518 hestisar@009.However, some forest areas destroyed
appeared to be located where they converged witlersents such as in the nogtlart of Sancaktepe

district. Figure 4.1 shows a photograph taken duthe fieldwork in the north part of Sancaktepe
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district near the Omerli basin that illustrates lamnsettlements and urban developments within the

forest dominated area.

Figure 4.1. A photograph taken during the fieldwok that illustrates human settlements and

urban developments within the forest dominated area

Rapid population growth, existing high cost andrisge of land in the district may be responsible fo
the increase in urban expansion through densificadf building structures and settlements and with
the likely result of conversion of undeveloped lalike barelands, forests and grassland to
accommodate high population pressure increaseeiitrict. These land cover changes, especially
the increase in urban growth in the district, retBethe rapid urbanization that took place between
2002 and 2009. Most municipal districts in Istanbave been the preferred destinations of largescal
movement of rural migrants every year from différparts of the country in order to find jobs and a
better life (TU'IK 2008b). For instance the popidatin the whole of Istanbul city increased by over
400 000 from 1995 to 2000 due to immigration aland its rate is still growing (TU"IK 2008b).

Given the scale of this population and urban ghomdither the local or the central government are
capable of controlling the large influx of ruralgréints to urban centres, most end up settlingallgg

on vacant public lands creating low cost housingréiurun et.al 2009). Karaburun et.al (2009) also
highlighted that urban expansion associated wipidrpopulation growth in Istanbul has increased the
formation of slum populations and encouraged “gendks,” the term used in Turkey for illegal one-
or two-story houses built very fast in poor qualifhese gecekondu neighborhoods constitute the

nuclei of many municipal districts of Istanbul iergeral and Sancaktepe in particular and today.
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However, transport networks and accessibility caagtb have been responsible for facilitating the
increase in the urban expansion experienced irdigteict. Torrens et al. (2000) noted that urban
growth has been high and rapid in most municipstridts of Istanbul in the recent years mainly rafte
highways were constructed towards the end of 128@Ealso after the construction of the Trans

European Motorway (TEM) and the second Bosporuddgrbysupplying accessibility.

Land cover map of Sancaktepe district in 2002 N Land cover map of Sancakiepe district in 2009 N

Land cover class

Land cover class

- Bareland - Bareland
- Built-up - Built-up
- Forest - Forest

' | Grassland Grassland
- Water - Water

— Kilometers S — g L
0 15 3 ] [ 12 B e 2 ° % L

Figure 4.2 Land Cover map of (a) 14 June 2002 and(b) 17 June 2009 derived from Landsat
Thematic Mapper data.

4.2. Vegetation cover change using NDVI

This section presents results and analysis of NDVI calculation to monitor temporal and spatial
variability of vegetation cover between 2002 and 2009 using the Landsat TM remotely sensed data.
To visually aid easy interpretation of results of NDVI calculation, results are shown in tables, graphs
and maps. The objective was to test, the hypotheses that the increase in urban growth led to decline of

vegetation cover.

4.2.1. Temporal variability of vegetation cover change

Table 4.2 Descriptive statistics of NDVI images

Date of satellite data Mean Median Standard | Min Max
deviation

14 June 2002 Landsat TM| o 286 0.293 0.142 -0.101 0.670

17 June 2009 Landsat TM|  0.235 0.166 0.189 -0.126] 7020.

There was significant difference (assuming unegadahnce) between the mean NDVI values of 14
June 2002 image and of 17 June 2009 image &5%te(p<0.05) confidence interval as revealed by

independent t-test carried in Statistical PackKageéhe Social Sciences (SPSS) as shown on table
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4.3. This was arrived after it was hypothesized tha differences between NDVI means of 2002
image and 2009 image are statistically significant.
Table 4.3. Independent sample test of mean NDVI wads of 2002 and 2009

Levene's Test for
Equality of Variances t-test for Equality of Means
NDVI . "
(2002 and 2009) 95% Confidence
Interval of the
Difference
Sig. (2- Mean Std. Error

F Sig. t df tailed) | Difference | Difference | Lower Upper
Equal variances 3269.787 .000| 33.529 48438 .000 .051152 .001526( .048162 .054143
assumed
Equal variances 33.529| 44912.243 .000 .051152 .001526| .048162 .054143
not assumed

The NDVI mean and median on 2009 image are signiflg lower than NDVI mean and median on
2002 image as can be shown on Table 4.2 and hyak@lots on figure 4.3. This therefore indicates
a decline in the vegetation cover or biomass invthele area during the period under study. The
effects of residual sensor degradation and semger-¢alibration differences, effects of changing
solar zenith and viewing angles, atmospheric watgrour and cloud cover between the image
acquisitions dates can reduce the overall NDVI eslBince the remotely sensed data acquired were
of the same period of June and were radiometicatisrected, these have minimal effects and

influence on overall result of NDVI series betwef®2 and 2009.

Generally in natural areas, the decline of vegetatiover coincide with the patterns of climatic
conditions like below-normal rainfall, deforestatjovariations in agricultural land production and
primary biological productivity of the ecosystemowkver, in this context urban growth and
development to some extent has also been resperfsiblegetation cover loss since there was an
increase in built areas on previously forested sar&ais is expected when urban areas expand onto
non-urban areas and eventually more biomass wilbsie As more biomass is lost to built-up areas
and other impermeable artificial surfaces due tranrexpansion it reduces biodiversity, increase the

urban heat island and even increasing run off bowdling during precipitation events.
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Figure 4.3. Box plots showing variations of NDVI ornl4 June 2009 and 17 June 2002 Landsat
TM image

The temporal variability of vegetation cover wastlier and clearly illustrated by different shapés o
the histograms for the observed NDVI data and tba@iresponding theoretical normal distribution for
the 14 June 2002 image and 17 June 2009 image whiolved significant variations. By 17 June
2009 the NDVI histogram exhibited a slight bimodéastribution NDVI profile rather than the normal
Gaussian distribution profile observed on 14 J20@2 image as shown on figure 4.4 and 4.5. The
increasing existence of lower NDVI values attrilsute the increase in built-up areas land cover from
2002 to 2009 could have ultimately caused a slhghibdal distribution of observed NDVI of 17 June
2009 rather than the normal Gaussian distributiend in the 14 June 2002.
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Figure 4.4. The NDVI Histogram of Landsat TM imageof 14 June 2002 showing theoretical
normal Gaussian distribution
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Figure 4.5. The NDVI Histogram of Landsat TM imageof 17 June 2009 showing a
bimodal distribution.

As shown by figure 4.5, there are two distribottrends of NDVI data on 17 June 2009 histogram,
one appearing on lower NDVI values from -0.2 -02 amother on higher values from 0.2-0.7, thus
implying that increasing existence of lower NDVlwes attributed to the increase in built areas land
cover categories by 2009 could have been respenfiblthe observed bimodal distribution found on
NDVI histogram of 17 June 2009. Furthermore desimepstatistics like standard deviation also
illustrated the increasing variability of NDVI trénas the 17 June 2009 image had a standard
deviation of 0.189 which was higher than the 14eJ2802 image which had a standard deviation of
0.142 (see Table 4.2). The standard deviation eaarlvisaged as robust measure of variability and
dispersion of a probability distribution from theeam. The observed trends are indicative of changing

nature and structure of the landscape with bothdod highly vegetated areas.

4.2.2. Spatial variability of vegetation cover change

A spatial variability trend in vegetation cover walso observed in study area between 2002 and
2009 using the results of NDVI image differencimgthod which showed that areas with no
vegetation cover, occurred primarily in areas edgmging urban growth expansion and to smaller
extent on bareland as shown on figure 4.6. Thesasacan also be detected with their low NDVI
values (-0.3 to 0.2) appearing on blue, green aadge colours on the NDVI images of 2002 and
2009 on figure 4.7 (a) and (b) and also on Tableafd 4.5 (variation of NDVI on different land

cover classes).
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Figure 4.6. Map of vegetation cover change betwe@®02 and 2009

Areas in the north of Sancaktepe district remaireddtively constant without significant vegetation
cover and they are mostly forest areas as showfigare 4.5. In fact some areas in the north
experienced some increase in vegetation cover eet®@02 and 2009. On the NDVI images of 2002
and 2009 as shown on figure 4.6(a) and (b), thesesdhave high NDVI positive values (0.3-0.7) with
shades of red colours. In addition, the distrimutdf the vegetation cover in Sancaktepe disteiotit

to vary by each land cover class. In other wordsVNBend between 2002 and 2009 showed
significant spatial variation corresponding to digition in land cover types of the study area.sThi
was observed after the land cover class map wess ¢abulated with NDVI data of 14 June 2002 and
NDVI data of 17 June 2009.

NDVI map of 14 June 2002 N NDVI map of 17 June 2009 g
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Figure 4.7. NDVI maps of (a) 14 June 2002 and (b)71June 2009 derived from Landsat
Thematic Mapper data
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More vegetation cover measured by NDVI are foundhi northern and southern part depicted by
high positive NDVI values of forest and grasslasd aan be shown on the figures 4.7(a) and (b) and
figure 4.8 (a) and (b) and Table 4.4 and 4.5 ccosgpavith low or no vegetation cover with low an
negative NDVI values (bareland and built-up areainty concentrated on the western side of

Sancaktepe district.
Table 4.4. Descriptive statistics of NDVI data of 4 June 2002 in different of land cover types

Land cover type Mean Minimum Maximum Std. Deviation
Forest 0.4800 0.27 0.69 0.12557
Built-up 0.0200 -0.12 0.16 0.08515
Bareland 0.0900 -0.02 0.20 0.06782
Grassland 0.3450 0.21 0.48 0.08226

Table 4.5. Descriptive statistics of NDVI data of 1 June 2009 in different of land cover types

Land cover type Mean Minimum Maximum Std. Deviation
Forest 0.5150 0.30 0.73 0.12845
Built-up 0-.0222 -0.18 0.11 0.08331
Bareland 0.0800 0.00 0.17 0.05627
Grassland 0.2550 0.11 0.40 0.08803

0.80 0.807
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ERY L 3 040y L
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Forest Built-up Bareland  Grassland Forest Built-up Bareland  Grassland
Land cover class Land cover class

Figure 4.8. (a) NDVI data of 14 June 2002 (NIDVI data of 17 June 2009 showing its
variation with land cover type using box plots

Table 4.4 and 4.5 and graphs on 4.8(a) and (b) shbat forest land cover had high variability on
NDVI data than any land cover type and it was Higl2009 than in 2002. Its standard deviation in
2009 was 0.128 and in 2002 it was 0.125. The lpiltand cover class was expected to show higher
variability due to different stages and phasesrbin development when it gradually expanded to

vegetated and green ardagrassland lost 63 hectares of land and forestll@$ectares of land) of
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the study area. However, because the urban expaimsihese areas occurred mainly at the expense
of bareland (lost 68%ectares) which shared similar characteristics with bujt-DVI values,
variability remained low. Thus, the NDVI valueshidreland had overlaps with NDVI values of built-
up as shown on Table 4.4 and 4.5 an also 4.8(ajk@rid both years while forest it tended to ovprla

with grassland in both years.

4.3. Characterising and quantifying change in the urban growth form or
morphological patterns, spatial heterogeneity and land fragmentation patterns

The characterization of change in landscape composition and configuration (landscape structure)
patterns of Sancaktepe district between 2002 and 2009 was based on the computation of landscape
metrics. Landscape metrics, describing the number, size, shape, and edge, diversity and evenness of
land cover patches (where patch is a contiguous set of pixels assigned to the same land cover type),
were generated from the land cover data derived from Landsat TM of 2002 and 2009. By applying
such indices, it was possible to analyze process of agglomeration, coalescence and fragmentation
level of the involved land cover covers. Fragmentation processes, are the subdivision of continuous

patches cover into smaller patches while agglomeration are the opposite.

4.3.1. Change in spatial pattern of urban growth form

Table 4.6 illustrates results at class level of bemof patches, mean perimeter area ratio (m/ha),
mean patch size and total edge landscape metricshwiere used to measure change in spatial
pattern of urban growth form between 2002 and Zo®@%ancaktepe district. The largest percentage
increase (135.6%) of mean patch size was in &bpiland cover class (urban areas) as it incrkase
from 3 hectares in 2002 to 7.1 hectares in 200%cat¥hg the increasing agglomeration and

concentrated urban growth pattern of Sancaktegteiadi as can be seen on the maps on figure Fig
4.9. This is in contrast to a fragmented landeciyat overtime would experience a decrease in
mean patch size patches, increase in number ofiggtand its perimeter area ratio (m/ha) and total
edge.

Table 4.6. Results of the mean patch size, numbef patches and mean perimeter area ratio
results between 2002 and 2009

Total Number of | Mean patch size Mean Perimeter
edge(Km) patches (hectares) Area Ratio (m/ha)
(Hectares)

Year Year Year Year
Land cover | 2002 2009 2002 2009 2002 2009 Percentage | 2002 2009
class change
Bareland 1254 | 602.7 | 1113 1442 | 2.6 15 -41.18 0.13 0.13
Forest 503.0 | 223.4 | 329 218 4.7 7.0 47.46 0.14 0.13
Built-up 399.1 | 372.6 | 534 339 3.0 7.1 135.60 0.13 0.13
water 2.2 6.8 | 16 31 0.4 0.3 -26.88 0.13 0.12
Grassland 120.2 41.9 | 407 246 0.3 0.2 -29.34 0.15 0.15
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In areas with shortage of land for urban expangieny urban buildings and developments generally
occur in the voids of the core or adjacent to exisbuilt-up patches resulting in a concentrateg. wa
In addition, results of mean perimeter- area ratid number of patches at class level alsafirmed

the analysis from mean patches size which suggeistdédspatial pattern of built-area of Sancaktepe
district has become concentrated than fragmentad 2002 to 2009 as mean perimeter area ratio

remained stagnant at 0.13 meters per hectare.

The result of the number of patches computed aassdevel also revealed that built-up spatial
pattern of Sancaktepe district had by 2009 beca®e $cattered as new development tended to infill
around existing development forming large contagipatches than small scattered patches. The
number of patches class metric for built-up dedinérom 534 in 2002 to 339 in 2009. As shown by
figure 4.9(a) and (b) of the built-up maps of 2G0®1 2009, by 2009 that built-up land cover had
large contiguous patches than 2002 reflecting asirgy aggregation and agglomeration spatial

pattern of urban growth of Sancaktepe district.

Built-up map of Sancaktepe district in 2002 N Built-up map of Sancaktepe district in 2009 N
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Fig 4.9. The built- up map (a) 14 June 2002 and b)Y 17 June 2009 derived from Landsat
Thematic Mapper data.

While the growth of the economy strictly connectgidh high urbanisation and industrialisation
currently being experienced in Istanbul in genenal Sancaktepe district in particular could be
responsible for a large number of patches mdielgnging to built-up, the shortage of land in the
district for urban development causes the deadibn of buildings resulting in the infilling of
patches. In addition, various Master plans in Istdusince 1995 (IMP 2008) have encouraged linear
and polycentric development than monocentric tiuce high population density in city centres by
creating what are called primary and secondarycemnibes in peripheral areas in all district

municipalities of Istanbul. This have had effeatsncreasing densities of neighbourhoods which are
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close to these primary and secondary subcentrestramidin turn tends to infill around existing
development forming an agglomeration pattern sschlkserved in Sancaktepe district. DiBari (2007)
also observed that the changes in distribution disgersion of urban areas is enhanced by the

agglomeration of new urban areas within existirganrzones.

4.3.2. Land cover Fragmentation

Land cover fragmentation varied with each land cdype as results of number of patches, mean
patch size, and total edge sum on table 4.6 shdwsore fragmented land cover pattern is associated
with an increase overtime of the number of patchedecrease of mean patch size, and increase in
total edge sum. Bareland are fragmented as its eummbpatches increased from 1113 hectares in
2002 to 1442 hectares in 2009, the mean patchdsi@died from 2.6 in 2002 to 1.5 hectares in 2009
and its total edge also increased from 125.4km0i@22to 602.7 km in 2009. However other land
cover categories like forest, built-p area and gjeasl are not fragmented as they experienced a
decrease in the number of patches, an increaseeaf patch size, and decrease in total edge sum
indicating that these land cover types have becomkeasingly clustered over time. For instance
number of patches of forest declined from 329 hrestén 2002 to 218 in 209 while mean patch size
of a forest increased from 4.7 hectares in 2002 keectares in 2009 suggesting that forest are not

fragmented, thus avoiding the breakup of patcheasainto smaller and more isolated units.

4.3.3. Change in Patch shape complexity

Table 4.7 illustrates Area weighted mean shapexir@&VMSI) and Area weighted mean patch
fractal dimension (AWMPFDI ) landscape metric réswt class level which were used to quantify
landscape configuration in terms of the complegitpatch shape at the class level between 2002 and
2009 for Sancaktepe district.. The largest pergeniacrease in Area weighted mean shape index
(AWMSI) was in a built-up land cover class, whiclincreased by 38 % from 9.1 to 12.5 between
2002 and 2009. Patches shapes of land coversragelar when AWMSI is above 1. This reflects an
increasing complexity in irregularity in the spapattern of urban growth of Sancaktepe distri¢te T
reasons for the observed pattern can be linkedpiol urban expansion associated with the growth of
unplanned, informal housing and settlement pagtér the study area. This results in more complex
and irregular in shape of the built-up area duthédifferent types of blocks and housing sizes tha

the urban development which is generally plannetiraghly regular.
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Table 4.7. Results of Area weighted mean shape iexd (AWMSI) , Area weighted mean patch
fractal dimension (AWMPFD) landscape metric at clas level

Area weighted mean shape Area weighted mean patch fractal
index (AWMSI) dimension (AWMPFD)
Year Year
Land cover class 2002 2009| Percentage 2002 2009 Percentage
change% change
Bareland 9.0 5.5 -39 1.292 1.291 -0.1
Forest 8.8 7.9 -9 1.207 1.244 3.0
Built-up 9.1 12.5 38 1.060 1.195 12.7
water 1.6 1.2 -25 1.104 1.065 -3.6
Grassland 1.5 1.4 -6 1.099 1.042 -5.2

In fact, results of fractal dimensions presentedTable 4.5, which were calculated as the area
weighted mean patch fractal dimension (AWMPFDIxoakconfirmed the results of AWMSI in
guantifying and measuring the degree of irregujaritspatial patterns of land cover change. There
was a 12.7 % increase of the AWMPFDI value for thufl from 2002 to 2009 suggesting that new
irregularity patterns of urban developments haweillted in a increase in the complex built-up patch
shapes. McGarigal et al. (1994) noted that theevaluthe fractal dimension is dependent upon the
patch size and the units used. Therefore, sligiityplex shapes of the built-up is a function of the
large, continuous areas and aggregated patchemfitlad disorderly around existing built-up areas

in the study area.

Although other land cover types like bareland aode$t and are irregular there they became less
complex in irregularity as their AWMSI declined tveien 2002 and 2009. AWMSI value for bareland
declined by 39% from 9 in 2002 to 5.5 in 2008ich resulted in the intermediate shapes since it
had the AWMPFD value of 1.2 which almost remaistgnant between 2002 and 2009.The forest
patches are irregular despite the fact that th##MSI value declined by 9% from 8.8 to 7.9 and the
slight increase of 3% in its AWMPFDI value indicaitthat they still have slightly complex shapes
probably due to human modification influence. Glasd patches, some of which are located in
open fields and agricultural activities had it&AWMSI value declined by 6% from 1.5 to 1.4
resulting in relatively simple circular shapesraficated by the 5% decrease in its AWMPFDI.

4.3.4. Change in landscape composition

The Shannon’s diversity (SHDI) and Shannon Eveniredsx (SHEI) indices both became lower as

shown on Table 4.8, indicating that the landscaptrbgeneity and evenness slightly decreased
between 2002 and 2009.This was contrary to what exagcted, that with the increase in urban

expansion it would cause an increase in landscapesity.
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Table 4.8. Results of Shannon Diversity Index an&hannon Evenness Index

Year Shannon Diversity Index Shannon Evenness Inde
Land cover map of 2002 1.190 0.740
Land cover map of 2009 1.163 0.723

The Shannon Diversity Index was 1.19 in 2002 andais 1.63 in 2009 while the Shannon Evenness
Index was 0.74 in 2002 and 0.723 in 2009. Thisdealise the Shannon diversity index takes into
account the abundance of classes and it increagbs aumber of classes increases or the equitabili
of the distribution of land amongst the variousssks increases, ranging from 0 to infinity. On the
other hand, Shannon Evenness Index did not changh between the time period of 2002 and 2009
with had a lower evenness index. This indicate$ tha classes of map units are not uniformly
distributed in the study area reflecting the défeges in sizes of certain land cover on the larmsca
ascertain land cover categories tends to domindter® on the landscape. Evenness is the
complement of dominance and diversity only appreacperfect evenness when the Shannon's
evenness index approaches 1. Thus it can be arthedwhile it is possible for the spatial
configuration (structure) to change as evidencedHange in number of patches and mean patch size,

total edge, and the relative abundance of landrdypes can remain relatively stable through time.

4..4. The effect of changing grain size (spatial resolution) on landscape
metrics using IKONOS image

This section discusses results of the effect and types of behaviour of change in grain size (spatial
resolution) on selected landscape pattern metrics on a classified high resolution remotely sensed June
IKONOS 2008 image (Im panshapened ) which was resampled to 5m, 10, 20m and 30m. The spatial
resolution resampling (5m, 10, 20m and 30m) method attempted to approximate data gathered with
varying spatial resolutions sensors since remotely sensed fine, medium and coarse resolution data
are unavailable for the same place and time. Landscape metrics are presumed to respond to scale
issues (Turner 2005a) and therefore the effects of changing scale have significant implications on
some landscape attributes and elements of land cover spatial heterogeneity and processes, for
instance fragmentation of urban landscape and therefore are critical aspect to investigate. Due to
increasingly availability of high resolution data and the urgent need for detailed urban planning and
management, the response or behaviour of landscape metrics measurements for resolution data of
below 30m is critical to be investigated for future temporal analysis. Also, the information of the
variations of landscape indices over multiple scales is very important for the identification of the
scale of heterogeneity ( patchiness) of the landscape, in order to carry out analyses at an appropriate
scale (Gustafson 1998).
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IKONOS Land cover map of 2008

Land cover class
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Figure 4.10 Land Cover map of June 2008 which vgaresampled to 5m, 10, 20m and 30m

10 m

20m 30m
Fig 4.11. Effects of changing grain size (spatiaksolution) on June 2008 derived from IKONOS
data successively resampled to 5m, 10m, 20m and 30m
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Table 4.9. Results of total area of land cover cagories with changing spatial resolution of

classified June IKONOS 2008 image
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Fig 4.12. The effects of changing grain size (spatiresolution) on landscape metrics values (a)
number of patches (b) Mean patch size (c) Area wédited mean shape index (d)Total edge (e)
Area Weighted Fractal Dimension (f) Mean PerimeteiArea Ratio

The results on figure 4.12 (a)-(f) suggest thatdsmape metrics measurements are sensitive to and

affected by changes in scale (spatial resoluti®mce scale refers to various concepts, including

spatial resolution and extent (total area), spagablution is much more addressed than changing

extent as extent is fixed when the study areatisradgned (Wu 2004). It was observed that landscape
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metrics values of Area weighted mean shape inderaAveighted fractal dimension and mean
perimeter area ratio are sensitive to change itipasolution, at most showing a linear decresse
spatial resolution decreases that is from a fis®ltgion (5m-10m) to a relatively coarser resolutio
(20m-30m) for each different land cover type ofefsir grassland and bareland and built-up. However
the values of the mean perimeter area ratio sh@meidicrease from 5m -10m before monotonically
decreasing from 10m to 30m spatial resolutionefah land cover type. Water however was not used

for the analysis due to its minimal representation.

It was also observed that, as the spatial resoludecreases from 5 m to 30 m, number of patches
values were monotonically decreasing for all lander types of forest, grassland and bareland except
built-up which had a linear increase from 5m, 1@@n to 30m spatial resolution. This is because
unlike other land cover categories, built-up’s kaeea increased with changing spatial resolution
(5m, 10m and 20m to 30m) as shown on table 4.9th®rother hand, the mean patch size values of
forest, grassland and bareland showed a lineagaserfrom 5m to 30m spatial resolution expect for
built-up land cover class. The mean patch sizeuit-bp was relatively stable at 5m-20m spatial
resolutions but started to decline monotonicallgnfr20m-30m spatial resolution. The total edge
values of bareland and grassland monotonicallyimeg|from 5m to 30m spatial resolutions. While
monotonically decreasing from 5m to 20m spatiabh&$on, the total edge values of built-up and
forest started to increase from 20 to 30m spatisdlution. All the values of mean perimeter ama f
all land cover categories ratio increased from 5fm but started monotonically decrease from 10m -

30m spatial resolutions.

Thus it can be observed from these results thaésuoetrics or indices like number of patches showed
a robust response with each changing spatial résolfor each land cover type. This is also truthwi
some metrics like Area weighted mean shape indesa weighted fractal dimension and mean
perimeter area ratio values as they changedstengly with changing spatial resolution (graine3iz

It was either showing a linear increase or decreatbechanging spatial resolution from fine to czar
resolutions. However, The responses for some isdike mean patch size and total edge showed
variability in the way the respond to spatial resioin. Significant change in variability for the are
patch size and total edge is noted between 5m-Xatias resolutions and also between 20m-30m
spatial resolutions showing either an increase exrehse in values of certain each land cover

categories.

These results thus indicate that comparing landscagtrics at different spatial resolution may be
affected by different types of responses to chamgapatial resolution (grain size). It can be a&dju

that depending on the metric used, it seems therdfat there is no optimal scale whether at fine,
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medium or coarse resolution in the applicability sufime these landscape metrics tools for the
measurement of landscape change. It is suggest#db#fore applying landscape metrics from
different resolution data (fine, medium to coarsegearchers should explore the effects of scale (i
this case spatial resolution) for landscape chatgdies. Since some studies (Wu 2004) have aslo
noted that there is no ‘optimal’ scale for charagbeg spatial structure and heterogeneity it is
important therefore that spatial resolution or graize must be kept the same when using landscape
metrics. This becomes essential in urban plannimg) decision making because of the need of

consistent results for efficient characterizatiéthe urban land cover change.

4.5. Usability of landscape or spatial metrics findings

This section explores the usability and the potential role of spatial or landscape metrics in assisting
urban planners who are involved in urban planning. The basic assumption was that, spatial or
landscape metrics can be a potential useful tool in urban planning activities to current urban
planners and practitioners if they became aware of its functionality and relevance, which can
eventually increase usability will, in turn, increase its applicability in urban planning practice. After
analysing some selected landscape metrics results in this study, the general possible application and
relevance of landscape metrics in urban planning is explored. This is discussed by making reference
to the findings obtained from interviews, questionnaires conducted in the fieldwork in Istanbul.

It was found from the interviews and focus grougrdssions that remote sensing in combination
with GIS are currently being used in monitorimgban land cover change in Istanbul especially at
the metropolitan level and to a smaller extentistridt level. While spatial metrics in combination
with remote sensing have been reported (Herold,2002) and already pointed out in this study as
potential tools useful for improving the thersatiapping of urban land cover change and providing
useful information about urban morphological stiues, they are not being used in Istanbul. This was
established from the 17 respondents who answepedpared questionnaire and some urban planners
who were involved in the focus group discussion keg informants interviewed at IMP, Istanbul
metropolitan authority (European and Asian part) BnSancaktepe district in Istanbul who indicated

they were not aware of the method, its functionobe in urban planning.

In general, urban planning departments are mandatadse different monitoring tools in various
aspects of urban planning for supporting and cofilyi@nvironmental review of projects, analysis
and compliance planning and developing local andtenaplans. Some of the existing tools like
Netcad software are widely being used for develppoctal and master plans in most districts of
Istanbul including Sancaktepe. This could be complgted by using spatial metrics for improving
the thematic mapping of urban land cover changé.l@wscape or spatial metrics could be a more
potential useful tool only when practitioners i tstudy area became aware of the functions, cantent

and suitability in the relevant urban planning &milons. This was established from interviews with
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key informants, focus group discussions and questizes answered by urban planners during the
fieldwork campaign in Istanbul who indicated thegres not aware of the spatial metrics methods,

especially their functions or role in urban plarmnin

It was also discovered in the fieldwork that, theltenge involved in the potential use of spatial
metrics for urban planning purposes lies in theeutainty in what a landscape metric index really
measures. Since all the urban planners involveithénstudy did not have the knowledge of spatial
metrics, some pointed out during the focus grougcufisions that they need more thorough
knowledge as well as a more detailed understangiinghat the spatial or landscape indices mean.
Specifically on the information of what a changespatial or landscape index value conveys. Lack of
understanding of spatial or landscape metrics vedwed affect its ability to communicate and inform

policy makers, managers in urban planning. Muclormition may be ignored by the decision

makers, regardless of scientific relevance duadk bf understanding their interpretation.

However, from the results of computing some landsaaetrics in this study for Sancatktepe district,
it was noted that landscape metrics could plagaifstant role in urban planning in the study afea
example by providing some guidance for urban plesminend managers about the preferred
composition and configuration of landscape charageiristance in urban growth form or pattern.
These landscape change for instance in urban grmnrthor pattern are conceived by urban planners
and managers in various local plans and masterspddrSancaktepe district in particular and the
whole Istanbul metropolitan city in general. Urb@danners and managers including those involved in
land use planning can develop and implement plateke other actions that change the landscape for
instance retarding bareland fragmentation usingktivledge of spatial or landscape metrics metric

or indices for instance the mean patch size, numbpatches, and total edge used in this study.

Landscape metrics indices like AWMSI and AWMPFDegrimeter area ratio, are hardly used to
widely compare, measure and analyze changes anddsm or patterns over time in the study area.
Various Master plans in Istanbul since 1995 (IMB&Ghave encouraged a compact and linear spatial
development and thus the decision whether to agpaospecific development, for example, could be
based in part on some measures of urban growthdomattern as illustrated by use of AWMSI and
AWMPFDI in this study area. Irregular shapes oflanped and rapid growth of haphazard informal
settlements developments can be observed by AMWSIANVMPFDI. It quite often difficult to
provide efficient public infrastructure servicelsdiwater supply, health service facilities and d#sgd
system in these areas with scattered, haphazawdlagpment patterns. Such information is critinal
helping urban planners in informing them about egp®nces of such spatial development trends and

also in developing efficient plans control and ngmthese trends.
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The approach of using landscape metrics can algpove communication between land use and
urban planners with the decision-makers. For ircggamnformation on the changes on landscape
structure and composition allows land use plantersmodel and predict the impacts of planned
activities on ecological systems, and then to glewviesults or alternatives in terms of quantitative
data. Outputs of this approach can fit into broadieisions tools such as Strategic Environmental
Assessments (SEA) and Environmental Impact AssadsniEIA) and strategies such as city region
development strategies, where landscape struchdecamposition in Istanbul metropolitan city in
general and Sancaktepe district in particulagnie of a broad range of environmental issues under

consideration in urban planning purposes.

The approach of using spatial or landscape meitricsban land cover change could make a valuable
contribution to the formulation of urban planninglipies related to the preferred composition (eithe
using Shannon Diversity or Evenness) and configamgusing for instance total edge and mean patch
size) of landscape change. This knowledge coulddsesl for the enhancement and conservation of
landscape character in Sancaktepe district inquaati and other municipality districts in Istanbial.

is also envisaged that rapid urban growth and uzbtion will create significant environmental and
landscape changes in the study area. These enwrdahthanges area related to continual loss of
undeveloped land categories (like bareland lostt@82ares, grassland 63 lost hectares and forsst lo
36 hectares between 2002 and 2009) at the landdeapke Therefore the use and knowledge of
spatial metrics or landscape metrics for changesthem mosaic of landscape elements like

fragmentation are essential to measure processegidns and integrity of ecosystems.

Monitoring and assessing the effects of urban esipanon landscape change provides important
information and knowledge that support urban plagrio establish local and regional development
policy for a district like Sancaketepe. Using thmwledge and results of spatial metrics, significan
effects and threats of urban expansion on the tap#scan be reduced by establishing a scheme of
planning and zoning within the study area that dobktter govern the local environment and
landscape composition or structure. The plannirdyzoming of principal functions including zones
of optimal development, key development, restriadesielopment, and prohibited development, can
provide a useful measure of landscape ecosystegrityt, and can lead to a cost-effective, long-term

management system.
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Chapter Five: Summary, Conclusions and
Recommendations

5.1. Summary

5.1.1. Summary of land cover change findings

The study focused on the application and analyslsandsat TM satellite images to detect the land
cover changes between the years of 2002 and 200@ imunicipal district of Sancaktepe, Istanbul. It
was discovered that there was rapid urban expangi®@ancaktepe district as built-up area had by
2009 dominated the landscape of Sancaketepe ti@B8B% of the total of the study area) as from
2002 it increased by about 50%. The rapid urbaraesipn in district has increased the pressure on
the natural environment and undeveloped land categjof bareland (lost 689 hectares) and grassland
(63 hectares) and forest (lost 36 hectares). Givenrising land prices, the shortage of landl te
increasing population pressure found in this distmore undeveloped land especially the remaining
bareland (35.7 % of the total of the study aredkely to be converted into built-up or urban area
Monitoring land cover change will enable better agament of the problems associated with urban

expansion like degradation of forest, grasslandzdland areas for the district.

5.1.2. Summary of vegetation change using NDVI findings

Use of NDVI index in change detection present & vebust behavior for the quantification of spatial
and temporal patterns of vegetation cover change. ability of NDVI to quantify the location or
concentration of vegetation cover is important e&ly its loss or decline over time. The NDVI
method showed that the total amount of vegetatimreicin Sancaktepe district declined over the
years (NDVI mean=0.28 in 2002, NDVI mean =0.23 009). Some of the temporal variability
perhaps could be attributed to general changeshén pgatterns of below-normal to rainfall,
deforestation, agricultural land production, aniinary biological productivity occurring in the area
However there was strong evidence that urban graterienced between 2002 and 2009 was
responsible for some vegetation cover decline diiteonal, the spatial distribution of the vegetati
cover change tended to vary by each land cover wiffeforest and grassland showing high NDVI
values while bareland, built areas showed low v&lokeNDVI. Particularly this information would
allow urban planners to indentify current greeacgpareas to protect from urban development or to

target vacant land to convert them in new greecespaeas like city parks.
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5.1.3. Summary of landscape configuration and composition change findings

The results of landscape metrics computation shaistinctive differences between the land cover

categories concerning landscape configuration amohposition change in Sancaketepe district

between 2002 and 2009. Combination of metrics mddaape indices like mean patch size, number of
patches, total edge and mean perimeter area ralbwulated at class level are useful and robust
measures in charactering urban landscapes to ditmetscape structure change especially dynamic
processes of coalescing, disintegrating and fratgtien of land cover patches attributable to the

urban expansion, densification and other humanreatdral landscape modifications through time.

Bareland was found to have been fragmented whild toover categories of forest, built-p area and

grassland were not fragmented during this period.

There was an increase in agglomeration processuitf-up patches in the Sancaktepe district
between 2002 and 2009 as indicated by the in isesemn mean patch size, decrease in total edge and
number of patches, indicating the nature and patitat urban expansion being experienced. Thus,
the urban expansion pattern experienced was ndtesedh (fragmented) but concentrated due to
infilling around existing patches. Changes in AWM&Sid AWMPFDI indicate that the physical
shapes within built-up areas are relatively compéexd irregular. This indicated that the urban
expansion of Sancaktepe between 2002 and 2009 atasiform or regular, a possible reflection of
unplanned developments in the district. This infation is vital to decision makers in informing them
about containing human modifications on the langscparticularly in this case controlling some
unauthorised development and constructions, whietpassible explanations for the irregular urban
growth pattern observed by AWMSI and AWMPFDI.

While it is possible for the spatial configuratibm change as evidenced by change in number of
patches and mean patch size, total edge, the ilivérslative abundance of land cover types) can
remain relatively stable through time. This is hexa the landscape heterogeneity and evenness
slightly decreased between 2002 and 2009 as mebbyr€hannon’s diversity (SHDI) and Shannon
Evenness Index (SHEI) in the study area. The Shasldversity index is not particularly meaningful
as a relative index for comparing the same landseaplifferent times (McGarigal and Marks 1995;
2002). Its output was contrary to what was expectiedt with the increase in urban expansion it

would cause an increase in landscape diversity.

It was evident that landscape metrics are sensitivehanges in grain size for different land cover
type, after examining responses to grain size i@pedsolution) change using a IKONOS 2008
classified image resampled to 5m, 10m, 20m and 30me. results thus indicate that comparing

landscape metrics at different spatial resoluticay rhe affected by different types of responses to
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changes in spatial resolution (grain size). Depaypdin the metric used, it seems therefore thaether
is no optimal scale whether at fine, medium or seaesolution in the applicability of some these
landscape metrics tools for the measurement ofslzapke change. It is suggested that before applying
landscape metrics from different resolution datae(fmedium to coarse), researchers should explore
the effects of scale (in this case spatial resmijtifor landscape change. Since some studies (Wu
2004) have noted that there is no ‘optimal’ scabe €haracterizing spatial heterogeneity it is
important that, spatial resolution or grain sizesimoe kept the same when using landscape metrics.
This becomes essential in urban planning and decisiaking because of the need of consistent

results for efficient characterization of the urtbamd cover change.

5.1.4. Summary of usability of landscape or spatial metrics findings

Landscapes metrics offer much promise as practmals for quantifying the spatial landscape
structure and composition of the urban landscapek elp refine some urban planning efforts
especially in the monitoring stage especially tbamr planners targeted in the fieldwork who do not
have the knowledge of spatial metrics. Some larmscaetrics like AWMSI and AWMPFDI are
important in informing about the change in urbamvgh patterns in terms of uniformity and
irregularity and change in shape complexity. Simagous Master and local plans in Istanbul since
1995 (IMP, 2008) and Sancaktepe district have eragmd a compact and linear spatial development
and thus the decision whether to approve a spabifielopment, for example, could be based in part
on some measures of urban growth form or patteitiuatrated by use of AWMSI and AWMPFDI in
this study area. The approach of using landscapgganean also improve communication between
land use and urban planners with the decision-nsalk&r instance, information on the changes on
landscape structure and composition allows landpl@eners to model and predict the impacts of
planned activities on ecological systems, and tteemprovide results or alternatives in terms of
guantitative data. However, challenges relatechéouse of quantitative measures of spatial metrics
relate to the concerns regarding the understarafitigeir interpretation. Some urban planners in the
fieldwork pointed to the fact that they need mdrerbugh knowledge as well as a more detailed
understanding of what the landscape metrics indioesn and how they change. Thus there is still a
need for guidelines on how to apply, interpret aocthmunicate them, establish links between the
ecological patterns and processes of urban planpimgoses. Once this translation is achieved
successfully, it seems a widespread use and uaddisg of spatial metrics as quantitative measures

of urban land cover change will increase its usigtfibr decision making in urban planning purposes.

5.2. Conclusion

Given the increasing population pressure, the phagban growth and current and future impacts

associated with urban growth or expansion, the t@study urban land cover change will continue in
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the foreseeable future. Consistent and future mong of urban land cover change will enable better
management of the problems associated with urbparsion like degradation of forest, grassland
and bareland areas for the district. In this reghadintegration and combination of remote sensing
and quantitative measures of spatial metrics vd@n important role towards better understanding
of urban land cover change. This is because thébic@tion of remote sensing and spatial metrics
provides a robust approach as it provide insightarban planners, policy makers researchers, and
managers for linking information about the conseges of landscape structure elements
(agglomeration, compactness, complexity and irgy) and composition (diversity) changes. This
becomes essential and useful for decision makingban planning purposes for managing change in
rapidly growing area to current urban planners wiged to use various methods and tools to
understand the complex dynamics of urban landsdapeher research using high resolution data,
exploring other landscape metrics may provide oiteresting insights regarding the complex nature

of the urban land cover change in a rapidly grovdisgrict like Sancaktepe.

5.3. Recommendations

In a rapidly changing landscape of Sancaktepe’'driclis adequate urban planning becomes
increasingly important for overcoming the probleofisurban sprawl. Adverse environmental effects
resulting from urban sprawl, such as the conversidnforest, loss of grassland land, and
fragmentation of barelands must be minimized tontaéh the ecological functioning of a landscape.
However findings from this study however still neddrther investigations that replicate and improve

upon this kind of research by addressing the fatigveonsiderations.

Appropriateness of aggregated versus disaggregatémhd cover classification used

While the research studied the landscape of Sampalkdistrict using some aggregated classes for
instance forest comprised of deciduous and evengfeests, we argue that use of disaggregated
classes probably would produce different results fieeasuring processes of coalescing and
fragmentation on a dynamic landscape. So theteastithese unanswered questions

(1) What is the appropriate land cover classifarathierarchy, aggregated versus disaggregated to
measure some landscape elements and process?

(2) Is the extent of this study sufficiently larged diverse to understand the landscape character?
Appropriateness of coarse spatial resolution dataersus fine resolution data

The research had two time steps of 2002 and 2088cémmended to have more than two time steps
in order to observe certain urban land changes twbacur faster than others for instance urban

expansion. Moreover, the data used here for lamdrcand landscape change had a resolution of 30

62



m (Landsat TM data), which is considered coarsethadcefore may simplify the spatial and temporal
complexity of urban development patterns, spatigterogeneity in landscape pattern and process
like coalescing and fragmentation. The followingeaarch question should be investigated.

(1) Would a multi-temporal finer resolution datattbe capture important elements of landscape
configuration and composition change?

The results of investigating the effect of graires{spatial resolution) in study on selected laadsc
pattern metrics on high resolution remotely serseganshapened June IKONOS 2008 image which
was resampled to 5m, 10, 20m and 30m , howeverestgghat most landscape metrics are sensitive
to change in grain size (spatial resolujioowever this study could not clearly establish thike

this may limit the applicability of spatial metsi indices for the measurement of landscape eéhang
over time if landscapes are represented by diffgreapatial resolution data of finer-resoluticias
coarser-resolution data and how inferences from tban affect and inform urban planning and
management practice.

Further research on other municipal districts of Iganbul

More studies of urban land cover change should lag¢sdone in other municipal districts of Istanbul
as they would be able to establish whether theysmnéar or different trends in the magnitude, and

direction of urban land cover change.

63



QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN
CITY, TURKEY

References

Alberti, M. and Waddell, P. (2000). An integratecban development and ecological simulation
model.Integrated assessment, 1(3), 215-227.

Andersson, C., Rasmussen, S., White, R. (2002a3rJdettlement transitiong&nvironment and
Planning B: Planning and Design, 29, 841-865.

Andersson, C., Lindgren, K., Rasmussen, S., WRitd2002b). Urban growth simulation from ‘first
principles’.Physical Review E 66, (2 pt 2), 282-290.

Barnsley, M. J., and Barr, S.L. (1997). A graphdubstructural pattern recognition system to infer
urban land-use from fine spatial resolution landezodata.Computers, Environment and Urban
Systems, 21(3/4), 209-225.

Batty, M., Longley, P. (1994Fractal Cities. Academic Press, London.

Batty, M. and Xie Y. (1996). Preliminary Evidene® & Theory of the Fractal Citignvironment and
Planning A, 28, 1745-1762.

Batty, M., Xie, Y. (1999). Self-organized criticgliand urban developmerdiscrete Dynamics in
Nature and Society 3 (2-3), 109-124

Bauer, T. & Steinnocher, K. (2001). Per-parcel lasd classification in urban areas applying a rule-
based techniqué&eoBIT/GIS, 6, 24-27.

Berry, B. L. (1990). Urbanization. In Turner B. LClark, W. C., Kates, R. W., Richards, J. F.,
Matthews, J. T. and Meyer, W. B. (ed8he Earth transformed by human action. Cambridge, UK:
Cambridge University Press.

Booth, P. (1989)An Introduction to Human-Computer Interaction. London: Lawrence Earlbaum
Associates.

Clarke, K. C., Parks, B. O., Crane, M.P., ParksEB(2002).Geographic Information Systems and
Environmental Modeling.New Jersey, Prentice Hall.

Cihlar, J., R. Latifovic, et al. (2000). SelectiRgpresentative High Resolution Sample images for
Land Cover Studies. Part 1 - needs of the Intawnati Geosphere Biosphere ProgramiRemote
Sensing of Environment, 71, 26-42.

64



DiBari, J. N. (2007). Evaluation of five landscdpgel metrics for measuring the effects of
urbanization on landscape structure: the case akdny Arizona, USALandscape and Urban
Planning, 79(3-4), 308-313.

Dimyati, M., Mizuno, K., Kobayashi, S., and KitamayrT. (1996). An analysis of land use/cover
change using the combination of Landsat MSS and lase map-A case study in Yogyakarta.
Indonesialnternational Journal of Remote Sensing, 17(5), 931- 944.

Ewing, R., Pendall, R., and Chen, D. (200&easuring Sorawl and its Impact. Washington, DC:
Smart Growth America.

FAO and UNEP. (2002). Proceedings of the FAO/UNESDltation on Strategies for Global Land
Cover Mapping and Monitoring. Artimino, Florenctly, 6-8 May, 2002. FAO, Rome, ltaly, 39.

Farina, A. (2006)Principles and Methods in Landscape Ecology. Kluwer Academic Publishers,
Dordrecht

Farina, A. (2006)Principles and methods in landscape ecology (second edition). Dordrecht: Kluwer

Fernandez A, lllera P, Casanova JL. 1997. Autonmatipping of surfaces affected by forest fires in
Spain using AVHRR NDVI composite image daRemote Sensing of Environment, 60,153-162.

Forman, R.T.T. (1995).and mosaics: the ecology of landscapes and regions. Cambridge University
Press, Cambridge.

Fulton, W., Pendall, R., Nguyen, M., and Harrisén, (2002). Who sprawls most? How growth
patterns differ across the u.s Washington, DC: Brookings Institute.
http://www.brook.edu/dybdocroot/es/urban/publications/fulton.pdf.

Galster, G., Hanson, R., Ratcliffe, M. R., Wolmat, Coleman, S., and Freihage, J. (2001).
Wrestling sprawl to the ground: Defining and meagyan elusive concepitlousing Policy Debate,
12(4), 681-717.

Gordon, S.I. (1980). Utilizing Landsat imagery t@mmtor land-use change: A case study in Ohio.
Remote Sensing of Environment, 9, 189-196.

Gustafson E.J. (1998). Quantifying landscape sSpai&ttern: what is the state of the art?
Ecosystems, No.1: 143-156.

Gustafson, E. J., and Parker. G. R. (1992). Reishigps between land cover proportion and indices of
landscape spatial pattetrandscape Ecology, 7(2), 101-110.

Herold M., Scepan, J., and Clarke, K .C. (2002).Tke of remote sensing and landscape metric to
describe structures and changes in urban land Esdsonment and Planning A, 34(8), 1443-1458.

65



QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN
CITY, TURKEY

Herold, M., Goldstein, N.C., and Clarke, K.C. (2D03he spatiotemporal form of urban growth:
measurement, analysis and modeliRgnote Sensing of Environment, 86, 286-302.

Herold, M., Couclelis, H., and Clarke, K.C. (200%he role of spatial metrics in the analysis and
modeling of land use changéomputers, Environment and Urban Systems, 29, (4), 369-399.

Herzog, F., and Lausch, A. (2001). Supplementimgl lase statistics with landscape metrics: Some
methodological consideratiorsnvironmental Monitoring and Assessment, 72, 37-50.

Holzinger, A. (2005). Usability engineering methdds software developer§ommunications of the
ACM, 48(1), 71-74.

Howarth, P.J., and Wickware, G.M. (1981). Proceduar change detection using Landsat digital
data.International Journal of Remote Sensing, 2(3), 277-291.

Istanbul Metropolitan Planning and Urban Designt€e(iMP) (2008) Istanbul Master Plan, Istanbul
ISO (1993).1SO CD 9241-11: Guidelines for specifyand measuring usability.

Jensen, J.R. (2005)ntroductory digital image processing: A remote sensing perspective.(3rd
Edition).Upper Saddle River, NY:Prentice Hall.

Jensen, J. R. and Toll, D. L. (1982). Detectingdesstial land use development at the urban fringe.
Photogrammetric Engineering and Remote Sensing, 48, 629—-643.

Lausch, A. and Herzog, F. (2002). Applicabilitylahdscape metrics for the monitoring of landscape
change: issues of scale resolution and interpidtatitcological Indicators, 2(1-2), 3-15.

Lillesand, T.M. and Kiefer, R.W. (1987Remote Sensing and Image Interpretation, Sec. Ed., John
Wiley and Sons, Inc.: Toronto.

Lillesand, T. M., & Keifer, R. W. (1972Remote sensing and image interpretation, Second Edition :
John Wiley and Sons.

Lillesand, T. M., & Kiefer, R. W. (2000Remote sensing and image interpretation. New York:
Wiley.

Ludlow, D. (2009. Urban Sprawl: New Challenges for City-region Governance Sustainable Urban
Development: Changing Professional Practice. New York, Routledge.

Karaburun, A., Demirci, A., Suen, S.1 (2009). Intgasf urban growth on forest cover in Istanbul
(1987—-2007)Environmental Monitoring and Assessment, doi;:10.1007/s10661-009-1000-z

Kerr, J.T. and Ostrovysky, M. (2003). From spacespecies: ecological applications for remote
sensingTrendsin Ecology and Evolution, 18, 299-305.

66



Ketin, 1. (1983).Turkiye Jeolojisine Genel Bil Bakis. I.T.U., Istanbul, 59.

Makse, H.A., Andrade Jr, J.S., Batty, M., Havlin, Stanley, H.E. (1998).Modeling urban growth
patterns with correlated percolatidthysical Review E, 58(6), 7054- 7062.

Makse, H.A., Havlin, S., Stanley, H.E. (1995).Madglurban growth patternblature, 377, 608-612.

Mandelbrot, B. B. (1983)The fractal geometry of nature. New York, NY: W.H. Freeman and
Company.

Massart, M., Petillon, M., and Wolff, E. (1995). & mpact of an agricultural development project on
a tropical forest environment: The case of Shalzar€X Photogrammetric Engineering and Remote
Sensing, 61(9), 1153-1158.

Mesev, T.V., Longley, P.A., Batty, M., and Xie, Y995),Morphology from Imagery: Detecting and
Measuring the Density of Urban Land UEavironment and Planning A, 27, 759-780.

McGarigal, K. & Marks, B.J. (1995FRAGSTATS: spatial pattern analysis program for quantifying
landscape structure. General Technical Report PNMR-B51, USDA Forest Service, Pacific
Northwest Research Station, Portland.

Mills, E. (1980).Urban economics (2nd Ed.). Glenwood, IL: Scott Foresman.

Onural, L. (1991). Generating connected texturadtél patterns using Markov Random Field&EE
Transactions on Pattern Analysis and Machine Intelligence, 13(8), 819-825.

O’Neill, R.V. (1988). Hierarchy theory and globahange: in Rosswall T, Woodmansee R.G and
Risser P, G. (eds¥cales and Global change: Spatial and temporal variability in biospheric and
geospheric processes, John Wiley and Sons, New York, .29-45.

Preece, J. (1993A Guide to Usability: human factors in computing. Addison Wesley, the Open
University.

Ribed, P.S., and Lopez, A.M. (1995). Monitoring ftuareas by principal components analysis of
multi-temporal TM datalnternational Journal of Remote Sensing, 16(9), 1577-1587.

Riitters K.H., O'Neill R.V., Hunsaker C.T., WickhathD., Yankee D.H., Timmins S.P., Jones K.B.
and Jackson B.L. (1995). A factor analysis of laage pattern and structure metritandscape
Ecology, 10, 23-39

Rubin, J. (1994)Handbook of Usability Testing. New York: John Wiley and Sons.

67



QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN
CITY, TURKEY

Schneider, A., Friedl, M. A., Mclver, D. K. and Waeock, C. E. (2003).Mapping urban areas by
fusing multiple sources of coarse resolution reflgaensed dat@hotogrammetric Engineering and
Remote Sensing, 69, 1377-1386.

Schneider, A., Seto, K. C. and Webster, D. R. (2008ban growth in Chengdu, Western China:
application of remote sensing to assess plannidgpaticy outcomesEnvironment and Planning B,
32, 323-345.

Seto, K. C., Kaufmann, R. K. and Woodcock, C. BO@. Landsat reveals China’s farmland reserves
but they're vanishing fasNature, 406(6792), 121-121.

Seto, K. C., Woodcock, C. E., Song, C., Huang,LX,,J., and Kaufmann, R. K2002). Monitoring
land-use change in the Pearl River Delta using sah@M.International Journal of Remote Sensing,
23, pp. 1985-2004.

Seto, K.C., and Fragkias, M. (2005). Quantifyingtsgtemporal patterns of urban land use change in
four cities of China with time series landscapermstLandscape Ecol. 20, 871-888.

Shackel, B. (1990). Human factors and usability. JIn Preece and L. Keller (edshuman-
ComputerInteraction: Selected Readings. London: Prentice Hall, 27-41.

Shannon, C., and Weaver, W. (196/e mathematical theory of communication. Urbana: University
of Illinois Press.

Singh, A., (1989). Digital change detection techweis) using remotely sensed daltaternational
Journal of Remote Sensing, 10(6), 989-1003.

Smith, C. & T. Mayes (1996)Telematics Applications for Education and Training: Usability
Guide.Comission of the European Communities, DGXIII Bobj

Sohl, T. (1999). Change analysis in the United AEabirates: An investigation of techniques,
Photogrammetric Engineering and Remote Sensing, 65(4), 475-484.

Stefanov, W. L. and Netzband, M. (2005). AssessroEASTER land cover and MODIS NDVI data
at multiple scales for ecological characterization an arid urban centeRemote Sensing of
Environment, 99(1-2), 31-43.

Stow, D.A., Tinney, L.R., Estes, J.E., (198Dkriving land use/land cover change statistics from
Landsat: a study of prime agricultural land. In: Proceedings of the 14th International Sympason
Remote Sensing of the Environment held in Ann Arinot980, Ann Arbor, Environmental Research
Institute of Michigan, Michigan, 1227-1237.

Townshend, J. R. G., & Justice, C. O. (1986). Asialyf the dynamics of African vegetation using
the normalized difference vegetation indebaternational Journal of Remote Sensing, 8(8),
1189-1207.

68



Torrens P.M., and Alberti, M. (2000) Measuring SgraWorking Paper Series, CASA-Centre for
Advanced Spatial Analysis, University College Londbondon.

Torrens, M.G. (2006). Simulating sprawinals of the Association of American Geographers, 96(2),
248 - 275.

Tsai, Y.H. (2005). Quantifying urban form: compaega versus sprawlUrban Sudies, 42(1), 141-
161.
Turkish Statistic Institute (TUIK) (2007). Populati Census-2007. Ankara.

TUIK (2008a). Adrese dayali niifus kayit sistemiDPKS), 2007 Nifus Sayimi Sonuglari.
http://tuikapp.tuik. gov.tr/adnksdagitimapp/adnigs.z

Turner, M. G. (1987), Spatial simulation of landseachanges in Georgia: a comparison of 3
transition models.andscape Ecology, 1(1), 29-36.

Turner, M. G. (1989). Landscape Ecology: The EffettPattern on Process&nnual Review of
Ecology and Systematics, 20(1), 171-197.

Turner M.G., Gardner, R.H. (1991Quantitative Methods in Landscape Ecology. Springer Verlag:
New York, NY, USA.

Turner M.G., Gardner R.H. and O’Neill R.V. (200Landscape ecology in theory and practice:
pattern and process. Springer Verlag, New York, U.S.A.

Turner, M.G. (2005a). Landscape ecology in Northefioa: past, present and futuEeol ogy, 86(8),
1967-1974

United Nations, 2001\World Population Prospects. The 2000 Revision, United Nations, New York,
N.Y., 745 p

United Nations (2003)Jnited Nations Population Division World Urbanization Prospects: The 2003
Revision, New York: United Nations.

United Nations, (2005)United Nations Satistical Yearbook (49th issue). New York, United Nations
Publication.

Urban, D.L. (2005). Modeling ecological processe®ss scale€cology 86, 1996—2006.

Vogelmann, J.E. (1988). Detection of forest changbe Green Mountains of Vermont using
Multispectral Scanner datiternational Journal of Remote Sensing, 9(7), 1187-1200.

69



QUANTITATIVE MEASURES OF URBAN LAND COVER CHANGE: THE CASE OF SANCAKTEPE DISTRICT OF ISTANBUL METROPOLITAN
CITY, TURKEY

Webster, C. J. (1996). Urban morphological fingertst Environment and Planning B: Planning and
Design, 23(3), 279-297.

White, R., Englelen, G. (1993). Fractal urban largk patterns: A cellular automata approach.
Environment and Planning A, 25(8): 1175-1199.

Wu, J.G. (2004). Effects of changing scale on laage pattern indices: scaling relatiobandscape
Ecology, 19, 125-38.

70



Appendices

Appendix 1
Istanbul districts and their population (source IMP, 2008)
District Population District Population

1 | Adalar (Island¥ 10.460 21 Gaziosmanpasa 1.013.048
2 | Arnavutkoy 141.634 22 Gungoren 318.545
3 | Atasehir 345.588 23 Kadikdy 744.670
4 | Avcilar 323.596 24 Kagithane - 418.229,
5 | Bagcilar 719.267 25 Kartal 541.209
6 | Bahcelievler 571.711 26 Kucukcekmece 785.392
7 | Bakirkoy 214.821 27 Maltepe 415.117
8 | Basaksehir 193.750 28 Pendik 520.486
9 | Bayrampasa 272.196 29 Sancaktepe 223.755
10 | Besiktas 191.513 30 Sariyer 276.407
11 | Beylikduzu 186.789 31 Silivri 125.364
12 | Beykoz 241.833 32 Sultanbeyli - 272.758
13 | Beyoglu 247.256 33 Sultangazi 436.935
14 | Buyukcekmece 688.774 34 Sile 25.169
15 | Catalca 89.158 35 Sisli 314.684
16 | Cekmekoy 135.603 36 Tuzla 165.239
17 | Esenler 517.235 37 Umraniye 897.260
18 | Esenyurt 335.316 38 Uskiidar 582.666
19 | Eydp 325.532 39 Zeytinburnu 288.743
20 | Fatih 422.941 40

Appendix 2

Description of the land cover classification scheme

1. Built-up areas-High, medium and low —density buildings, urban €a&nbusiness districts
multi-family dwellings, commercial, and industrifdcilities, high impervious surface areas
institutional facilities, large transportation fhiés (e.g. airports, multilane interstate/st
highways), roads

of
ate

2. Bareland- Areas with sparse vegetation , fallow croplandarries, strip mines, rog
outcrops, sand beaches along rivers and lakes

3. Grassland ,row crop agriculture, orchids, vineyards, hottigtal businesses, pastures, n
tilled grasses, golf courses

DN-

4. Forest Evergreen, deciduous, and mixed forests

5. Water -Rivers, streams, lakes, and reservoirs
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Appendix 3

CLASSIFICATION ACCURACY ASSESSMENT REPORT OF 14 JUNE 2002 LANDSAT IMAGE

Class Reference Classified  Number Producers Yser

Name Totals Totals Correct Accuracy Accuracy
Unclassified 0 0 4 0
Water 12 12 12 100.00% 100.00%
Bareland 18 17 15 83.33% 88.24%
Forest 18 18 15 83.33% 83.33%
Built-up 17 16 12 70.59% 7360
Grassland 16 12 10 62.50% 8333
Totals 80 80 64

Overall Classification Accuracy = 80.00%

KAPPA (K") STATISTICS

=Overall Kappa Statistics = 0.7520

CLASSIFICATION ACCURACY ASSESSMENT REPORT OF 17 JUNE 2009 LANDSAT IMAGE

Class Reference Classified  Number Producers sekd

Name Totals Totals Correct Accuracy Accuracy
Unclassified 0 0 1 0
Water 11 11 11 100.00% 100.00%
Forest 19 17 17 89.47% 100.00%
Bareland 27 23 21 77.78% 91.30%
Grassland 15 10 10 66.67% 100.00%
Built-up 28 34 26 92.86% 76.47%
Totals 98 98 85

Overall Classification Accuracy = 86.73%

KAPPA (K") STATISTICS =Overall Kappa Statistics = 0.8287

CLASSIFICATION ACCURACY ASSESSMENT REPORT JUNE IKON OS 2008

Class Reference Classified Number Producers rdse

Name Totals Totals Correct Accuracy Accuracy
Water 26 25 25 96.15% 1@9®
Forest 43 42 39 90.70% 92.869
Built-up 41 40 36 87.80% 9040
Bareland 58 57 53 91.38% et L%)
Grassland 32 32 29 90.63% 90.63%
Totals 198 198 182

Overall Classification Accuracy = 91.92%

KAPPA (K”) STATISTICS=0Overall Kappa Statistics = 0.8971
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Appendix 4
Spatial and temporal urban land cover and land usehange analysis in the

Istanbul Metropolitan Area.

The purpose of this questionnaire is to assist Withinformation necessary to analyze urban land
cover and land use change detection. The reseasks $0 determine how spatial metrics, derived
from remotely sensed imagery and GIS data can geocsbjective information and useful descriptions
of urban landscape and land use change. In ordeetiermine this, part of this questionnaire is
concerned with usability of current quantitative thoels and techniques being used by your
department/organisation in spatial-temporal urlzad Icover and land use change detection.

(1) As part of a urban planning and managementnisgdon, what kind of spatial data ( eg. Satellite
images) do you collect?

(2) Do you also collect land cover data?

Yes[ ] No [

(3) What about land use data?

Yes No
L1 L1
Spatial data collection
Land cover | Land use data | Spatial Year of collection
data scale/resolution

(4) Which methods do you use for the collectiothi$ data?
Point Measurements
Transects

]
L]
[ 1 Quadrant/Plots
]
]

Complete Coverage
Survey/Questionnaire

[ ] OtNer o

(6) What is the purpose of the collection of thied cover and land use data?
(8) How is the data being analyzed?
(9) What quantitative methods and techniques dougaufor urban change detection?

(10) How do these quantitative methods and teclasigontribute to your urban planning purposes?
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(11) Do you find them relevant for urban planninggoses?

Yes[ ] No [ ]

(12) If relevant, how would you rank the relevant¢hese methods for urban planning purposes?
(1-very weak, 2-weak, 3=not weak/ not strong, 4srsgr 5=very strong) (Please tick)

1]

21

3]

4[]

S

(13) Do you find them effective for your urban ptamg purposes?

Yes[ ] No [ ]

(14) If yes, how would you rank the effectivenesthese methods for urban planning purposes?
(1-very weak, 2-weak, 3=not weak/ not strong, 4rsfr 5=very strong) (Please tick)

1]

2]

3]

4]

5[]

(15) Do you find them efficient for your urban ptang process?

Yes[ ] No [ ]

If yes, how would you rank the efficiency of thasethods for urban planning purposes?
(1-very weak, 2-weak, 3=not weak/ not strong, 4srsgr 5=very strong) (Please tick)
1]

21

3]

4]

S

(16) Do you find them satisfactory for your urbdarming purposes?

Yes[ ] No [ ]

(17) If yes, how would you rank the satisfactiorusérs in the application of these methods formrba
planning purposes?

(1-very strong, 2-weak, 3=not weak/ not strong,trbrgy, 5=very strong) (Please tick)

1]

2]

3]

4]

5[]

(18) Do you have any knowledge of spatial metrieshods?

Yes[ ] No [ ]
If yes, for what purpose are they being used imuanlianning efforts?

Additional comments?
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