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ABSTRACT

In recent studies, assessing the impact caused by human- want on several land cover
and land use classes has become important, as the so-called irrelevant changes
contribute to the environmental hazards, most especially within the immediate
climate condition of that area i.e local climate temperature. Also such influences are
observed on the vegetation type and cover and the rate of under-ground disturbances.
Accounting for change around urban centers within the suburban communities to
identify growth by examining some of the already specified macro indicators on the
micro changes have become necessary due to the grass root implications of some

social, bio-physical and or economic forces.

The output of the complicated and entangled interactions between bio-physical and
socio-economic forces over space and time is land use. Placing forward
contemporary issues related to land use-cover change, socio-economic (i.e human
factor) has been said to contribute greatly to the alterations in the environment, such
issues related to land services and land cover changes have considered construction
which results to fragmented land. On a global scale, climate change, urbanization,
globalization, suburbanization are some of the identified drivers of land use changes.
But beyond this, necessity demands that we assess how these macro-scale factors can

be examined to some relative degree at the micro-level of Famagusta North Cyprus.

The context of this work brings to the front line the impact of drivers of land use

cover changes on the distribution of ecological cover and the built environment.



Remote sensing and GIS methods, agent base and meta-analysis were used to
describe and explain the relationship between population dynamism, urban growth,
economic variance and social needs that has subjected the city of Famagusta to
influence changes on her immediate suburban areas. Although the secret behind the
choice of polarized urban pattern was not revealed in this research, but the
contributing factors encouraging a consistency of change were discussed in detailed.
Thus the result shows that within four decades at 4 time-steps observation (1986-
2012), population increase relates with the increasing housing demand both
(individual and social). This definitely demanded the provision of social amenities
such as roads, green space as more building blocks are created within the city.
Subsequently, the encroachment of land leads to expansion of territorial boundary as
the case is between Famagusta city and Tuzla, the consequence of which is urban_
suburban merging and or in some cases, feature of possible interwoven territory will
show up especially along a linear axis. These observations do not take place without

the inclusion of a change in land use and land cover.

The research therefore sets up an assessment framework to contribute to the
suggestion for the need to implement proper monitoring and planning of a much
managed environment by considering factors responsible for the present situation

and the distribution of change.

Key words: Land use- cover changes, urban, suburban, population, social amenities.



Oz

Arazi kullanim kararlar1 {izerine, mevcut gelisim taleplerinden kaynaklanan siire¢ ve
dinamikler arastirildiginda, son donemdeki arastirmalar, bu durumun ¢evresel tehdit
ve tehlikeler olusturrduguna dikkat c¢ekmektedir. Yerel oOlcekteki ani iklim
degisilikleri bu etkilerin basinda gelmektedir. Bu etkiler, ayn1 zamanda birki ortiisti
ve yeralt1 kaynaklari tizerindeki olumsuzluklar1 da icermektedir. Kentsel ¢evrelerdeki
degisimlerle birlikte kirsal etkilesim de farklilagsmakta ve ‘ceperdeki’ gelismelerle
birlikte bu etkilesim hem kentsel hem de kirsal biiylimede belirleyici olmaktadir. Bu
baglamda makro Olgekteki degisimlerle birlikte, mikro Olgekdeki etkileri de
gbzoniinde bulundurularak farkli boyutlari(sosyal,bio-fiziksel,ekonomik) ile ele

alinmalidir.

Farkli 6l¢ek ve dinamikler acisindan etkilesim arazi ve hizmet alimi konularinda
yapilasma ile insan boyutu da devreye girdiginde fiziksel ¢evrede Onemli
degisiklikler meydana getirmektedir.Bu baglamda boliinmiis arazi ve daginik arazi
kullanim kararlar1 en sikintili olanlardir. Kiiresel oOlgekte, ikli degisiklikleri,
kentlesme, kiiresellesme, kirsal kentsel arakesitinin genislemesi bu sikintilar1 yaratan
gostergelerdendir. Bu baglamda, KKTC, Magusa’nin kentsel gelisim ve arazi
kullanim degisiklikleri ele alinarak makro olgekteki etkilerin mikro Olceklerdeki
yansimalari haritalandirma metodu ile arastirilacaktir. Bu ¢aligma sonucunda, arazi
kullanimindaki degisimin ekolojik ve yapili ¢evredeki etkileri iizerinde durulacaktir.
Bu anlamda GIS metodu ile, meta-analiz sistemi kullanilarak niifus dinamikleri,

kentsel gelisme, ekonomik c¢esitlilik, ve sosyal etkilesim konular1 kensel kirsal



arakesitinde (Suburban) iredelenecektir.Siire¢ icerisindeki bu degisimin tutarlilig ele

alinacaktir.

Aragtirma sonuglar1 agisindan son 40 yil1 gézoniinde bulundurarak dort asamali bir
degerlendirme yapip, konut stogu ve talebi ile arazi kullanim kararlarindaki
degisiklikler ortaya konmaktadir.Arastirma, arazi kullanimi ile ilgili  bir
degerlendirme ¢ergevesi sunarak, bu degisimin siirdiiriilebilir bir yapida olabilmesi
icin, denetim ve gozetim konularinda etkin bir arag¢ olarak kullanilacak bir yaklagim

sunmaktadir.

Anahtar Kelimeler: Arazi-kullanim degisiklikleri, kentsel-kirsal arakesiti, ekoloji
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Chapter 1

INTRODUCTION

1.1 Background Study

The form, physical display and dimension of arrangements of settlements visible or
available through records have been used to model ancient roles and value attributes
of land shared by a community. This morphology provided depict the lifestyle of the
existed, existing and to a high degree lays the foundation and projects the pattern to
be exhibited by the future generations (Bibby & Shepherd, 2001). It is made possible
that economic, commercial, industrial, political, and territorial domain that can be
interpreted from the image of a settlement can be used to infer the population, either
present or projected. Usually, the projected standard and pattern of living depends
on the current social and economic character displayed by the existing population
which further produces the size of the population to be expected in a geographical
territory in the nearest years to come. Thus with great magnitude, population growth
attached with other factors characterizes the urban, suburban or rural habitats.
Therefore, with growing population, slight or major economic shift, particularly
when it is on the positive side such as increase in minimum wage, there are
tendencies for people to have more need of land, sudden demand for better quality
life such as relocation from social houses to individual dwellings that would require
gardens, more open space for the family. Thus such need can only be met at the

suburban area which compels outward sprawl to these suburbia, and automatically



converts land use classes from one form to the other. With this, it is important to
know when an urban area begins to extend her coverage to inconvenience the
suburbs in other to properly control the rate of such conversion and bring balance
between classes to avoid deficiency of one at the expense of the other. The impact
caused by human want between several land cover and land use classes contribute to
the environmental hazards, most especially within the immediate climate condition
of that area i.e local climate temperature, also such influence is observed on the
vegetation type and cover and the rate of under-ground disturbances. Accounting
for change around urban centers within the suburbs and communities to identify
growth using indicated social forces concerned, remote sensing and GIS methods
contributes to the monitoring and planning of a much managed environment by
considering factors responsible for the present situation and the distribution of
changes. A strictly adhere-to land use plan and management system would help to
provide a sustainable land use_ cover within a geographical area. Furthermore, the
felt impacts of land use change is dependent on an individual’s awareness of that
change, and on their beliefs about the causes of these changes, therefore it is
important to address the issue of change starting with the indicators and the drivers/
causes of change to verify how this large scale regional change can be described and

assessed at the local level.
1.2 Aims/ Objectives

This research aims to provide an assessment method for a descriptive and
explanatory analysis of the existing land use/land cover changes (LUCC) occurring
in the urban and suburban interfaces. Although, such studies are mostly done on a
broader scale, in other to asses this at micro level, Famagusta has been selected for a

case study.



1.2.2. Objectives
In fulfilment of the above stated aim, the research will:

1. Ascertain the proximate factors driving land use/cover changes within all scales
(i.e macro such as change in government policy — micro such as individual
choice of location) based on literatures;

2. Examine the trend and pattern of changes in the study area through image
production;

3. Relate some socio-economic drivers to the physical character of land use land
cover changes in the study area; and

4. Point out reasons for the need (s) to adopt proper land use planning.

1.2.3 Research questions

1. In which geographical districts areas can distinctive land use changes be
identified in North Cyprus? ;

2. What are the proximate factors driving the changes at case study level
(Famagusta)? ;

3. What are the exact trends and patterns of changes in the study area; and

4. 1s there a need to adopt proper land use planning for land sustainability of the

urban area in context of land use /cover?
1.3 Research scope

This study will be building on and adopting knowledge from existing research works
on:
- Indicators of land use- land cover changes
- Drivers of land use- land cover changes Land use- land cover change models
- Role of socio-economic drivers on land use/land cover changes

- Effects (positive and/or negative)of land use- land cover changes
3



Laying more emphasis on the focus given below, the relationship, overlaps

and effects of land use change can be derived from these models (see

Figurel).
* Ecological
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/]
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Figure 1: Case study - cause and effect relational scope of research.

- Findings on scope, role and importance as well as scale of land use oriented
studies.

Therefore, for the purpose of integrating this research into an applicable frame work,

the simulation incorporating at case-study scale will present the following (see table

1):



Table 1: Research output framework simulation

Spatial scale for results: District, Municipality, Regional
District, Municipality, Regional,
national, European

DPSIR framework: Driver, State, Impact and Response of
Driver, Pressure, State, Impact, land use change

Response

Land use issues covered: All

Housing, Population growth,

Agriculture, Natural
Area (such as wetland), Water,
Tourism/recreation

Output indicators: Socio-economic &  environmental
Socio-economic & environmental | external constraints; Socio-economic
external assessment Criteria

constraints; Land Use structure; RUR
Metabolism; ECO-system integrity;
Ecosystem Services; Socio-economic
assessment Criteria; Decisions

Output Drivers/ Actors: All
Residents, planners, policy makers,
entrepreneur and service suppliers.

Knowledge type: All
Narrative storylines; Response
functions;

GI1S-base maps; Tables or charts.

Adopted from Kroll, F. et al., 2009.

1.4 Significance of Study

Studies on land use _ cover changes have become relevant in the global society due
to the occurrence of several depletion taking over the world, alongside the target to
have better management scheme for earth resources, land cover and land use were
considered necessary for monitoring. Therefore, this research is set to put forward
the distribution of land use- cover within the case study area, and also put up some

reasons related to the observation to draw attentions of planners, institutions on the



need for land use planning. The study further provide a futuristic likely occurrence

which will be useful to interested researchers in this field.
1.5 Structure of the Thesis

This study has been considered under five chapters. Chapter 1 consist of the research
background which relates the problem of research with the aim or purpose,
objectives to aid the successful achievement and the mind troubling question that
should be answered in this study. It also included the scope where issues related to
land use_cover changes are covered in this study, significance of the study,

definition of terms and as well the structure of the thesis.

In the proceeding chapter 2, a wide coverage of contemporary land use_  cover
change related issue were discussed, all extracted from works of interested
researchers in environmental concern. Therefore, both bio-physical and human
factors of land use_ cover change were detailed put into consideration. This span
from indicators of changes to drivers of change. An explanation of the various roles
of these indicators and drivers which are inclusively; Ecological, Social and

Economic while the drivers are bio-physical and anthropogenic.

The next chapter comprise of the method adopted for the research. As a case study
research, it applied qualitative research techniques, dwelling on secondary data. It
covered the introduction to some of the several land use_cover change models
adopted in 21th century studies, considering this quick review in tabular form,
provide the data type and source with the geo-referencing property and software
utilized in the research. Sample frame, size and procedure, method of data analysis

and limitation to the study.



Chapter 4 described the applicability of the macro-scale drivers and indicators within
the micro-scale study. In assessing the role of socio-economic drivers on land use-
cover change, the chapter covered the relativity of population growth, increasing
housing demand, institutional decision and economic condition of the study area. To
proof the outcome of the socio-economic influence, remote sensing with Geographic
Information System were combined to produce the pictorial distribution of land use_
cover within four time-steps. And on a conclusion, a projection was made to estimate
the future occurrence and the expected distribution as a result of the present

observation.

And finally, chapter 5 pointed to some ways of addressing problems discussed above
and listed alternative methods of approaching some of the issue causing land use_

cover change.
1.6 Limitation(s) in the Study

Land or property discussion are generally referred to as case sensitive issue, therefore
few people seems to be interested in what happens to their environmental land, talk
less of what their neighbor, an institution or government decisively embark on with
the land. This thus goes a long way in the attitude contributed towards availability of

relevant data.

While on the other hand, the difficulty in getting programs that can aid projecting
land use in the study area is discouraging and simply shows the general negligence

towards issues related with land use and land cover changes.



Also, the need to decide which definition of land use is best adopted in this research

out of the many definitions existing probes some challenges to the study.



Chapter 2

LITERATURE SURVEY

2.1 Contemporary Social Urban and Suburban Land Use/Land

Cover Relation

Individual opportunities with these urban vary according to social class, race, gender,
ethnicity, age, and family status, among other factors. The spatial arrangement of
home subject to economic, or the distance taken to school, shopping or market place,
the numerous leisure points where we socially reconnect to friends are all related to
spatial or locational philosophy usually discussed as a social variables, in traditional
subject matter of sociology and urban studies (Gottdiener & Hutchison, 2011). Thus,
social scientists define urban areas as a specific type of settlement that contains a
large population, much diversity of land-use and a dense, built-up area. Their focus is
on actors, in particular their socioeconomic and socio-demographic features, their
specific attitudes concerning housing environment and their interactions within

institutions and governance structures (Storper and Manville, 2006).

These settlement spaces commands special cultural meanings and value from the
people living within them. Discovering how these settlement spaces have come to be,
the role that economic, political, and social institutions play in creating and changing
these spaces, and the processes by which these spaces are given meaning by local

inhabitants are all part of the socio-spatial perspective of the new urban sociology.



The built-up region contains a mix of cities, suburbs, vacant space, industrial parks,
intensely farmed agricultural land, shopping malls, and recreational areas—all of
which are interconnected and bridged by communication and commuter networks
including highways, rail, telecommunications, and satellite or cellular-based links

(Gottdiener & Hutchison, 2011).

The platform for all of these activities is “Land”. Land has always played a vital role
in human life, its importance ranges from the provision of food, shelter, leisure, to
the global dependency of all living form on land. Land have been a necessity both in
the rural and urban arrears, to the poor as well as to the rich, to man and woman, both
young and old, alien and citizen, all look up to land as the means of sustenance. Not
even the modern world of technology can deny the importance of land, no wonder
every disciplines of life carves out their best interpretation of land based on the
diversify obligations man expects from land. For these reasons, man put land to duty
and thus the resultant effects cannot be quantified. The consequence of man’s
motives and expectations from land has brought the long history of land use change
noted by lay and scientific interest. This worrisome interest has grown so much that
ancient writers, philosophers, scientist and lay people have documented records of
this unwanted change caused as a result of the significant adverse impact man remits

to land as his gratitude for provisions (Briassoulis 2000).

Land and Land Resources: Refer to a delimitate expanse of the earth's terrestrial
surface, covering all attributes of the biosphere right away, on-top and underneath
above or below this sphere, not excluding the immediate bio-physical and physical

environs, the lithosphere, hydrosphere, the accumulated and associated layers of
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groundwater and geohydrological reserve, the biotic populations, man’s living

approach and visible results of past and present choices (FAO/UNEP, 1997).

Dr. Alfred Marshall (as cited in agriinfo 2011), defined land to go beyond the mere
word, but whole of the materials and forces which nature gives freely for man’s
benefit in form of land, water, in air and light and heat. Land makes up all nature,
biotic and abiotic. It includes all natural resources that human derives free from air,
water and land. Truth speaking, the terms ‘land’ generalizes all that nature has
created on the earth, above the earth and below the earth’s surface (Agriinfo 2011

retrieved on 19/03). Land can be divided into two interlinked concepts:

Land Cover: refers to the bio-physical coverage of land (for example, crops, grass,

broad- leaved forest, or built-up area);

Land Use: indicates the socioeconomic use of land (for example, agriculture,
forestry, recreation or residential use). Data derived for land cover and land use
forms the basis for spatial and territorial analyses which are increasingly important
for:
- The planning and management of agricultural, forest, wetland, water and
urban areas;
- Nature, biodiversity and soil protection and,;

- Prevention and mitigation of natural hazards and climate change (Eurostat
2009).

Land use: Land use is described by the arrangements, action and contribution people

undertake in a certain land cover type to make, divert or retain it" (FAO/UNEP,
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1999) (Adopted during the course of development of the Land Cover Classification
System, LCCS). In application, a more comprising definition of the term is preferred,
as -Land use actually includes near-surface water. Any given area of land is usually

used to satisfy multiple objectives or purposes” (FAO/UNEP, 1999).

Land hold variety of meaning to different people, so much that categorizing the
meaning of land would bear an endless list and in same likeness is the attribute we
individually place on land, and thus the definition of land knows no bound. A
classical and neoclassical economist would see land as the “original and
indestructible power of the soil (en.wikipedia.org/wiki/land_ economics), a geologist
would refer to land based on its accumulated stratified or sediment mineral
components, irrespective of the diversity of meaning, “land (Briassoulis 2000) is the
avenue to source and resource the whole life necessity of man. Doubts arises if there
is going to be change to the meaning of land in urban context due to the functional
characteristics attributed to land by urban designers. Here land is adopted in similar
view as the platform for all human conduct and all resources necessary for such
conducts (Briassoulis 2000). The various conducts carried out on, from and with
land, all denotes the function which land serves, and the act of putting land to role in

an area, for a purpose or the other is generally referred to as land use.

Land use involves the management and alteration of raw environment or wilderness
into modified environment such as settlement and semi-natural habitats such as
arable fields, pasture and managed woods by man (en.wikipedia.org/wiki/Land_use.
Retrieved on 18/03/2014). Veldkamp and Fresco (1996a) notes, land use “is
determined by the interaction in space and time of biophysical factors (constraints)
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such as soils, climate, topography, etc., and human factors like population,

technology, economic conditions, etc.” (Agarwal et al., 2002).

The degree to which land is used depends on need and its availability in the
geographical location (extent of land area), also the extent of change changes that has
or may occur varies with time and location, this also known as “land use change”. As
many would say “change is inevitable”, none the less, timely and proper
identification of the factors responsible can reduce the risk of an inevitable

adversary.

Land Use/ Land Cover Change (LUCC): This is the conversion or modification of
land from one form and service to another and also, it is the extension or reduction in
the topographical character or situation of an ecosystem. Mostly, a land cover change
is an attribute of bio-physical influence but likewise carries traces of human
(anthropogenic) factors  within. (LUCAS 2009, retrieved from

http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/data on 18/03/2014).

A change either caused by bio-physical and or social factor has a cycle that in no
way omits human activities. Most predominant is the increase in population which
has greatly modified the earth. The problem with population has always had
associates of positive and negative impact. On the higher side is the adverse effects
which when based on the scientific study of determinants and impacts of land use
changes is not confined to the global scale only (Briassoulis 2000).

Studies on land use/ land cover changes have span through the global scale to the

local scale, researchers have explicitly outline the hierarchical concerns of interest in
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LUCC. In the following order, Agarwa et al., 2002 considers the scope of concerns
from global — continent — region — location and finally to the site in the context of

scale (see Figure 2).

TR

]

] . . ..
Global

. . More
Less detailed in .
comprehensive
content .
in content

Figure 2: Land use study scale, Agarwal, et al., 2002

Though scale fraught with confusion in meaning. Relative to a geographer, a large-
scale map of a neighborhood (in 1:10000) shows detailed content, and a small-scale
map is such as a world map (1:12,000,000) which show little information on the area
of coverage. This is in comparison to some other social sciences. The scale also
determine the model which will be considered for land use/ land cover analysis

(Agarwal, et al., 2002).

Beyond the spatial and temporal scale to deal with or analysis issues related to land
use changes, others scales such as administrational, functional and perceptually
defined scales. "Land use/cover changes could be examined on the administrative
platform, i.e from local, considering national and giving a thought to the global
changes, through social and political tools. On the other hand, a beckon on the roles

of industrial system, and other urban field of interest are other tools to guide the
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scope of research on the impact of production, service-based sectors on land use/
cover changes. The scope of limit of research is usually based on individual motives
and instinct, reflecting the aspiration and culturally diverse traditions

(Briassoulis2000).

2.2 Land Use - Cover Relation Regarding to Case Assessment

Approach

Contemporary socio-economic issues related to land services and land cover changes
have considered construction which results to fragmented land (Lin and Ho, 2003;
Long and Li, 2005), the adoption of some new market principles which has resulted
to internal restructuring of agricultural land use (Heilig, 1999; Li and Yeh, 2004).
The sporadic industrial development and urban growth resulting from some
economic reforms. Likewise, population increase have greatly affected land-use
change through the increase of built-up areas and peri-urban encroachment (Wu et
al., 2004). Based upon distinctive physical, functional characteristics, type, rate,
formal and informal urban development trends, the land (described in the context of
FAO/UNEP, 1997) has been changed and modified, some in ways that could have
been alternatively avoided.

2.2.1 Indicator Applicability. An Assessment Method to Explain and Display
Land Use- Cover Changes (LUCC)

“The built environment of human settlements is continually changing and being
changed. Sometimes these changes occur rapidly and at other times, the physical
pattern of place seems so static. Although, they never really are static; the natural and
artificial environment of cities, suburbs and villages are always changing either due

to human intervention or natural process of terrestrial environment. These processes
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include the steady erosion, oxidation, bleaching resulting from the effect of sun,
water, wind, and also from the growth of organism and plant.

These causes disaster for man due to the poor ability to manage the effects. Other
changes occur due to human invaded activities, purposefully changing the existing
pattern because there are possibilities of meeting needs. Further environmental
changes are response to these human induced changes (Jon Lang 1994). Either
anthropogenic (human) or bio-physically driven, a theoretical approach, that
recognizes knowledge gaps and omissions even though it might not be possible to
achieve a comprehensive account in a later stage depending on data availability or
indicator applicability is needed to explain and display land use/land cover changes

(LUCC).

This brings us to the background idea of Indicators, Driver, Pressure, and State,
Impact and Response applicable to the present study scale (Kroll, et al., 2009). The
understanding of Land use/ land cover is a series of complex processes among
which includes land use indicators, land use drivers, land use models, land use
impacts, e.t.c (Kroll et al., 2009, Veldkamp & Lambin 2001, MacLeod & Moller
2006). Land use/land cover change is a branch of these complexity, observable with
several indicators at different social and spatial scales (Valbuena 2010). A list of
which cannot be exhausted when considering the impact of land use change on the
indicators. Kroll et al 2009 suggested a compilation of key indicators as; Ecological
indicators: Biodiversity potential, Carbon storage, Potential Evapotranspiration,
Food provision, Energy provision, Water provision, Recreation, Climate regulation.
Social indicators: Population density, Settlement population density, Household

size, Housing area per person, Mean age, Quality of life, regarding: Air quality,
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Access to public green space, Availability and access to public transport, Availability
of shopping facilities, Noise pollution, Area safety and security, House or flat
suitability, Waste collection. Economic Indicators: Unemployment rate,
Commuting distance, GDP, External costs, green space, Costs carbon stock, Costs air
pollution”. The process and patterns of urban, suburban and rural forms depends on
these alarming factors. To understand the cause-effect and feedback relationship of
land-use change at the local case-study level, it is appropriate to discuss some of the
indicators of land use/land cover which based on various research concerns are
quantifiable as dependent or independent variables. Indicators are parameters that
describe situations or circumstances that cannot be ascertained directly. They are
used to monitor system performance (Banzhaf et al., 2013, Pissourios 2013).

2.2.1.1 Ecological Indicators

Most bio-physical functions performed by the ecosystem are generally characterize
with the ecological indicator of LUCC. Ecosystem services (see table 2) are goods
and services directly or indirectly (McBratney et al., 2013) developed at the interface
of society and nature, (Kroll et al 2009) providing support and information necessary
for environmental management and biodiversity conservation strategies Mart1 n-Lo’
pez 2012) due to its traditional and modern benefits of nature to households,
communities, and economies” (Daily 1997), temporally and spatially adjusting its

boundaries to accommodate human theoretical and empirical experiments.

Within the numerous scope of roles possessed by the ecosystem, the feedback
relationships that have been observed gives the worrying concern on the adverse

impact man consciously and unconsciously produce.
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Table 2: Uncovered Ecosystem Functions to man, some of which are measurable for environmental impacts

Regulating Services

Cultural Services

Supporting services

Provisioning Services

Benefits obtained from regulation | Non-material benefits Fundamental  necessities  to | Goods produced or provided by
of ecosystem processes

) support life ecosystems

obtained from ecosystems
Air Quality Regulation Spiritual and Religious Habitat and gene pool Food
Climate Regulation Values Biogeochemical cycling, | - Crops
) ) biodiversity )

Erosion regulation Knowledge Systems - Livestock

Nutrient regulation

Water purification

Disease regulation

Educational VValues

Inspiration

Aesthetic Values

- Capture Fisheries

- Aquaculture

- Wild Foods




Pest regulation

Pollination

Natural Hazard regulation

Social Relations

Sense of Place

Recreation and

Ecotourism

Fiber

- Timber

- Cotton, hemp, silk

- Wood Fuel

Energy

(Marti'n-Lo" pez 2012, Kroll.et al., 2009, Bryan 2013, McBratney et al., 2014).




2.2.1.1.1 Biodiversity Potential

Biodiversity covers the diversity of genes, kindred and ecosystems that makes up life
on earth. There is concurrently a loss of biodiversity, with fundamental consequences
for the physical environment and for human well-being. The reason for this loss is
attached to the constant changes in natural habitats, which all boils down to the
intension to increase agricultural productive systems, building of road, dams and
houses and others, mining, excessive lumbering, draining of oceans, rivers, lakes and
soil resources, pollution and aggravating global climate change. (Retrieved 2/4/2014
from http://www.eea.europa.eu/themes/biodiversity/intro). Due to the alarming
decline in ecosystem services i.e. the services supplied naturally: climate regulation,
water and air, soil fertility, and the production of food, fuel, fiber and medicines,
many researchers have diverted their attention to the impact of land use changes on
the ecosystem. Majority of the studies theoretically relate man to the depreciating
potentials of all biological components (other than man) in a top-down approach of

cause- effect relationships.

Soil as a physical component of this biodiversity has had a severe change in
composites, either from high chemical and physical properties to low or vice versa.
Soil with a high property composition is referred to as “High Soil Combined” (Geist
& Lambin 2004), a major determinant of land degradation (Vu et al., 2013).
European Environmental Agency reported the role of man in shaping the natural
environment from the time of the discovery of agriculture and animal husbandry over
5 000 years ago. The agrarian and industrial revolutions led to striking and increasing
changes in land use, intensification of agriculture, urbanization and land
abandonment. This in exchange has given way to the extinction of many practices
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(e.g. traditional agricultural methods) that were helpful in maintaining biodiversity-
rich landscape. But the truth is, this phenomenon is not particular to Europe alone as
studies in New Zealand’s species-rich lowland ecosystems have reportedly been
dramatically modified by several significant changes in land use since the arrival of
humans (MfE, 1997; Norton and Miller, 2000), cited by MacLeod & Moller 2006
who explained their research outcome in New Zealand as indicator of an
overarching, strong and steady trend for agricultural intensification and to a lesser
extent diversification with the increasing stocking rate and yield of fewer animal
and plant species and the increasing inputs like fertilizers, pesticides, among others.
Not only do man risk losing his biodiversity potentials but also incurring diseases
from the practice of “monoculture” which is a platform for wide and quick spread of

diseases in animals and to man (EEA 2011).

The need to preserve and protect endangered species in our environment also
suddenly became urgent and alarming responsibility government and non -
governmental agencies had to confront due to the severe loss of both plant and
animal species. Impacts of habitat loss or degradation may be severe for species with
small or isolated populations, for example, the Gunnison sage-grouse and other sage-
brush were enlisted endangered species in Idaho, Nevada, Oregon, and Wyoming,
southwestern Colorado and southeastern Utah. The observed impact of fire (natural
and prescribed) has been attributed to human alteration and fragmentation of
sagebrush landscapes (Braun, 1995, Connelly et al., 2004, Schroeder et al., 2004),
which was barely known prior Euro-American settlement. Change in land-use,

presence of invasive species (Baker 2006, cited by Bryan 2013) has proposed
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Gunnison sage-grouse an endangered species under U.S. Endangered Species Act in
2013 (U.S. Fish and Wildlife Service, 2013).

2.2.1.1.2 Carbon Storage

A period of expansion or contraction in the industrial era has a way of influencing
land use changes and in return creates an impact on the indicator. Over the last few
decades traditional land use activities, such as farming, have, on the whole, become
more intensive. Vast areas of Europe have also been transformed into urban zones or
industrial zones and on the other hand could be cut up by an increasingly dense
transport network (European Union, 2013). A change in settlement pattern around
such a place, resulting to urban shrinkage (Haase et al., 2012), a fall of in market
economy or the dissolution of certain union (policy maker) could cause abandonment
of land for so long as to become carbon fill or dump. Schiermeier 2013 emphasis the
effect of this abandoned 31 million hectares of land in western Russia and Ukraine to
have accumulated carbon estimated to total of over 400 millions of tonnes. Now the
question is should such a land be preserved for such use or be converted to a crop

land?

For as much as a carbon fill could provide environmental advantages, it also has the
potential of prohibiting neighborhood livelihood and depopulation (Haase et al.,
2012). The significantly higher organic carbon density in urban soils is due to a
misbalance carbon stock and cycling in soils, plants and the atmosphere and both
urban and peri-urban have been recorded as source of nitrogen and phosphorus, an
unpleasant environmental observation. Some more concerns have arisen with the

poor uptake of phosphorus and nitrate by plant, with excess fertilizers added to soil
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(Pouyat et al., 2002, Kroll et al., 2009). Now the question is should peri-urban/ rural
hinterland of cities be nitrogen or phosphorus sinks or sources?

2.2.1.1.3 Potential Evapotranspiration, and Food Provision

They are both affected by the ability of a plant. The property components of a soil
directly determine the nutrient composition available to a plant, which relates how
much of water required for food processing and vapor releasing capacity of plant.
Meaning there will be more loss of water through evaporation than transpiration
(Allen 1998). Though the deficit of water through soil surface (evaporation) is
largely dependent on soil type. Factors such as high saline soil, infertile land, and
inadequate use of fertilizers, hard and impenetrable soil layer, uncontrolled diseases
and pests and improper soil management may hinder crop development and decrease
evapotranspiration (FAO (1998).). Thus it is important to recognize the riparian
vegetation that are capable providing ground cover which helps to reduce the amount
of direct soil surface water loss (evaporation), conserving ground surface moisture
provided beneath its canopy and by evapotranspiration, creates interface for

regulating water surface temperature (Hlubikova et al., 2014).

Of all agro-ecosystems services which includes a range of provisioning (e.g., food,
fresh water, and bioenergy e.t.c), food provision has the longest history that can be
directly related to human motive for land use change and the one-to-many, many-to-
one, many-to-many feedback that has be received (Bryan, 2013). The conversion of
many eco-system from its natural state (forest, wetland) restricted or not, to crop land
is based on the ability of services that can be provided. The 2030 projection of
intensification in crop production in the form of yield increases (67%) and cropping
intensity (12%) with cropland expansion of 20% is expected in the developing
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countries (FAO 2003a). The direct influence of this projection is an increasing
consumption rate estimated to increase by 1.4%, an impact which reflects on land
use/land cover.

2.2.1.1.4 Energy Provision and Water Provision

Biofuel, solar, hydroelectric energy, fresh water, desalted water, and others are
embedded in ecosystem. Water scarcity is one of the most important issues emerging
today. Ensuring there is sufficient fresh water to satisfy the competing needs of
urban, rural, and agricultural communities is already a significant issue in many parts
of the world. It is estimated that nearly one-third of the global population live in
regions characterized by severe and chronic water shortages. Moreover, it is
projected that nearly two-thirds of the population will be impacted by water
shortages by 2050 due to population growth, increased energy needs and changing
dietary preferences (Alfieri et al., 2013). The economic, social and cultural services
derived through the exiting forest, solar, water and other relatively available bio
energy have been over exploited and utilized in such a way that the relationship
between urban pattern and energy consumption have been expressed with such a
huge correspondence. The major concern is that, human negligence to recreation of
renewable energy and resources and conservation of non-renewable ones in the
ecosystems may have passed biotic and/or abiotic thresholds (Ferreira et al., 2013).
Incessant water pollution have decreased the possibilities of a clean beach,
consumable fresh water (springs), fishing lakes in our communities (Nakaya, 2006).
Energy extraction has been a major back bone to most environmental issues
experienced today. The commercial energy consumption rate in developing countries
is @ major contributor to degradation of the local environment. Such fuel as coal, oil,

biomass account for 38-23% of the total energy consumed by developing countries.
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Fuel wood and charcoal consumption in Brazil, India, and Africa might not be a
single most important factor of forest depletion but contributes largely to soil
erosion, forest degradation, and deforestation in the highly populated areas of these
regions (Ravindranath & Hall 1995). Increasing change in biomass harvest
appropriation northern and southern regions in Italy by around 26% due to
agricultural intensification, despite shrinking croplands is an indicator of LUCC
(Niedertscheider &Erb 2014).

2.2.1.1.5 Recreation

The inspirational, recreational, relaxation and spiritual social services provided by
ecosystem has been a rooted link to cultural lives of human existence. Culture as it is,
has played a role in where, what, how food, clothing and shelter directly comes from
the bounties of nature. An observer once put in writing, Tokyo’s experience to the
loss of connection to nature in summarizing what nature was previously understood
as, “where children’s playgrounds were brooks and fields, where nature, untouched
and untainted by human hands, played an integral part in our lives” (Yukio Aoshima
1995-1999) cited by Inoguchi et al., 1999. Majority of recreation areas have been
shaped and reshaped to suit aesthetic experiences and not to express the wonderful
work of nature, so to this end, ecotourism has taken the fold of touching the
untouched with the so-to-say “eco-loving”. Thus questions are should “eco-tourism”
not be concerned with re-building what has been touched and not touching what is
yet tainted?. Many at times, human re-creativity seldom recognized the role of
private gardens and backyards, although they play an important role in the
preservation, connection and heterogeneity of biodiversity and ecosystem services
both in urban and suburban enclaves. The arising need to identify and characterize

the green infrastructure within the municipality, to approach the citizens to the green
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areas, stimulating the fruition of parks and woods, lakes and wetlands with meadows
has become a concern in the education sector for people to value and preserve what
they can enjoy (Ferreira et al., 2013).

2.2.1.1.6 Climate Regulation

The more global issue did not originate at that so-called global scale, but can be
traced to the way we manage ecosystem services related to microclimatic conditions,
air quality, noise pollution, water and nutrient fluxes (Ferreira et al., 2013) from local
scale which has brought about dealing with climate change and its cohorts such as
ozone depletion, global warming, acid rain and the responding “green agenda”
world-wide clamor (Inoguchi et al., 1999). The saying “nothing goes for nothing”
simply depicts the responses we get from the environment for our actions. So far,
land use change has not only had implications for international trade, wildlife
conservations, culture loss, but has heightened the need for more global climate
change policy issues. Today many regulating agencies exist with the aim of
combating the issue related to climate change (Lubowski et al., 2008).

2.2.1.2 Social Indicators

They can otherwise be referred to as the push-pull signals of land use/land cover
changes. Social indicator of LUCC are closely relate to the human/individual
position on land use functions and/ or type which are known as “residential choices”

at local case-study level (Kroll et al., 2009).

2.2.1.2.1 Settlement Population Density
Population density is the total number of people living in an area per km?. Migration
as a single determinant of a country’s population is a common trend of sub-

urbanization and urbanization in most countries. This factor has increased the
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number of informal constructions both in the cities and periurban. Houses illegally
built (gejekondu) as commonly referred to by some eastern European countries are
the problems having to deal with at inter and intra boundaries by master planners
(Ferreir & Condessa, 2012). Population density in some places have hit the highest
record during the early 1990s (545 persons/km2) in the Western World (Shoshany
&Goldshleger, 2002), and by now many more would be taking the new lead role.
When considering a review of Malthusian’s work on population theory, the
criticisms among many others of his assertion that “food production could not keep
up with population growth” (Malthus1798), we can only imagine the insight of
knowledge from which such words came and the complexity of our actions on this
simple truth. Both the socialist and capitalist discuss on human needs in the trans-
discipline of urban design and economics have considered the different relationships
that exist between population growth and economic development regarding different
social development stages, i.e social class of an individual or economic condition of
a nation (Weeks 1996). The increasing number of occupants or the change from a
single flat occupancy to multi-flat occupancy is in itself an indicator of land use
functional change (Kroll et al., 2009). Housing increase and population density
surrounding protected areas is a major predictor of local species extinctions,
particularly of ungulates and carnivores, and extinction risk for these animals inside
the protected areas was greater closer to the border with the human settlements (Estes
etal., 2012).

2.2.1.2.2 Household Size, Housing Area per Person, Mean Age

Issues on urban shrinkages has put forward some beyond significant to problematic
relation of land use changes to structuring and reshaping of house hold sizes, mean

age of a particular neighborhood, age composition and wellbeing in a locality as well
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as gender versus labor structure relative dependency of a region (CAGTAY 1995,
Haase et al., 20012, Xu 2013,). The disparity or compactness of developed area
measurable as land consumption ratio — high ratio=high density zoning=more
densely developed area, while low ratio=low density zoning= more disperse
development indicates how much land is consumed per residents, thus direct relation
to land cover changes is measureable (Jantz & Manuel, 2013).

2.2.1.2.3 Quality of Life

Sense of community, Sense of safety, Happiness, Relationship with family, Social
cohesion, Hobbies and club membership, Air quality, Access to public green space,
Availability and access to public transport, Availability of shopping facilities, Noise
pollution, Area safety and security, House or flat suitability, Waste collection, Life
expectancy, Crime rate, GDP (Gross Domestic Product), Poverty rate, School
attendance constitutes both objective and subjective measuring indicators for quality
of life (Kroll et al 2009, Petrosillo et al., 2013). These generally referred to as
“environmental amenities” decreases with urbanization processes, land use type and
functions and other identified or yet identified factors. With rapid urban expansion
and loss of open space, attractive local landscapes, increasing social housing and
various private developments at the periurbans (Banzhaf et al., 2013), dis-amenities
such as water, air and noise pollution has continue to gain importance in empirical
research on location decisions and on political agendas on “quality of life” since the
1990s (Waltert & Schldpfer, 2010). The increasing urban heating, GHG and CO2
emissions (Viegas et al., 2013) and the unresolved problem of how to measure and
determine local climate change on air quality and other environmental issues are all
indicators on existing qualities of life. Also with the densely populated spirit

associated with suburbanization and urbanization, food, water and social security is
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creating circumstances for recognition in most Asian and African countries causing
global dilemma (Lele et al., 2013). Some of which are attended to but majority of
which has gained immunity against local combating capacity and demands urgent

attention.

Distances to major centers alone may not be sufficient to explain density patterns of
urban land use but a combination of access to public green spaces, either from the
view point of its capacity to serve preventive measure for flood-hazard or as a quality
of life indicator for residents in a developed urban and suburban area gives a
measureable indication of land use/land cover impact (Lu & Guldmann, 2012,
Banzhaf et al., 2013). The public green spaces which could also include natural
wetlands are increasingly been lost to such factors as urban sprawl (Steiner &Butler,
2007, Hasse & Lathrop, 2013).

2.2.1.2.4 Value and Attitude

Recent studies have included works on structure of the values assigned to peri-urban
agricultural landscapes by residents as an indicator of land use changes both at the
urban and periurban scales. Attitudes towards residential development approaches
were also related significantly to assigned but not underlying values. Peri-urban
agricultural landscapes are perceived as multifunctional systems by the urban public
and are valued for a range of functions not typically included in land use policies.
Thus analysis of “trade-offs” are possible as urban growth begins to incorporates
values such as scenic amenity, landscape heritage and outdoor recreation in planning
for future land uses (lves & Kendal, 2013, Bryan2013, Klapwijk et al., 2014).

Observed increasing new land values, changing access to resources in peri-urban,
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coupled with the increasing habitat value is becoming of concern at the
local/municipality level (Becker, 2012, Benini et al., 2010)

2.2.1.3 Economic Indicators

The most visible, widely felt and with long overdue history of land use/ land cover
(change) to man is the economic impacts. Let me digress a bit with brief talk on two
well-known pioneers of land use change (George Perkins Marsh in the U.S.A. and
J.H. von Thunen in Germany) based upon Land as the first life support system
accessed by man (Briassoulis, 2000). They have both approached mans impact from

double E’s perspectives (Environmental and Economical).

Marsh focuses on land as a central platform where man’s actions are staged and the
point for the transformation and modification to meet certain need and uses, which
produces some degrees and gravity of unintended impacts. A widely cited reference
by many conservationist, Von Thunen’s problem of the best alternate allocation of
spatial layout for the various crops and other land uses around a central market place
as composed the two streams from which other theories and model developed, is
another scenario for land use/ cover change upon man’s decision (Briassoulis; 2000,

Korcelli; 2008).

Considering both the utilitarian and managerial perspectives, “Optimization” has
been the emphasis from which man has decided the choice synergize or trade-off
within and between ecosystem services. The one-to-many, many-to-one, and many-
to-many feedback on our choice of ecology and or economy are great economic

indicators of land use change in our locality (Briassoulis, 2000; Bryan, 2013).
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The concept of ecosystem services has been a valuable tool for economic analysis
owing to a basic truth that all economic products result from the transformation of
raw materials provided by nature. The thin line between the additional benefit,
monetary valuation and disaster thresholds vicinity lies the trouble (Farley, 2012).
Economic indicators such as Unemployment rate, Commuting distance, GDP,
External costs, Green space, Costs carbon stock, Costs air pollution, are hardly
experience and or threated alone without the inclusion of the social indicator, thus a
socio-economic observation are induce by such factors as human immigration and
the introduction of plants, animals, capital, technology, land use policy and
knowledge systems that leads to a fast transition from a low- to a high-intensity
agricultural system (Fetzel et al., 2014). Starting with the increasing transfer of land
from non-market customary tenure systems to market-based, formal land tenure
regimes on the edges of cities changes just for residents to secure livelihoods and the
vice change on commodity market (Becker, 2012), the growth of a market also
greatly influences the intensification and expansion of production employing
irrigation mechanism to places that are ill-fertile (Parcerisas et al., 2012) to improve
the Gross Domestic Product from a community for her country (Su et al., 2014),
motivated using several incentives (Bryan, 2013). Also, the increasing settlement
growth and commuting rate between a community and its neighboring places as
indicated in several studies demonstrate the change in economic structure, from
agricultural — industrial, trade and/or service sectors provides evidence of non-
agricultural alternatives to livelihoods (Hietel et al., 2005, Su et al., 2014).

2.2.2 Drivers of Land Use Change

With demographic population growth and consumption patterns takes another turn,

more land are on demand for accommodations and agricultural production. Many
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factors have forced out the veto power of man and nature to be exercised in a
continuous fight for all means of livelihood, yet sustaining ecosystem services and
biodiversity must top-list the priority in all check and balance agenda (Nelson et al.,

2010).

Both the natural and human factors have duly had their share of blames in the
imposition of changes- biophysical-to- man, man — to — biophysical. On a global
scale, climate change, urbanization, globalization, suburbanization are some of the
identified drivers of land use changes. But beyond this, more appropriately to deal
with the issues of identifying drivers of land use/ cover change is to figure it out at
the combination of scales. Meaning, putting together the accumulation of boundary,
use or role and its view toward a situation to derive factors responsible within
individual and or combined scale in favor of the measure, assessment, and evaluation
of the impact of land use changes (Briassoulis, 2000). Taking into account the
exogenous and endogenous factors visible at regional and local scale is important in
analysis that contributes to proper land use and management. It can be said that while
exogenous/external drivers at local scale are related to the biophysical and
socioeconomic context as thus includes climate, the market, access to technology and

policies.

Endogenous/Internal drivers include those personal, socio-economic and biophysical
factors inherent to the farmer and to the farming system such as existence of a
successor, type of farm, amount of land and environmental constraints and

possibilities (Valbuena et al., 2010).
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Poverty, poor agricultural technologies and population growth were viewed as the
main causes of deforested cities in the 1960s down unto 1980s (Meyfroidt et al.,
2013). Elevation, population growth and economic development (Dewan
&Yamaguchi, 2009), federal farm policies, demographic, technology and market-
related (Lubowski et al., 2008, Braimoh, 2009, Estes et al., 2012) among others are
variable factors identified with land use/cover changes. All of which belongs to a
class of economic, cultural, climatic or institutional drivers (Robson & Berkes,
2011). In some of the most recent studies, sustainability can be drawn out as a
driving force to land use/ land cover change (Cabanillas et al., 2013, Bernard et al.,
2014). More than a few to be mentioned, biophysical and human drivers varies in
scale and context.

2.2.2.1 Biophysical Drivers

Places have been influenced by the type and condition of soil, climate, and
topography, as well the report remitted by existing users or those found in historical
archives.

2.2.2.1.1 Land Suitability for Crops

The parent material and holding capacity of soil automatically decides what type of
crop is most suitable to be cultivated in a community. Therefore, there are different
ecological zones in a region, and to a high extent, the expectations of the famers
varies based on this factor. A changing soil property and low holding capacity of an
area that solely depends on natural soil fertility can drive the probable change in
decision of either to extend or permanently shift from the place of cultivation
(Braimoh, 2009). So also, suitability of the land for specific purposes, which may
affect the probability distribution of a production decision could be based on soil

quality (Valbuena et al., 2010). To a degree, the existence of a suitable land brings
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about the intensification and specialization of crop, which in most cases constitutes
increasing homogenous cropping (Bittnera & Sofer, 2013). Besides cropping system
being decided by land suitability, alluvial floodplain forests, fertile wetlands and
indigenous grasslands are now largely replaced by agricultural landscapes pre-
dominantly pastures (MacLeod & Moller, 2006).

2.2.2.1.2 Temperature/Precipitation

Annual, seasonal, and monthly trends in precipitation, mean temperature, maximum
temperature, minimum temperature, and temperature range (Martinez et al., 2012)
are valuable to the context of evapotranspiration, which is so typified of agricultural
land use change. Incremental shortage of water and the low (relative and absolute)
humidity drives crop output to decrease qualitatively and quantitatively, thus causes
external reaction from the market system, and the decision dilemma faced by the
farmer. Although it is always unclear which of the climatic changes drives change on
crop production and the decision of land use change (Waha & Rolinski, 2013). Yet,
local research has shown that elevated temperature affects the performance and grain
quality characteristics more significant than changes in rainfall. Most grains
experiences decreases in weight and in some grains, total nutritional value
(carbohydraes, starch, fructose and raffinose, become lower). At the same time, the
concentration of lipids and aluminum in crude fiber reduces (Hogy et al., 2012). And
as a result of biophysical boundary conditions, primarily water scarcity, overuse of
resources and climate change possess greater threat to ecosystem function in dry-
lands than in non-dry-land systems (Millenium Ecosystem Assessment, 2005a).
Desertification syndrome of adverse temperature/precipitation on land has been
considered in researches beyond geographical and climatic boundaries, as the impact

is not limited by scale (Dawelbait& Morari, 2012). Most effective alternate measure
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to aid production in the dry-lands has been the adopted irrigation method, helping to
reduce surface temperature and increase regional and local atmospheric moisture.
This brings a modified regional circulation pattern and changes in micro and
mesoscale precipitation, contributing to agricultural land use changes (Douglas et al.,
2009). Analysis of anthropogenic forcing redistribution of the repartition of land
precipitation, shows decrease in the extent of arid area (area with precipitation range
between 50 and 300 mm/yr), and increase in the extent of area with a precipitation
range between 450 and 900 mm/yr (Alkama, 2014).

2.2.2.1.3 Effects of Past Land Use

Historical trends in plant phenology (environment-mediated chronology of periodic
life-history events (phenophases)) to help assess the effect of climate change on the
processes and location of ecology and the modified decision of duration and location
of certain plant species. Such incidences as must have been experienced in the past
may explain both biophysical degradation and improvement of land, mainly for crops
through the records on the lengthening spring and autumn duration especially in the
mid-higher latitudes (Buyantuyev et al., 2012). In addition, the long known structure
of an existing biofilm and the existence of riparian buffer in certain localities

determines a possibility of land use change (HIubikova et al., 2013).

So also, impact of insect pest pressure, weeds, winter chill fulfillment, springtime
freeze risk, pollination, heat stress, and disease (Winkler et al., 2014), contributes to
the driving changes in land use. Pest outbreaks which occurs more frequently,
particularly during extended periods of drought, followed by heavy rainfall has
increase the importance of predicting changes in geographical distribution and
population dynamics of insect pests. Similarly, this indicates the role of climate
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change to increase more land use change through pest invasion. Increasing CO, and
temperature concentration renders components of pest management such as host-
plant resistance, bio-pesticides, natural enemies, and synthetic chemicals less
effective (Harle et al., 2007; Caffarra et al., 2012; Hari &Prabhakar, 2014).

2.2.2.2 Human Drivers

The pace, magnitude and spatial reach of human alterations of the Earth’s land
surfaces are unprecedented. Human purpose or intent applied to these attributes are
among the most important and significant drivers of land use change (Lambin et al.,
2001). A variety of which includes Population size and density, Technology level,
Level of affluence, Political Structures (through command and control, or fiscal
mechanisms), Economic conditions, Attitudes and values, generally referred to as
“SOCIO-ECONOMIC DRIVERS” (Agarwal et al., 2002, Tavares et al., 2012). These
social drivers modify land use change into three different types: special objectives
oriented type, social-political intervention type, and normal urban growth type (Xiao
et al., 2006).

2.2.2.2.1 Population Size and Density

Population, which directly influences the consumption of goods, is one of the most
important drivers of global environmental change. Demographic change usually have
significant impact on urban growth and land consumption. While some countries
experiences "double-decline” i.e decreasing population and household population,
others show a decreasing population but increasing household. This contributes to
the living arrangement and the type of housing in an area which affects land
consumption (Haase et al., 2013). Demographic trends, including an ageing
population and the growth of smaller and single person households, are adding to the

demands for new housing and to the pressures for suburbanization in rural areas (as
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well as for improvements to the quality of the environment and everyday life in inner
city areas Lloyd-Jones, 2004). The direct influence of population size and density on
urban development is evidenced in the increasing sealed surfaces, urban sprawl,
traffic congestion and residential segregation (Haase et al., 2012). Through some
indirect causes, population accumulation has been driven by lack of access to land
and natural resources, declining soil productivity, and high population pressure in
origin locality. Towards the destination, pull factors drawing people into new areas
can be availability of natural resources, including land, employment, and access to
markets and social services, and reunification with family (Estes et al., 2012). The
result of such indirect action is urban, suburban or even rural encroachment. Land
expansion has been largely driven by elevation, population growth and economic
development. Rapid urban expansion through infilling of low-lying areas and
clearing of vegetation resulted in a wide range of environmental impacts (such as
decrease in area of water bodies, cultivated land, vegetation and wetlands), including
habitat quality (Bahrain, 2003; Dewan &Yamaguchi 2009). This (rural-urban)
movement necessarily might not have negative impact on biodiversity as such a
demographic change could encourage heterogeneous species on abandoned forest
plants (Robson &Berkes, 2011).

2.2.2.2.2 Technology Level

Adequacy or inadequacy of information derived through technology can contribute
to the decision on land use changes (Schiermeier, 2013). Therefore, decision as to
improve quality of life base on the “World Bank” standard of indicating a country’s
technology adequacy [telephone lines (per 100 people), internet users (per 100
people), mobile cellular subscriptions (per 100 people), secure internet servers (per 1

million people) Milenkovic et al., 2014] become obligation to be met. Thus, the need
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to evacuate a crop land are sometimes made necessary for such development purpose

and the conversion from crop land to wood land or forest is observed.

2.2.2.2.3 Level of Affluence

Another contributing drivers of change in the typology of land use and degree of
consumption is associated with the right to property adopted in a country. To a very
significant rate, forceful evictions have become a serious problem with an increasing
number of families being deprived of their land, homes and livelihoods. This indirect
driver of land use has been a major issue in the developing countries (Rudi et al.,
2014).

2.2.2.2.4 Political Structures

Likewise referred to as institutions, include local and regional governments,
agricultural associations and the market. These institutions can react to market
changes and to changes at landscape and regional level by setting legislation or
providing incentives (e.g. policies to protect cultural landscapes Valbuena et al.,
2010), through which command and control, or fiscal mechanisms such as
devaluation, trade liberalization, credit subsidies, infrastructure development, and
land tenure and distribution (Braimoh, 2009) are applied, given that agricultural
systems are embedded in wide social institutional networks that influence their way
of operating (Bernard et al 2014). The restriction and preservation policy of
institutions collectively contributes to reasons for land use/cover change.

2.2.2.2.5 Economic Conditions

More than any, the economic condition of a country is a major force of change. The
question of how economic activities affect environment has become popular among

scholars by 1960s, though the catastrophes caused by man on the environment has
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not been a news, relating to historical account of China's massive deforestation for
rice terrace by 800 B.C (Asici, 2013). The influence of industrial revolution and the
clash with population growth on land use transition and conversion brought need for
several economic developments, resulting to increasing income. This increase in
household income was extended to the rural areas through decentralization
developmental strategies as Local and Community Driven Development (LCDD)

(Daniel, 2014).

Growing prosperity and wealth and increasing demands for an improved quality of
life are reflected in the increasing consumption of land and space, demand for
privacy and better living conditions and access to green space (Lloyd-Jones, 2004).
Increasing personal possession of land has exacerbated the limitation to natural
reserves and other ecological amenities. Recently, the constraints of accessibility to
land and resources has been solved through touristic advantage given to such
resources as forest, wetland, manageable as recreational facilities for economic
benefits. This has aided the adoption and transformation of natural amenity to
enhance quality of life (Chi & Marcouiller, 2013). The aim of boosting economy
cannot be overestimated as a force for change in land use, such cases as seen in the
developing countries, a case study of south-south Nigeria where oil discovery has
converted agricultural land to waste land and the rivers to inconsumable. The
willingness to surrender this gift of nature (land) for the sole sake of its net return has

been empirically proven in many cases (Lubowski et al., 2008).

Land intensification and irrigation has been enhanced to meet up and improve the

standard of living of the rising population. Such has contributed to land use change in
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Ghana where fiscal and commercial policies were enforced to intensify agricultural
produce. The macroeconomic policies induce changes in market conditions and
prices which in turn influence farmers’ choice of agricultural technologies and factor
proportions. Economic incentive adds considerably to decision of land use change.
Such benefits as market price both on input and output, land compensation are all
drivers of land use change (Braimoh, 2009).

2.2.2.2.6 Attitudes and Values

Entrepreneur who have decided to neglect his/her land due to loss-making and low
returns, (2) dissatisfied neighbors affected by farming operations and retaliates
through silent or active conflict, (3) change in consumer choice due to dissatisfaction
and (4) strict regulators who without linearity regulates farm activities, have greatly
drive a change in the local land consumption (Bernard et. al.,, 2014). Such
sentimental reaction induces land sales and contributes to land use/cover changes.
None the less, values attributed to a locality by government greatly contributes to
land use change. A practical example is the discovery of ground resources such as
gold, petroleum, bitumen etc, the change in the value of land brings a change in land
use. Aesthetic innovation is another reason for land use change, which is yet to be
widely explored in the research filed.

Summary

Within the macro-scale, the varying rapid changes which at other times seems so
static, though aren’t have some factors responsible for their physical appearance. To
understand the complex relationship between the users of this environment and the
physical characteristic, some indicators and drivers such as explained above on
global scale are put together to simplify this complexity. In assessing the factors

responsible for the changes taking place at a micro-scale, few but relevant of these
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factors are combined to examine the influence of anthropogenic factors on land use-
cover changes, this is supported by derived spatial-temporal images. Some
researchers work on the different methods of assessing this as shown as a meta-
analysis below gives an overview of the concerns and methods of dealing with these

concerns through several mirrors.

The output of the complicated entangled interactions between bio-physical and
socio-economic forces over space and time is land use. Managing this difficulty for
practical purposes, probably for policy making, land management for sustainable
land use and others will be unachievable without some break down analysis of the
complicated relationships at least to a manageable and understandable dimension.
Which bring the necessity for symbolic and conceptual models (Braissoulis, 2000).
This section creates a meta-analysis of summarized models and scenarios (see
Chapter 2, Table 3) adopted in some 21% century research in mimicry of Agarwal
2002’s and Braissoulis 2000’s empirical review and assessment of land use/ land
cover models and theories which were observed to comprise mainly of models

adopted in the 19th and 20™ century for the purpose of an adequate meta- analysis.
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Table 3: Meta-analysis of some adopted land use/cover assessment models/methods.

Model Model Type/ | Model Scale | What It Explains/ | Other Variables Strengths Weakness
Name/ modules (time- Dependent
Citation step/duration/ext | Variable
ent)
Multi-agent | spatial conceptual agents representing | Revealed the need | It was too narrow in scope
Systems simulation approach to include | organizations and | for further research | for attribute and value driver/
(MAS)Arend | scenario base multi-actor interest groups, on the | of land use. Neglecting
Ligtenberg decision  making | beliefs and | representation  of | importance of land ownership
et al 2004 within spatial | preferences of | spatial objects and | and right of actors on
planning process actors, location of | reasoning, learning | location pattern
and relation | and communication
between spatial | about allocation
objects problems
econometric | Micro- 1982 and 1997 | Measures the | Crops, pasture, | First evidence of the | No explicitly feedback model
model economic Iregional scale impact of factors | forest, urban, | relative  historical
(Lubowski module  of affecting land-use | range, and  a | importance of | Land use data limitation to
2008) land use and choices when | federally financed | markets and federal | USDA National Resources
land quality multiple land-use | use, the farm policies | Inventory (NRI).
options are | Conservation affecting  land-use

economically and
politically viable.

Reserve  Program
(CRP)  dependent
on net returns

changes nationally




Agent-based | agent-based | regional scale Capture feedback | Farm cessation, | Ability to combine | Problem with the validation
modelling approach frame work of | farm expansion and | different  concepts | of the model.
(ABM) decision-making farm including agent
(Valbuena et process diversification. typologies, farm Respondent’s  secretiveness
al 2010) trajectories and | to disclose data on ability and
probabilistic willingness.
decision-making
processes, into one
analysis of LUCC
Regional migration regional and local | Assesses the | Population Combination of [ In most cases, research on
growth and regional importance of | equilibrium and | multi-studies this topic usually attributes
model economic landscape amenity | disequilibrium. (migration, negative finger to landscape
Waltert& models, and in economic | Employment  and | economic  growth | amenity’s substantial public
Schlapfer hedonic development. Income. and housing price) | spending in local economic
2010 pricing Rents, and Wages | to provide evidence | development.
models (fiscal and | for amenity impacts | Lack of simplified empirical
economic in the study regions. | support to measure the role of
opportunity) landscape amenity as a
development tool.
Integrated LULC Global — national | Predicts net change | Land slope Relatively  simple | The model lacks ability to
Valuation of | conversion - regional and | in urban  and | population density | and transparent explain “if or not” land use
Ecosystem scenarios, grid-cell level cropland area based | Arable land method for creating | pattern is compatible with
Services and | Agricultural on urban | Protected land spatially-explicit projected demands.
Tradeoffs Outlook trade population Irrigated land, | differences and
(INVEST) model, expansion and land | Land management | projections at
model Cellular suitability Soil condition different  complex
(Nelson et al | modeling Temperate climate | levels
2010) technique condition




Model Model Type/ | Model Scale | What It Explains/ | Other Variables Strengths Weakness
Name/ modules (time- Dependent
Citation step/duration/ext | Variable

ent)

GIS model | GIS, Remote | Grid cell 1 kmx1 | Detect and | population, traffic | Work better with | A proper categorization is
(Xiao 2006) | sensing km, city scale categorize spatio- | conditions, time steps and | dependent of real site
techniques temporal  patterns | industrialization, duration, extent and | observation

of land use type, | and policy resolutions
size
Market- Conceptual Multi-scale Synthesis complex | Agriculture, Applicable to non- | Limited research with the
based representatio linkage of | forestry, carbon | linear variables. application of this method
incentive n of market — incentives, land use | planting, land | Produces feedback
Bryan 2013 | based policy and ecosystem | sparing, direct | effect of incentives
services. payments/ on land use and land
Quantifying  and | rewards, tax | use on ecosystem
understanding incentives, cap and | services
linkages trade markets,
voluntary
markets, auctions,
and certification

programs




Model Model Type/ | Model Scale | What It Explains/ | Other Variables Strengths Weakness
Name/ modules (time- Dependent
Citation step/duration/ext | Variable

ent)
Land use | Remote pixel-to-pixel, Spatially-explicit Industrialization, Combine  spatial,
model (Long | sensing regional scale Land use change | urbanization, temporal and
2007), Qian detection population growth | human-decision
2010 and economic | making complexity

reforms

I-distance statistical I- | Regional scale synthesizing socio- | Economic, Social, | Accommodates It could be problematic
method distance economic ICT, Health | many variables to | drawing limitations for the
(Milenkovic | method development variables synthesis a single | number of variable to include
2014) indicator indicator due to its flexibility.
Political Political- Multi-scale Aid  effectiveness | Donor social | Ability to identify | Requires wider range of
Economy economic in economic | capital index indicator for | experiment to effectively
Model model, growth through | Tax diversification | country’s transform | adapt it at varying scales.
(MOSLEY econometric institutional government into a
2013) structure. expenditure developmental state.

World Bank/IMF
disbursements
Tax/GDP ratio
Budget
surplus/deficit

Provides
interaction

two-way




Openness to trade
Social efficiency
wage
Secondary
enrollments
Population size

school

human
appropriatio
n of net
primary
production
(HANPP)
framework
Niedertschei
der & Erb
2014

Land
transition
module
HANPP
ratio,
HANPP
efficiency,
HANPP
trajectories

Regional-national
scale/1934  and
2007 (120yrs)

Sum of
productivity losses
due to land use and
land cover change.

Identifies  strong
drivers of land
system change that
can potentially
overrule the harsh
differences in
biophysical and
socio-economic
framework
conditions between
the two regions.

New energy forms,
population surges,
and technological
progress

Quantifies biomass

harvest,  potential
productivity of
ecosystem and

current productivity
induced by land use

processes.
Use of land
trajectory methods
to falsify
unavailable data

where necessary.
Provide the
knowledge base for
more sustainable
land use in future

Open to high degree of error
margin just as identified in
CORINE 2006’s work

Allows for
hypotheses

oversimplified




Decision- DPSIR Regional and | Environmental Ecology, Variety of | Many crucial indicators are
focused approach scenario social and | economic, social | indicators provides | still in development and yet
framework application economic indicators, strong relevance of | to be experimented.
model Kroll indicators of land | ecosystem services, | the approach in the | Uncertainty of the result and
et al 2009 use/cover changes | ecosystem integrity | real life scenarios. usefulness  of  proposed
scenarios
Model Model Type/ | Model Scale | What It Explains/ | Other Variables Strengths Weakness
Name/ modules (time- Dependent
Citation step/duration/ext | Variable
ent)

Meta- remotely Global (covering | Analysis effect of | Annual growth in | Great potential for | Difficulty of observation at
Analysis sensed 326 studies), | urban land | GDP, population | forecast of land | global scale due to regional
model (Seto | scenarios 1970-2000 conversion and | growth, loss of | use/land cover | variable differences
etal 2011) expansion farmland, local | scenarios.

climate, fragments

habitats, and

threats on

biodiversity
Bio-Sight Integrated micro-level and | policy analysis for | Farming practices, | Provides Science base and therefore
framework approach, spatially-explicit | sustainable agro-ecological approaches for | might be difficult to apply
for models | Bio- agriculture, food, | methods, sustainability effectively at local level
(Wu &L.i | economic water, land, energy, | commercial
2013) modules and the | agriculture,

environment

biotechnology.




Land
Transformati
on Model
(LTM)
(Pijanowski
et al 2002)

(GIS)
artificial
neural
networks
(ANNSs)

with

Local

Forecast land use
changes using
Grand Traverse
Bay Watershed

roads, highways,
residential streets,
rivers, Great Lakes
coastlines,
recreational
facilities, inland
lakes,

agricultural
density, and quality
of views

predictive ability of
the model
scale-metric
identifies
responsible
variables at each
scale




Chapter 3

METHODOLOGY

3.1 Introduction

As one of the motive for adopting an overview of existing models, the review enlist
some models using key focus as social and economic variables, indicators, drivers of
land use/land cover that have been adopted in other researches. Most important in
this brief 21* century’s models overview, are the list of models, many of which were
not identified with Agarwal 2002’s review and assessment of land use/cover models,
a classification which dates in the 1990s. Also this method took a step ahead in
dimension of arraying land use studies (Wu & Li 2013) by combining several
dimensions within a single frame work of methodology, considering the ability of
each model and the limitations of the researchers. Hence, with a quantifiable
knowledge of some of this models, methods and frameworks, either enlisted here or
not that has been adopted by previous researchers, this study has come to the
conclusion of the choice of an alternative method for this research, based on the level

of understanding and skill of the researcher.
3.2 Data Types and Source

For the study, Landsat satellite images of Famagusta were acquired for four Eras;
1986, 1986, 1996, 2006 and 2012. All images (1986, 1996, 2006 and 2012) were

obtained from USGS global visualization viewer (www.glovis.usgs.gov) an Earth
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Science Data Interface., at Landsat 4 MS for 1986 and 1996 but Landsat ETM for

2006 and 2012 collection source on 30m resolution (see Table 3).

It is also necessary to point out that the case study was carved out from the entire

North Cyprus boundary, using the administrative map sourced from the municipality

(Famagusta). Google earth images of the city was used to extract the road system.

These were brought to Universal Transverse Mercator projection in zone 36.

Table 4: Data Source

SIN DATATYPE | DATE OF SCALE | SOURCE
PRODUCTIOI

1. | Landsat image October, 2012 | 30m ™ www.glovis.usgs.gq

2. | Landsatimage August, 2006 | 30m ™ | www.glovis.usgs.g¢
Landsat image

3. September, 199 30m ™ | \www.glovis.usgs.gd

. ™

4. | Landsat image April, 1986 30m www.glovis.usgs.gq

5 | Administrative 2013 1:8000 Famagusta
Map Famagusta (view Municipality
(Gazimagusa). scale)

*Developed by author*

3.3 Data collection technique for case study

Notwithstanding the variety of methods that could be applied to this study, Agent

Base Model (ABM), Remote sensing and Geographic Information System (GIS) and

thorough collection of some relevant secondary data gracefully aided the completion

of the study in this region, reasoning from two basic point of views:
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1. The time-step and duration under consideration.
2. The need to dig into the historical achieve in identifying the role of driving
forces (Population dynamics, Housing, institutional decision and economic) in

the observed land use changes.

Within the sphere of this study, an indispensable description of land use change from
one type to the other within a temporal and spatial limit will be reviewed, as well
giving detailed changes in value and quantitative characteristics of the land cover
changes. This section of the study makes use of remote sensing software known with
Geographic Information System (GIS) capacity. The basic premise of these
procedures is that changes in LULC result in differences in the pixel reflectance
values between the dates of interest. However, while these techniques are effective
for locating change, they cannot identify the nature of change. This is considered as
the basis for further inquisitive search of “why” such a change occurs and thus bring
us to the explanatory analysis of factor responsible and consequences of the observed

changes at this lower spatial level of analysis.

The advance in technology has made data assessment and collection a great comfort,
in terms of availability and reliability, thus adoption of such techniques as remote
sensing and GIS is no news any longer, most importantly in studies that requires both
temporal and spatial assessment, comparison or and analysis. In such studies, a fore
understanding of remotely sensed data is required to comprehend the differences in
the appearance of land use and the changes are then identifiable with GIS. Adopting
the use of remote sensing for classification consistency and accuracy, with GIS tools

inclusively to acquire, analyze and manipulate data related to both urban and sub-
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urban environment, aerial photographs imageries with other satellite images has been
accepted to be the most economically rational technique of dealing with spatial and
temporal differences, changes and observations related to land cover mapping

throughout the world (Trisurat et al., 2000).

Spectral bands of Landsat images scenes from 1986, 1996, 2006, &2012 were
collected to detect these environmental changes using multi- temporal satellite data.
The digital image-processing software Idrisi and ArcGIS 10 were used to process,
analysis and integrate spatial data to reach the pre-set objectives of the study. The
three case study within the region were dealt with separately base on administrative
boundaries. The subroutine embraced for research work here which forms the basis
for producing statistical prove of land use dynamics and the subsequently expected

change in future takes the following steps (see figure 3, cartographic map).
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Figure 3: Cartographic Model. Developed by author
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3.3.1 Geo-referencing Properties of the Images

The images derived from both sources (GLCF and municipality) were geo-

referenced on Google earth with the following properties; Data type: rgh8; File type:

binary; Scene information: ID: LC81760352013295LGNO01; CC: 0%  Date: April

1986, August 1996, Sept 2006 and Oct 2012; Quality: 9 Product: OLI_TIRS L1T;

Path and Row: 175, 35; Referencing system: utm-36; Reference units: m.

3.3.2 Software applied

Basically, 3 software were used for this project viz;

(@) ArcView 10 — this helped in displaying, processing and in the proceeding
enhancement of image. Utilized in carving out Yenibogazici, Tuzla and Karakol
districts from the whole Northern Cyprus imagery using both the Google and
administrative map.

(b) ArcGIS — It was used to aid the display and processing of the data

(c) Idrisi 32 — This was used for the development of land use land cover classes and
afterward, for change spotlight analysis of the study area.

3.3.3 Sample frame, size and procedure

Based on the theoretical and practical knowledge of the study areas, Famagusta and

Yenibogazici which are respectively, my area of residence and case study area in one

of my design courses, | have gain so much familiarity with the land use of these

areas, non-the-less, a brief reconnaissance survey with sourced information from
previous studies in the study area, a classification scheme was developed for the
study area, some extractions were made to inclusively suite this research objective

(see Table 5). This produces a more detailed classification with minimal error on

land use and land cover identified upon single digit.
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Table 5: Land use land cover classification scheme

CODE | LAND USE/LAND COVER
CATEGORIES

A Open land

B Bare land

C urban land

D Scrub_ Forestland

E Water bodies (wetland)

F Mediterranean grass

3.3.4 Methods of Data Analysis

The data gotten from images were analyzed as follows;

(1) Conversion from a unit scale to another, majorly acres to hectares, which
was then calculated to give the statistic of individual land use/land cover
types for each study year of the district, after which the results were
compared.

(i) Markov Chain and Cellular Automata Analysis for predicting change

(i)  Opaque/ Transparency Operations
(iv)  Relative Likelihood Classification

Roman figure i, ii, iii steps are beneficial when there is need to identify changes in
land use typology, making it necessary in this research. While, detection of
percentage change, trend and rate as illustrated in the case study areas makes it
crucial for comparison from base year to the next year (1986-1996-2006-2012 and

2013). This is achieved by creating a table that shows figures of areas in hectare and
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the percent of land use calculated with the aid of software (ArcGIS, IDRISI). The

Changes thereof are later calculated as:

Observe change

(a)Percentage change = * 100

sumof change

ercentage change
(b)Annual change rate:p igoo 7€« n

* Where n is time (year) variable*

3.3.5 Agent Base Analysis

The second section (explanatory analysis) adopt Agent Base Analysis to create a
framework that permits multiple studies of driver, pressure, state, impacts and result
in a single research work for such explanation (Valbuena et al., 2010; Agarwal
2002). Having identified key drivers of land use/cover change in the review section,
the main actors of these forces become the object of focus as the variable upon which
other factors are determined. To support the output derived from the cartography of
Famagusta land uses, an in-depth review of the historical land uses was done in other
to verify the incidences of land use and land use changes on today’s land use
consumption as well as the pattern. Through identifiable drivers of change, 2 notable
selections (population dynamics, Housing) were made as the determining socio-
economic drivers that play significant roles in decision of land use cessation,
conservation, extension and or transformation. All combined in the definition of land
use/cover change. Secondary data on population and housing were gathered for

surveillance to support the land use/ cover change imagery produced.
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Chapter 4

DATA ANALYSIS, FINDINGS AND DISCUSSION

4.1 Introduction

The island of Cyprus, once operated as a unit state, is currently two ethnically
independent of its neighboring pole (horth-south). Now, the Republic of Cyprus,
populated entirely by Greek Cypriots, is situated to the south pole of the island, while
the Northern Cyprus, dominated by Turkish Cypriots is located northward of the
island. Time line has shown the various stages in the development of Gazimagusa
(Famagusta), North Cyprus. Most especially those related to the political,
psychological, economic and strategic planning aspect of the later resurgence from
the war incidence (Doratli, N., Hoskara, S. O and Fasli, M., 2004; Bogag. C 2009).
Stages of evolution dated back to the medieval period have had a clear description of
the activities and impacts of human conducts, which in many researches, are divided
into before and after 1974, and otherwise classified here as pre-Famagusta and after
establishment of Famagusta for easy understanding since the focus is on Famagusta
(Gazimagusa). Several times before the present stage of development, inhabitants
have had to address themselves to the culture of the soil due to the rise and fall of
different leadership, all together forming a total of 16 regimes, [Neolithic (7000 -
3900 BC)] [Chalcolithic (3900 - 2600 BC)] [Early Bronze Age (2300 - 1850 BC)]
[Middle Bronze Age (1900 - 1600 BC)] [Late Bronze Age (1650 - 1050 BC)]
[Geometric Period (1050 - 750 BC)] [Archaic Period (750 - 475 BC)] [Classical

Period (475 325 BC)] [Hellenistic Period (325 - 58 BC)] [Roman Period (58 BC -
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AD 330)] [Byzantine Period (330 - 1191)] [The Lusignan Dynasty (1192 - 1489)]
[Venetian Period (1489 - 1571)] [Turkish Rule (1571 - 1878)] [British Rule (1878 -
1960)] [Independent  Cyprus and  the  Turkish Intervention]
(http://en.wikipedia.org/wiki/Famagusta retrieved on 21/05/2014; history of North
Cyprus http://www.cyprusive.com/?CID=8, retrieved 28/05/2014; Sebnem Onal,
Ugur Dagli & Naciye Doratli, 1999). Within these periods, the land /cover has also
been subject to changes alongside the human-political-economic changes. Distinctive
ideology towards land (use and cover) cannot be far-fetched considering the role of
various leadership that has come to play in the political history of Cyprus. While
some have found the agricultural land as a means to boost the economy of the
country, others interest tends to put the richness of the forest heartland of Mesaoria

for example into timber, which is coveted for their sailing vessels.

4.2 Location

Famagusta located on the east coast of the Northern Mediterranean Country, Cyprus.
With 120km?® and a 64, 269 area and population respectively, it is situated on
35.122724°E, 33.927924°N, all within a projected coordinate system:

WGS_1984 UTM_Zone_ 36N (see figure 5).
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Figure 4: Famagusta location

4.3 Historical Land use before establishment of Famagusta.

From the historical archives of various conquerors of Cyprus, the prosperity and
flourishing ceramic making, the extensive citrus plantations among other plants, the
woodland and timber as well as the stylish architectural constructions were all
benefited from the natural wealth of land, such as contribution immensely to the
popularity and development of the city. Though the salamis had survived different
rise and fall of power, the byzantine period (330-1191) was uniquely different for the
city. During this period, Salamis resumed its role as the capital and the then Emperor
Justinian (527-565) classified the Island as a province, not leaving out the advent of
mulberry which spread out from the development of silk worms, general growth in
economy through devotion of large land for sericulture, increasing production of
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wine and fig. This increased farming and exportation at period (Doratli, N., Hoskara,
S. O Vehbi, B. O and Fasli M. 2007; history of North Cyprus
http://www.cyprusive.com/?CID=8, retrieved 28/05/2014; Rosamond Hanworth,

1990).

Therefore, it can be stated that the Island enjoyed a peacefully flourishing period,
which was soon interrupted after 100years, by the Arab raiders all through 7™-10"
century, and like in previous occasions, many towns were evacuated forcefully due
to fear and most Christian houses were destroyed by the invaders. This time around,
the occupants of Salamis at last spread out and began settling in Arsinoe, today
known as Famagusta. The major use of land during these period include; housing,
military camps, agriculture and cemetery (history of North Cyprus

http://www.cyprusive.com/?CID=8, retrieved 28/05/2014).
4.4 Historical Land Use At and After Establishment of Famagusta

The new settlement of Famagusta called Famagouste in French and Famagosta in
Italian,  Ammochostos in  Greek, and  Gazimagusa in  Turkish,
(en.wikipedia.org/wiki/Famagusta ) stilled lived in agony and fear of the destruction
until the intervention of Emperor Nicephoros Phocas, mountain castles were built
and more fortifications were added to the Island, this time around in Kyrenia and
Nicosia in 11™ century (history of North Cyprus http://Aww.cyprusive.com/?CID=8,

retrieved 28/05/2014).

In the 12" till 15" century (1191 - 1489), during this period, the Lusignan Kingdom
boosted the economy of Famagusta as the city became the eye for Europe’s trade

with the East and the main port, on account of its natural harbor which intensify the
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urban (housing land uses), construction of citadel (e.g. st. Nicholas) which emerged
one of the largest and richest in Europe and fortified wall as at Lusignan period.
Gazimagusa became a significant city for sailors and travelers and gradually the taste
of wealthy people. A striking significance of this epoch was not only the trooping of
merchants like the Genoese and Venetians to the western hemisphere and eastern
hemisphere linking city, but the fact that this era remarkably witnessed the beginning
of feudal system which apportion land to rich and the poor becomes a laborer for
protection sake, this automatically widens the gap between the rich and the poor.
Notwithstanding, the economic resources of the city made it one of the most
influential in the Mediterranean (History  of North Cyprus
http://www.cyprusive.com/?CID=8, retrieved 28/05/2014; Onal S., Dagi. K. U,

Doratl. N. K, 1999; Doratli, N., Onal, S. H., Vehbi, B. O., and Fasli, M., 2007).

Soon enough, the Venetians took over and there comes the genesis of deforestation at
full force to meeting shipbuilding. This was not in any other advantage but for the
covetous profit oriented venetians (1489 - 1571). Timbers were cut to build ships and
sail to increase their trade with the east. The feudal system continuously were
persistent and other form of land use at this time was the addition of thick wall as a
barriers to invaders (History of North Cyprus, http://www.cyprusive.com/?CID=8,

retrieved 30/05/2014).

By 1571, the land was invaded by Turkish who ended the land owning system,
subject to armed, relic or religion services or in some cases economic Services
(feudal). Thus, the serf could own land in perpetuity and pass it on to his children, at

this point, there were now lots of empty land in Famagusta which was among other
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cities, chosen to be a sit of power, ruled by a governor, meaning institutional area
was created, thus increasing the classes of land use and creating a seemingly fair
adjustment to existing land use when considered on large scale (detailed scale). Till
1878, the tenure of Turkish ruler account for more drivers of change such as
immigration from Turkey, the resultant increase in accommodation, public work
such as aqueduct, and the sudden outbreak of famine was on the other hand a

physical driver (Hanworth, 1990).

Next to this and in the consistency of what was in place (i.e the existing public
amenities), the British further intensify and diversify land use through various
projects embarked upon between (1878- 1960), these includes; improvement of port
facilities, construction of road, provision of consumable and irrigation water,
improving and increasing education standard through establishment of schools,
restructuring political institutional sector, accomplished with provision of
administrative centers with offices and the advent of rail road, all inclusively
supported with the establishment of health facility (History of North Cyprus,
http://www.cyprusive.com/?CID=8, retrieved 03/06/2014). These fair adjustment is

globally regarded as Land Use Change (LUC).

4.5 Present Socio-Economic Drivers of Land Use-Cover Changes:

Famagusta City

To examine the present-age causers or agents of land use/cover changes, some major
and important driver were selected based on researches from other case studies as
reviewed in the literatures to test the reliability of some socio-economic variables on
the observed spatial differences that has or has not been directly recorded in regard to

ground cover change and function. With the boundary of this study, Famagusta
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would be considered upon population change, housing needs and institutional
provision of social amenities.

4.5.1 Institutional Decision Making

Famagusta administrative territory encloses about 15 urban and suburban areas
collectively, which are; Anadolu, Byakal, Canbulat, Canakkale, Dumlupinar, Harika,
Karakol, Lala Mustafa pasa, Namikkemal, Perterpasa, Piyalepasa, Sakarya, Surici
(walled city), Tuzla and Zafer. Many of these areas where developed upon
contingency of after war necessities. Places like Karakol district which has had her
land cover change effected, resulted from the urgent need for a solution to 3 social
factors; war, residential displacement and urban as well as community shrinkage
demoralizing Famagusta at large after 1974. This is the case also with other newly
established quarters, which have been put in-place due to unfavorable local economic
condition, now characterized as some industrial zones in Famagusta, which definitely
has emerged with houses, constructed roads and observable bridges in some
interlinking manner (Sebnem Onal, Ugur Dagli and Naciye Doratli, 1999) (see

figure 6&7 for illustration).
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Figure 5: Famagusta city boundary some 10years ago. (Developed by author)
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Figure 6: Present Famagusta city boundary. (Developed by author)
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4.5.2 Population Growth in Famagusta

Inter and intra-regional movement has always been recorded as a major contributor
to population growth in Famagusta; recalling some incidences as described in
http://www.cyprusive.com and Famagusta municipality history. This was no news as
more people were accommodated from Turkey as means of replenishing the shrink
urban area. Ever since which, the growing population has known no bound and has
become an undeniable driver of LUCC in Famagusta. As some factors are
categorized as indirect, others significantly play the active role, among which
population dynamic has endlessly been identified (Ademola 2009; Diego et. al.,

2010).

Individual, household and or community might not adequately explain the motive
behind local, regional or national migration but certain issues such as crisis,
economic, infrastructural, institutional e.t.c readily lies behind every veil of
relocation done permanently or temporarily (Ademola, 2009). The advent of
population growth could be a deliberate strategy for; depopulation of region A to
region B, such as the case was between Turkey and North Cyprus around 1981,
which as at then was used to raise the number of people in Famagusta to about
20,000, according to research and studies carried out by the Town Planning
Department in 1981 (Sebnem Onal, Ugur Dagli and Naciye Doratli, 1999), an
avenue to improve the balance of payment of a country by encouraging in-migration
for cheap labor and discourage emigration that will lead to insufficient labor, as the
case was observed in Oaxaca and Mexico (Robson & Berkes, 2011). Most

unprecedented population growth occurs when and where there is a pull factor such a
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touristic, educational and or employment opportunities in the destination zone.
According to the 2006 census, the increasing number of people provides the evidence
of the growth accounted for 20,000 in 1981 as 64, 269 de facto, and 63,603 de jure
(State Planning Organization classification 2006), therefore placing Famagusta as 2"
most populated in North Cyprus. Likewise, in comparison with the 1996 population
census, a 21.5% growth rate has been observed and recorded by State Planning
Organization in Famagusta only (see Table 6 & figure7)

Table 6: Population comparison statistic 1996-2006

Year Population Statistic (in 1000)
1996 52.875
2006 64.296

(SPO census 1996, 2006)

Population Statistic (in 1000)

Population Statistic (in 1000)

Figure 7: Population comparison chart
(SPO, 1996/2006, chart developed by author)
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The effect of either deliberate or in-deliberate population is determined by the level
of urbanization, most especially in the provision of both private and institutional
(public) amenities. These amenities are the social responsibility either collectively
met by a group of individual or that provided by local, state or regional institutions
such as schools, hospitals, bridges or roads, small community, town, or city hall,
library, cultural centers, residential estates or quarters, policy and religious centers.
Increase in population simultaneously effect the establishment or redistribution of
these amenities. Thus a great impact is felt on land use and land cover at a time in

Some cases.

Such an amenity provided for the people of North Cyprus in 1979, then High
Institute of Technology, now Eastern Mediterranean University has contributed
immensely as pull factor of population in Famagusta. As at fall 2013/2014, the total
population of students both local and international was over 16000, a figure almost
equivalent to cumulative population of Famagusta in 1981(see Table 8). One of the
direct benefactor of this are Karakol, Sakarya, (to mention a few) which today house
a large percent of the student of Eastern Mediterranean University due to proximate
location. Growing human populations around natural buffer areas accelerates land
conversion and isolation, reversibly harming biodiversity and ecosystem function,
and can be exacerbated by immigration (Estes. B.A, Kuemmerle. T, Kushnir. H,
Christian. V. R, Shugart. H.H, 2012). And for this, a major land use/ land cover
change has been evidence with the conversion of some wetland areas for

urbanization, supporting education as a pull factor.
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4.5.3 Housing

A seemingly recent release form the State Planning Organization Statistics and
Research Department on “Building Construction and Parcel Statistics” tells a great
deal of the changes happening to the land in Famagusta through the housing sector
(Turkish Republic of Northern Cyprus State Planning Organization Statistics and
Research Department, 2011). Construction sector so vastly has accumulate an
important space in the economy of the TRNC and perpendicular to the population
growth the demand for buildings remains at the increase. Based on structured and
standardized form of accounting for both fully and partially approved construction
certificates, the institutes has been able to publish parcel and construction area in
both rural and urban areas collectively (Turkish Republic of Northern Cyprus State
Planning Organization Statistics and Research Department, 2011) see Table 7 & 8
Figure8 &9. This output emphatically stresses the development of housing areas with

the walls (boundary) of Famagusta which is based on the needs that are to be met.

chousingchart between 2006-2009 for
Famagusta city

\

Urban Rural

2009 2008 e=m==?((07 e=—2006

Figure 8: Famagusta housing chart.
(SPO, 2009/2006). Chart developed by author
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Table 7: Famagusta private housing index (SPO, 2006-2009

Area Vs | 2009 2008 2007 2006
year

Urban 148 230 173 148
Rural 86 109 104 84

*Categorize as private_ public in replica of source format (2006-209 only)*

The increasing housing construction does not totally rely on individual interest only,
Institutional aid in social housing as a way of alleviating accommodation issue also
accounts for the increased number of residential houses developed within the domain

of Famagusta as recorded by TRNC state planning organization (see Figure 11).

Table 8: Public residential housing in Famagusta, (SPO, 2006-2009)

Area VS | 2009 2008 2007 2006
year

Urban 2 2 0 2

Rural 17 3 3 5

*Categorize as private_ public in replica of source format (2006-209 only)*
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Figure 9: Public residential housing chart
(SPO, 2006-2009). Chart developed by author

Table 9: Residential housing statistic (SPO, 1993-2005)

Ygar vs Area, Rural Urban
1993 32 102
1994 42 78
1995 101 71
1996 95 56
1997 186 129
1998 123 140
1999 132 85
2000 63 100
2001 37 145
2002 52 78
2003 63 102
2004 53 102
2005 94 129
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Residential housing chart(SPO, 1993-2005)

Urban

Rural

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Table 10: Social Housing Development in Famagusta (SPO, 1984-1998)

Figure 10: Residential Housing chart
(SPO, 1993-2005). Chart developed by author)

Social Housing Statistics of Famagusta
Yearvs—» |1lst Stage 2nd Stage 3rd Stage 4th Stage
stages
1984-1986 80 0
1985-1987 0 80
1987-1988 0 56
1987-1989 0 124 0 0
1990-1992 0 0 88 0
1993-1998 0 0 0 336
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Social Housing Development in
Famagusta
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1st Stage 2nd Stage ==@==3rd Stage == Ath Stage

Figure 11: Famagusta Social Housing development chart
(SPO, 1984-1998). Chart developed by author

4.5.4 Provision of Amenities

With the increasing population growth pressure on ecosystem services, institutions
and planners begin to make tradeoff decisions to provide for the growing needs of
the society (Jantz. A. C & Manuel. J.J., 2013). Road, dams, shops, schools, hospitals,
police stations, public water supplies, electricity, green areas and the likes are
required at large scale with increasing housing and population, therefore meeting
these needs becomes necessities and mandatory for the government at the expense of
ecosystem services. Provision of social amenities also entails construction on land
and in water, permanent and temporary, public and private, above ground and
underground, including additions, alterations and repairs as well as immovable and

movable establishments (SPO, 2009).
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With the accumulating plot areas, both green spaces and road accumulated
simultaneously in Famagusta. Good illustration is evidenced in the statistics
produced by the State Planning Organization for the years 2001-2009. (See table 11

& figure 12)

Table 11: Social amenity _ parcel statistic of Famagusta (SPO, 1996-2009)

Year vs Plot Area(sqft) | Green area(sqft) Road area (ft)
parcel
1996 4 98,200 5,600 1,500
1997 0 0 0
1998 241,002 0 273
1999 26,958 0 0
2000 219,921 18,490 559
2001 410,045 9,600 1,570
2002 157,270 6,600 1,011
2003 34,200 0 324
2004 100,000 5,900 36
2005 572,930 45,962 4,452
2006 208,800 18,000 1,565
2007 267,420 11,500 1,180
2008 805,279 46,110 2,264
2009 704,063 0 8,579
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Figure 12: Amenity _parcel statistic
(SPO, 1996-2009). Chart developed by author

Table 42: Rural amenity _parcel statistic (SPO, 1993-2009)

Year vs Plot Area(sqft) | Green area(sqft) | Road area (ft)

| parcel —|»
1993 532,907 27,260 2,060
1994 582,280 10,804 2,000
1995 919,280 19,004 3,776
1996 1,104,165 117,413 5,020
1997 954,300 19,500 245,300
1998 1,279,056 77,300 10,616
1999 595,660 45,000 4,500
2000 97,600 0 0
2001 330,074 0 210
2002 812,126 76,514 5,016
2003 712,249 51,508 4,358
2004 350,600 17,000 2,947
2005 370,044 24,280 3,226
2006 172,800 9,600 1,306
2007 247,500 0 657
2008 187,300 11,900 2,104
2009 73,700 0 0
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Rural amenity _parcel statistic(SPO,
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Figure 13: Rural amenity _parcel statistic
(SPO, 1993-2009). Chart developed by author

4.5.5 Economic Condition

Increasing demand for improved quality of life is a reflection of a suitable economic
policy condition, this directly and indirectly lays change upon consumption of land
and space, demand for privacy and better living conditions and access to green space
(Lloyd-Jones 2004). Thus indirectly, linear relation can be observed between
minimum wage increase policy in North Cyprus as a whole and the corresponding
increasing personal possession of land which has exacerbated the limitation to
natural reserves and other ecological amenities. See relation between minimum wage
statistics (Table 13), rise of individual dwelling units (TRNC at large,) and
correspondent increase in Famagusta for 2005- 2009/2010 (see table 14). This shows
that economic transformation in an administrative area under any scale, be it macro
or micro could have either a direct or traceable consequence on land consumption

rate.

75



Table 13: TRNC Minimum wage statistic 1986-2010 (SPO, 2011)

Minimum Wages | Date of Coming to Action
Years (TL)
1986 75,000 1 January 1986
1987 90,000 1 January 1987
1988 121,000 1 January 1988
1989 205,001 1 January 1989
1990 340,500 1 January 1990
1991 520,000 1 January 1991
1992 806,000 1 January 1992
1993 1,373,000 1 January 1993
1994 3,000,000 1 January 1994
5,000,000 1 August 1994
1995 9,420,000 1 January 1995
11,590,000 1 September 1995
1996 14,800,000 1 January 1996
1997 23,000,000 1 January 1997
33,800,000 1 September 1997
1998 50,250,000 1 January 1998
67,000,000 1 September 1998
1999 85,000,000 1 January 1999
103,000,000 1 June 1999
2000 137,000,000 1 January 2000
160,000,000 1 July 2000
2001 200,000,000 1 January 2001
240,000,000 1 August 2001
2002 320,000,000 1 January 2002
380,000,000 1 October 2002
2003 440,000,000 1 January 2003
500,000,000 1 August 2003
2004 550,000,000 1 March 2004
627,000,000 1 July 2004
2005 720 1 June 2005
2006 780 1 January 2006
860 1 August 2006
2007 950 1 February 2007
2008 1,060 1 January 2008
1,190 1 September 2008
2009 1,237 1 October 2009
2010 1,237 1 October 2009

LAfter 2005 wages is indicated as new Turkish Lira.
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The consistent relationship between the data above, the output statistic of deposable
income and ownerships of dwelling in North Cyprus at large relates to the increased
housing statistic presented in table 8 and figure 8 above, and those inclusive in
related housing charts above.

Table 14: Relative table on disposable - dwelling ownerships (SPO, 2005-2010)

Year vs Public Disposable Private Disposable | Ownerships of
parcel income (YTL) income (YTL)? dwelling

(current price%)
2005 2,381.1 10,945.9 2.3
2006 2,781.6 12,309.1 3.0
2007 2,965.3 12,345.5 3.1
2008 3,005.1 11,792.1 3.5
2009 1,937.1 12,013.4 3.8
2010 2,508.5 11,942.8 3.9

*1&2

are based on old Turkish Lira.

4.5.6 Observed Land Use-Cover Changes: GIS Model

Land use change is crucial phenomenon and attribute of urban and sub-urban areas in
every part of the world. This is a major characteristics of urbanization, resulting from
demographic and institutional decisions and also from development. Urbanization is
considered to be an important discuss and its impact whole land area, especially in

places with limited physical extends has to be studied (Bahrain, 2003).

The variation in the land cover distribution of Famagusta’s urban and suburban
interfaces supports the need for a consistent monitoring and check on the land use
and land cover conversions taking place on this part of the Island. Below is a
representation of the land use/cover distribution within Famagusta urban and

suburban interface (see table 15 and 16).

77



Table 15: Land use- cover distribution: case study area

1986 1996

LANDUSE/LANDCOVER | AREA | AREA AREA | AREA
CATEGORIES (HA) (PERCENT) | (HA) (PERCENT)
URBAN 132.9249 2.31 | 227.2958 3.95
OPENLAND 473.5809 8.23 | 668.0771 11.61
BAREGROUND 544.3591 9.46 | 685.3401 11.91
MEDITERANEAN

GRASS 1424.195 24.75 | 1401.178 24.35
WETLAND 1465.058 25.5 | 1369.529 23.8
SCRUB_FORESTRY 1711.912 29.75 | 1397.15 24.28
TOTAL 5754.325 100 | 5754.325 100

2006 2012

LANDUSE/LANDCOVER | AREA | AREA AREA | AREA
CATEGORIES (HA) (PERCENT) | (HA) (PERCENT)
URBAN 356.1927 6.19 | 661.7474 115
OPENLAND 709.5083 12.33 | 639.3055 11.11
BAREGROUND 911.4851 15.84 | 901.1273 15.66
MEDITERANEAN

GRASS 1298.751 2257 | 1190.57 20.69
WETLAND 1099.076 19.1 | 880.4117 15.3
SCRUB_FORESTRY 1379.312 23.97 | 1193.447 20.74
TOTAL 5754.325 100 | 5754.325 100

Table 16: Land use- cover distribution: Famagusta urban and suburban interface

Time-Step 1 (1986)

In 1986, urban area occupied the least of the land use areas, taking up 356.1927
hectares, which is just as minute as being a little above 2%, while scrub_ forest
dominating the area with 1711.912 hectares, equivalent to 29.75% of the entire
combined land area. The margin goes a great deal in denoting the present state of
urbanization at that time, also considering the wetland condition of the area, the

ecosystem services derived. The Mediterranean grass was reasonable enough to
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describe the vegetation characteristic of a salt water region with its high percent
dominance, making a covering of more than 24%, bare land and open land
respectively covers 9.46% and 8.23%. Being an existing city area, Famagusta has
had a dispersed for of urban distribution, but with larger concentration at the north_
east of the city. This location is northward of the wall_ city which still retains its left

over built-up areas (see table 15 & Figure 14).
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Figure 14: 1986 land use- cover state of Famagusta urban and suburban interface
(Image developed by author)
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Time-Step 2 (1996)

A sharp change in urban direction was observed in 1996, a concentration of
development was shown in a north_ west direction, generating a slant pattern of
growth into Tuzla. With this suburb, the south_ west clustering relates properly with
the pressure influence from Famagusta. As can be observed, the compactness around
the boundary line is a good description of urban sprawl from Famagusta city area.
This is quite noticeable with the produced 3.95% urban coverage in this epoch.
Open land and bare ground increases at 11.61%, 11.91%, with the construction rate
and possibly the need for pasturing respectively, such an increase undoubtedly gives
other valuable land cover characteristics in exchange for the new appearance, and
therefore it is not surprising but unpleasant to see the decrease in scrub_ forest
24.28%, wetland 23.8% and Mediterranean grass 24.35% within this time frame (see

table 15 & Figure 15).
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Figure 15: 1996 land use - cover state of Famagusta urban and suburban interface
(Image developed by author)
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Time-Step 3 (2006)

Within 10years interval (1996-2006) and on the 3" time-step this research, the urban
surface cover was almost doubled from 3.95% to 6.19%. same scenario as has been
observed from the first time-step (1986) is still repeating itself .i.e, while some
classes are increasing their coverage, others are loosing theirs. Dotted and sparse
growth has begun to relate Tuzla with YeniBogazici, noticeably along the linear
transport route. Although the right hand view of the image show some concentrated
scrub_forest land, this is possibly related to the now grown shrubs within the military
buffer zone. The increasing bare ground surface (11.91 to 15.84) at the expense of
mediterranean grass (24.35 to 22.57), to be more precise, at the extreme suburban
area which is in this study Yenibogazici calls for further research within climatic
view point. Not alone is there lose of grass vegetation, the forest type capable of
being produced within the area is consistently at risk of extintion. Along side the
wetland area, the available expanse is now 19.1 and 23.97 individually (see Table 16

& Figure 16).
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Time-Step 4 (2012)

At this point (2012), urban growth within the 4™ time-step has increased to 661.7474
hectares which is 11.5% of the total land area with 3 decades, at such increase, the
forest decrease (from 1379.312ha to 1193.447ha) was unavoidable, also the change
in open land 11.11% (709.5083ha) and bare land 15.66 (911.4851ha) remain
persistent and apparently, a reduction to 15.3% (1099.076ha) in wetland area while
Mediterranean grass accounting for 20.69% (1298.751ha) can also be observed in the

image below (see Table 16 & Figure 17).
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(Image developed by author)

86



4.6 Transition Probability Matrix

Due to the uncertainty of the specific land use that may or may not change to the
other, a probability matrix was developed to give the output of column (A)
multiplied by the total units of cells in each land use of the proceeding land use class.
Therefore, the preceding class becomes the rows, while the proceeding class take the
position of a column (see table 17).

Table 17: Transitional Probability table derived from the land use land cover map of
2006 and 2012

SCRUB_

URBA | OPENLA | BAREGROU | MEDITERAN | WETLA | FOREST
CLASSES N ND ND EAN GRASS | ND RY
URBAN 0.2235 | 0.5206 0.0928 0.0685 0.0558 | 0.0387
OPENLAND 0.0065 | 0.9851 0.0028 0.0017 0.0027 | 0.0012
BAREGROUND | 0.1494 | 0.6717 0.0652 0.0472 0.0381 | 0.0284
MEDITERANE
AN GRASS 0.1677 | 0.6397 0.0706 0.0513 0.0393 | 0.0314
WETLAND 0.1053 | 0.7725 0.0434 0.032 0.0286 | 0.0182
SCRUB_FORES
TRY 0.1776 | 0.604 0.081 0.0549 0.0479 | 0.0346

(Table developed by author)

The land use class occupying the rows are previous year classifications while the
while those within the column are present or proceeding year’s classification. Thus
from the output above, urban area has 0.2235 probability of retaining its urban status
while the chances of becoming a wetland or scrub-forest are respectively thin
(0.0558 and 0.0387). On the contrary, it has greater likelihood of becoming an open

87




land with 0.5206.1t is also with 0.0928 a probability of becoming a bare ground or a
Mediterranean grass 0.0685, though not obvious quite a bit visible compared to

wetland and forest (see table 17).

On a closer look at the open land area, there was little probability that it became an
urban area (0.0065) while at almost 1% likelihood (0.9851), it retained its status as
open land, while 0.0012 shows the faintest possibility that it became a scrub-forest
within that time-step. As observed further, there was 0.0028 possibility that it

became a bare land which is likewise not rigid for a reality (see table 17).

For the next column (bare ground), its consistency with the previous land use class
was based on the statistics produced at 0.6717 shows that, to a larger extend, it
probably remained within same class while to a more possible degree, although not
so high but greater when compared with the likelihood of other classes, it was 0.1494

possibly an urban area (see table 17).

The Mediterranean was also more of same class as at 2012 than any other while it
slightly had a chance of 0.1677 of being an urban area while, its chance for wetland

or scrub-forest were at 0.0393 and 0.0314 probability (see table 17).

Much more than becoming an urban area or even retaining its position within the
land use-cover, the wetland was more of likelihood to have become an open land,
while it was almost impossible to become a forest area. It had a 0.1053 probability
to have added to the observed urban growth of the area and as, slight chance of being

bare land (0.434), a wetland (0.0286) or Mediterranean grass (0.032) (see table 17).
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The scrub_ forest at its own expense rather contributed to the open land within that
time-step with the 0.604 than retain its position. This is simply illustrated with the
output of 0.0346 degree of being a scrub_ forest in 2012, while the likelihood of
change to wetland (0.0479), a grass land (0.0549) or a bare land probability was
shown for 0.081. Among all and next to the chance that the forest area became an

urban area was shown with the 0.1776 percent (see table 17).
4.7 Land use projection

After 10yrs projection from 2012 into 2022, the urban area is not expected to have
over aching growth of 19.97, yet such percentage is definitely significant in this
context as this is similar to the total percent of wetland in 2006 (19.1). Such trans-
position could to some reasonable extent call for monitoring in other to avert the
occurrence of this change. On the other hand, the open land area has consistently
expanded its coverage from 8.3 in 1986 to 34.9%. Mediterranean grass land
reduction (16.54). More devastating than the present or the past, wetland will almost
be in extinction considering the rate of reduction from 25.5% in 1986 to 4.13% in
2022, and a reduction in the coverage of bare ground at 10.04% has been projected

for same year (see table 18 and Figure 18).
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Table 18: Projected land use - cover for 2022

SCRUB
LAND USE LAND OPENLA | BAREGRO MEDITERAN | WETLAN EOREST
COVER CLASSES | URBAN ND UND EAN GRASS D RY
AREA IN
HECTARES
870.62
9 1149.139 | 1967.404 | 577.7342 951.765 237.6536 | 94
]
AREAIN
PERCENTAG
E 19.97 34.19 10.04 16.54 4.13 15.13

(Table developed by author)
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Figure 18: Projected land use - cover state of Famagusta urban and suburban
interface 2022 (Figure developed by author)
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4.8 Findings and Discussion

In other to show the relationship between Famagusta’s development outward to her
suburban interface, this image identified the boundary of Tuzla which is now
inclusive in the municipality and later extended to display the linear growth
seemingly producing a spatial merge between Tuzla and Yeni Bogazici toward the
north (Karpas) to properly illustrate the extent, direction and pattern of the different
land uses/cover. Intuitively, an individual can examine and understand the flow of
urban development at the expense of valuable ecosystem services. Changes of such
are measurable, to check and control unwanted and probably inappropriate direction
of developability and uses, at the suburban and or urban areas (see table, 16, 17, 18

and 19, 20, 21 for percentage changes and annual change rate).

Table 19: Land use - cover percentage changes

1986_1996 1996_2006
LANDUSE/

LANDCOVER AREA AREA
CATEGORIES AREA (HA) | (PERCENT) | AREA (HA) | (PERCENT)
URBAN -94.3709 1.64 | 128.8969 2.24
OPENLAND 194.4962 3.38| 41.4312 0.72
BAREGROUND 140.981 2.45| 526.145 3.93
MEDITERANEAN -23.017 -102.427

GRASS 0.4 -1.78
WETLAND -95.529 -25.5 | -269.778 -23.8
SCRUB_FORESTRY 314.762 5.47 |  -17.838 0.31

(Table developed by author).
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Table 20: Land use_ cover percentage changes

LANDUSE/LANDCOVER

CATEGORIES 1986_1996 | 1996 2006 | 2006_2012 | 2012_2022

URBAN 0.164 0.224 0.531 0.847

OPENLAND 0.335 0.072 -0.122 2.308

BAREGROUND 0.245 0.393 -0.018 -0.565

MEDITERANEAN

GRASS -0.04 -0.178 -0.188 -0.415

WETLAND -2.55 -2.38 -1.91 -1.117

SCRUB_FORESTRY -0.547 -0.031 -0.323 -0.561

(Table developed by author).
Table 21: Annual change rate
2006_2012 2012 2022

LANDUSE/

LANDCOVER AREA AREA (HA) AREA

CATEGORIES AREA (HA) | (PERCENT) (PERCENT)
8.47

URBAN 305.5547 5.31 487.3916

OPENLAND -70.2028 -1.22 328.0985 23.08

BAREGROUND -10.3578 018 | -323.3931 -5.65

MEDITERANEAN -108.181

GRASS -1.88 -238.805 -4.15

WETLAND -218.6643 -19.1 -642.7591 -11.17

SCRUB_FORESTRY -185.865 -3.23 | -322.8176 -5.61

(Table developed by author
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From the result of the annual growth rate, generally, there is less than 1% urban
increase, irrespective of that, the difference of growth rate between 1986_1996, was
just at 0.164 compared to what is expected to be experienced in 2022 (0.847), and
similarly, the margin between the growth rate in same 1986 1996 as related to
2012 2022 as open land increases by 2.308 % yearly is one that calls for concern.
The trend of fluctuation in the expansion and reduction of bare land especially with
the high percent reduction that is expected in 2022 also calls for more investigation
and check on the likely expected pattern and distribution of land use within and
around Famagusta. More of concern is the rate at which the environment losses its
potential components, in place of vegetation and water bodies. Wet land is expected
to reduce further by 1.117% yearly and as a result of this, there is a very high chance
that all that will be left will be at 4.13 there about while the forest would barely
support the ecosystem with just 15.13% thereabout as well. Although, it cannot be
said that socio-economic factors are 100% determinant of this changes, but for the
sake of this study, we have limited our findings to the contributions made by human
drivers in determining the extend of alteration in their spatial territory. Therefore
physical drivers more precisely, climatic variables should be looked into for further
discovery to avoid several disconnection between man and nature. The negative
impact of this would span from loss of social space to loss of bio-specie (see figure

19, 20 and 21)
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Figure 19: Social use of wetland in Karakol area of Famagusta
(Image taken by author).

Figure 20: Adaptive use of wetland as social space
Karakol, Famagusta.
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Figure 21: Some bird species feeding on organism in wetland area
Karakol Famagusta. (Image taken by author).

In addition, while some find such an ecological area as a social place, others find
comfort in such microclimate area to be useful for nap (see figure 21)

cro-climate function,Karakol Famagusta
(Image taken by author).

Figur 22: Mi
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While we consider the positive benefits of providing care and priority for the
environment generally, but with more emphasis on the ecosystem, it will be
reasonable to give clues to what negligence would result in physically, likewise in

terms of our health especially with reference to pollution (see figure 23).

Figure 23: Effect of por managemet of ecosystem services
(Image taken by author).
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Chapter 5

CONCLUSION

Addressing the factors determining the degree of land consumption at the peri-urban
area do not fail to include population growth. So far, land-use research has focused
on urban growth which is predominantly a subject of population growth. Making it
important and at the same time necessary to include land use planning in the
development of any urban or suburban arena. It is a truth that effectiveness and
efficiency of land usage can be achieved through housing development, this is owing
to the fact that housing promotes social equity, generates economic growth and as
well promotes environmental conservation only through its planning, construction,
design and management. Therefore, it is of a fundamental importance to lay down
thorough planning system, development and regulations in order to achieve this.
With proper planning, the observed urban shrinkage in wall city causing ethnic

segregation (the >90 % aboriginal occupancy) could probably be omitted.

Depreciating ecological environment in Famagusta area and even outwardly to the
suburban area is one of concern to both the government, planners and ecosystem and
environmentally conscious individuals, considering the fact that more of the brown
field is expected to be seen in years to come. When looking into availability of land
for industrial development, it could be agreed that this serves potentially valuable to
the community but on the other hand, the expected weather condition should also rise
simultaneously which poses more threat than benefit. Considering the result of the

probability matrix, the tendency of an open land remaining open even in 10years
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time from the last time step (2012) to 2022 of my projection, there is almost 1%
certainty, which means there is high tendency of gaining browner field and from the
reality check, there are visible places rendered wasted under the camouflage of

“industrial areas” which are in sincerity not beneficial even to the land use class.

More so, compatible use of space (land use) can also be achieved within a well-
structured land use policy, which limit the land consumption rate and to a very large
extend reduces land fragmentation. In addition, biodiversity are put into
consideration and more easily conserved within a planned urban area when there is
necessity for urban sprawl when such incidences are inevitable through such methods
as selective conservation. Accessibility and walkability are made easy to deal with,
without neglecting role and functions of public spaces, within a compatible land use,
limiting increase use of car against that would be in-place in a dispersed spatial

allocation of settlement.

Another benefit of land use plan is the huge possibility that the system would support
a check and balance system of government as each arm is designated with roles and
obligations between different administrative levels, it brings about clear coordination
mandate, clear sequence of assessment, techniques, method and procedures of land
use planning. Inclusively, a proper urban and suburban land use plan serves as a tool

to limiting waste and air pollution.

The focal concentration on dwelling ownership as related to the level of disposable
income gives cracks to inadequate economic contributions on land use, it would

rather be suggested to increase investment on local economy (such as agriculture,
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larger whole and retail trade) to avoid excessive increase in vacant and abandoned
houses but should re-strategize to assist employment rate and economic development
index. In other word, the responses to the economic opportunities mediated by
market and policies be considered as a factor for land use/cover change in both urban
and suburban areas, particularly with increasing pull factors in the urban areas that

compels suburban encroachment.

100



REFERENCES

Adeboyejo, A.T. Abolade, O. Household Responses to Urban Encroachment on the
Rural Hinterland in the Ogbomoso Urban Fringe, Nigeria extracted from De
Sherbiniin, A., Rahman, A.A., Barbieri, J.C. Fotso, and Zhu (eds.).Y. (2009). Urban
Population-Environment Dynamics in the Developing World: Case Studies and
Lessons Learned. Paris: Committee for International Cooperation in National
Research in Demography (CICRED). Retrieved 8/03/2014 from 8/03/2014 from

http://www.populationenvironmentresearch.org/workshops.jsp#W2007.

Agarwal, C., Green, G. M., Grove, J., Evans, T. P., & Schweik, C. M. (2002). A
review and assessment of land-use change models: dynamics of space, time, and
human choice. USDA FOREST SERVICE 11 CAMPUS BLVD SUITE 200
NEWTOWN SQUARE PA 19073-3294. Retrieved on 18/03/2014 from

http://www.fs.fed.us/ne.

Alfieri, J. G., Kustasa, W. P., Prueger, J., Baker, J., & Hatfield, J. (2013). The
Differential Response of Surface Fluxes from Agro- Ecosystems in Response to
Local Environmental Conditions. Procedia Environmental Sciences 19, 239 — 245.

Doi.org/10.1016/j.proenv.2013.06.027.

Alkama, R. (2014). Human influence on changes in the distribution of land
precipitation. Journal of Hydrology 511, 598-593.

doi.org/10.1016/j.jhydrol.2014.02.016.

101


http://www.fs.fed.us/ne

Androkovich, R.A. (2013). British Columbia’s agricultural land reserve: Economic,
legal and political issues. Land use Policy 30 (1), 365-372.

doi.org/10.1016/j.landusepol.2012.03.026.

Ann Forsyth, (2012). Defining Suburbs. Cornell University, Ithaca, NY 14850,
USA. Journal of Planning Literature 27 (3), 270-281.

doi.org/10.1177/0885412212448101.

Asici, A. A. (2013). Economic growth and its impact on environment: A panel data

analysis. Ecological Indicators 24, 324-333. doi.org/10.1016/j.ecolind.2012.06.019

Awuah. B. G. K., Hammond. N. F., Lamond. E.J., & Booth. C. (2014) Benefit of
urban land-use planning in Ghana. Geoforum 51, 37-46.

doi.org/10.1016/j.geoforum.2013.09.019.

Bahrain. M. (2003). Urban-Rural Land Use Change Detection and Analysis Using
GIS & RS Technologies. Geographic Information for Planning. 2nd FIG Regional

Conference. Marrakech, Morocco, December 2-5, 2003.

Bakra, N., Weindorfa, D. C., Bahnassy,M. H., & El-Badawi, M. M. (2012). Multi-
temporal assessment of land sensitivity to desertification in a fragile agro-ecosystem:
Environmental indicators. Ecological Indicators 15, 271-280.

doi:10.1016/j.ecolind.2011.09.034.

102


http://jpl.sagepub.com/search?author1=Ann+Forsyth&sortspec=date&submit=Submit

Balvanera, P., Uriarte, M., Almeida-Len"ero, L., Altesor, A., DeClerck, F., &
Gardner,T. (2012). Ecosystem services research in Latin America: The state of the

art. Ecosystem Services2, 56-70. doi.org/10.1016/j.envsci.2012.12.010.

Banzhaf, E., Reyes-Paecke, S., Miiller, A., & Kindler, A. (2013). Do demographic
and land-use changes contrast urban and suburban dynamics? A sophisticated
reflection on Santiago de Chile. Habitat International 39, 179-191.

doi.org/10.1016/j.habitatint.2012.11.005.

Becker, L.C. (2013). Land sales and the transformation of social relations and
landscape in peri-urban Mali. Geoforum 46, 113-123

doi.org/10.1016/j.geoforum.2012.12.017.

Bender, O., Boehmer, H. J., Jens, D., Schumacher. K. P. (2005). Using GIS to
analyze long-term cultural landscape change in Southern Germany. Landscape and

Urban Planning 70, 111-125. doi:10.1016/j.landurbplan.2003.10.008.

Benini, L., Bandini, V., Marazza, D., & Contin, A. (2010). Assessment of land use
changes through an indicator-based approach: A case study from the Lamone river
basin in Northern Italy. Ecological Indicators 10, 4-14.

doi:10.1016/j.ecolind.2009.03.016.

Bernard, F, Noordwijk, M.V., Luedeling, E, Villamor,G. B., Sileshi,G. W &
Namirembe,S. (2014) Social actors and unsustainability of agriculture.

Environmental sustainability 6, 155-161. doi.org/10.1016/j.cosust.2014.01.002

103


http://dx.doi.org/10.1016/j.cosust.2014.01.002

Bibby & Shepherd, 2001). A Review of Urban and Rural Definitions, Project Report.
Retrieved 07/02/2014 from
http://www.statistics.gov.uk/geography/downloads/Project%20Report_22%20AugO

NS.pdf

Bittnera, C., & Soferb, M. (2013). Land use changes in the rural-urban fringe: An
Israeli case study. Land Use Policy 33, 11- 19.

doi.org/10.1016/j.landusepol.2012.11.013.

Bogag. C. (2009). Place attachment in a foreign settlement. Journal of

Environmental Psychology 29, 267-278. doi:10.1016/j.jenvp.2009.01.001.

Bourne, L. S. ., & Ley, D. (1993). The changing Social Geography of Canadian
cities. McGill-Queen's University Press 1993 ISBN 0-7735-0926-7 (cloth) 0-7735-
0972-0 (paper) Legal deposit second quarter 1993, Printed in Canada, McGill-

Queen's University Press.

Braimoh. A. K. (2009). Agricultural land-use change in Ghana. Land-use policy

26(3), 763-771. doi:10.1016/j.landusepol.2008.10.006.

Briassoulis, H. (2000). Analysis of Land Use Change: Theoretical and Modeling
Approaches. Ph.D, Department of Geography University of the Aegean Lesvos,
Greece. Retrieved 7/02/2014 from

http://www.rri.wvu.edu/WebBook/Briassoulis/contents.htm.

104


http://www.rri.wvu.edu/WebBook/Briassoulis/contents.htm

Bryan, B. A. (2013). Incentives, land use, and ecosystem services: Synthesizing
complex linkages.  Environmental science & policy 27, 124-134.

doi.org/10.1016/j.envsoft.2013.09.015.

Bukowski, B.E. & Baker, W.L. (2013). Historical fire in sagebrush landscapes of the
Gunnison sage-grouse range from land-survey records. Journal of Arid Environments

98, 1-9. doi.org/10.1016/j.jaridenv.2013.07.005.

Buyantuyev. A., Xu, P., Wu, J., Piao, S., & Wang D (2012). A Space-For-Time
(SFT) Substitution Approach to Studying Historical Phenological Changes in Urban

Environment. PLoS ONE 7(12): €51260. doi:10.1371/journal.pone.0051260.

Cabanillas, F. J. J., Alisedaa,J.M., Gallegob,J. A. G., & Jeongc, J. S.,(2013).
Comparison of regional planning strategies: Countywide general plans in USA and
territorial  plans in  Spain. Land Use Policy 30, 758- 773

doi.org/10.1016/j.landusepol.2012.06.001.

Caffarra, A., Rinaldi, M., Eccel, E., Rossi, V., & Pertot, 1. (2012). Modelling the
impact of climate change on the interaction between grapevine and its pests and
pathogens: European grapevine moth and powdery mildew. Agriculture, Ecosystems

and Environment 148, 89— 101. doi:10.1016/j.agee.2011.11.017.

CAGTAY, N., & Sule Ozler (1995). Feminization of the Labor Force: The Effects of
Long-Term Development and Structural Adjustment. World Development 23 (11),

1883-1894. 0305-750x (95)00086-0.

105



Cassidy, L., Southworth, J., Gibbes, C., & Binford, M. (2013). Beyond
classifications: Combining continuous and discrete approaches to better understand
land-cover change within the lower Mekong River region. Applied Geography 39,

26-45. doi.org/10.1016/j.apge0q.2012.11.021.

Cerdan, C.R., Rebolledo, M.C., Soto, G., Rapidel, B., & Sinclair, F.L. (2012). Local
knowledge of impacts of tree cover on ecosystem services in smallholder coffee
production systems. Agricultural Systems 110, 119-130.

doi.org/10.1016/j.agsy.2012.03.014.

Chen, J., Chang, K., Karacsonyi, D., & Zhang, X. (2014). Comparing urban land
expansion and its driving factors in Shenzhen and Dongguan, China. Habitat

International 43, 61-71.doi.org/10.1016/j.habitatint.2014.01.004.

Chen, J., Guo, F., & Wu, Y. (2011). One decade of urban housing reform in China:
Urban housing price dynamics and the role of migration and urbanization, 1995-

2005. Habitat International 35, 1-8. doi:10.1016/j.habitatint.2010.02.003

Chi, G., & Marcouiller, D.W. (2013). In-migration to remote rural regions: The
relative impacts of natural amenities and land developability. Landscape and Urban

Planning, 117, 22-31. doi:10.1016/j.landurbplan.2013.04.012.

Chowdhury, R. R. (2006). Landscape change in the Calakmul Biosphere Reserve,
Mexico: Modeling the driving forces of smallholder deforestation in land parcels.

Applied Geography 26, 129-152. doi:10.1016/j.apgeog.2005.11.004.

106



Dahms, F. (1998). Settlement Evolution in the Arena Society in the Urban Field.

Journal of Rural Studies 14(3), 299-320. PIl: S0743-0167(98)00008-4.

Daniel, M. M. (2014). Local and Community Driven Development approach in the
provision of basic facilities in Jos, Nigeria. Cities 39, 99-108.

doi.org/10.1016/j.cities.2014.03.003.

Dawelbait, M., & Morari, F. (2012). Monitoring desertification in a Savannah region
in Sudan using Landsat images and spectral mixture analysis. Journal of Arid

Environments 80, 45-55. doi:10.1016/j.jaridenv.2011.12.011

Decraene, J., Monterola, C., Lee, G.K.K., Hung, T.G.G., & Batty M (2013). The
Emergence of Urban Land Use Patterns Driven by Dispersion and Aggregation

Mechanisms. PLoS ONE 8(12): e80309. doi:10.1371/journal.pone.0080309.

Dewan, A. M., &Yamaguchi, Y. (2009) Land use and land cover change in Greater
Dhaka, Bangladesh: Using remote sensing to promote sustainable urbanization.

Applied Geography 29(3), 390-401. doi:10.1016/j.apgeoq.2008.12.005.

Doratli, N., Onal, S. H., & Fasli, M. (2004). An analytical methodology for
revitalization strategies in historic urban quarters: a case study of the Walled City of

Nicosia, North Cyprus. Cities 21(4), 329-348. doi:10.1016/j.cities.2004.04.009.

107



Doratli, N., Onal, S. H., Vehbi, B. O., & Fasli, M. (2007). Revitalizing Declining
Historical Urban Quarter - The wall city of Famagusta, North Cyprus. Journal of

Architecture and Planning Research 21(1), 65-88.

Douglas, E.M.,  Beltran-Przekurat, A., Niyogi, D., Pielke Sr. RA. &
Vorosmarty,C.J. (2009).The impact of agricultural intensification and irrigation on
land—-atmosphere interactions and Indian monsoon precipitation — A mesoscale
modeling  perspective.  Global and Planetary Change 67, 117-128.

doi:10.1016/j.gloplacha.2008.12.007.

Estes. B. A., Kuemmerle. T., Kushnir. Radeloff. C.VV., & Shugart. H. H. (2012)
Land-cover change and human population in greater Serengeti ecosystem from 1984-

2003. Biological conservation 147, 255- 263. doi:10.1016/j.biocon.2012.01.010.

Eurostat regional yearbook (2012). Urban-intermediate-rural regions. Retrieved from

epp.eurostat.ec.europa.eu/cache/ITY.../1.../1-30032012-BP-EN.PDFon 06/04/2014.

Eurostat regional yearbook (2010). A revised urban-rural typology Retrieved from

epp.eurostat.ec.europa.eu/cache/ITY.../KS-HA-10-001-15-EN.PDF on 7/01/2014

Eurostat yearbook (2009). Europe in figures. ISBN 978-92-79-11625-4, ISSN 1681-
4789. DOI 10.2785/29733, Cat. No. KS-CD-09-001-EN-C. Retrieved 18/03/2014

from http://ec.europa.eu/eurostat.

Famagusta. Retrieved on 21/05/2014 from http://en.wikipedia.org/wiki/Famagusta

108


http://ec.europa.eu/eurostat
http://en.wikipedia.org/wiki/Famagusta%20retrieved%20on%2021/05/2014

FAO (1998). Irrigation and drainage: Crop evapotranspiration - Guidelines for
computing  crop  water  requirements. Retrieved  4/02/2014  from

www.engr.scu.edu/~emaurer/classes/.../FAO_56_Evapotranspiration.

FAO/UNEP, 1997. The Future of Our Land: Facing the Challenge. Retrieved

19/03/2014 from http://www.fao.org/docrep/004/x310e/x3810e04.htm.

FAO/UNEP., (1999). Land Use, Land-Use Change and Forestry. Retrieved from

Farley, J. (2012). Ecosystem services: The economics debate. Ecosystem Services 1

(1), 40-49. doi.org/10.1016/j.ecoser.2012.07.002.

Ferguson, N. S., Lamb, K. E., Wang, Y., Ogilvie, D., & Ellaway, A. (2013). Access
to Recreational Physical Activities by Car and Bus: An Assessment of Socio-Spatial
Inequalities in  Mainland  Scotland. PLoS ONE  8(2): e55638.

doi:10.1371/journal.pone.0055638.

Ferreira, A.J.D., Pardal, J., Malta, M., Ferreira,C.S.S., Soares, D. D.J., & Vilhena, J.
(2013).Improving Urban Ecosystems Resilience at a City Level. The Coimbra Case

Study. Energy Procedia 40, 6 — 14. doi: 10.1016/j.egypro.2013.08.002.

Fetzel, T., Gradwohl, M., & Erb, K. (2014) Conversion, intensification, and
abandonment: A human appropriation of net primary production approach to analyze
historic land-use dynamics in New Zealand 1860-2005. Ecological Economics 97,

201-208. doi.org/10.1016/j.ecolecon.2013.12.002.

109


http://www.engr.scu.edu/~emaurer/classes/.../FAO_56_Evapotranspiration
http://www.fao.org/docrep/004/x310e/x3810e04.htm

Fisher, J. A., Patenaude G., Meir, P., Nightingale, A. J., Rounsevell, M. D.A., &
Williams, M. (2013). Strengthening Conceptual Foundations: Analyzing
frameworks for ecosystem services and poverty alleviation research. Global
Environmental Change 23 (5), 1098-1111.

doi.org/10.1016/j.gloenvcha.2013.04.002.

Gottdiener, M., & Hutchison, R. (2011). The new urban sociology. 4th ed. Copyright
2011 by Westview Press, Perseus Books Group, 2300 chestnut Street, Suite 200,

Philadelphia, PA 19103. ISBN 978-0-8133-4435-6.

Haase, D., Kabisch, N., & Haase, A., (2013). Endless Urban Growth? On the
Mismatch of Population, Household and Urban Land Area Growth and Its Effects on

the Urban Debate. PLoS ONE 8(6): e66531. doi:10.1371/journal.pone.0066531.

Haase,D., Haase, A., Kabisch, N., Kabisch, S., & Rink, D. (2012). Actors and factors
in land-use simulation: The challenge of urban shrinkage. Environmental Modelling

& Software 35, 92-103. doi:10.1016/j.envsoft.2012.02.012.

Hanworth, R. (1990). The heritage of North Cyprus. Tezel offset & Printing. North

Cyprus. ISBN 0 902608 07.

Harle, K. J., Howden,S.M., Hunt,L.P., & Dunlop, M. (2007). The potential impact
of climate change on the Australian wool industry by 2030. Agricultural Systems 93,

61-89. doi:10.1016/j.agsy.2006.04.003.

110



Hasse, J. E., & Lathrop, R. G. (2003). Land resource impact indicators of urban

sprawl. Applied Geography 23, 159-175. doi:10.1016/j.apge0g.2003.08.002.

Heilig, G.K., 1999. China Food: Can China Feed Itself?. International Institute for

Applied Systems Analysis (IIASA), Laxenburg, Austria.

Herrero, M., Thornton, P. K., Bernue” s d, Baltenweck, 1., Vervoort, J., & van de
Steeg, J., (2014). Exploring future changes in smallholder farming systems by
linking socio-economic scenarios with regional and household models. Global

Environmental Change 24, 165-182. doi.org/10.1016/j.gloenvcha.2013.12.008.

Hietel, E., Waldhardt, R., & Otte, A. (2007). Statistical modeling of land-cover
changes based on key socio-economic indicators. Ecological economics 62,4 96 —5

0 7. doi:10.1016/j.ecolecon.2006.07.011.

Hietela, E., Waldhardt, R., & Otte, A. (2005). Linking socio-economic factors,
environment and land cover in the German Highlands, 1945-1999. Journal of

Environmental Management 75, 133-143. doi:10.1016/j.jenvman.2004.11.022

History of North Cyprus. Retrieved 27/05/2014 from www.cyprusive.com >

Cyprusive, North Cyprus » Places » Cities.

Hlubikova, D.., Novais, M. H., Dohet, A., Hoffmann, L., & Ector, L. (2014). Effect
of riparian vegetation on diatom assemblages in headwater streams under different
land  uses. Science of the Total Environment 475,  234-247.

doi.org/10.1016/j.scitotenv.2013.06.004.
111



Hogy, P., Poll, C., Marhan, S., Kandeler, E., & Fangmeier. A. (2013). Impacts of
temperature increase and change in precipitation pattern on crop yield and yield
quality of barley. Food Chemistry 136, 1470-1477.

doi.org/10.1016/j.foodchem.2012.09.056.

Huang, Y, Li, F., Bai, X.,, & Cui, S. (2012). Comparing vulnerability of coastal
communities to land use change: Analytical framework and a case study in China.

Environmental science & policy 23, 133-143. Doi.org/10.1016/j.envsci.2012.06.017..

Ingold, K. (2014). How involved are they really? A comparative network analysis of
the institutional drivers of local actor inclusion. Land Use Policy

doi.org/10.1016/j.landusepol.2014.01.013.

Inoguchi, T., Newman, E., & Paoletto, G. (1999). Cities and the environment: New
approach for eco-societies. United Nation University Press. The United Nation
University, 53-70, Jingumae 5-chome, Shibuya-ku, Tokyo, 150-8925, Japan. ISBN

92-808-1023-5

Irwin, E. G., & Geoghegan, J. (2001). Theory, data, and methods: developing
spatially explicit economic models of land use change. Agriculture, Ecosystems and

Environment 85, 7-23. P1l: S0167-8809(01)00200-6.

Ives, C.D., & Kendal, D., (2013).Values and attitudes of the urban public towards
peri-urban  agricultural  land. Land Use Policy 34, 80— 90.

Doi.org/10.1016/j.1andusepol.2013.02.003.

112



Jantz, C.A., & Manuel, J. J. (2013). Estimating impacts of population growth and
land use policy on ecosystem services: A community-level case study in Virginia,

USA. Ecosystem Services5, 110-123. doi.org/10.1016/j.ecoser.2013.07.005.

Kalantaridis. C. (2010). In-migration entrepreneurship and rural-urban
interdependencies: The case of East Cleveland, North- East England. Journal of

Studies 26, 418-427. D0i:10.1016/j.jrurstud.2010.03.001.

Kaplowitz, M. D., & Witter S. G., (2008). Agricultural and residential stakeholder
input for watershed management in a mid-Michigan watershed. Landscape and

Urban Planning 84, 20-27. doi:10.1016/j.landurbplan.2007.06.004.

Kaza, N., & BenDor, T. K. (2013). The land value impacts of wetland restoration.
Journal of Environmental Management 127, 289-299.

doi.org/10.1016/j.jenvman.2013.04.047.

Klapwijk, C.J., van Wijk, M.T., Rosenstock, T.S., van Asten, P.J.A., Thornton, P.K.,
& Giller, K.E. (2013). Analysis of trade-offs in agricultural systems: current status
and way forward. Current Opinion in Environmental Sustainability 6, 110-115.

doi.org/10.1016/j.cosust.2013.11.012.

Korcelli, P., (2008). Land Use Relationships in Rural-Urban Regions: Review of
Typologies of European Rural-Urban Regions. Peri-Urban land use relationships —
strategies and sustainability assessment tools for urban-rural linkages, integrated

project, contract no. 036921. D2.1.1. Retrieved 02/02/2014 from www.plurel.net.

113



Kriegler, E., O’Neill,B. C., Hallegatte,S., Kram, T., Lempert, R., Moss, R. H., &
Wilbanks, T. J. (2010). Socio-economic Scenario Development for Climate Change
Analysis, CIRED Working Paper DT/WP No 2010-23, October 2010. Retrieved on

18/03/2014 from http://www.centre-cired.fr/IMG/pdf/CIREDWP-201023.pdf.

Kroll, F., Miiller (CAU), F., Bell, S., Haase, D., Helminen, V., & Kabisch, et al.,
(2009). Sustainability Impact Assessment: Indicator framework for evaluating
impacts of land use changes. Peri-Urban land use relationships —strategies and
sustainability assessment tools for urban-rural linkages, integrated project, contract

no. 036921. D4.3.1. Retrieved 14/02/2014 from www.plurel.net.

Kromp. B. (1999). Carabid beetles in sustainable agriculture: a review on pest
control efficacy, cultivation impacts and enhancement. Agriculture, Ecosystems and

Environment 74, 187-228. PII: S0167-8809(99)00037-7.

Lambin, E F., Turnerb, B.L., Geist, H. J., Agbola,S.B., Angelsen, A., & Bruce, J. W.
(2001). The causes of land-use and land-cover change: moving beyond the myths.
Global Environmental Change 11, 261-269. PI1: S0959-3780(01)00007 —

3.

Lambin, E.F., Geist, H.J., & Lepers, E., 2003. Dynamics of land-use and land-cover
change in tropical regions. Annual Review of Environment and Resources 28, 205—

241.

114


http://www.centre‐cired.fr/IMG/pdf/CIREDWP‐201023.pdf

Lambin,E. F., & Meyfroidt, P. (2010). Land use transitions: Socio-ecological
feedback versus socio-economic change. Land Use Policy 27, 108-118.

doi:10.1016/j.landusepol.2009.09.003.

Land use. Retrieved 07/01/2014 from http://www.fao.org/nr/land/use/en/.

Land use. Retrieved 18/03/2014. en.wikipedia.org/wiki/Land_use.

Land Use  Cover Area Statistics 2009, retrieved 18/03/2014 from

http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/data.

Land definition. Retrieved 18/03/2014. en.wikipedia.org/wiki/land_economics

Lele, U., Klousia-Marquis. M., & Goswami. S. (2012).Good governance for food,
water and  energy  security.Aquatic  Procedia 1, 44- 63. doi:

10.1016/j.aqpro.2013.07.005.

Li, X., & Yeh, A.G.O., 2004. Analyzing spatial restructuring of land use patterns in a
fast growing region using remote sensing and GIS. Landscape and Urban Planning

69, 335-354.

Liebenow, D. K., Cohen, M. J., Gumbricht, T.,Shepherd, K. D., & Shepherd, G.
(2012). Do ecosystem services influence household wealth in rural Mali? Ecological

Economics 82, 33—44. .doi.org/10.1016/j.ecolecon.2012.08.005.

115


http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/data.

Ligtenberg, A., Wachowicza, M., Bregta,A. K., Beulens, A., & Kettenis, D.L.
(2004). A design and application of a multi-agent system for simulation of multi-
actor spatial planning. Journal of Environmental Management 72, 43-55.

doi:10.1016/j.jenvman.2004.02.007.

Lloyd-Jones. (2004). Urban Design for Sustainability: Final Report of the Working
Group on Urban Design for Sustainability to the European Union Expert Group on
the Urban Environment. Retrieved 15/11/2013 from

http://ec.europa.eu/environment/urban/pdf/0404final_report.pdf

Lokocz, E., Ryanb,R L., Anna & Sadlerb, J (2011). Motivations for land protection
and stewardship: Exploring place attachment and rural landscape character in
Massachusetts. Landscape and Urban Planning 99.p. 65-76.

doi:10.1016/j.landurbplan.2010.08.015.

Long, H., Tang, G. Lia, X., & Heilig, G K. (2007).Socio-economic driving forces of
land-use change in Kunshan, the Yangtze River Delta economic area of China.
Journal of Environmental Management 83, 351-364,

doi:10.1016/j.jenvman.2006.04.003.

Long, H.L., & Li, X.B., 2005. Rural housing land transition in transect of the

Yangtze River. Acta Geographica Sinica 60, 179-188.

Lu, J., & Guldmann, J. (2012). Landscape ecology, land-use structure, and
population density: Case study of the Columbus Metropolitan Area. Landscape and

Urban Planning 105 (2012) 74— 85. doi:10.1016/j.landurbplan.2011.11.024.
116



Lubowski, R. N., Plantinga, A. J. & Stavins,R.N. (2008). What Drives Land-Use
Change in the United States? A National Analysis of Landowner Decisions. Land

Economics. 84 (4): 529-550. ISSN 0023-7639; E-ISSN1543-8325.

MacLeod,C. J., & Moller, H. (2006). Intensification and diversification of New
Zealand agriculture since 1960: An evaluation of current indicators of land use
change.  Agriculture, Ecosystems and  Environment 115,  201-218.

doi:10.1016/j.agee.2006.01.003.

Marshall, A. Introduction to Agriculture Economics. Retrieved 19/03/2014 from

http://agriinfo.in/?page=topic&superid=9&topicid=194.

Marti'n-Lo pez, B., Iniesta-Arandia, 1., Garci’a-Llorente, M., Palomo, I., & Casado-
Arzuaga, |., et al. (2012). Uncovering Ecosystem Service Bundles through Social

Preferences. PLoS ONE 7(6): €38970. doi:10.1371/journal.pone.0038970.

Martinez, C. J., Maleski, J. J., & Miller, M. F. (2012). Trends in precipitation and
temperature in Florida, USA. Journal of Hydrology 452-453, 259-281.

doi.org/10.1016/j.jhydrol.2012.05.066.

Marull, J., & Mallarach,J. M. (2005). Erratum to “A GIS methodology for assessing
ecological connectivity: Application to the Barcelona Metropolitan Area”
[Landscape Urban Plan 71(2-4):243-262]. Landscape and Urban Planning 73

(2005) 72-73. Doi:10.1016/j.landurbplan.2005.02.001.

117



McBratney, A., Field, D.J., & Koch, A. (2014). The dimensions of soil security.

Geoderma 213, 203-213. doi.org/10.1016/j.geoderma.2013.08.013.

Meenakshi, J.V., & Ray, R. Impact of household size and family composition on
poverty in rural India. Journal of Policy Modeling 24, 539-559. PIl: S0161-

8938(02)00129-1.

Meyfroidt,P., Lambin,E. F., Erb, K., & Hertel, T.W. (2013). Current Opinion in

Environmental Sustainability 5, 438-444. doi.org/10.1016/j.cosust.2013.04.003.

Milenkovic, N., Vukmirovic, J., Bulajic, M., & Radojicic,Z.,(2014). A multivariate
approach in measuring socio-economic development of MENA countries. Economic

Modelling 38, 604-608. doi.org/10.1016/j.econmod.2014.02.011.

Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-being:
Synthesis. Island Press, Washington, DC. Copyright © 2005 World Resources

Institute. ISBN 1-59726-040-1

Molders,N., & Kramm, G. (2007). Influence of wildfire induced land-cover changes
on clouds and precipitation in Interior Alaska — a case study. Atmospheric Research

84, 142-168. doi:10.1016/j.atmosres.2006.06.004.

Monkkonen, P. (2013). Urban land-use regulations and housing markets in
developing countries: Evidence from Indonesia on the importance of enforcement.

Land Use Policy 34, 255- 264. doi.org/10.1016/j.landusepol.2013.03.015.

118



Mosley, P. Fiscal Composition and Aid Effectiveness: A Political Economy Model.

World Development (2014), http://dx.doi.org/10.1016/j.worlddev.2013.12.020.

Muyanga, M., & Jayne. (2014). Effects of rising rural population density on
smallholder agriculture in Kenya. Food Policy (2014).

doi.org/10.1016/j.foodpol.2014.03.001.

Nelson E, Sander H, Hawthorne P, Conte M, & Ennaanay D, et al. (2010) Projecting
Global Land-Use Change and Its Effect on Ecosystem Service Provision and
Biodiversity ~ with  Simple  Models. PLoS ONE  5(12): el14327.

doi:10.1371/journal.pone.0014327.

Niedertscheider, M., & Erb, K., Land system change in Italy from 1884 to 2007:
Analyzing the North—South divergence on the basis of an integrated indicator
framework. Land Use Policy (2014),

http://dx.doi.org/10.1016/j.landusepol.2014.01.015.

Onal S., Dagi. K. U., & Doratl. N. K (1999). The urban problems of Gazimagusa
(Famagusta) and proposals for the future. Cities 16(5), 333-351, PII: S0264-

2751(99)00031-1.

Palomo, 1., Marti'n-Lo” pez, B., Potschin, M, Haines-Young, R., & Montes, C.
(2013). National Parks, buffer zones and surrounding lands: Mapping ecosystem

service flows. Ecosystem Services 4, 104-116. doi.org/10.1016/j.ecoser.2012.09.001.

119


http://dx.doi.org/10.1016/j.worlddev.2013.12.020

Parcerisas, L., Marull, J., Pino, J., Tello, E., Coll, F. ., & Basnou, C. (2012). Land use
changes, landscape ecology and their socio-economic driving forces in the Spanish
Mediterranean coast (EI Maresme County, 1850-2005). Environmental science

&policy 23,120 -1 3 2. doi.org/10.1016/j.envsci.2012.08.002.

Petrosillo,l., Costanza, R., Aretano, R., Zaccarelli, N ., & Zurlini, G. (2013).The
use of subjective indicators to assess how natural and social capital support residents’
quality of life in a small volcanic island. Ecological Indicators 24, 609-620.

doi.org/10.1016/j.ecolind.2012.08.021.

Pijanowski, B. C., Tayyebi, A., Doucette, J., Pekin, B.K., Braun,D., & Plourde, J.
(2014). A big data urban growth simulation at a national scale: Configuring the GIS
and neural network based Land Transformation Model to run in a High Performance

Computing (HPC) environment. Environmental Modelling & Software 51, 250-268.

Pijanowskia, B.C., Brown, D.G., Shellto,B. A., & Manik,G.A. (2002). Using neural
networks and GIS to forecast land use changes: a Land Transformation Model.
Computers, Environment and Urban Systems 26, 553-575. PIl: S0198-

9715(01)00015-1.

Pissourios, I. A. (2013). An interdisciplinary study on indicators: A comparative
review of quality-of-life, macroeconomic, environmental, welfare and sustainability
indicators. Ecological Indicators 34, 420 427.

doi.org/10.1016/j.ecolind.2013.06.008.

120



Poelman, H. (2010). A new urban-rural typology, developed using grid data.
Retrieved 06/04/2014 from http://www.efgs.info/workshops/efgs-2010-tallinn-
estonia/efgs2010/11_a%20new%?20urban_rural%?20typoplogy%?20developed%20usi

ng%20grid%20data%20_Hugo%20Poelman.pdf.

Qian, Z. (2010). Without zoning: Urban development and land use controls in

Houston. Cities 27, 31-41. doi:10.1016/j.cities.2009.11.006.

Reger, B. Otte, A., & Waldhardt, R. (2007). Identifying patterns of land-cover
change and their physical attributes in a marginal European landscape. Landscape

and Urban Planning 81, 104-113. doi:10.1016/j.landurbplan.2006.10.018.

Robson. J. P., Berkes. F. (2011). Exploring some of the myths of land use change:
Can rural to urban migration drive declines in biodiversity. Global Environmental

Change, 21(3), 844-854. doi:10.1016/j.gloenvcha.2011.04.0009.

Rudi, L., Azadi, H., Witlox, F., & Lebailly, P. (2014). Land rights as an engine of
growth? An analysis of Cambodian land grabs in the context of development theory.

Land Use Policy 38, 564-572. doi.org/10.1016/j.landusepol.2013.12.016.

Rutten, M., van Dijk, M., van Rooij, W., & Hilderink, H. (2014). Land Use
Dynamics, Climate Change, and Food Security in Vietnam: A Global-to-local
Modeling Approach. World Development 59, 29-46.

doi.org/10.1016/j.worlddev.2014.01.020

121


http://www.efgs.info/workshops/efgs-2010-tallinn-estonia/efgs2010/11_a%20new%20urban_rural%20typoplogy%20developed%20using%20grid%20data%20_Hugo%20Poelman.pdf
http://www.efgs.info/workshops/efgs-2010-tallinn-estonia/efgs2010/11_a%20new%20urban_rural%20typoplogy%20developed%20using%20grid%20data%20_Hugo%20Poelman.pdf
http://www.efgs.info/workshops/efgs-2010-tallinn-estonia/efgs2010/11_a%20new%20urban_rural%20typoplogy%20developed%20using%20grid%20data%20_Hugo%20Poelman.pdf

S. P. O,, (2009). State Planning Organization Statistics and Research Department:
Building Construction and Parcel Statistics. KKTC Devlet Basimevi - Lefkosa,
Haziran 2011 -TRNC State Printing Office -Nicosia, June 2011. DPO-ISTIN-2009-

30. Retrieved 8/06/ 2014 from http://www.devplan.org/.

Salvati, L., Munafo, M., Morelli, G., & Sabbib, A. (2012). Low-density settlements
and land use changes in a Mediterranean urban region. Landscape and Urban

Planning 105, 43— 52. doi:10.1016/j.landurbplan.2011.11.020.

Schierhorn, F., Miiller, D., Beringer,T., Prishchepov,A. V., Kuemmerle, T., &
Balmann, A. (2013). Post-Soviet cropland abandonment and carbon sequestration in
European Russia, Ukraine, and Belarus. Global Biogeochemical Cycles 27 (4),

1175-1185. doi: 10.1002/2013GB004654

Schiermeier, Q. (2013). Biogeochem Cycles. Nature 504 (19), 342. doi.org/qg8;

2013.

Schirmer, J., Loxton, E., & Campbell-Wilson, A. (2008). Socio- economic Impact of
Land use Change in Green Triangle and Central Victoria. Cooperative Research
Centre for Forestry Report Series. Technical Report 190. ISBN 978-0-9805903-1-9.

Retrieved 04/04/2014 from http://www.landusechange.net.au.

Schwartz, M.W., Smith, L.M., & Steel, Z.L. (2013). Conservation Investment for
Rare Plants in Urban Environments. PLoS ONE 8(12): €83809.doi:10.1371/

journal.pone.0083809.

122


http://www.devplan.org/
http://www.landusechange.net.au/

Serna-Chaveza, H.M., Schulp, C.J.E., van Bodegomc, P.M., Bouten, W., Verburg,
P.H., & Davidson, M.D. (2014). A quantitative framework for assessing spatial flows
of ecosystem services. Ecological Indicators 39, 24— 33.

doi.org/10.1016/j.ecolind.2013.11.024.

Seto, K.C., Fragkias, M., Gu™ neralp, B., & Reilly, M.K. (2011). A Meta-Analysis of
Global Urban Land Expansion. PLoS ONE 6(8): e23777.

doi:10.1371/journal.pone.0023777.

Seto. C. K (2011). Exploring the dynamics of migration to mega-delta cities in Asia
and Africa: Contemporary drivers and future scenarios. Global Environmental

Change 21(1), 94-107. doi:10.1016/j.gloenvcha.2011.08.005.

Shoshany, M., & Goldshleger, N. (2002). Land-use and population density changes
in Israel—1950 to 1990: analysis of regional and local trends. Land Use Policy 19,

123-133.P11: S0264-8377(02)00008-X.

Singh, B., Kular, J.S., Rama, H., & Mahal, M.S. (2014). Relative abundance and
damage of some insect pests of wheat under different tillage practices in rice-wheat

cropping in India. Crop Protection 61, 16-22. doi.org/10.1016/j.cropro.2014.03.005.

Su, S., Ma, X., & Xiao, R. (2014). Agricultural landscape pattern changes in
response to urbanization at eco-regional scale. Ecological Indicators 40, 10-18.

doi.org/10.1016/j.ecolind.2013.12.013.

Suburb. Retrieved 26/3/2014 from http://en.wikipedia.org/wiki/Suburb.
123


http://en.wikipedia.org/wiki/Suburb.

Tavares, A.O., Pato,R.L., & Magalhaes, M.C. (2012). Spatial and temporal land use
change and occupation over the last half century in a peri-urban area. Applied

Geography 34, 432-444. doi:10.1016/j.apge0g.2012.01.009.

Tiessen. H., and Stewart, J. W. B. (2010). Applying Ecological Knowledge to
Landuse Decisions. Inter-American Institute for Global Change Research. Al
Directorate, Avenida dos Astronautas 1758 12227-010 Sao José dos Campos, Sdo
Paulo, Brasil. Retrieved 18/03/2014 from
http://www.iai.int/files/communications/publications/institutional/Applying_Ecologi

cal_Knowledge to Landuse_Decisions.pdf.

Tiran, J., 2011: Settlement Area Type as a Factor in Electoral Behavior in Slovenia,

Hrvatski geografski glasnik 73(1), 87-98.

Tompkins, E. L., & Eakin, H. (2012). Managing private and public adaptation to
climate change. Global Environmental Change 22, 3-11.

doi:10.1016/j.gloenvcha.2011.09.010.

Trisurat. 'Y, Eiumnoh. A., & Murai. S., et al. 2000. Improvements of tropical
vegetation mapping using a remote Sensing technique: a case study of Khao National

Park, Thailand. International Journal of Remote Sensing, 21: 2031-2042.

Tyrvdinena, L., Uusitalo, M., Silvennoinen, H., & Hasud, E. (2014). Towards
sustainable growth in nature-based tourism destinations: Clients’ views of land use
options in Finnish Lapland. Landscape and Urban Planning 122, 1- 15.

doi.org/10.1016/j.landurbplan.2013.10.003.
124


http://www.iai.int/files/communications/publications/institutional/Applying_Ecological_Knowledge_to_Landuse_Decisions.pdf
http://www.iai.int/files/communications/publications/institutional/Applying_Ecological_Knowledge_to_Landuse_Decisions.pdf

United State General Accounting Office (1998). Rural Development Profile of Rural
Areas. Complied and released by United States General Accounting Office
Washington, D.C. 20648, Resources, Community, and Economic Development

Division B-261242. Retrieved 4/02/2014. www.gao.gov/products/RCED-93-40FS.

Urban and Rural Definitions, (1995). US Census Bureau. Retrieved 26/03/2014 from

http://www.census.gov/population/censusdata/urdef.txt.

Valbuena,D ., Verburg,P, H ., . Bregt,A K., & Ligtenberg,A.(2010).An agent-based
approach to model land-use change at a regional scale. Landscape Ecol (2010)

25:185-199. DOI 10.1007/s10980-009-9380-6.

Veldkamp, A., & Lambin, E.F. (2001). Predicting land-use change. Agriculture,

Ecosystems and Environment 85(1)-6. PIl: S0167-8809(01)00199-2.

Viegas, C. V., Saldanha, D. L., Bond, A., Ribeiro, J. L. D., & Selig, P. M. (2013).
Urban land planning: The role of a Master Plan in influencing local temperatures.

Cities 35, 1-13. doi.org/10.1016/j.cities.2013.05.006.

Vu. Q.M., Lea, Q. B., Frossard, E., & Vlek, P. L.G. (2014). Socio-economic and
biophysical determinants of land degradation in Vietnam: An integrated causal
analysis at the national level. Land Use Policy 36, 605- 617.

doi.org/10.1016/j.landusepol.2013.10.012.

125


http://www.gao.gov/products/RCED-93-40FS
http://www.census.gov/population/censusdata/urdef.txt

Wade, A. A, Theobald, D. M., & Laituri, M, J. (2011). A multi-scale assessment of
local and contextual threats to existing and potential U.S. protected areas. Landscape

and Urban Planning 101.p. 215-227. doi:10.1016/j.landurbplan.2011.02.027.

Waha, K., Miiller, C., & Rolinski, S. (2013). Separate and combined effects of
temperature and precipitation change on maize yields in sub-Saharan Africa for mid-
to late-21st century. Global and Planetary Change 106, 1-12.

doi.org/10.1016/j.gloplacha.2013.02.009

Waltert, F., & Schlédpfer. F. (2010). Landscape amenities and local development: A
review of migration, regional economic and hedonic pricing studies. Ecological

Economics 70.p.141-152. doi:10.1016/j.ecolecon.2010.09.031.

Warrena,P. S., Ryanb,R. L., Lermanc, S.B., & Tooke, K. A. (2011). Social and
institutional factors associated with land use and forest conservation along two urban
gradients in Massachusetts. Landscape and Urban Planning 102 (2), 82— 92.

doi:10.1016/j.landurbplan.2011.03.012.

Weeks, J.R., (2006). Population: An introduction to concepts and issues. Sixth
Edition, Wadsworth Publishing Company 10 Davis Drive Belmont, California. ISBN

0-534-26460-3. HB871.W43 1996 304.6-dc20.

Whitman, W.T, & Calderone P.J., (1990). URBAN AND RURAL POPULATION
AND HOUSING UNITS: NEW JERSEY, COUNTIES, AND MUNICIPALITIES.

State of New Jersey, Division of Labor Market and Demographic Research, New

126



Jersey State Data Center. NJSDC-PH 90(3). CN 388, Trenton, New Jersey 08625-

0388.

Williams, K J.H., & Schirmer,J. (2012). Journal of Rural Studies 28, 538-548.

doi:10.1016/j.jrurstud.2012.05.002.

Wu, J., & Li, M. (2013). Land Use Change and Agricultural Intensification: Key
Research Questions and Innovative Modeling Approaches. The International Food

Policy Research Institute under Agreement # 200002.000.180 515-01-01.

Wu, L.X., Sun, B., Zhou, S.L., Huang, S.E., & Zhao, Q.G., 2004. A new fusion

technique of remote sensing images for land use/cover. Pedosphere 14, 187-194.

Xiao, J., Shenb,Y., Gec,J., Tateishia, R., Tanga, C & Liangd, Y., et al. (2006).
Evaluating urban expansion and land use change in Shijiazhuang, China, by using
GIS and remote sensing. Landscape and Urban Planning 75.p. 69-80.

doi:10.1016/j.landurbplan.2004.12.005

Xie, Y., Fang,C., Lin,G. C.S., Gong, H., & Biao Qiao. (2007). Tempo-Spatial
Patterns of Land Use Changes and Urban Development in Globalizing China: A
Study  of Beijing. Sensors 7, 2881-2906. ISSN 1424-8220.

MDPI.www.mdpi.org/sensors.

Xu, H & Xie,Y., (2013). The Causal Effects of Rural-to-Urban Migration on

Children’s Wellbeing in China. Population Studies Center Research Report 13-798

127



August 2013. Retrieved 02/04/2014 from

http://www.psc.isr.umich.edu/pubs/pdf/rr13-798.pdf.

Yakob, H., Yusof, F., & Hamdan, H., (2012). Land Use Regulations towards a
Sustainable Urban Housing: Klang Valley conurbation. . Procedia - Social and

Behavioral Sciences 68 (2012) 578 — 589. doi: 10.1016/j.sbspro.2012.12.250.

Zubair, A. O. (2006). Change Detection in Land-use and Land Cover using remote
sensing data and GIS: A case study of llorin and its environs in Kwara State.
Unpublished Master thesis, Department of Geography, University of Ibadan, Nigeria.
Retrieved 12/10/ 2013 from

http://gisdevelopment.net/thesis/OpeyemiZubair_ThesisDOC.doc.

128


http://gisdevelopment.net/thesis/OpeyemiZubair_ThesisDOC.doc

APPENDIX/APPENDICE

129



Definition of terms

Land: Is fundamental for most biological and human activities on Earth. Agriculture,
forestry, industries, transport, housing and other services use land as a natural and/or
an economic resource. Land is also an integral part of ecosystems and indispensable

for biodiversity and the carbon cycle (Eurostat 2009).

Urban land: urban land can be defined as - “land that is built over within a threshold
population size, within a context of a settlement structure other than that on a landscape
of nucleated villages or a mix of hamlets and isolated dwellings that can provide
potential significant policy indicating the costs of delivering key services such as health
and education, sustaining her economy (income and wealth) separately from direct

dependence on land” (Bibby & Shepherd, 2001).

Suburban Land: Precisely, there are yet no uniform agreement as to what exactly
makes up a suburb. Suburbs have been defined according to many different
dimensions from location and transportation spheres to culture and physical
appearance. Giving this uncertainty of angle of description, one approach is to
neglect the term; another is to be very sensitive and precise when it has become
unavoidable. Far beyond what it means but the context of thoughts and expression
about suburbs shapes how they can see such areas being developed and redeveloped
in the future” (Ann Forsyth 2012).

With the spread of urban settlement, the team suburbs began to surface in
terminology, firstly used to express the large villa and estates constructed outside the
city. Then as a roman word ‘suburbani”, it has origin traceable to a Roman

statesman, Cicero (http://en.wikipedia.org/wiki/Suburb retrieved on 26/3/2014).
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Either referred to as suburbs, extended city or City’s outskirts — As of 1950s, most of
these places where described with rural character. Ever after 1960 census, this
intriguing consciousness towards expansion of domain into places typically of rural
quality. The grouping of all the inhabitants, building blocks as urban would bear the
tag “distinguished domain, population, and residential blocks whose environment is
typically rural”. While 1970, 1980, and 1990 censuses, distinguished some territories
as rural from every suburb despite having close proximity to and within an urban
characterized area. For the 1990 census, this grouping has been used in certain places
outside urban contiguous areas (NJSDC 1990, US Census Bureau 1995).

Bourne & Ley describe it as a thing apart, a human habitat wholly dependent on the
city’s prior and adjacent existence. It represents the most important element of
growth in modern expanding cities, being distinguished in the landscape by its
location at the urban periphery and recreating there in modified ways the intricate
form of city’s built environment. It provides the dominant settings for rearing of
families, the learning of properties and political relation and through life-cycle
stages, the constant recasting of roles in an urbanizing society and polity. To the
extent that suburb is in time draw into the greater mass of the urban area, its physical
form, socio-economic and political structure contributes to the character of the
emergent city. Whatever emphasis, urban area itself is incomplete without

consideration of suburb in urban development (Bourne & Ley, 1993).

From rural or and urban to suburban transition illustration based on settlement types
and character likewise provides a contributory definition of suburban area (see

Figure 24)
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Figure 24: Suburbia formation from settlement characteristics (Weeks 1996)

Internal rural-to-urban migration, natural increase, international migration- a single
or combination of these processes and most importantly, the reclassification of places
from rural to urban after the world war gave rise to the use and increased the process
of suburbanization (see Figure 2)(Weeks 1996). These areas are widely known for
their confusing character due to the heterogeneous combination of rural, urban (Tiran

2011), and the expected suburban life.
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Differentiating Urban, Rural and Suburbs

Over a long period, population sizes and economic condition have been some of the
major attributes to distinguish settlement types on the scale of rural/urban,
metropolitan /nonmetropolitan. Although, there still arises several variations from
country to country, but most federal governmental offices such as Bureau of
Economic Analysis (BEA), Economic Research Service (ERS), General Accounting
Office (GAO), Metropolitan Statistical Area (MSA), Office of Management and
Budget (OMB), Standard Industrial Classification (SIC), Urbanized Area (UA), US.
Department of Agriculture (USDA), notwithstanding the additions and subtraction to
form a more complex or simpler models other than the ones put forward, have been
found to contain in their report on rural/urban definition some model similarity

(USGAO, 1993).

Criteria for Defining Metro/Urban or Non-Metro/Rural

"Metro/urban or non-metro/rural” areas can be defined using several criteria. There
are two principal “rural” or “urban” definitions used by the US federal government,
these includes system adopted by Office of Management and Budget’s (OMB), using
the “Metropolitan/Non-metropolitan” system of classification and the other by
Bureau of the Census which defines with “Urban-Rural classification of populations”

(Thomas et al., 1998).

Recently adjusted in 2002, but relevant in the criteria for “urban or rural”, the
definition developed by the Census Bureau for the 1990 census. United State of
America defines urban as comprising all district, population, and housing units in
urban characterized parts and in locations of 2,500 or places with more population
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beyond the border of urban contiguous areas. Mainly, urban consists of district,
population, and group of building blocks such as estate in;

1. Incorporated cities villages, administrative division, and towns, though with
some exclusions that does not apply to the rural portions of "suburban” with
persons of 2500 or more.

2. Census indicated places of 2,500 or more persons.

3. Other integrated or unincorporated places included in urbanized areas (US

Census Bureau, 1995).

Meanwhile, third phase of this definition was included at the realization of the wide

(13

area omitted by classifying selected area as “urban under special rule”. Thus the
adoption of “urbanized area” (UA) brought the many large, closely built-up areas
that were excluded from the urban category base on “un-incorporation” into urban

consideration, and to cope with the issue of “extended city” (US Census Bureau,

1995).

According to standards released in January 1980, as defined by the Office of
Management and Budget’s (OMB), metro is designated by a metropolitan statistical
area (MSA) of minimum: a city of 50,000 or more occupants or a contiguous area
(implementing the standard of Bureau of Census in its rules) of 50,000 inhabitants
and inclusively an additional MSA population of at least 100,000, for New England,

75,000 is adopted (USDA, 2013).
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Such contiguous area (UA) comprises one or more focal point which is the city and
the next densely settled surrounding territory that jointly have a minimum of 50,000
persons. The urban fringe/suburbs generally consists of neighboring territory having

a denseness minimum of 1,000 persons /sg. mile (US Census Bureau, 1995).

In the same spirit of defining the character of a territory as either urban or rural,
Office of Management and Budget’s (OMB) standards stipulates that each MSA
must have a large administrative district in which the central city is located (the
central county) and added immediate counties (fringe counties), once they are
resourcefully and socially incorporated with the central county. Therefore, those
counties not included in the MSA are then referred to as non-metro/rural area

(USDA, 2008, 2013 & USGAO 1993).

And as for the Economic Research Service (ERS), metro counties are distinguish by
their physical magnitude and non-metro counties by their degree of their social
conditions or proximity to the big socially reliable areas. Considerably, USDA
defines with codes, categorizing codes zero to three as metro, and four to nine as
nonmetro."1 [e.g., 4 = Urban population of 20,000 or more, adjacent to a metro area,
and 9 = absolutely rural or urban population of fewer than 2,500, not directly

physically related or close to a metro area]"(USDA, 2013).

On the other hand, European nation’s criteria for classification commonly conducted
by Directorate-General for; Agriculture and Rural Development, Eurostat, the Joint
Research Centre (JRC) and the Directorate- General for Regional Policy, uses

Organization for Economic Cooperation and Development (OECD) approach which

135



classifies on regional bases, areas as predominantly rural, intermediate or
predominantly urban depending on the following criteria (Eurostat regional

yearbook, 2010):

1. Working profile as well as the range of functions performed, the population
potential, and political and administrative status of the main urban center.

2. Urbanization level, i.e. the degree of urban vs. rural character of a given area.
This includes spatial forms — the morphology of settlement, as well as the
density and redistribution of population.

3. Interdependence of, and interaction between the urban, periurban, and rural
zones of rural — urban regions (Korcelli, 2008).

More so, the classification criteria analyze a place as predominantly urban (PU), if
the share of population living in rural local administrative unit 2 (LAU2) is below 15
%; Intermediate (IN), if the share of population living in rural LAU2 is between 15
% and 50 %; Predominantly rural (PR), if the share of population living in rural
LAU?2 is higher than 50 % . While at the local level, a place is regarded a rural area if
the population density is below 150 inhabitants per km? (Eurostat regional yearbook

2010).

More recently, this criteria has been found insufficient has overlaps and
underestimations exist as places with few land area but with adjacent population yet
sparse are classified as urban while others with extensive land mass, dense
population (=low population density) are regarded under the rural classification, such
cases as Aldea de Trujillo in Spain, Badajoz and Céaceres in Spain and Uppsala in

Sweden (Eurostat, 2010). Thus the grid system has been introduced as an approach,
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with classification of grid cells of 1 km? as either urban or rural. To be considered as
urban, grid cells should fulfill two conditions: a population density of at least 300
inhabitants per km? and a minimum population of 5 000 inhabitants in contiguous
cells above the density threshold. Except this, the other cells are considered as rural

(Poelman, 2010, Eurostat regional yearbook, 2010, Allen et al, 2012).

The research provided in United Kingdom (Bibby & Shepherd, 2001), discussed
more of this approach thereby “urban” or “rural” areas can be defined. This new
definition and classification of urban and rural areas places its main emphasis on the
morphology of rural settlements (i.e. their physical form) and the wider geographic
context of such settlements. This approach ensures that the focus remains clearly on
the most enduring — physical - aspects of settlement. A focus mostly adopted by land
planners and designers, models are often produced with the inclusion of road pattern
(primary, secondary or tertiary) and other details as the building heights and spacing

proportion among others.

Truth being told, there are several criteria defining or classifying rural-urban areas
that has been used in Europe, majority of which has emerged to suit the purpose of a
research discussion or say certain policy decision, based on functionality, migration,

commodity and information flow/administrative criteria (see Table 18).
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Table 52: Some bases for classification adopted in Europe

Underlying concepts

Typological criteria

Classes of typology

City — regions; urban
Systems

Socio-ecological models
of urban spatial structure;
Morphological area

Rural - urban dichotomy
rural - urban continuum

Functional profile, rank
in urban and regional
systems

Settlement forms:
mono-centric, sectorial,
polycentric patterns

Urbanization level,
population density, size
structure of settlement

Differential patterns of

Hierarchical structure of
Functional Urban
Regions (Functional
Urban Areas)

Metropolitan - urban -
rural regions

Stages of urban | interregional population
development redistribution
Functional linkages Patterns  of intra-
(flows) between rural, regional
Urban — rural partnership | periurban and urban
zones Specialization and
interdependence
(Korcelli, 2008)
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