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DEVELOPING AN EFFECTIVE AND EFFICIENT DECISION SUPP ORT
SYSTEM FOR FORESTRY IN ZM R

ABSTRACT

Information systems and information technologiesvarg essential concepts of
today's information society. Spatial Information Sys$e and technologies of
Geographical Information Systems (GIS), and Remote Sgr{&S) have become
very important component of decision making in ecosysteammagement, natural
resource management and other application areas. GlIgsavdsource managers
with tools to use in understanding and analyzing a fanedtallow decision-makers
to visualize and integrate data better. As the foreshrhg process becomes
increasingly complicated, there is a need for asgidtrest planners with operative
tools. The combined use of GIS and Operations Researchgi@Rforest managers
the chance to visualize solutions proposed by OR and @ lggster understanding of
the problem they confront.

It is aimed to develop an effective and efficient decisapport system fozmir
Forest Administration Chief Office by this thesis. Fois reason, it is attempted to
initiate steps of contemporary forest management bylaewg database based on
digital maps. Prototype study that integrates GIS andsQfReisented and in order to
facilitate forest management decision process ofctirates several analyses are
done. These analyses can be summarized as, quer&sroget covering problem
(LSCP), spatial multi criteria decision analyses, r@aalyses, the shortest path
analysis, clustering analysis, development of a nessteting algorithm and finally
creation of a new menu in Mapinfo. Mapinfo, MapBasic, Kaft Mapper and

IDRISI software packages are used for analyses.

Keywords: Spatial information systems, forest management, Gi&tion set
covering problem, spatial multicriteria decision makimdystering analysis, the
shortest path analysis.



ZM R’DE ORMANCILI INETK NVEVER ML B R EK LDE
GEL T R LMES NE YONEL KB R KARAR DESTEK S STEM N N
OLU TURULMASI

0z

Bilgi sistemleri ve bilgi teknolojileri giinimuztnldgi toplumunun oldukca
onemli kavramlar d r. Caafi Bilgi Sistemleri (CBS) ve Uzaktan Alg lama (UA)
gibi bilgi sistemleri ve bilgi teknolojileri, ekosistepdnetimi, do al kaynak yonetimi
ve di er uygulama alanlar nda karar verme surecinin dnemli bérdsil olmutur.
CBS, kaynak yoneticilerine, orman anlamalar ve an&limeleri icin araglar
sa lamakta ve karar vericilerin verileri daha iyi gOrsdilenesine ve
batunletirmesine imkan tan maktad r. Orman planlama sireci gideaea k bir
hale geldii icin, orman planlamac lar na yard mc olacak operasyoaraclara
ihtiya¢ duyulmaktad r. CBS ve Ydneylem Atamas n n (YA) butunlek kullan m,
orman yoOneticilerine, YA tarafndan Onerilen c¢O6z&aml gorselletirme ve

kar la tklar problemleri daha iyi anlamans vermektedir.

Bu tez ile zmir Orman letme efli i igin etkin ve verimli bir karar destek
sisteminin gelitiriimesi amacglanmaktad r. Bu nedenle say sal haritadaal veri
taban gelitirerek cada orman ydnetimi anlaynn ad mlar balat Imaya
cal Im tr. CBS ve YAy butunletiren prototip bir ¢al ma sunulmakta ve
mudurluklerin orman ydnetimi karar surecini kolaylemak icin birgok analiz
yap Imaktad r. Bu analizler, sorgulamalar, konumsal kUkagpsama problemi
(KKKP), konumsal ¢ok kriterli karar analizleri, yol aizéri, en k sa yol analizi,
kimeleme analizi, yeni bir kiimeleme algoritmas nn galmesi ve son olarak
Mapinfo'da menu oluurma eklinde 6zetlenebilir. Analizlerde, Maplnfo,
MapBasic, Vertical Mapper ve IDRISI yaz | m programlaullan Imaktad r.

Anahtar S6zcukler. Konumsal bilgi sistemleri, orman ydnetimi, CBS, korsan

kiime kapsama problemi, konumsal ¢ok kriterli karar verkiepeleme analizi, en

k sa yol analizi

Vi
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

Because of the understood importance of information ourveday named as
information era. Information systems and informatiechnology are very essential
terms in today’s information society. Spatial informat®ystems are an important
and more sophisticated branch of information systems.t Mésthe problems
encountered in the organizations have a spatial aspedtar&ding and analyzing
spatial data gained a wide importance for most of thentzg@ons.

Forestry involves the management of a wide range of alatesources. In
addition to timber, forests provide various resourcesléike for livestock to graze,
recreation areas and water supply resources. In thigxtprorest management
includes management of harvesting and recreational aresasctgyn of endangered
species and archaeological sites. Contemporary fomshagement requires
development of database which also have a spatial diomeaad both spatial and
tabular terms must be taken into account. In other watrds important to develop
not only conventional database but also the databashata geographic reference.
It is possible to integrate spatial and nonspatial dadlat@ do several analyses with
them by GIS. Location is an important factor for fongsto conduct certain
activities. It is clear that most of the problems emtered in forestry have a spatial

dimension.

As the forest management process becomes increasioglglicated, there is a
need for assisting forest planners with operative tddie combined use of GIS and
OR techniques gives forest managers the chance to gaitealweterstanding of the
problem they confront and to visualize solutions proposedRy

In this thesis primary focus is specifically on tlee wf GIS and OR techniques in
forest management. Purpose of this thesis is to implefoeest management by



using spatial information systems, GIS, in combinatioth R techniques for our
study area,zmir Forest Administration Chief Office. Our purposedsgenerate a
prototype study forzmir Forest Administration Chief Office.

In this context studies done can be summarized as:
Constitution of Forest Information System.
Constitution of thematic forest maps.
Fire management and control.
Road analyses.
The shortest path analyses from potential fire crewthé potential fire
areas.
Proposing locations of new fire crews by using functionSi&.
Proposing locations of new fire crews by using clustermayais.
Visibility analysis.
3D map of study area.
Slope, altitude and aspect analyses that will guidiitest managers in
different problems such as, in aforestation studieforestation studies,
in construction of forest road studies and in erosiarrobstudies.
Development of a special menu in Mapinfo as to analges® in this
thesis by using MapBasic, to support decision making prouckfsrest

managers.

Forests can not be managed without a forest managgrtaent Our aim is to
show to the forest manager how to plan forestry ensihort and long-term by using
GIS and OR techniques. Then we will show how to use indavmation tool for

management.

Thesis is composed of theoretical parts and applicg@onh The second and the
third chapter of thesis constitute theorotical part eki$ fourth chapter constitutes
application part of thesis. The second chapter hantiesspatial information
systems. Information systems and information technegygundamentals of GIS,



importance of GIS as an information system, basicRerhote Sensing (RS), and

integration of RS and GIS are the topics which areudsed in this chapter.

The third chapter represents the use of OR and GISrestfy. Firstly, the
forestry, forest management and sustainable forest gearent concepts are
examined. Then forestry in Turkey is overviewed. Usage®©Rftechniques in
forestry and RS and GIS integration in forestry inwlogld are reviewed. Following

this, OR and GIS integration in forestry is examined.

The fourth chapter is designated to carry out theordigedlires mentioned in the
second and the third chapter of thesis. OR and GIS iti@gia forest management
is discussed forzmir Forest Administration Chief Office and severabalgses are

done. The fifth chapter discusses results obtained.

Outline of thesis can be summarized as shown in Figare 1.

Developing an Effective and Efficient Decision Suppo
System for Forestry in zmir
|

Spatial Informatio GIS and OR The use of OR an Conclusmn

| 1

Second Chapter Third Chapter Fourth Chagte Eifth Chapter Cha ter

n
Systems integration in forestr GIS in the study ar

e A
Information Systems
and Information e The Forestry Analyses
Technology
\ J
e ™ e A
Spatial Information OR in FOrestry  jum
Sytems
. J . J
e ™ e
GIS as a DeCiSion ju The Use of RS an
L Support System) L GIS in Forestry

Fundamentals of R OR and GIS in
Forestry

Figure 1.1 Outline of the thesis.




CHAPTER TWO
SPATIAL INFORMATION SYSTEMS

2.1 Information Systems and Information Technology

This chapter discusses information systems and informe&giimologies, spatial
information systems, fundamentals of GIS, functioagplication areas of GIS,
importance of GIS as a decison support system and fundalmentRS. Figure 2.1

summarizes outline of this chapter.

[ Spatial Information Systems ]
1

1 | 1 1
Enformation Systems a} [ Spatial Informatior] [ GIS as a Decisio ] [ Fundamentals ofS]

Information Technolog Sytems Support System
[ Definitions of GIS [ Growth of RS
( GIS as a Special Clags RS and GI¢
of Information System Integration
(.

' N N\
Evolution of GIS

. J

(Basic Components?
GIS

(" Functions of GIS

(& J

( Importance of GIS)

. J

(Application Areas 01

Figure 2.1 Outline of the second chapter.

Because of the understood importance of information ourveday named as

information era, and countries entered to a big racthisrsubject. So, it is tried to



make use of information in the best way. Informationtesys and information

technologies are very essential terms in today simébion society.

Input and output of information systems are two importamicepts; data and
information. Data usually refers to facts and figurgate to people, things, events
and concepts. These facts and figures can be in the dérnumerical values,
alphanumeric characters and symbols. When data aisddrened into a form that is
meaningful to user, it is referred to as information. sAated by Checkland and
Scholes (1990), information equals data plus meaning. Pag@isenbf information
in a particular manner and at an appropriate time imprinee&nowledge of person
receiving it. Knowledge is an awareness and understadiagset of information
and ways of making information useful to reach a decisidsers deploy this
knowledge to perceive relationships, formulate principled mtroduce personal
values and beliefs he/she develops is called intelligefh@&Yeung, 2002;
Ormerod, 1995).

An Information System (IS) is a framework that provideswers to questions
from a data source. The primary function of an ISasturn data into useful
information. The process that transform data into métion by structuring,
formatting, conversion and modeling of data is called arm$Shown in Figure 2.2
(Lo & Yeung, 2002; Shamsi, 2005, Stair & Reynolds, 2001).

Database Management

Structuring

Formatting > Information

Data [—»

Conversiol

Modeling

INFORMATION SYSTEM

Figure 2.2 Transformation of data into informatising an IS (Stair & Reynolds, 2001; Lo &
Yeung, 2002; Shamsi, 2005).



An IS is a set of interrelated components that cpll@anipulate, and disseminate
data and information and provide a feedback mechanism toamexbjective. All of
us interact daily with information systems, both peatignand professionally. We
use automated teller machines at banks, we access infomroger the Internet, and
we witnessed how an online information system is impigpvproductivity.
Computers and information systems are constantly chgrtge way organizations
conduct business. Information itself has value, and conameften involves the
exchange of information rather than tangible goods.eBysthased on computers are
increasingly being used to create, store and transfemaf@mn Information systems
are combination of hardware, software and telecommuaiganetworks built and

used by people to collect, create and distribute useful8taa & Reynolds, 2001).

Five basic components of IS are, people, hardwarawaaf, data and

telecommunication, as shown in Figure 2.3 (Jessup & \¢ala2z006).

Systems

Figure 2.3 Components of information systems (Jessup &ci, 2006).

Information

IS are used typically in an organizational settings betesolving for personal
use. Data component includes raw inputs for entry imkormation systems. They
are organized, processed and stored by an IS to support wsenatibn needs and
provide basis for qulitative and quantitative analysisardware is physical
components of information system. Hardware componenitam processors, input
and output devices and storage devices. Software componentiseamstructions
that operate the information system. System softwargrals the hardware. The



communication mechanism of information systems is o&gounication
component. It allows two or more computers to commuejcatich as internet
(Jessup & Valacich, 2006).

Information systems are special class of systemsisdb achieve the specific
objectives of collecting, storing, analyzing and presentinfprmation in a
systematic manner. It is made up of interrelated compgenémat include a
combination of data, technical and human resources. A gdaanation system is
one that provides us with the necessary data relevangignized so that we can
make right decisions about the real world (Aronoff, 199%Yeung, 2002).

A system which assembles, stores, processes and defif@mmation to people,
including managers, staff, clients and citizens, who tasise it in a such a way that
the information is accessible and useful to them isxddfas an IS by Buckingham et
al. (1987). They pointed out that an IS is a human agfisicial) system which may
or may not involve computer systems (Avison & Myers, 1995).

An IS is a set of interrelated components that cpli@ocess, store and distribute
information to support decision making and control in eganization. IS developed
in response to the increasing necessity of organizatiomagrove their capabilities
to process and manage data. With this origin, an infoomaystem was initially
seen to be an application of computers to help organizapoocess their data so
they could improve their management of information (Amis& Elliott 2005;
Laudon & Laudon, 2005).

As stated by Laudon & Laudon (2005) an IS is a combinatioorafidl systems
and computer based information systems. In formal systdmre are fixed
definitions of data and procedures for collecting, stonmrgcessing, disseminating
and using data. Formal systems can be computer basechoalmeheras computer
based information systems use computer hardware and s®ftavaprocess and
disseminate information. Information sytems are at thee of organizations,

technology and management and they are more than cospi@eroncept includes



behavioral knowledge about organizations, technical knowledgeit computers

and individuals using information systems (Laudon & Laudon, 2005).

In organizations information systems consists of tlmeé categories according
to their level, operational-level systems, managestevatl systems and strategic
level systems. In these categories there are fourrnigmes of systems as,
Transaction Processing Systems (TPS), Managementmatimn Systems (MIS),
Decision Support Systems (DSS) and Executive Support Sy$E$S® (Laudon &
Laudon, 2004, 2005).

TPS is a computerized system that performs and recoelsdaily routine
transactions necessary to the conduct of the busiltassa basic business systems
that serve the operational level of an organizatimmé& examples for the types of
TPS are, sales/marketing systems (sales managementketmaesearch),
manufacturing/production  systems  (scheduling, purchasing, neswng),
finance/accounting systems (budgeting, general ledger, billirg. processes day
to day business event data in an organization. Inputs ofaf®3ransactions and
events. They are processed through sorting, listing wpuhting and oupts are
detailed reports, lists and summaries. Users are opesgigrsonel and supervisors
(Laudon & Laudon, 2004, 2005).

MIS provides reports and access to company data and searegjement level.
Inputs for MIS are, summary transaction data, high-veldata and simple models.
These inputs are processed by routine reports, simple matklew-level analysis.
MIS solves structured problems and outputs are obtainsdmasiary reports. Output
is often the kind that managers need routinely each tguarter, month, year) to
evaluate how to proceed next. Users of MIS are middleagers in an organization.
Example includes weekly, monthly and annual resource &thocaNot five year
plans and not daily details, but something in between. BB&s management level
with data analysis for decision making. Inputs for D38, anassive databases,
analytic models and data analysis tools. Processing t®nsissimulation and
statistical analysis, and outpus are represented as Ispgaoats, decision analyses,



responses to queries, statistical test results. D3&ssastructured and semi-
structured problems of organizations. Users of DSS areegmiohals and staff
managers (Laudon & Laudon, 2004, 2005).

Management information systems are transaction-bagetems that seek to
summarize data for routine managerial decision makiD§S provides highly
flexible computer modeling frameworks that allow the decismaker to address
semi-structured managerial problems. Structured problems salged by
programmed decisions in which a repeatable process campieyed and these can
be automated. Semi-structured problems require unprogramrmoistbde and can be
addressed (or partially be addressed) with DSS wherasgustd problems can be
addressed by an MIS (Oz, 1999; Rubin, 1986).

A MIS is an interconnected set of procedures and mechamsmdata
accumulation, storage and retrieval, designed to cororgdnizational data into
information appropriate for managerial decision makingS Menerally summarizes
data produced by transaction-based systems (data onsclenployees, salaries,
etc.) and stored in organizational databases for andlysggperational, middle and
upper level management. The concept of DSS was introductw iearly 1970s.
DSS is an interactive computer-based system structumathd analytic decison
models and specialized database management directlyitdedes managers. DSS
can be used to assist management at all levels ofgamimation with unstructured
problems (Rubin, 1986).

ESS provides communications and computing environment tha&essdhe
organization’s strategic level. Inputs, external and rmate aggregate data, are
processed through graphics and simulations and outputs aireab&s projections,
responses to queries. Users of ESS are senior managanglE of ESS is five-year
operating plan (Laudon & Laudon, 2004, 2005).

TPS generally feeds all other systems, MIS generallicates when a DSS is
needed and provides input for them to crunch. ESS takes neitdynal data but
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usually only summary data from MIS and DSS level as shawigure 2.4 (Laudon
& Laudon, 2004, 2005).

Executive
Support
Systems
/ (ESS) ‘\
Management Management
Systems - Systems
(MIS) (DS5)
\ Transaction /
Processing
Systems
(TPS)

Figure 2.4 Interrelationships amongesys (Laudon & Laudon, 2004, 2005).

As the types of computer technologies developed and pdteméias of their
application increased, so did the role of informatigstem. Information and
communication technologies are now widespread acra@ssvtnld. Their impacts
extend from business, across a broad range of applicatéas, including health and
government, to the community at large. It is importantitferentiate terms IS and
IT. IS is different from Information Technology (IT)S doesn't focus on
fundamental technologies and theories rather it engesmshe applications of
technology. IS focuses more on interactions betweenl@eop organizations and
technology rather than on the technologies themsékeison & Elliott, 2005).

Checkland notes that information systems exist to sé&w®ip, or support people
taking action in the real world. He asserts that, ideorto create a system that
effectively supports users, it is first necessary to epnhalize that which is to be
supported (the 1S), because the way it is described wathii what would be
necessary to serve or support it (the IT) (Ward & Peppard, 2002)

IT is a collective term used to describe the useoafputers and communications

technology. Sometimes IT is said to refer to the hardwelements of the
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technology, IS is used to refer to the software eleésnehtechnology. Technology is
any mechanical and/or electrical means to supplementpdexie replace human
manual operations, like building heating/cooling systems; beakes, etc.
Information technology is any machine technology thabigrolled by information
and uses information for operation, such as a programmablestrial robot
receiving instructions from a computer-based database. Rapedopment of IT has
the capability of providing most organizations to conductrthesiness operations
efficiently. The use of IT in organizations providesia@resting arena in which the
new interacts with the old, since IT enables new wHydoing old things and also
facilitates the introduction of new kinds of socialgiees within a particular context
(Barrett, Sahay, & Walsham, 2001; Jessup & Valacich, 2086, 2003).

IT comprises a converging set of technologies in mlecdnics, computing
(hardware and software), telecommunications, broadgastimd genetic engineering
with its expanding set of developments and applicatiofiste8hnologies increase
our ability to process matter and information and IT eases the amount of
information circulated (Low, 2000).

IT refers specifically to technology, essentially haadey software and
telecommunications networks. It is thus both tangielg.(PCs, network cables) and
intangible (e.g. with software of all types). IT fiteites the acquisition, processing,
storing, delivery and sharing of information and other digitantent (Ward &
Peppard, 2002).

The distinction must be made between IS strategy hratirdtegy. Most of the IT
strategies were strong on technology issues and techeicaihology and weak on
identifying application needs and business thinking. ISegyabe concerned with
the organization’s required information systems or appa set, mainly addressing
what question, and the IT strategy be concerned witletttienology, infrastructure
and associated specialist skills, how question (Ward @&, 2002).
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IS/IT strategy has two componets, an IS component mandl aomponent. The IS
strategy defines the organization’s requirement or demandinformation and
systems to support the overall business strategy. It definds prioritizes the
investments required to achieve ideal applications, theaaf the benefits expected
and the changes required to deliver those benefits, withigonstraints of resources
and systems interdependencies. The IT strategy is abdinireg the vision of how
the organization’s demand for information and systems tall supported by
technology (Ward & Peppard, 2002).

Focusing only on the technology itself does not lead toess@al strategic
application for businesses. The most effective wagdueve strategic benefit from
IS/IT is to rethink business by analysing current businessblgmns and
environmental change, and considering IT as just one irgredif the solution.
IS/IT and its various applications must be managed aordance with the type of
contribution it is making; improving efficiency, effeatiness and/or competitiveness
through business change (Ward & Peppard, 2002).

2.2 Spatial Information Systems

Information systems can be classified as spatial infoomasystems and
nonspatial information systems depending on the naturbaotiata they process.
Nonspatial information systems are designed for proogsdata that are not
referenced to any position in geographic space. Student informststem, library
information system, accounting, banking, and goods inve@ti@gome examples of
nonspatial information systems (Lo & Yeung, 2002).

Spatial information systems are computer-based toolwdoking with data about
phenomena that is on, above or below the earth’s curf&/ith the aid of spatial
information systems it is possible to create, maaf@,lstore and use spatial data of
many forms much more rapidly. The term spatial referdocated data, not just
geographical, but objects positioned in any space of the \ilaidini & Thompson,
1992).
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Spatial information systems are an important and mophisticated branch of
information systems. Most of the problems encounterdtie organizations have a
spatial aspect. So handling and analyzing spatial data gainede importance for
most of the organizations. As stated by Gilfoyle&Thor2904), geographic
information is derived from spatial data. This is ayMeroad term refers to datasets
such as astronomical observations, topographical mapsTletcterm spatial data
refers to geoographic data that result from observationweasurement of earth,
particularly those data that describe natural resoasegell as social and economic
characteristics. This raw data can’t solve any probledhamnly becomes information
when it is asked questions, such as who, what, wheerewand how many.
Geographic information supports most human activitiy. tords the location of
physical assets like, roads, pipes, provides an inventomatfral environment,
describes character of an area and the people who tiverark within it.

There was a need for system that can answer questiouns labations, patterns,
trends and conditions, such as, where features are fouerde whanges occur over
time, what geographic patterns exist. After realizing teeessity and easiness of
usage of spatial information sytems and maps by sevagahizations a new spatial
information system and technology which is known as gégghical Information
Systems (GIS) has emerged.

Geographical Information Systems (GIS), also known asy@ghic Information
Systems, are computer-based systems that are used to astbrenanipulate
geographic information. When these systems were firstialga@ in the early 1960s,
they were no more than a set of innovative computsecapplications for map data
processing. Today GIS is one of the fastest growing seofa@omputer industry and
an important component of the information technologyastfucture of modern
society (Franklin, 2001; Lo & Yeung, 2002).

The first GIS was developed to solve environmental probkmisthe use of GIS
for analysis, modelling and decision support in a wide rarfgepplications as
mapping, monitoring, decision making benefit greatly from@h® technology. GIS
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is a specialized database management system, displaypg om the computer
screen, performing queries and links between records loasegatial location and
the general computing skills. It is devoted especiallyabalyze spatial and non
spatial data (Chakhar, 2003; Sha & Hu, 2004).

GIS relates geographic information to attribute infornmatits primary task is to
store, update, manipulate, analyze and display geographiefdisenced data. The
most important feature of GIS that differentiatesrani other computer mapping
systems is its ability to link spatial data with geograpmmformation about a
particular feature on the map. For example, on a papest map, it is impossible to
learn forest feautures except their locations and dalycanformation written on a
map can be seen. Since paper maps have not database anmghdsisible to do any
gueries with them. However, GIS can be used to query iafiiom from database
and everything can be learned such as tree types, ageesf soil types, particular
tree diseases etc.

GIS is used to understand, analyze and manage spatiallgneded data mapped
to a geographical region. These spatial datasets sarcahtain additional attributes
reflecting demographic or socioeconomic conditions withinregion. GIS is
becoming useful tools in making strategic decisions in etyaof government and
business activities. This usefulness comes from the capadfilGIS to present a
large amount of data in a short period of time on a mmg geographical
coordinate system (Rob, 2003).

While handling and analyzing spatial data are main capabiltf a GIS, the
power of the system is most evident when the quantiatd involved is too large
to be handled manually. There may be thousands of featumemust be considered
or there may be hundreds of factors associated with fature or location. These
data may exist in the form of maps, tables, and listashes and addresses. Such
large volumes of data are not handled using manual methbidé would be too
costly and too time-consuming. But when these data bega input to a GIS, they
can be easily manipulated and analyzed (Aronoff, 1995).
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In short GIS is a computer-based tool for mapping and/aingl things that exist
and events that happen on earth. GIS technology inesgredmmon database
operations such as query and statistical analysis wistialization and geographic
analysis offered by maps. These abilities distinguis§ @om other information
systems and make it valuable to a wide range of publicpamdte enterprises for

explaining events, predicting outcomes and planning strat@ggeg, 2001).

2.2.1 Definitions of GIS

There have been so many attempts to define GIS budiffisult to select one
definitive definition. Maguire (1991) offers 11 different iméfons. As Pickles
(1995) suggests, this variety can be explained by the facamyadefinition of GIS
will depend on who describe it, their background and viewpddaine of the
definitions give an idea of what a GIS is. Burrough (1986indefGIS as a set of
tools for collecting, storing, retrieving at will, transfiaing and displaying spatial
data from the real world for a particular set of purpose®ther definition for GIS
provided by Department of Enviroment (1987) is, a system fptugag, storing,
checking, integrating, manipulating, analysing and displayitega which are
spatially referenced to the Earth (Heywood, Corne8u€arver, 2002).

GIS is a hardware/software system for managing andagisg data. It is a
similar to a traditional Data Base Management Sys@BMS), where we think in
spatial as well as in tabular terms. Thus we can den$sIS as a spatial DBMS as
opposed to traditional tabular DBMS. GIS provides téolsupport decision making
with regard to spatially referenced entities.

From different perspectives GIS definitions can be sanrad as follow:

The process-oriented approach (A GIS is a toolbAxpIS is a computer-based
system that provides a powerful set of tools - captndeirgout, storage and retrieval,
manipulation and analysis, display and output- to hargdereferenced data
(Naesset, 1997).
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The database oriented approach (A GIS is an informaticersysA GIS is a
special case of information systems which manages bkplatiabase and provides
answers to queries of a geographical nature. One of the athjantages of GIS for
many beginners has been their ability to store and intedifierent data sets within
a single system (Birkin, Clarke, Clarke & Wilson, 1996ké, 2000).

GIS is a computer system that collects, stores, updaiegols, queries, analyzes
and visualizes geographically refererenced data for speciffmose (Tecim, 2001).

GIS is used to understand, analyze and manage spatiafipudistl data mapped
to a geographical region. Although it started with the puwepafscreating digital
maps, it quickly became valuable tool for decision makingcgss in various
industries (Rob, 2003).

As stated by Kleynhans, Coppin, & Queen (1999), the develoipok GIS
technology makes it possible to compile, store, eetsi analyse and display vast
guantities of spatial data. While the use of GIS is exipgnday by day, its most

important applications include those that support decisidinga

2.2.2 GIS as a Special Class of Information Systems

Geographic data are generally characterized by their fwadamental
components: the physical dimension or class of thengghenon and the spatial
location of the phenomenon. Population of a citytiviof a road are some examples
of physical dimension. The class can be a rock tgpe&getation type or the name of
a city. The location is usually specified with refexerto a common coordinate
system such as latitude and longitude. A third componest aigo be included as
time. The time component often is not stated explicibut it is important.
Geographic information describes a phenomenon at ddacat a specific point in
time. For example a land cover map describes the docafidifferent classes of land

cover as they existed at the time of data collectiche area is changing rapidly this
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information becomes outdated and unsuitable for decisgking. Geographic data

are a form of spatial data (Aronoff, 1995).

A GIS is a special type of information system in whitle data source is a
database of spatially distributed features and by theéermation systems
procedures such as collecting, storing, retrieving, analyamygdisplaying are used
for geographic data. GIS technology offers combined poweoth geography and
the information systems and provides ideal solutions fiectve natural resource
management (Shamsi, 2005).

Spatial data stored in GIS can be defined by three conaaptty, attribute, and
relationship. An entitiy refers to a phenomenon tratnot be subdivided into like
units. An entitiy is referenced by a single identifier,ls@as place name, or code
number. An attribute is a description of some aspectheentity. Relationship is
the spatial association among entities. For exampleea is an entity. The length
and the width of river are examples of attributes. Mite river drains into a lake or
the sea, it represents a relationship between theassene entity and the lake or the
sea as another entity. Geographic data are a specml db spatial data that is
characterized by two important features; Geographic spatey@mgraphic scale.
Geographic space means that the data are registered @ocepted geographical
coordinate system of Earth’s surface so that data fidfarent sources can be
integrated spatially. Representation at geographic scaénanthat the data are
normally recorded at relatively small scales and mesjdneralized and symbolized
(Laurini & Thompson, 1992; Lo & Yeung, 2002).

GIS posseses all characters of information systeims.wiord geographic in GIS
has two meanings: earth and geographic space. By eardaitsnthat all data in the
system are related with Earth’s features and resourogsading human activities
based on or associated with theses features and resoBrcgeographic space it
implies that both the data and the problems system teplve is geography, i.e.
location, relationship within a specific geographical refeee framework (Lo &
Yeung, 2002).
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Spatial information systems are those designed forepeirtg data pertaining to
real world features or phenomena that are describedns tef locations. A GIS is
included in the spatial information systems category.iBigtimportant to note that
every spatial information systems can not be regardeal @sS. Computer-Aided
Design (CAD) and Computer-Aided Manufacturing (CAM) systeare typical
examples of spatial information systems that areGi& These systems also use
spatial data but they are different from GIS in teohpurpose and data-processing
requirements. Therefore spatial information systdmas dre used for processing and
analyzing only geographic data (or georeferenced data, geo@thpheferenced
data) can be labeled as GIS. The term geographic datarefeyeaced data refers to
spatial data that pertain to a location on the eastivtace. So the two terms, spatial
data and geographic data, can be used interchangebly in manyss@umaeoft,
1995; Lo &Yeung, 2002).

Geographic and non-geographic information systems are twoajeasses of
spatial information systems. Nongeographic informatiomesys rarely have strong
locational links to the earth itself, they are not gelecb It is very important for GIS
that the data contain a locational identifier in orlebe mapped. Street address, zip
code are some examples of locational identifiershid information is in the data,
then the data can be associated to a base map andeahmlya GIS. The term used
to describe the association of attribute data to a Ibase in a GIS is called
geocoding, or geographically encoding the data to allowbetmapped. Geocoding
is the process of converting an address into a poiatitwt In other words it is the
process of determining the coordinates of a point ortabwe (e.g., an address) so
that it can be located graphically. To locate addresses map, it is necessary to
determine their grid references in an accepted georeferesystgm. Address-level
data are typically geocoded to a street-level base coapty statistics are geocoded
against a county-level base map, and so forth. Geocodnaj &pplicapable in CAD
and CAM. Thus CAD and CAM are included in the nongeographfarmation
systems category (DeMers, 1997; Heywood, Cornelius, & &a®002; Jardine &
Teodorescu, 2003; Lo &Yeung, 2002).
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Taxonomy of information systems can be summarizett@srsin Figure 2.5.

Information
System
N
r N
Non-spatia Spatia Information
Information Systems systems
e.g. Accounting, banking, etc. N
4 2\
Geographic Informatio Nonceographic
Systems (GIS) Information Systems
N e.g., CAD/CAM, etc.
4 N
Other GIS Land Informatior
Systems (LIS)
A e.g. Cadastre
Sccioeconomic Biophysical
Information Systems Information systems
e.g., Census Information Systems e.g.Environmental Information System
Traffic Management System. Soil Information Systems

Figure 2.5 Taxonomy of information systems (DeMers, 1867&Yeung, 2002).

2.2.3 Evolution of GIS

Key groups, companies and individuals influenced developme@i®f Several
factors, such as computer technology, development ofid®eof spatial processes in
economic and social geography, antropology, increasingalsanobility and
education levels, awareness of environmental problems,e¢aas change in
cartographic analysis. GIS and map analysis developmeginb&ound the same
time. These developments were incited by restraintsaod copy maps, problems
with overlaying datasets and the increase in the size amtbar of data sets. A
detailed history of GIS is not well understood because @®thnology evolved
through multiple paralel but seperate applications acneserous disciplines.
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As suggested by Goodchild and Haining (2004) that, there wereabewuportant
motivations for GIS development. Difficulty of obtg accurate measurements
from maps and the simplicity of obtaining such measurésnémom a digital
representation is one reason that induced GIS developAmong the other reasons
are, the need to integrate data about various feafsuwek as, traffic analysis zones,
streets, households, workplaces) and relationships atheng the need to integrate
multiple layers of information in evaluating the eaptal impacts of development

projects.

Emergence of the first electronic computers in the [BE#d0s marked the
beginning of the computer era and a time of rapid evaiuto the technology. GIS
relied on the integration of three distinct aspectsarhputer technology, database
management, routines for manipulating, displaying and tipdpt graphic
representation of the data, and algorithms and technidwsfdcilitate spatial
analysis, in its development stage (Antenucci, BroBnoswell, Kevany, & Archer,
1991).

In the 1950s, the first attempts to automate thematppmg began in the United
States, Britain, and other parts of the world. In thé 1950s British botanists used
punched cards and a modified tabulator in preparing anddtBstish flora. Some of
the first thematic maps were produced by meteorolofpstforecasting crude land
contours. By the late 1950s meteorologists, geophysicisid, geologists had
incorporated computer generated maps into their workeld®0s the Unites States
military developed graphic display capabilities, as parterhiSAutomatic Ground
Environment (SAGE) air defense system, the system thateds radar data into
computer-generated pictures (Antenucci et al., 1991).

GIS is a relatively new branch of information teclogyl and this term appeared
in the early 1960s when Canada Geographic Information SysStHBiIS] was
developed. During this short period of history, both thérietogy used to construct
GIS and the functions of GIS have experienced significaanges. GIS in today’s
form is very different from its predecessors (Lo & Ygua002).
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Environmental management has been a main motivator ofogewehts in GIS.
Some authors suggest that the roots of current GIS Ileeil260s known as CGIS.
It was designed to produce maps of the crops that afelasnid were capable of
producing and to map land capability for forestry. Its ihiizesk was to classify and
map the land resources of Canada. The purpose of the systero analyze data
collected by the Canada Land Inventory and to produce Esitist be used in
developing land management plans for large areas of @amada and to provide
data to the Government of Canada on Canada’s land resaaraglization, and its
management. Created maps were classified accordingrious themes. Some of
these themes are, soil capability for agriculture,dwyecapability, present land use,
shoreline. Maps were created at the scale of 1:50000. Thisnsyrequired the
development of new technology, which was very high obstchnical development
(Bian, Sha, & Hong, 2004; DeMers, 1997; Goodchild, 2003; HeywGodhelius, &
Carver, 2002).

By rapid progresses in computing technology 1970s experienced avahy
different developments in GIS and related disciplifésw computer cartography
products entered the market, such as, GIMMS, MAPICS arFACE Il. In the
early 1970s, Swedish Land Data Bank (SLDB) was develope@ditomate land and
property registration. In Britain, for land-use corlingg and monitoring Local
Authority Management Information System (LAMIS) and theint Information
system (JIS) were used (Heywood, Cornelius, & Ca@0d2; Lo & Yeung, 2002 ).

In 1970s, U.S. Bureau of the census constructed a rudimeg&graphic
information system on the grounds that computerizatmumdcreduce the rate of
errors in tabulating and spatially aggregating censustsedebr these purposes
DIME files were produced. The development of the DIME<filed to the production
of the Census TIGER files, one of the most imporsaaioeconomic spatial data sets
about USA in use today (Goodchild, 2000).

The 1970s saw the first conferences and published work 8n Tie first UK
meeting of academics to discuss GIS was in 1975. Thetéikss on GIS were
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published by International Geographical Union. In 1979 techipiapér of Corbett
on the concept of topology as applied to spatial datamaimportant milestone in
the development of GIS concepts and techniques (Heywoodgelisy, & Carver,

2002; Lo & Yeung, 2002).

In the 1970s it was recognized that the problems facing V@& not only
technical but also managerial. There were many problesssceted with the
management side of implementing an information syqtdaywood, Cornelius, &
Carver, 2002; Lo & Yeung, 2002 ).

Important geographic work was also done at universitieuugfmaut the 1960s
and 1970s. Growing interest in computer-based map processiiageth several
research and development programs in universities in EurapéNarth America
SYMAP was developed at the Harward Laboratory For Comp@taphics and
Spatial Analysis in 1966. Another Harward Packages were CORM, SYMVU,
GRID, OPLYVRT and ODYSSEY. Center for Urban and Regloinalysis,
University of Minnesota developed Minnesota Land Managemerdrnhattion
System (MLMIS), the Department of Geography, Universitidinburgh, Scotland,
developed Geographic Information Mapping and Management Sy&&iMS)
package (Lo & Yeung, 2002).

By the 1980s, demand for good graphics, data analysis and quefylatabases
had grown. In 1982, Environmental System Research Instinge(ESRI) released
Arc/Info, a standart package which developed for mainframepaters. As
computing power increased and hardware prices plummeteteiril80s, GIS
became a viable technology for state and municipal plan@tiger GIS software
packages developed in the mid-1980s were INFOMAP, CARIS. 1980sienqged
significant technical developments included the increéas® of raster data. There
were also new GIS research initiatives. The USA’sidw@l Center for Geographic
Information and analysis (NCGIA) and UK’s Regionale@sh Laboratories (RRLS)

were perhaps the two largest initiatives began in the sLl9B@ining was facilitated
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by the establishment of the International Journal of G 1987 (Heywood,
Cornelius, & Carver, 2002; Lo & Yeung, 2002 ).

By the mid-1980s the focus of GIS development shifted towaethods of data
collection, quality, standards, data analysis and databeganization. This data-
oriented approach changed the way of GIS technology dawvelat (Lo & Yeung,
2002).

By the 1990s, the development of GIS was speeded up by théhgrbeomputer
technology. With advances in operating systems, compgtaphics, database
management systems and graphical user interface dekfgheGame multiplatform
applications that able to run on different classes ahputers. In 1990s the
applications of GIS were no longer limited to the land eesource management, but
expanded to new areas that included facility managemehicle navigation and
decision support in business management (Lo & Yeung, 2002).

It is generally agreed that by the mid 1990s, GIS reackeadaturity in terms of
both technology and applications.

Since the mid-1990s, development of GIS has entered &nmegalled the Age of
Geographic Information Infrastructure. The concept of in&drom infrastructure
emerged in the early 1990s when the United States governpnepbsed the
National Information Infrastructure (NII) initiative. Tkem of this initiative was to
provide all U.S. citizens access to information concerningeigonent, health care,
education. In 1994, President Clinton suppported implementatibiational Spatial
Data Infrastructure (NSDI). He defined this term as hiedogy, policies, standards
and human resources to acquire, process, share, distabdtimprove utilization of
spatial data” (Lo & Yeung, 2002, p.8).

The word infrastructure means that to treat geographicnmafbion similarly as
other economic and political infrastuructures, such ashwag and bridges,

education systems. At national level, geographic infoanatfrastructure provides
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government with more cost effective means in services sigguinformation
technology. Geographic information infrastructure alslowa citizen to access
public information, enables businesses and industries tavrand reorganize to
achieve competitive advantage in the global economyhdtldcal level it enables
citizens to patricipate public affairs, to know more abmmmunity (Lo & Yeung,
2002).

In Canada, the European Union, Australia, New Zelandnaanaly other countries
similar national geographic information infrastructure halg® deen established.
These initiatives remarkably raised the profile of usgaggraphic information in
business, government and academia. The concept of geograybication
infrastructure has induced revolution in the development Gd$ in both
philosophical and technological term (Lo & Yeung, 2002).

Now GIS is not used only as a software tool for proogssind analyzing
geographic data stored locally. It is the most importeaiuire of GIS now to have an
access and integrate geographic data from different @®Uwcated locally and
globally. Increasingly business people rely on GlSele&ing where to build their
factory, in determining best routes to deliver their goad services. It also has a
great importance in government organizations in managing &mt natural

resources, monitor the environment, etc.

2.2.4 Basic Components of GIS

A GIS is a very powerfool tool that can be used to aaptstore and analyze
geographic data but it is not a stand-alone system. &ewther important
components are needed to make up a GIS. Basic comporfe®S cconsist of
hardware and software (also known as technology comporggople, data, and
methods.

Hardware is the computer on which GIS software providefutinetions and tools

needed to store, analyze and display geographic infonm@iGs, printers, large size
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plotters, large size scanners, GPS...). GIS run oergegomputer systems ranging
from personal computers (PCs) to multi-user supercompuinesence of a

processor with sufficient power to run the softwarefigaht memory to store mass
volumes of data, a good quality, high resolution colour grapdosen, data input
and output devices (such as digitizers, scanners, priat@splotters) are very
important elements for effective GIS operation (Hegdio Cornelius, & Carver,

2002).

In order to use a GIS in the most efficient manneés important to run the most
up-to-date version of the software that is availablacé&ithe first PC-based GIS
software developed use of GIS has increased steadihgitatter half of the 1980s.
Before that, GIS was run on mainframe computers ansl ngatively primitive
technology by today’'s standards. Everybody can nathrea have an access as it is
today. In 1982 ESRI released Arc/INFO which ran on mamé& computers. In the
early 1990s, ArcView from ESRI and Mapinfo from Mapinfo Cogimn emerged
as the leaders. Both packages offer all the basic &S and capabilities and are
easy to learn (Jardine & Teodorescu, 2003).

Atlas GIS, IDRISI, Microstation MGE, ERDAS IMAGINEProfessional,
Geographic Explorer, GRASS, MrSID Stand Alone VieweAGE GIS for
Windows are some examples from other GIS softwarelajase.

But as stated by Nasirin, Birks, & Jones (2003), GIS cajusptbe installed as a
piece of software. The person who will use GIS need$d aware of many
implementation issues (e.g. data conversion) and lmakaaw what to do with data
at hand to attain success.

According to their information needs and the ways thesgraat with the system,
people component of GIS can be categorized as viewersyajarsers, and GIS
specialists.
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Viewers can be defined as the people whose only needbi®tvse a geographic
database occasionally for referential informatioheyl don’'t play an active role in
GIS design and operation, so they are in general passérs. Main requirements of
viewers are accessibility to information and easinessygtem use (Lo & Yeung,
2002).

People who use GIS for conducting business, performing giofesd services
and making decisions are named as general users. Fauditiagers, resource
planners, scientists, engineeers, land administrdéavyers and politicians fall into
this category. They are active users because GISpkemented to support their
information needs. Hence, viewers have direct and caoadideinfluence on the

successful use of GIS in an organization (Lo & Yeung, 2002).

People actually make GIS work are named as GIS smcighey include GIS
managers, database administrators, system analystgragdammers. They are
responsible for the maintenance of the geographic d&tadnad the provision of
technical support to viewers and general users. They builccatpns for advanced
spatial data analysis and modeling. Although GIS specadisg usually small in
number, they play the most direct role in the sucoéssiplementation of GIS in an

organization (Lo & Yeung, 2002).

GIS specialists are very important component in unaleding study purpose,
data collection, management and conversion, and doingnéegbreting analysis.
GIS technology has limited value without people who rganghe system and
develop plans for applying it to real-world problems. Withomell trained,
competent personnel operating and supporting GIS, the sysbeid not function.
Skill in selecting and using tools from GIS toolbox and itiieanate knowledge of

data being used are essential factors to be succes&ilin

Geographic data and related tabular data are very impdotaperforming work
in a GIS. The core of a GIS is the database througbhaduestions, such as what a

feature is, where it is, and how it relates to otkatures, can be answered. Although
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it can create maps at different scales, in diffeprojections, with different colours
GIS is not simply a computer system for making map&I8 is an analytical tool.

The major advantage of a GIS is that it allows uslémtify the spatial relationship
between map features. A GIS does not store a map ic@amentional sense, nor
does it store a particular image or view of geographic. &nstead, a GIS stores the

data from which we can draw a desired view to suit a pdatipurpose.

All GIS software has been designed to handle sp@édgraphical) data. Spatial
data are characterized by information about positioch sis latitude and longitude,
connection with other features and details of nonspé&itibute) characteristics
(Heywood, Cornelius, & Carver, 2002).

As mentioned by Lo & Yeung (2002), real world features existbvo basic
forms as, objects and phenomena forms. Objects areetlisand definite, such as
buildings, highways. An object is a spatial feature ttzegt ldentifiable boundaries
and is describable by one or more characteristicsyreefas attributes. Phenomena
are distributed continuously over a large area, suckraain, temperature, rainfall.
Geographic data represent the real world in these two foass and this led to two
distinct approaches in representing real world in geographabalse: object-based
model and field based model. The object-based model geatgraphic space with
discrete and identifiable objects. Spatial objects greesented as graphical elements
of points, line and polygons, depending on the nature ofothjects and the
geographical scales at which they are recorded. The feddeb model treats
geographic space as defined by one or more spatial pheaoByeatial phenomena
are real world features that change continuously overesgé@o no specific extent.
Topographic data and digital elevation models (DEM)sar@e examples of spatial

phenomena.

At the database level, a spatial database can b#étatet using either the field-
based model or object-based model. Object-based and fiedd-lspatial databases

are generally labeled as vector data model and rastenatel, respectively.
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Vector data in a digital geographic database depict mhdatispatial features as
discrete entities using points, lines and polygons. Disagetagraphical features,
points, lines and polygons, represented in a digital dedatgte is named as spatial
entities. In the database these entities are ideat#s feature classes, each relating to
a particular theme, such as transportation, land [saacel vegetation. Vector data
stores objects that have point, line and polygon (areaacteristics according to
particular coordinate system. Points are used to représsnres that are too small
to be shown as polygons (areas). They represent anythincathde described as an
X, y coordinate on the face of the earth, such asoéghshopping centers, banks in
the city. Lines data are data that composed of combinafiseveral point data.
Lines represent anything having a length such as streets,dyighivers, fault lines
and utility lines. Polygon data are data that start wigarticular point and ends with
the same point and are represented by a closed setfTihey describe anything
having boundaries, such as, forests, boundaries of courmties. Points, lines and
polygons (areas) are the basic spatial entities usexptesent a feature in the world.
Vector data are used for GIS applications that focusnlgnaon individual or
individual classes of spatial features. In a digitalgyaphic database, feature classes
are organized as layers (Gilfoyle & Thorpe, 2004; Lo & Yeung, 2062im, 2001).

Raster data, store map features in raster or grid fogeagralize the location of
features to aegular matrix of cellsin raster data, each cell in the matrix shows
value of attribute information about region that falighat cell. And it can take only
single value. For example, in a database that defosets, the value 4 that cell takes
can show that this road is an intercities autobaha.ntimber of cells that points out
this road is directly proportional to the length of thaad. The size of each cell can
be few meters or few kilometers. The cell size yoa wdll affect the results of
analysis and how the map looks. Using a cell sizeishito large will cause some
information to be lost or using a cell size thatae small requires a lot of storage

space and takes longer to process (Tecim, 2001).

Raster data are best used to represent continuous gpatiabmena such as
elevation, temperature, but discrete spatial features ascbads, land parcels may
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also be represented by raster data type. However, tdisgpatial features in raster
form don’t exist as distinct individually identifiable éms. For example, a lake on a
raster map can visually be recognized as a lake by efiffiating cells that form the
lake from surrounding cells, but the database doesn't $terlake as a single entity.
In the raster database, the stored entities areefl®e which are referred as pixels,

not the individual spatial features they represent (L6eting, 2002).

Figure 2.6 and 2.7 show vector and raster data examples.
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Figure 2.7 Vector and raster data (Bolstad, 2005).
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Both the vector and the raster data represent readl wdut they are distinct both
in the types of data they use and in their applicatiea.avector-based models are
used primarily for digital mapping and resource inventokidsle raster-based
methods are more concerned with spatio-temporal modeliggadgling a time
dimension to spatial data and analysis, named as spatoeral analysis, changes in
some variable/condition within the same location witme can be tracked.
Furthermore the variable/condition studied might chamgations with time, or
extend beyond the original location to involve additloy@es. Vector data structure
is preferred when tight spatial control is desired, sagltihe outlines of houses or
roads. Raster data is the most suitable for data tHatex values for every part of

space, such as elevation or topography (Lo & Yeung, 2002).

Besides these forms of data mentioned above, other tiymata known as
attribute (tabular, non-spatial) data. Attribute datad®scriptions or characteristic of
entities. They describe what the features represent anithfarmation describing a
map feature. Beside the spatial information in map,GHe can usually store non-
spatial information which is related to the spatialtexgti For instance, non-spatial
data may be stored which provide extra information abouthtitels (standard
number of rooms, and restaurant facilities) or an utbk&hdatabase may have a map
theme of property boundaries. Attached to each parcebavtiabular database which
might store the name of the owner, the address, gessad value of the property
(Lang, 2001).

Figure 2.8 shows spatial and tabular data of compartment 6zZmin Forest
Administration Chief Office, simultaneously. Data walstained from zmir Forest
Administration Chief Office, but maps were constitubgdauthor of this thesis.
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Figure 2.8 Spatial and tabular data.

GIS is seen as a tool to bring together different data tome from aerial
photographs, satellite images, census data, maps, GlositibRing Systems (GPS)
and etc. GIS can also import data from various data gesment formats, such as
DBF, Excel, Access. But to do right analysis and t&emaght decisions geographic
data content and quality are very important.

A relatively new technique of field data collection thas tbecome very popular
among GIS users is GPS. GPS is a set of satellictg@mtrol systems that allow a
specially designed GPS receiver to determine its locaioywhere on Earth 24
hours a day. These are hand-held devices that use sigmal&®S satellites to find
the exact location of the user on Earth’s surfacenms of x, y, z co-ordinates using
trigonometry. Positions are obtained quickly and acelyatt the push of a button.
Most GPS receivers store collected co-ordinates amtiassd attribute information
in their internal memory. Thus they can be downloaded tiréz a GIS database.
Two main systems are American NAVSTAR system and thesiBo GLONASS
system (Heywood, Cornelius, & Carver, 2002).
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Data are very essential in GIS implementation. |e #arly years of the
development of GIS, the primary focus was on the attguisand structure of
geographic data. Since the 1990s, the problem of data qualingesnas a new
dimension. Users of GIS have realized that merelyingadata is not enough for
using technology beneficially (Lo & Yeung, 2002). Data trioes reliable, accurate
and pertinent in order to represent events on the’'eaulface accurately. Because
success of GIS depends on the integrity of the dagasybstem must be capable of
maintaining and updating the data. No matter sophisticated i@aélyols used, if
data are misused or questionable, the final output will bétdld.

Data quality refers to the fitness of data for usinghianded applications. Several
criteria are used to define data quality. Accuracy is theegetyr which data agree
with the values of the real-world features. It is aaswge of how close data match the
true values or descriptions. Data must also be sufficeatrent and up to date. They
must be complete and precise; otherwise the degreeceftamty must be indicated.
Precision is a measure of how exact data are measncedtared. Data must be
stored in a format that can be conveniently handledin{aiaed, transmitted,
distributed, classified and updated) (Lo & Yeung, 2002).

Basic data quality components, as mentioned by Gilfoyl€h&rpe (2004), are
completeness (the measure of inclusion or exclusfotems from the database),
thematic accuracy (the accuracy of the values obates), temporal accuracy (the
accuracy of the values of time-related attributes), ansitippal accuracy (the
accuracy of values of geographic position) are componésta quality.

Methods are other GIS components that must be mentidnedccessful GIS
operates according to well-designed plans and business methbid$, are the

models and operating practises unique to each organization.
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2.2.5 Functions of GIS

GIS functions can be summarized as data managemeiat &dgquisition and
editing, data compilation and data storage, data relyida#a input and conversion,
query and analysis and visualization. In this study Giktions are classified as
main functions and analytical and operational functibmghe main functions of GIS
category, data management, data input and conversion @o@lization are
discussed. In the analytical and operational function$&Gkd category, queries,
spatial analysis, network analysis and statisticalyaisaare examined.

2.2.5.1 Main Functions of GIS

For small GIS projects it may be sufficient to stgeographic information as
simple files. However, when data volumes become lamy® the number of data
users becomes more, it is often best to use a DatMmssgement System (DBMS)
to help store, organize and manage data. DBMS is a tofleof software
programmes that simplify construction, organizatiooyaie and manipulation of

data base for various applications.

Data compilation is pulling together all of the spa#ial attribute data that are to
be stored in a computerized format within the GIS. Dataoaganized to maximize

efficiency and minimize storage space.

Data input is the process of converting data from itgiagisorm to one that can
be used by the GIS. It is the procedure of encoding dataaimtmmputer-readable
form and writing tha data to the GIS database. Datanmlogue (non-digital) or
digital form need to be encoded to be compatible witiat& being used. Analogue
(non-digital) data are normally in paper form, and inclydger maps, table of
statistics and printed aerial phtographs. To use thdserda GIS, all of them need
to be converted to digital form. Thus data encoding ancecton procedures are
longer than those for digital data. Digital data mreomputer-readable formats and
are supplied on disk or CD-ROM, or across a computer nktvixtap data, aerial
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photographs, satellite imagery data from automatic ddtection devices, such as
GPS, are all available in digital form (Heywood, Gelius, & Carver, 2002).

Spatial data, can be obtained from many different ssurcdifferent formats, and
can be input to GIS using different methods. Data candzdent from paper maps or
digital images (aerial photograph or satellite imdgBaper map can be converted to
a digital file with digitizing tool, or scanned to amsputer. Data can also be directly
input to GIS from field equipment such as GPS. All dzgig process also served by
GIS software for digital or scanned images. There averal methods to get data
into a GIS. These include, keyboard entry, digitizingnsing and electronic data

transfer (Heywood, Cornelius, & Carver, 2002).

Keyboard entry is the entry of data into a file abenputer. For example, suppose
we have data about hospitals in particular region. Bopdiad data (locations of the
hospitals, postal codes, etc...) and attribute data (beditgpaddresses of hospitals,
etc...) can be entered at a keyboard. Although typograhicalscare very likely, for
small numbers of hospitals it is a manageable tagkele were large numbers of
hospitals, alternative methods such as text scanndrefaical character recognition
(OCR) software can be used to read in data automaticgliybute data that is in a
digital format are linked to relevant map features he spatial database using
identification codes. These are unique codes that laeatdd to each point, line and
polygon feature in the data set. The coordinates of $jatidies can be encoded by
keyboard entry. When there are large numbers of coordiraatd features to be
encoded it is more common to use manual or automatitizdig (Heywood,
Cornelius, & Carver, 2002).

Before geographic data can be used in a GIS, the databecsinverted into a
suitable digital format. The process of converting ditan paper maps into
computer files is called digitizing. Data are converteé tdigital form that can be
stored and processed by computers. Some land surveying iestsuracord data in
digital form. If we collect data from aerial photoghs, satellite images special
equipment has to be used to convert analogue graphicsited data. Data can also
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be imported from other systems, often requiring the hefprafat converter to make
it compatible with data in your system. Modern GIS tedhgy can automate
digitizing process by using scanning technology for large pjdey using a
digitizing table for small projects. Today many typeg@bgraphic data already exist
in GIS-compatible formats (Lo&Yeung, 2002).

Manual digitizing is the most common method of encodpefial features from
paper map. It is suitable tehnique when a selection ofiresatis required from a
paper map. It is also used for digitizing feauters from Hcafmy aerial photograps.
This technique requires a table digitizer linked to a compwtakstation. When
large numbers of complex maps need to be digitized #arnative method,
automatic digitizing, can be used. Scanning is most commoséd automatic
digitizing technique. It is an appropriate method of data é@ngowhen raster data
are required. A scanner is a hardware that convertsadmgae source document into
digital raster format (Heywood, Cornelius, & Carved02).

If a digital copy of data is available in a form comphtiwith GIS, the input of
these data into GIS is a question of electronic datlaster. After the process of
digital data tranfer data conversion has to be done. Wath conversion data are
changed to a suitable format that can be used in G&strBhic data tranfer is an
appropriate method of data encoding where the data atlalde in digital form in a
format compatible with GIS. However, when the dataratin a compatible form
with GIS it is necessary to encode data using electtoamsfer. So it will be needed
to transform or convert data to an appropriate foridaist GIS software packages
allow conversion of data from a number of differneinfats (Heywood, Cornelius,
& Carver, 2002).

Data input and updating are the most expensive and time-congspart of any
GIS project. Approximately 80 per cent of the duration ohyntarge-scale GIS
projects is concerned with the data input and manageentvMood, Cornelius, &
Carver, 2002).
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Data management functions in any GIS facilitate storagganization and
retrieval of data using a DBMS. An ideal GIS DBMS skoptovide support for
multiple users and multiple databases, allow efficigmlating, minimize repeated
information and allow data independence, security and itye@ne of the major
advantages of GIS has been their ability to store atebrate different data sets
within a single system (Aronoff, 1995; Birkin, Clarke, &&a & Wilson, 1996;
Heywood, Cornelius, & Carver, 2002).

Data manipulation tools include coordinate change, projectend edge
matching, which allow a GIS to reconcile irregularitiestween map layers or
adjacent map sheets called, tiles. Data manipulatiorctin determines the
information that can be generated by the GIS (Arori®g5).

Because of the problems encountered during data encodwguld be unwise to
expect GIS with error-free data. Data may include erdersved from the original
source data and the errors introduced during the encodingsprodee process of
intercepting errors before they contaminate the Gl8hdae and go on to propagate
the higher levels of information that are generatekinewn as data editing. Most
GIS packages provide a suite of editing tools for identibceand removal of errors
in data. Errors in input data may due to errors in the sod@ta, errors result from
encoding or errors done during data transfer and conwerBar example, during
encoding a range of errors can occur, such as opergtpirg mistake in the case of
keyboard encoding; wrong line encoding by an operator duigitzthg; loss of
data during data transfer (Heywood, Cornelius, & Car2@0R).

Corrections of these errors can be done interactlwelhe operator on-screen, or
automatically by the GIS software. However, visual panson of the digitized data
against the source document, either on paper or on thputer screen is a good
starting point. This will display omissions, duplicaiso or erronous additions
(Heywood, Cornelius, & Carver, 2002).
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Retrieval functions on the spatial and attribute daalve the selective search of
data without the need to modify geographic location ofufes. Data are retrieved
from the database for use in other operations. Retrisval/oked by user entering
search conditions that could include spatial and non-$gattaibute) components.
The retrieved data can be presented in a tabular foomdata may be retrieved
according to their location on a map layer (Aronoff, 19REynhans, Coppin, &
Queen, 1999).

Query provides a way to retrieve user-specified data fihe database. When
map data are graphically displayed on a computer monitar pibssible to select a
specified area and examine it visually or analyticallyjnore detail. This function is
known as windowingThe elements found in the windowed area can be extracted
and set aside on a new layer. Windowing allows for feat@lysis of the smaller,
selected data set (Kleynhans, Coppin, & Queen, 1999).

Classification and measurement are also among maitidasof GIS.The sets
of elements which are retrieved can be assigned clasesnd hese classes names
can be stored as attribute data. This new class desigrezn be used to select
requested data. The procedure of identifying a set of feadarkslonging to a group
is named as classification. If for example clasatian is done for land cover, the
class names might be forest land, agricultural land, ruréseas, and so on.
Classification of spatial phenomena requires interpogt@and coding of many types
of data commonly found in maps, aerial photographsatellée imagery so that
these data types can be stored and used in GIS. Clagsifisaimportant because it
defines patterns. One of the important functions of SI$ assist in recognizing
new patterns. These patterns might be areas ofttheith the highest crime rate or
areas of forest land suitable for timber harvest (Afpr1995; Kleynhans, Coppin, &
Queen, 1999).

Determining the length of a river or the area of forgsind are examples of
measurement problems. With a GIS both simple and compd@surement functions
can be performed. However, it is possible to obtain iffe measurements
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depending on the type of GIS used (raster or vector). Wiegslengths, perimeters
and areas is a common application of GIS. For exarapéry service in local
government needs to measure lengths (of roads, safesrtmtschools, etc.),
perimeters (of boundaries), and areas (of buildingmmhg application sites, etc.).
By using GIS, these calculations are both much quicker @ore accurate.
Furthermore lengths and areas data can be storedibsta#iin a database and need
to be measured only once. Beside this spatial data caonverted from one unit of
measurement to another in a GIS. Lengths captured innfegtbe converted to
metres, acres to square miles or hectares, and s&itiayle & Thorpe, 2004;
Kleynhans, Coppin, & Queen, 1999).

At the end of the geographic operation outputs are bestlizstizas a map,
tables, geographical summaries or reports, text eithearah-copy (such as paper) or
in soft-copy (electronic file) format, graph. The sopib&ion of GIS software and
the output capabilities of the hardware/software systlstermine quality and
diversity of options that will be generated. To gereigriaphic output, generally in
the form of maps, a GIS must have a wide variety of syrahd format options.
Most systems offer various symbols for representing ggdgecal phenomena, as
well as text options for labeling output. Geographical taltllar summaries are
common types of GIS output. Because these summagelaged on map analysis
they differ from summaries generated by traditional lakga query (Kleynhans,
Coppin, & Queen, 1999).

2.2.5.2 Analytical Functions of GIS
Data analysis is very important in transforming data information and in all
GIS packages there is several functions available tohésetanalysis. The main

difference between GIS and mapping is that GIS’s aliditgo query and analysis.

Spatial analysis function distinguishes GIS from othges of information

systems. These functions use spatial and attributetalaaswer questions about the
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real world. The power of a GIS lies in its abilitydoalyze spatial and attribute data
together (Aronoff, 1995).

Analytical functions of GIS that will be handled indlsection are:

Performing queries on a database
Proximity analysis

Integrating data using map overlay
Network analysis

Statistical analysis

Surface analysis

GIS offers many query and analysis tool. For examplend wanted the GIS to
show all of the cities with a population of at leAge hundred thousands in Turkey,
GIS’s query capabilities can be used; it would highlighbathe cities meeting that
criterion. This simple query would allow one to see thstribution of highly
populated states in Turkey. Are they concentrated inticplar part of the country,
or are they spread out? This is the kind of spatial qunatyGIS provides an analyst.

Other tools allow the user to click on a data poiradoess all of the data linked to
that point in the original data table. For example, dlatabase of student information
is geocoded and mapped, it is possible to click on a poititeomap and retrieve all
of the data relating to that student in the original datde. Furthermore GIS can
also show patterns or relationships that might be cdetea data tables. For
example, a map created in a GIS could show that madatiiee most common across
the particular river in the country, or conditionrofad is switching to the forested
area in a city (Jardine & Teodorescu, 2003).

Performing queries on a database is an important parGI& analysis.
Presentations of the current data (such as, map oést farea), pattern in the current
data (such as, all parcels valued at over $200.000) and a jmredittvhat the data
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could be at a different time or place (for example, ptedj the areas that will be

affected in the flood case) all are answers providedIBy(&ronoff, 1995).

Queries that can be done with GIS can be summarizedllas'$ (Jardine &
Teodorescu, 2003; Kleynhans & Queen, 1999; Lo & Yeung, 2002):

Location: What is at a given locatioihis question seeks to find out what
exists at a particular location. A location can becdbed as a place name
or address. Mapped data primarily indicate where objectioeaged but
cannot explain why. For example, an aerial photographshaw that an
eucalyptus are growing in certain sections of a nurserycdmit explain
why the species doesn’t grow well in other areas. But &i8ysis may
show relationship between tree growth, soil type andiablai water by

simultaneously examining computerized tree, soil and meishaps.

Condition: Where does something occur? Using spatial sisalghis
guestion seeks to find a location where certain comditave satisfied (e.g.
an unforested section of land at least 2000 square metsizeinwithin
100 meters of a road and with soils suitable for suppoltinigings).

Patterns: What a spatial patterns exist or mapping whergs are? This
guestion might be asked to determine whether cancemaj@ cause of
death among residents near a nuclear power statiomapping where
things are, maps are used to identify individual featurde ok for the
pattern in the distribution of features. For examplee could see whether
the rising average price of housing market nearby univesiimpeding
students from living close the campus. Spatial analyst& patterns in
mapped data. They want to know if two or more eventsgehamilarly in
space. For example, they may want to know if therpragortionately
small number of accidents on gravel roads than on oclags: If so, other
guestions, such as which stretches of roads are thenawmtdous, may be
asked.
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Modelling: What if ...? These type of questions lead tanade building in
GIS and are posed to determine what happens, for exafaleew road
is added to a network, or how will traffic be affected® what would
happen to coastal areas if global temperatures increfisedce caps
partially melted and sea level rose? Here the usezagih model designed
to forecast and map the potential impact of climationgka on sea level
in coastal areas. Application of such a model alldvesuser to generate a
hypothetical situation and forecast the outcome.

Mapping changeBoth one’s perception of the world and the world itself
are constantly changing. GIS allows analysts to mangihg conditions

in a place over time. Analysts want to map how muchaav fast a place
has changed. Rather than mapping the conditions at twes,tithey
usually calculate the difference between the values déature. The
magniude of change can be expressed as an amount, ortapgecdfor
example, an analyst may study the relationship betwkanging land-use
practices and settlement law changes over many ye&s$S Aan perform
these temporal analyses by storing and comparing mapsdvffienent
dates.

With GIS both spatial and non spatial query can be pedd. Nonspatial query
involves questions about the attributes of features. Fampbe the question
concerning type of schools is a nonspatial query becausemntie question nor the
answer requires analysis of the spatial data compoBanthe question like, ‘Where
are the forest areas i@mir?’ is a spatial query because this requires information
about ‘where’ and the location of forests will be rgpd and could be presented in
map form. Moreover, users can query a map on the compateen or browse
through databases. Queries that satisfy two or morabkaatl nonspatial criteria can
also be done, such as, ‘Where are the forest areah e more than one hundred
animal species in Canada?’. Queries can be made mordesobyusing boolean

operators, such as, and, not, or.
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Proximity is a measure of distance between features.commonly measured in
length units but can also be measured in other units.der @ measure proximity
four parameters must be specified: target location (e.groad, a hospital),
measurement unit (e.g. distance in meters, travel timeimutes), a function to
calculate proximity (straight line distance, travehe), and the area to be analyzed
(Aronoff, 1995).

Buffer zone generation is one type of proximity analy8 buffer is an area that
is created around a spatial feature. It is a zone wé#peaified width surrounding a
spatial feature. This feature can be point, line oygmt. That is a buffer zone is an
area of specified width drawn around one or more mapeglitsnBuffering is the
process of creating areas of calculated distance & @uint, line or area object and
is used to identify a zone around an entity, or set tifies) For a point buffer, it is a
circle with a specified radius drawn surrounding the pdiot. a line buffer, it is a
band with a specified distance created on both sidd®dine. For a polygon buffer,
it is a belt of a specified buffer distance from ¢uge of the polygon surrounding the
polygon and conforming to its shape (Heywood, Corne8u§arver, 2002; Lo &
Yeung, 2002).

In the raster data model, the concept of spatial feataes not apply because
individual features are not represented as independentlyfidile entities, but as a
collection of contiguous raster cells having the sanwbaté values. Therefore in
raster-based data a buffer is defined as the rasterticallsire at a specific distance
from a particular cell or a cluster of cells (Lo & ey, 2002).

Like its raster-based counterpart, vector-based bofers used primarily for
neighborhood analysis that aims to evaluate the cleistecs of an area surrounding
a specific location. The objective of buffering isdelineate concerned area for a
neighborhood analysis to search spatial features #ilatinside or outside of
interested area and analyze their spatial patterns patals relationships.The
guestion like, which hotels are within 200 meters of a maad @y how many houses
are within 400 meters of a proposed incinerator outlet dmat are their addresses,



43

can be approached by producing a buffer zone that identifidand up to 200
meters from the main road or all houses within 400 meterscmerator. Or buffer
zone can be generated around forest areas where loggiog permitted (Aronoff,
1995; Gilfoyle & Thorpe, 2004; Heywood, Cornelius, & Carver, 2002)

Figures 2.9 and 2.10 show examples of query and bufferingatipes,

respectively.
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Figure 2.10 Buffer zone generation that identifies @hsrup to 500 meters along Karagay Stream

in zmir Forest Administration Chief Office Forest Boundifap (Source, Author).
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It is stated by Heywood, Cornelius, & Carver (2002) thahges the key GIS
analysis function is the ability to integrate datarfrtwo sources using map overlay.
With GIS it is possible to take two different thematiap layers of the same area
and overlay them one on the top of the other to forrava layer.

Map overlay has many applications. In visual overlayingp meerlays can be
used for the visual comparison of data layers. Visual ayerllow the user to view
spatial relationships between the various layers in grapfion rather than seeking
specific mathematical relationships. The visual displaythese overlays doesn’t
create a new layer in the database, it simply providesl/cues of the relationships
between them. For example, results of the hotel queviere are all the luxury
hotels?’ may be overlaid on a map of road network to gweesspatial context to
the results. In this case no new data are generateav@dd, Cornelius, & Carver,
2002; Kleynhans & Queen, 1999).

GIS can build map layers and evaluate relationships batwesan. Arithmetic
and logical overlay operations are part of all GIS packageithmetic overlay
includes addition, subtraction, division and multiplicatof each value in a data
layer by the value in the corresponding location in arsg¢dayer. These arithmetic
operations are done to combine two or more map layelsgiéal overlay involves
finding those area where a specified set of conditoaesir (or don’t occur) together.
For example, desirable areas for cottages might be dedméabse areas that have a
forest vevetation cover, have well-drained soils anck lasouth-facing exposure. If
vegetation, soils and exposure are represented as segatatéayers in GIS, to
identify locations where these conditions occur togethiergical overlay operation
can be used (Aronoff, 1995).

Logical overlay superimposes layers using logical functems store the results
in the GIS database as new layers of data. The nmedhijp is determined by
combining various data layers to create a composite datBecause the layers have
already been registered, they can be accurately ptaegdone another. In a typical
GIS, the analysis may require that data from existygrs be combined to create
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new data or map layers. For example, streams (liaed)deer sightings (points) can
be combined with forest stands (polygons) to cretae adaabase that reveals the
spatial relationships between all three in the fornhabitat quality (Kleynhans &
Queen, 1999).

Another analytical function of GIS is network anadysin the context of GIS a
network is a set of linear features that are interattede and are commonly
constituted to evaluate alternatives for the purposeuéroptimization and resource
allocation. This means locating the best route betwwe points (e.g., timber
transport routes) or selecting service zones (e.g., sSEwice zones). Common
examples of networks include highways, railways, riveiasportation routes and
utility distribution system (e.g., electricity, telepi®y water supply). There are
several network-type problems, including identifying shortedtgpdtavelling sales
person problem, allocating modelling and route tracing.eikample an analyst may
concern with the finding the shortest route from ftation to fire sensitive areas,
routing waste collection vehicles and so on (Heywood, €limsy & Carver, 2002;
Kleynhans & Queen, 1999; Lo & Yeung, 2002).

Route optimization applications range from emergeancying of ambulance, fire
and police vehicles to routing of bus services, mail dglieaxd municipal garbage
collection. A common resource application is the donsof of metropolitan area

into zones that can be efficiently serviced by police fire stations (Aronoff, 1995).

Basic components of network analyses are summarizéddnoff (1995) as:

A set of resources, such as goods to be delivered

One or more locations where the resources are lbcstieh as warehouse
wher the goods are stored.

A set of constraints that limit meeting of an objeetivsuch as the

maximum speed that vehicles can travel.
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In the context of surface analysis the term digéedain model (DTM) and digital
elevation model (DEM) must be explained. DTM and DEMehaeveloped that
refer to digital elevation data and its derivativesGlis topography of land surface
can be represented by digital elevation data. The tepugraphy refers to the
surface characteristics. The topography of a land afeesr® the hills, valley and
plains of which it is comprised. Digital elevation data a set of measurements for
locations distributed over land surface. They are useshétyze topography of an
area (such as, surface features). Digital elevation degaused in engineering,

planning and military applications (Aronoff, 1995).

DTM is used to explain a digital data set which is usednbdel a surface
representing height data. That is, it is a digital maddbpographic surface using
height, slope, aspect information and other topographitifes. To model a surface
accurately it is necessary to store an infinite nunab@bservations. Because this is
impossible, a surface model approximates a continuous sudagga finite number
of observations. Thus an appropriate number of observatiorss beu selected,
together with their geographical location. DEM is a dé¢acontaining an array of
elevation values (Aronoff, 1995; Heywood, Cornelius, & @ar2002).

The two terrain parameters commonly used are slopesgatta Slope is the rate
of change of elevation. It is the steepness or gradi€at unit of terrain, usually
measured as an angle in degrees or as a percentage. ispedirection that a unit
of terrain (or surface) faces, and expressed in degress the north (Heywood,
Cornelius, & Carver, 2002).

One of the common uses of DTMs is visibility analysigjch is an identification
of terrain areas that can be seen from a partiqudamt on a terrain surface. For
example, visibilty analysis could be used to determiserteareas that would be
visible from the top of the proposed new ski piste. Bibility analysis, location of
the observer is connected to each possible targetdaaatithe terrain (i.e., a line is
drawn from the observer at the top of the ski pistalltother locations in the area).
The line is followed from each target back to obseregking for the locations that
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are higher. Higher points will obscure what is behinarth€hus through line tracing
viewshed map, a map resulting from a visibility analysigwang all the locations
visible from a specified viewpoint, can be built (Heywlp&ornelius, & Carver,
2002).

Statistical analysis can also be done with GIS. Do statistics can be used to
describe distribution of spatail phenomena. For exanaphestogram may be used to
show the distribution of land parcels with differentesizPrescriptive statistics are
used to ask ‘what if?’questions. They help with the preahctif what might happen
in a particular situation. Predictive statistics asedito look at relationships between
spatial phenomena. For example, to look at relationfigpveen altitude and
vegetation type regression analysis might be used. Gpligal datasets of altitude
and vegetation type can be overlaid in GIS to provide atesplot of paired
observations that show the relationship between deperdgable (vegetation) and
the independent variable (altitude) (Heywood, CorneduSarver, 2002).

Figure 2.11 shows calculated statistics of selected comeattin zmir Forest
Administration Chief Offices.
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Figure 2.11 Statistical information of compartment #2@mir Forest Administration Chief Office
(Source, Author).
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Other functions of GIS can be summarized as, transfoom between map
projections, edge matching, Thiessen polygons, interpolatiealassification,

viewshed analysis.

2.2.6 Importance of GIS

GIS has not only made the production and analysis of geligranformation
more efficient, it is changing the way geographic infaiomais perceived and used.
It is a technology that makes geographic data more est®lged by the user into

form best-suited to the application at hand (Aronoff, 1995)

GIS stores information about world as a collectionhaginatic layers that can be
linked together by geography. This simple but extremely palenid versatile
concept has proven invaluable for solving many real-world prabitom tracking
delivery vehicles, to recording details of planning applicat{®asg, 2001)

Figure 2.12 Different thematic layers (LaR@01).

Figure 2.12 shows different thematic layers. By overlagingets, buildings and

customers we obtain reality.
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As stated by Aronoff (1995), the traditional map is likenapshot of geographic
data from which it was compiled. It represents a $ejemgraphic information,
usually at a single point in time. The map is updated e¢gnent intervals, because
of the time and cost to produce an updated version. IrBaté¢ storage of the data
is independent of mode of presentation. The physical mapnies a relatively
inexpensive output product that can be generated quickly atmhaaed for a single
application. In addition, geographic database used to proth&cemap can be

continuously updated.

Unlike to a paper map, a GIS map can combine many layardoomation. To
use a paper map, all we must do is to unfold it. Thescare represented by little
dots or circles, the roads by black lines, the mountaikslegtiny triangles, and the
lakes by small blue areas. As on the paper map, a digéplcreated by GIS also
have dots, or points that represent features on thge suah as cities; lines that
represent features such as roads. The differencet ihihanformation comes from a
database and is shown only the user chooses to show it.

In GIS the database stores where the point is located tlie long road is, and
even how many square miles a lake occupies. Each piaoonation in the GIS
map bases on a layer, and the user turn on or ofajfeed according to their needs.
One layer could be made up of all the roads in an &mather could represent all
the lakes in the same area. Yet another could repralsém cities.

With GIS we can turn on or off map layers accordingup murpose as shown in
Figure 2.13 and Figure 2.14. In Figure 2.13, there are three,|N@k&, Tepe and
Bdlme S nr. Supposing that researcher is interesedepe Tand Bolme S nr and
wants to see only these layers. When Nokta layewunset off Figure 2.14 is
obtained.
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GIS integrates spatial and other kinds of informatigthin a single system. By
putting maps and other kinds of spatial and non-spatialné#tion into digital form,
GIS allows us to manipulate and display geographical krigelein new and
exciting ways. GIS make connections between activitiesedaon geographic
proximity. Looking at data geographically can often suggest mesights,
explanations. For example we can link toxic waste recuwitls school locations
through geographic proximity. Furthermore site selection phareecan also benefit
from appopriate use of GIS. Classification function dSG3s one of the GIS
capabilities for searching suitable sites (Lang, 2001; \saaManoliadis, 2002).

Main difference between GIS and computer cartography is phenary goals.
Computer cartography has a primary goal of producing mapstei8y have
advanced tools for map layout, placement of labels, lsyg#éol and font libraries.
However it is not an analytical tool. Therefore unldata for GIS, cartographic data
does not need to be stored in ways which allow, for elgmanalysis of
relationships between different themes such as popula@msityg and housing

prices.

Rather than locking researchers into a single repraisemt GIS could serve as a
toolkit for estimating and exploring alternative geograpkjgresentations and their
analytical possibilities for a given geographic phenomeaorproblem. Spatial
analysis capabilities of the computer based GIS distihguisom related graphics-
oriented systems like computer-aided design and drafting.afhlysis of complex,
multiple spatial and non-spatial data sets in an intednaanner constitute the major
part of a GIS’s capabilities. This function can notdome effectively with manual
methods or with computer-aided design and drafting systanosioff, 1995; Miller
& Wentz, 2003).

Stated by Longley (2004) that, the wide adoption of GIS madditional
procedures of two dimensional paper map production obseleteplgcing paper

base mapping with digital framework data. But a GIS aerthan digital encoding
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of paper maps. It has profound effects through spatial sisalglS also take into

account digital representation across time and space.

2.2.7 Application Areas of GIS

Human societies have become increasingly dependentefionibll-being on the
ability to collect and analyze geographic information. Ta@rld becoming more
crowded and resources are becoming scarcer. A new uubdlivision or a waste
disposal sites are projects scrutinized by diverse regulaggencies and frequently
subject to public opposition. At the international scaleclear fallout, acid rain,
toxic chemicals and deforestation have become widedggmzed problems that
direcly affect economic and social well-being of thebgl human population.
Geographic Information Systems are a powerful resource aftalyzing the
interrelated systems involved in these types of problefhey provide flexible
methods for exploring relationships among geographic datstiagsexperts from
diverse fields in gathering their knowledge to solve cemproblems (Aronoff,
1995).

Although GIS have been used for several years in theatagsources, forestry
and environmental studies only recently they have begun tesdud for a broader
array of business and management functions such &tidsg site and facilities
management, marketing, decision making and planning. Therrdasinesses and
public sector organizations have begun to use GIS is, mutie afata used by them
include significant spatial component. Because of thisoreaan increasing number
of businesses have begun to make substantial use of GEs Variety of routine
decision support and analysis applications (Mennecke, 1997).

The use of GIS as a management tool has increased dgpiecthe late 20th
century. GIS has facilitated procedures which are once hsodee by simplifying
exchange of data, spatial data management and modelling.
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Some of the application areas of GIS are summarizaddyyood, Cornelius,&
Carver (2002) and Lo & Yeung (2002) as follows:

Socio-economic/government activity applications:

Federal government- national topographic mapping, resoumce
environmental management, population census, election aind.vot
State/provincial government- land and resource managemeyhywvay
planning and management.

Local/municipal government- land registration and propagdgesment,
water and wastewater services.

Health

Local government

Transport planning- roads selection for goods delivery, pubdnosit,
vehicle tracking

Urban management

Commerce and business activity applications:

Market share analysis

Banking and insurance

Real estate- sales and renting services, building mamagem
Direct marketing

Target marketing

Retall site selection
Environmental management:
Landfill site selection

Mining and mineral exploration

Pollution monitoring
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Forestry- forest resource nventory, harvest plannirig]ife management
and conservation

Flood plains management

Agricultural land management

Water quality management

2.3 GIS as a Decison Support System

A Decision Support System is commonly defined as comppigication which
‘...assists management decision making by combining data, soatest analytical
models and tools, and user-friendly software into alsipgwerful system...”. DSS
have proven helpful in a wide range of fields, includingibess planning, medical
diagnosis, and transportation (e.g. our air traffictansystem). In the forestry
sector, they have been used extensively for timber sarse&heduling (Gordon,
Johnson, Reynolds, Crist, & Brown, 2004).

The ultimate objective of a Decision Support System (DS%o assist decision-
makers (e.g., managers, planners, public officials, ssisnand the general public)
in planning and the decision-making processes by giving theialecmsakers useful
and scientific information. A DSS may consist of antner of subsystems, each with
a specific task. In forest ecosystem management (FENDSS may contain a user
interface, database, geographical information system )(Gk8owledge base,
simulation and optimization models, data visualizatiosh decision methods (Potter,
Liu, Deng, & Rauscher, 2000).

Thousands of new GIS-based systems have and are burpentg installed.
Many of them are playing an important role in decision mglat various level, both
in government and private organizations. Decision making égerplex process,
influenced by several factors. GIS applications cammake decision for people, but
it is able to provide many simulated results, that cdp tlee decision makers to

make the decision and answer some of the questions sbheh, 1997):
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Where is the most polluted area in the Industrial Arehleow much is the
total?
Where is the exact location of the polluted rivers adl iof factory along

the river?

By looking at these questions we can see the importdes played by GIS
technology. The main advantage of GIS is its abibtynanage and integrate with the
existing database. Therefore, at any time it is possibsee not only spatial data but
also databases.

GIS is gaining importance and widespread acceptance asldot decision
support in land, infrastructure, resources, environmental mamageand spatial
analysis, and in urban and regional development planniiid. thé development of
GIS, environmental and natural resource managers increabingg at their disposal
information systems in which data are more readilysitde, more easily combined
and more flexibly modified to meet the needs of envirortaleand natural decision
making. Thus the decision process is expected to be bdttened (Sharifi, 2002).

GIS help decision makers by gathering small pieces ofmdtion as a whole and
showing them the big picture. In this regard GIS can be aset decision making
tool. GIS combine and analyze data from a wide range tdrelift resources. The
integration capability of GIS allows to pull togetherfeliént datasets and to create a
complete picture of a situation. This enables organizatimn make better and
informed decisions based on all relevant factors. Aportant benefit of GIS is its
ability to integrate and analyze spatial data to supporsidecmaking process. The
use of a common database in GIS eliminates the diffesemt presentation,
evaluation and decision making based on using differgrestyof data (Shamsi,
2005).

GIS related research is beginning to make an appearanaendgrences
associated with DSS. For example a GIS based sessiorganized at the annual

Hawaii International Conference on System Scienaesynference associated with
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DSS rather than GIS based applications. There isastrg evidence of interest in
GIS at Operations Research conferences, where applisantegrating GIS and
Operations Research techniques are discussed. Acadamalf associated with
the DSS field are beginning to publish GIS related papensekample a recent
paper by Crossland, Wynne and Perkins (1995) presented empiridahce of the

usefulness of a spatial approach to decision making. &lfiques are beginning to
have an impact on DSS applications. The survey by Eag, dnd Kim (1993)

identified marketing and routing as important areas of B3ication. These fields
are recognised as areas of GIS application. Figure 2.159D88 concept (Terfai &

Schrimpf, n.d.).
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Figure 2.15 Decision support system concept (Terfaci&impf, n.d.)

2.4 Fundamentals of Remote Sensing (RS)

Remote sensing (RS) is the analysis and interpretativnages gathered through
techniques that don't require direct contact with thgjesti. It can be defined as the
science of deriving information about an object withautially coming into contact
with it. Remote sensing may also be defined as the dwieatecognition, or
evaluation of objects through distant sensing or recordigwces. In this definition
the most striking features of remote sensing are theecsiown of the collected data
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to information and data interpretation which are represkrty the words of
‘deriving information’ and ‘detection, recognition or evdloa’. As stated by the
developers of remote sensing, it is both technology aathadology. The term
remote sensing is strongly associated with Earth-vibgeisatellite technology. In
general terms, remote sensing include all sensing witardighistruments Remote
sensing uses aerial or space photographs, electronic szamik other devices to
gather data about earth’s surface and subsurface. lfaghéwo decades remote
sensing has utilized digital techniques for collecting anctgssing spatial data.
Remote sensing products have provided important input to gdogrimformation
systems (Antenucci et al., 1991; Franklin, 2001).

In the definition of remote sensing two different atida are involved. One of
them is data collection by sensors designed to detectr@magnetic energy from
positions on ground-based, aerial and satellite platfofims.other is the method of
interpreting those data (Franklin, 2001).

As stated by Lo & Yeung (2002), remote sensing is not onlyta callection
process but also data analysis. In data analysis #nerenethods and processes to
extract meaningful spatial information from remotasieg data to be direct input to
GIS. The advantage of remote sensing is its ability twigeobird’s eye view or
synoptic view of study area. But adoption of remotesisgndoesn’t eliminate in situ
data collection, it only helps minimization of in situtal@ollection. Because in situ

data collection is needed to verify accuracy of remetsiag data collected.

Remote sensing systems can be classified as passivetarel Rassive remote
sensing systems sample emitted and reflected radiatbom dround surfaces when
the energy source is independent of the recording insttu@amera is the example
of passive remore sensing and without illumination fraengun no photographs can
be taken with camera. On the other hand active resmitging systems can send out
their own electro magnetic radiation at a specified@length to the ground and then
sample the portion reflected back to the detecting devisem dhe example of
imaging radar (Lo & Yeung, 2002).
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Lo & Yeung (2002), mentioned that passive remote sensingnsystan be
further subdivided into analog and digital types. Aerahera, which can produce
high quality aerial photographs for topographic and themaiapping at varying
scales, is passive analog remote sensing system. Adrdbgvaphs are very
important source of data for GIS applications. Passyieatiremote sensing systems
contain multispectral scannsers, linear and area arragnnecs and
spectroradiometers. But digital cameras are not commasdgd in aerial
photographic missions for topographic mapping purposes bedausarnera format
is smaller and spatial resolution is much poorer thanettudisthe analog aerial
cameras.

Remote sensing systems can be classified on the agmeaf imaging platform
used. Both aerial and space platforms have been useddm geographic data.
Aerial platforms utilize small aircraft while spaceatibrms include space shuttles
and satellites (Lo & Yeung, 2002).

2.4.1 Growth of RS

The development of remote sensing as we know it todaynbegih aerial
photography. The term remote sensing was coined by geograpliees Office of
Naval Research of the United States in the 1960s. érsd@b the acquisition of
informaton about an object without physical contact. Géren usually refers to the
gathering and processing of information about Earth’'s emwiemt, particularly its
natural and cultural resources, through the use of photagrapth related data
acquired from an aircraft or a satellite (Lo & Yeung, 2002).

The remote sensing technology originated from interpoetatof aerial
photographs. Aerial photography was the first method ofote sensing and
interpretation of aerial photographs had been operatsmee the First World War.
Aerial photography is the capturing of images from a mosiabove the Earth’s
surface, without contact with the interested obje¢ts & snapshot of the Earth at a
particular instant in time and differs from a map, whigla model of the Earth’s
surface and contains only a selection of data. Aehakggraph contains mass of
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data and to make effective use of information portrayedust be interpreted. In
1968 aerial photointerpretation drew attention of scéntn many disciplines and
this young science was sharply challenged. New imageadysansing techniques
emerged based on various computer technologies, engineersigngeand
developments in sensor science. The use of termteesemsing began as a way of
describing some of the new imagery and analysis techniquesreat@longside
aerial photography (Franklin, 2001; Heywood, Cornelius, &€a 2002).

The use of aerial photography allows the collection afa dadescribing the
continuous change in phenomena from one place to andthisr.type of remote
sensing relies on the use of aircraft to carry a phafuc device designed to sense
and record portions of electromagnetic spectrum. The may abstract information
on land use, vegetation type, moisture or heat levadsher aspects of the landscape
from the photograph. Aerial photograhs are useful @afhe in monitoring change
because repeated photographs of the same area areshglatéxpensive and they
are valuable data source for GIS because of their widalaility, low cost
(compared with other remotely sensed images), wide amasyitime-freezing
ability and three-dimensional perspective (DeMers, 199%wded, Cornelius, &
Carver, 2002).

Aerial photography has been generally used to coveradl area such as a county
area for map revision purposes. The photographic scalkually large, not smaller
than 1: 25.000 (Lo & Yeung, 2002).

Another type of remote sensing is satellite images. kdndierial photography
satellite images cover a very large area in very sseale and hence revealing large
spatial patterns in the landscape. Satellite imagesdlected by sensors and then
sent to Earth as a series of electronic signals.eraeg large numbers of satellites
orbiting the Earth continuously, collecting data and refgrtinem to ground stations
all over the world. Some satellites, such as Mete@satstationary with respect to
the Earth while others orbit the Earth to provide fulerage over a period of few
days, such as Landsat and SPOT (Heywood, Cornelius, ¥eC&002).
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As stated by Lo & Yeung (2002), to monitor Earth continuowsig image it
from pole to pole at a fixed interval of time, an unmanpethr orbiting satellite
carrying a digital multispectral scanner system is prefe The satellite altitude,
which determines the frequency of the repeat cycle eflsat varies from 700 to
900 km. Examples are, Landsat 1 through 3, Landsat 4 and Snastdrecently
Landsat 7 which use multispectral scanner technologybtairoimages of earth.
Each Landsat scene covers an area of 185x185 km. Unlike# péotography,
satellite images cover a very large area of Eartreny small scale and reveal large
spatial patterns in the landscape. Thus, in data colfecerial photography and
satellite remote sensing complement each other. Armemmapplication of remote
sensing images and aerial photograhs is land use and laed rnapping because
human activities are best revealed by the use of landhendhanges to the land

cover that have occured.

2.4.2 RS and GIS Integration

The success of any GIS application depends on the quatitye @feographic data
used. Therefore it is important to collect high quatjgographic data for input to
GIS. Traditionally, environmental data can be collectedctly in the field in situ
methods. This type of data collection makes use of arumsent that measures a
phenomenon directly in contact with the ground, suchhasptd value of soll, the
temperature of the water in a lake, the angle of @esl®Although human and
instrument errors occur data collected in the field aranally regarded as high
quality. In situ data collection can be expensive becdauselabour-intensive and
time consuming. The data collected from a distance ameteremotely sensed data.
Today remote sensing is the preferred method to use iioeméntal data covering a
large area are required for a GIS application (Lo &Yeung, 2002)

Most natural resource mapping is done using remote sensingl pleotographs
are very important source of data for GIS applicatid®sial photography has been
used to produce virtually all topographic maps and most fgregtology, land use
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and soil maps. More recently, airborne radar and scasai@a as well as satellite
imagery are being used for these types of mapping apphsati®Remote sensing
techniques are used extensively to gather measurementsaftitased remote
sensing measurements of gamma radiation and magnetessmsed routinely for
geological exploration and mapping. Satellite-based Bystecan measure
phenomena that cover large, inaccessible areas amgeclzantinuosly over time
(Aronoff, 1995; Heywood, Cornelius, & Carver, 2002).

The use of remote sensing data, such as satellite ireagend aerial photos,
allows to map the variabilities of terrain propertissich as vegetation, water,
geology, both in space and time. Satellite images giv&noptic overview and
provide very useful environmental information, for a widege of scales, from
entire continents to detail of a few meters. Many $yp€&disaster, such as floods,
droughts, earthquakes, etc. have certain precursors tbitesgan detect. Remote
sensing also allows monitoring the event as it occura(g, Belhadj-Aissa & Aissa,
2005).

For GIS, remotely sensed data offers many advantagss, iflages are always
available in digital form, so it is not a problem tonster them to a computer.
However, some processing is usually necessary to ensegeation with other data.
Second, there is the opportunity to process images oriftesent wavebands for the
collection of data to highlight features of particulatenest, for instance water or
vegetation. The repeated coverage of the Earth is anativantage, allowing the
monitoring of change at regular intervals. Some advantaigesmotely sensed data
for GIS applications in natural resource managemenbeasummarized as low cost
relative to other sources of data, currency of images,racy, and completeness of
data (Heywood, Cornelius, & Carver, 2002).

The need for integration is driven by the urgent necessityake environmental
choices. The complexity of environmental problems impineg there is a growing
quantity of spatially referenced information to be ¢deed and an increasing
number of factors that can and should be addressed deatingswch complex
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problems. This is where integrating different techniquesiau=t such as Multiple
Criteria Aid Decision, different types of data such &nBte Sensing Imagery Data
and Spatial Analysis can provide great assistance in undeirgja examining and
managing environmental problems and, hopefully, in leading edfittal decision
(Terfai & Schrimpf, n.d.).

As Earth changes constantly, remote sensing from an loptstiform in space
provides the easiest means to keep up the GIS databasealaie.t®Remote sensing
images and aerial photographs have to be interpretadatyzed prior to useful data
can be added to GIS database. Aerail photographs repkeseatile, detailed and
relatively inexpensive data source for many GIS applinatid-or instance, local
governments may organize aerial coverage of their @istio monitor changes in the
extent of building development. At a larger scaletpbgmaphs can be used to provide
data on drainage or vegetation conditions within indivighaatels that could not be
obtained from conventional topographic maps (Heywood, dos)e& Carver,
2002; Lo & Yeung, 2002).

The use of remote sensing as data sources is possiblinNGtural resource
analysis and environmental assesment are among remgtegsapplications. Many
natural features can be determined by various remote setesihgiques, such as
infrared photography.

As stated by Naesset (1997) that, many GIS software packagesde
procedures for raster to vector conversion and vice Vv€hgefore combined use of
remotely sensed data and vector data is possible in@&$&is a convenient tool for

merging remotely sensed data and various kinds of otherefe@nced data.



CHAPTER THREE
OPERATIONS RESEARCH AND GIS IN FORESTRY

The third chapter firstly introduces forestry and theramexes the forest
management and sustainable forest management concegdiswirkgp these
introductions forestry in Turkey is overviewed. OR applaadi in forestry are
discussed. RS and GIS integration in forestry in thdduvs examined. Finally OR
and GIS integration in forestry is discussed. Figure 3.1Inmganmes outline of this

chapter.
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Figure 3.1 Outline of the third chapter.
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3.1 The Forestry

Relation of human being with forests is as ancient aplp&s history. People
have benefited from forests over the history and use$t®to protect themselves to
shelter and for fuelwood. Because of the necessityatry ©n his life, relation of
people with forest increased gradually over time. Forpsbtside not only raw
material for wood processing industry but also habitatwidlife, resources for
water and soil conservation, oxygen and food chain. Heweforestry face
problems such as deforested areas, mismanaged foregis) Bracture and health,
nonwarrantied sustainability, decreased biodiversity, atebtructed forests.
Furthermore, global warming and environmental pollution and fE®wing
industrialization have caused deforestation process tedspe. During the period
1990 to 1995, forests area in industrialized countries increasewlgnby about
1.75 million ha. At the same time, area covered by naturaeminatural forests in
developing countries decreased every year by 13.7 millioBimang this period, the
earth lost total of 56.3 million ha of forests, 0.33 %tathl forest cover (Msr &
Ba kent, 2002).

Forest managers and policymakers increasingly are involwetdh the
interdependency of socioeconomic trends and changing tarelscapes. Increasing
human populations and incomes, people’s life-style @soiand other socio-
economic factors inevitably lead to greater demandsefsidental, commercial and
industral building sites and conversion of some forestlatal developed uses.
Resulting landscape changes can effet changes in fmeds g@nd services that are
valued by society, including long-term timber production, widhabitat, recreation
and open spaces that contribute to people’s quality of Klené & Alig, 2005).

Forestry encompasses the management of a wide ranggguwél resources. In
addition to timber, forests provide resources such asingrdand for livestock,
recreation areas, wildlife habitat and water supply ressurAs a result, the public
agencies responsible for forestry management typibale broad mandates. In this
context, forest management involves management of henyesvildlife habitat,
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grazing leases, recreational areas, minig activitielsth@ protection of endangered
species and archaeological sites. Management of fo¥sstirces is a complex task
due to their multi-functional nature. Therefore, foresinagement and planning
problems usually involve decisions, which have to be madéenptesence of
multiple objectives. Forest ecology and forest managenare dealing with
ecosystems that develop over time. Models of forest tir@amd development are
indispensable tools for understanding ecosystem behaviound#rd995; Kazana,
Fawcett, & Mutch, 2003; Mohren, 2003).

Because of the increased demand for forest products andesemulti-objective
planning is necessary in forestry. In the past foreste wenaged to produce wood
products. But management objectives shifted toward watesecaation, prevention

of soil erosion landscape conservation and recreation

3.1.1 Forest Management

Forest ecosystems exhibit complex dynamics over tintespace. Management
of forest ecosystems involves the need to forecastefidtates of complex systems
that are often undergoing structural changes. This in tequires integration of
guantitative science and engineering components with-gadikical, regulatory, and
economic considerations. The amount of data, informatrmhknowledge involved
in the management process is often overwhelming. Inegjrdecision support
systems may help managers make consistently good decis@ncerning forest
ecosystem management (Potter, Liu, Deng, & Raus2Ben).

Forest management problems are multiscale and linked tetysscneed to
measure, preserve and manage for multiple forest vdhagsilation growth, climate
change and human activities threaten the continued qatyesxistence, biodiversity
and functioning of forests. Compared to previous forest gemant approaches all
new forest management strategies will require morerdekeeping, wider access to
information and integration of new spatial informati@chnologies, such as GIS,
remote sensing, computer modeling and decision support sysaohsnajor issue
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facing forest management is collection of data andrgmetation of information
extracted from those data. Thus remote sensing informageds to be integrated
with other spatial and nonspatial data sets to fornnleemation (Franklin, 2001).

Many forest management problems are result of manadeaitaeisions applied to
small areas. But there is a need to consider mukipddes, temporally and spatially,
and remote sensing methods can provide these data. Ingré@gymentation caused
by forest harvesting activities need to be monitoredeStonate net productive area
is common problem among many timber producers. This probdenbe overcome
with multiscale and multitemporal remote sensing awcduete GIS database
(Franklin, 2001).

Most forestry legislation stipulates that forest aggment must be conducted
according to a general or strategic management plam.n€kd for a strategic or
general forest plan is a common feature of forest gemant planning around the
world (Harvey, Ngyuen-Xuan, Bergeron, Gauthier, & Leduc, 2003)

A forest management plan is a guide and a tool thattbelpake decisions, look
at options, and plan for the future. Forest managemlamning is a process that
helps to identify the resources and opportunities aveil@n property and do
planning for property. Forest management planning is a mdadsrdifying what
can be done to enhance and protect the values and aspfotsts. These aspects
might include wildlife, recreation, aesthetics, timblevestock ranching, inheritance
values, and others (Perez, n.d.).

Hierarchical approach is very efficient means in tagklvith forestry problems.
In hierarchical approach seperate, but linked, planning mottelsrporating
appropriate levels of spatial and temporal resolutionuaegl. The first step in the
process is strategic planning, involves determining the pro@uctipability of the
forest for the long term. The aim in this stage is,d&termine the kinds of
silvicultural interventions needed over time to produce aatesnix of benefits and
outputs from the forest. Details about specific laxatiof activities or operational
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details are unnecessary at this level of analysishétactical level of planning, the
analyst must rationalize long term objectives and agtsghedules with the physical
realities of forest. At this stage geographic locatidrstands becomes important.
Planning horizon for tactical planning is far shorter. Detaecome important at the
operational level of planning. At this stage scheduling oivides goes from a
periodic basis to a yearly or monthly basis and the ptanhorizon is reduced to a
few years (Walters & Feunekes, 1994).

In general, planning begins with strategic policies, gaals, objectives, which
are translated into tactical activity schedules, wimcturn are rendered into specific
operational actions on the ground. For instance, sethinglevel of the annual
allowable cut (AAC), the amount of old-growth forestdaecreational opportunity
priorities are all strategic decisions. Tactical planniages these objectives and
creates a schedule of management activities in spaoevan time that is most likely
to achieve these goals. Such a schedule will typigaithyect road building, and the
sizes, locations, and timing of harvesting activities 2— d&rg into the future. The
schedule of tactical activities is then used as the faiomd&om which operational
planners create more specific plans involving the chofdearvesting options, and
the design of silvicultural operations. Shortly, stgatdevel covers large areas and
time horizons. Strategic plans allocate resourcesdmyng land use and setting
sustainable targets. The tactical level operates withellsr areas and time frames,
such as a single watershed for 5 to 20 years. Tactiaak gchedule the order of
activities, such as harvests and branch roads. Opeahtitens are the smallest
planning unit, covering single activities for perhaps lésmtone year, detailing
exactly how activities will take place (Andison, 2003; Boyl, 2003).

3.1.2 Sustainable Forest Management

The concept of sustainable forest management (SF$Bsafrom the notion of
sustainable development that has gained increasing recogwibirldwide since the
late 1980s. Modern discussion of sustainability began witl Brundtland
Commission’s (World Commision on Environment and DeveleptnWCED 1987)
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statement, ‘Sustainable development is developmertt rtieeet the needs of the
present without compromising the ability of future generatito meet their own
needs'’. In the last decade of the 20th century, many i@rdes, discussion papers
and books explored the several dimensions of sustaidalidopment as applied to
forestry. The principle of sustainability was adoptedviarch of 1992 as part of
Canada’s National Forest Strategy (CFS) by the Cama@auncil of Forest
Ministers (CCFM) The idea of SFM has evolved over thst ghree centuries,
originally in central Europe. It concerns providing produatsl services that are
needed by present forest stakeholders without endangdrnglility of future
generations to get these products and services. SFM tgmefars to the ways and
processes of managing forest resources to meet sacigdgied needs, today and
tomorrow, without compromising the ecological capaeitg the renewal potential
of the forest resource base (Adomowicz & Burton, 2003; e &Larsen, 2005;
Hickey&lnnes, 2005; Wang, 2004).

The fundamentals of sustainability can be broken inteethrelatively simple
concepts: equity, wealth and substitutability. Firsttenability implies a form of
equity over all future generations. In this definition aurgtbility implies that future
generations will be provided an environment that is no wibrae the one we enjoy
today. Interpreted in an ecological sense, this meanstiaddgical conditions will
not be degraded to the point that productive capacitydiscezl, species are lost or
irreversible losses occur. Social and economic sustéitgaliiave also been
interpreted in similar fashion, that is, the productiveacity of the economic system
and function of social system in resolving conflict anded®wing institutions, will
be no worse in the future than it is today (Adomowi&uéon, 2003).

Second component of sustainability is wealth. In sustdityabivealth is
considered in terms of environmental assets and serviceglagas community
attributes that contribute to people’s well-being. An apphoto assesing wealth is to
consider the capital that generates wealth such aarhgapital (knowledge), nature
capital (forests, biodiversity), constructed capitalfréstructure) (Adomowicz &
Burton, 2003).
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Substitutability is the third component of sustainabilide must answer
following questions to understand the meaning of sustainab@in we substitute
constructed capital for natural capital to enhance Wweako what extent such
substitutions occur? Current discussions of sustainabilisg reoncerns about the
irreversible loss of species, culture and knowledge. theee substitutes for these
items? (Adomowicz & Burton, 2003).

Conservation of forest ecosystems, protection of aadl climate, production of
timber and other products, and the provision of recreatimd other social comforts
are considered as important concepts in sustainablet fdegslopment. All these
functions are interdependent, e.g. protecion function istagral part of production
function (Gamborg & Larsen, 2005).

Generally SFM aims to ensure securing continuum of fgmeslucts and services
while meeting society’s present demands for forest predard services.

3.1.3 The Forestry in Turkey

According to forest inventory evaluation results fesesover 26.6 percent
(20.703.122 ha) and 27.2 percent (21.188.747 ha) of Turkey’s land &®87rand
2004, respectively. While productive forests area is 10.548.000 HH9#d, it
increased to 10.621.221 ha in 2004 (Orman vanlz, n.d.).

Approximately 91.6% of forests is natural forest and timeareing 8.4% consists
of plantations. Forests, with high biodiversity valuee ayenerally located on
mountainous areas. The country has 9000 plant speciesofmabich are located in
forest areas. Forests in Turkey are also home to oid&0 mammals, 454 birds and
93 reptiles found in the Country. Almost half of the coystrtotal forests are
unproductive and needs to be rehabilitated and protected>d¥yof the forest area
is productive. Deciduous forests are prevalent at modelewations along northern
Turkey. Forested areas in the country are not evenlylistd and some parts of the
country are totally poor of forest resources. By Fotest Turkish forests are
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divided into three categories according to their flumgi These are: Protection
forests, national parks and production forests. Proteduooests cover around
355.545 ha, being dispersed over 52 different sites. Thégrpewarious functions

such as, erosion prevention, climatic and societythetdfence (Forestry Outlook
Study for Turkey, 2005; Tiirker, Pak, & Oztiirk, 2005).

Currently, 99% of forests and their resources areastiied by the state and are
under the control of the Treasury. The protection, preservand management of
these areas are supervised by the General Directofak®restry (GDF). The
remaining 1% of forest land is owned by private institutidfsrest management
plans are prepared and implemented by the GDF, aim prilycggatonservation of
existing forest resources and at development of forestuegetation and adequate
wood production (Forestry Outlook Study for Turkey, 2005; Tirkak, R Oztirk,
2005).

Most of the forests in Turkey are located in fire sevisiireas. Forest fire issues
are prime concern of the public. Therefore GDF allat®st of its capital and
human resources to forest fire management. For Htetda years, yearly average
number of forest fires is 2.063, and yearly average burreadiarl2.581 ha. Most of
the causes are human rooted. Cause of more than h#edfires is ignorance
(Forestry Outlook Study for Turkey, 2005).

There are about 50 harmful insects that affect 2 milhanof forest in Turkey.
GDF continuously monitors pest and diseases and combat@0BE800.000 ha
infected area each year, through mechanic, chemicatetimique and biological
methods. The annual cost of this work is around 2-4 mill&A$ (Forestry Outlook
Study for Turkey, 2005).

Approximately half of the total forest area is degradedniynaue forest fires,
overgrazing and illegal settlement. Between 1937 and 1999 fines affected
about 1.5 million hectares. Grazing is one of the mdjoeats to forests, causing
serious degradation and increases soil erosion especiallgtep slopes. lllicit



71

woodcutting and encroachment for farming are other impoctuges of degradation
and productivity decrease. Other challange facing foissggoverty in forest areas.
The 15% of Turkish population lives in or around forestdridissed among about
20.080 villages. Many of these villages are situated in rearetes, far from markets

and hindered by generally outdated means of transport and in&glequa

communications, health care and education services apatédar poorer than the
national average. Forest villagers depend on forest émdwsed for heating and
cooking, and for animal fodder and grazing. A large share otiwillicitly cut by
the villagers (Forestry Outlook Study for Turkey, 2005; Turkeak, & Oztirk,
2005).

Other challenge for the sustainability of forest managenarea is the lack of
clear ownership boundaries in forest areas. Vague boundianesed to a multitude
of ongoing disputes among stakeholders. Disputes have bemereated by
revisions of the legal definition of forest, whereby seis are followed by removal
of areas from the forest regime, thereby necesgtagnewal of cadastral surveys.
Many stakeholders believe that these changes in lefaitde serve rapid urban
expansion into forest areas (Forestry Outlook Study twkey, 2005).

Forestry practices are carried out by the national tigrgdan in Turkey and
forests are managed for a single objective, wood productimresE management
plan is the physical plan that determines the amountooid for harvest over time.
As a result of this, 97% of Turkey forests are manageslcasl production and the
rest is classified as National Park. But multi-objezfplanning must be contained in
contemporary forest management planning Multi-objectianmhg must involve
wood production, nonwood production and social values. Andhisnpgrocess GIS
must be used in every step from data collecting, the léseel of multi-objective
planning, to preparing forest value map (M s r & Bant, 2002).

Forest management planning system is a very prestigisagplkhe in forestry.
All forests have to be managed according to managemnmans.pSince the first
management plan in 1917, the planning system has evolvedma tdrtechniques
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used. Several methods used, among them Mut-Gazipeodel has resulted in
satisfactory outputs but the model applied to certaicgslaand it has not been
replicated. German GTZ Project aimed to solve siltigal problems of broadleaved
forests and gained a lot of support from forestry quartgsinkense inventory and
cost of planning has brought about difficulties in expandirgy ithplementation.
Another model was developed through a Finnish Projedttl@a model introduced
effective use of GIS in planning. GIS model was develape&TZ planning system
and now the works are continuing to use it in classiamtey system (Forestry
Outlook Study for Turkey, 2005)

Development in the technologies will effectively camite to forestry.
Particularly GIS technology is developing very fast.the next 20 years it is
expected that GIS will be expanded largely due to its lost, @asy use, and its
ability as a tool in effective planning, management, coagien and sustainable
development of forest resources. When combined with daeelopments in
communication systems and Internet, the informatioeald of stakeholders as well
as public will largely be met (Forestry Outlook Study Tarkey, 2005)

According to priorities and strategies in Turkish forestey towards 2023, the
aim of strategy is: ‘Conservation, development, exjpansand sustainable
management of forests in Turkey'. To implement thiategy several objectives and
goals are determined. Among them GIS related objectivd@gaals are: In solution
of ownership conflicts, GIS based forest land registal, forest land will be
registered and recorded to a GIS system, will be deweldop®improve information
on, and awareness of forestry issues, GIS and sats&dthnology will be used
widely, Databases will be established and made accessibleublic, Internet
applications will be expanded comprehensively (ForestryoOkitStudy for Turkey,
2005).
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3.2 Operations Research in Forestry

Considerations of alternative uses of the forest amdoibduct nearly always
raises the question, ‘What is the best way?’. Becafistee number of alternatives,
the complexity of product interactions, and the conflgtdesires of the public, an
optimum answer may be impossible to find. Some helpbbas provided for forest
managers by the decision tool known as Operations Rés€@R). Over the past
few decades, several factors have altered the practioeest land management. As
population and resource utilization increase, many fdyvaseéd outputs are
approaching or exceeding sustainable levels of use. Paaplacreasingly aware of
the need to preserve the forest ecosystem, to sustaatened and endangered
species, wildlife habitat, scenic beauty and biodiversity. a result forest land
managers, especially on public lands, are shifting tmarhasis from the production
of goods and services towards the maintenance of foeadthh biodiversity, and
productivity. On private timberlands this trend is tempebgdneed to remain
competitive in the global market place (Sianturi, 2000).

Both classes of ownership have created new challengghfdOR community.
On public land, the shift toward an ecology system mdued necessitated the
development of a new set of OR models that incorposgiaial relationship,
ecological relationship, resource protection issues, amsideration of a wide
spectrum of natural resources beyond timber. In the prsedtor, increase in open,
global markets has encouraged forest product companieptovienproductivity and
managerial efficiency while being cognizant of environmeatal ecological values
(Sianturi, 2000).

In forestry, resource allocation, road constructiod &rest products are very
important concepts. Proper allocations of resources, asidabour, equipment and
land management can save a lot of time and moneyelrtdnstruction of a road
network in a forest, economic and environmental impactst be considered. One of

the main issues when considering forest product is tambtaximal profit from
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selling the tree. In this regard, cutting patterns mustabefully designed in advance
(Sianturi, 2000).

When literature is examined it is found that some ferssand operational
researchers have attempted to use operations resesgbhiques in forestry
problems focusing on resource allocation, spatial consideraand road

construction.

In the 1960s, researchers developed the first linear gmmoging forest-planning
models. One, widely used by the USDA Forest Service, thegimber resources
allocation model (RAM). It concentrated mainly on timpeoduction, treating such
other aspects as recreation, wildlife habitat preservatind water quality only
through limiting constraints. It did not explicitly includgpatial considerations
involving roads and the proximity of different habitat tygesl cutting units within
an area. Weintraub and Bare (1996), highlighted the extens®eof large linear
programming models for forest level planning. In the 1980 aame apparent that
existing models did not address some of the concerrigrest managers and the
public. Because with the OR tools used spatial factors cmilthe easily treated. As
a consequence forest researchers developed many OR/MS tmolook at
implementing forest-wide plans. In the 1990s, public conckrn resource
sustainability, biodiversity, and habitat and endangeredesp@cotection caused a
shift toward ecosystem management-largely on public ladda: OR/MS models
have been reported in the literature. Systems under devetdpby USDA Forest
Service include Spectrum (USDA Forest Service 1994) and RELNGssrch,
Murray, and Barber 1995; Church, Murray, and Figueroa 1995). Bot¢h ar
optimization-based software tools intended to facilitesystem management at
several levels in decision hierarchy. They are desigadi@xble tools to be used for
trade-off analysis within what-if environment. Both modeigeiface with GIS to
enhance the analysis of spatial relationships in the laadagement process
(Wientraub&Bare, 1996).
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Davis and Johnson (1987) give an excellent introduction resfananagement
practices in the United States. Their study deals wighuse of OR for strategic
forest management planning. Bare, Briggs, Roise, & Schre(i®84), made a
comprehensive survey that traced the development of G&astry from the late
1950s to the mid 1980s and focussed on timber production atatie &hd forest
levels as well as manufacturing aspects of forest prochattstry. They draw
attention to the OR and forestry. Martell (1982), revigW@R approaches to forest
fire management comprehensively (Martell, Gunn, &Wauly, 1998).

Traditional OR has much to offer to those who seeknarove the management
of forests. But it is clear that traditional OR alomdl not suffice. Forestry is rich in
what Checkland (1988) refers to as problems that ‘... caresblved once-and-for
all, and call for a problem-and process-oriented, rathan technique-oriented
research.” Checkland and Scholes (1990) describe soénsysethodology (SSM)
with its emphasis on the cycle of model formulatiocticm, and learning that was
developed for complex systems with important sociatetisions (Martell, Gunn,
&Weintraub, 1998).

Kouchi (1996), proposed a forest road planning technique using togallogi
considerations in conjuction with analytic methods. Tgpabjectives of planning a
forest road network are to minimize the length of thadsoin the network or to
minimize cost. The objective considered by Kouchi is planaimgad network with

shortest possible length (Sianturi, 2000).

As a result it is clear that operations researchrigcies were and will be very
essential tool for decision maker in developing sustairfabdést management plans.

3.2.1 Linear Programming and Integer Programming
Linear programming (LP) is one of the most widely used austhor solving

long term forest management problems. One reason ®righthe computational
efficiency of LP.
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There has been a long and successful association lmetMea®agement Science
(MS)/Operations Research (OR) models and problems intfprgses back to the
mid 1950s. One of the earliest application of MS/OR nektimoa forestry problem
was the use of Linear Programming (LP) to solve the paipeiproblem, that is, the
problem of how to best cut rolls from a machine into sitet are demanded by
customers. A few applications were suggested in the 196@'sarly 1960’s. Many
of these early suggestions were for problems such awipptyg harvest schedules,
production mixes and product distribution. These applicatizere followed by the
famous Lanchester prize-winning work of Gilmore&Gomory (198363) in which
the column generation technique was developed to solvegsattok problem. Over
the last four decades, MS/OR methods have been appkediverse set of problems
in forest management and in the forest products indugdptimization and
simulation have been used to solve problems in two naagas: Forest management
(including problems in nursery operations, stand manageraedtthe protection of
forest stands) and forest products (including problems irveling trees,
transporting forest products, lumber manufacture and metiouiiag finished goods).
Finding an optimal solution to a linear programming mod@&igortant but it must
be expanded. There is a tremendous amount of sensitiatysés) information about
what happens when data values or parameters of problemsclanged.
(Duangsathaporn & Prasomsin, 2005; Golden & Wasil, 1994; Sia2000).

Over the last 20 years, the U.S. Forest Service hasausade variety of MS/OR
tools to perform forest-level planning. For example, in ehely 1970s, the Forest
Service developed Timber RAM (Resource Allocation Method) mathematical
programming system designed to address timber productiomotiel and solve
timber harvest scheduling problems. In 1976, Congress passeatibaal Forestry
Management Act which required the Forest Service to peep@mprehensive land
management plans every 10 years for the 154 nationaltdoiesthe U.S..
Developing these plans is a formidable task, due tcslieer size of the National
Forest Systems and due to the multi-use capabilitiethefnation’s timberlands.
After regulations were issued in 1979, the Forest Servicgrdged FORPLAN
(FORest PLANIng) as the primary analysis tool. FORPLANai large-scale LP
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system that consists of a matrix generator, an aderfo a commercial mathematical
programming (FMPS), and a report writer. Field, reviews hmo€ the history
surrounding the development of FORPLAN and the use ofO®SMmodels at the
Forest Service until the early 1980s. Kent, Bare, FiBidglley concluded that the
use of FORPLAN has been significant in helping managerssiate multiple-use
policies into action at the forest level (Golden & Wek094).

Mathematical optimization techniques such as LP and Integegramming (IP)
seek to find the maximum level of economic valiee timber harvesting and
ecological and social value from the forest composgioinject to some management
and policy constraints. LP is the first optimizatigthnique widely used in forest
management planning. Some applications include, timber hasaseduling,
product optimization, optimization of stumpage value anditiple use forest
management planning (Beent & Kele, 2006).

Although application of LP in forest management is commio developed
countries, in Turkey few studies have been done. Smieasled to present foresters
LP based harvest scheduling models kBat & Kele, 2006).

Transportation of logs from the forest to the landiagdh minimum losses of
quality and quantity with minimum damage to the environmentery important
matter in forestry. So it is needed to minimize tat@dt during logging operations,
can be done by LP (Acar, Gul, & Gumi2000).

Forestry problems have become more complex due to dewasbns of
environmental impacts, recreational and other needs filoen forests. Spatial
consideration is one of the central issues that faesi@ve to take into account in
their decisions. This means that harvesting is restrith a certain area. Therefore,
forests should be blocked into contiguous areas so tratxadmple, adjacent blocks
cannot be harvested in the same period of time. Rentedyis concern is using

integer 0-1 programming, with 1 indicates harvesting and OaheBcnot harvesting.



78

Similarly in resource allocation problems, integer Jalda can be used to indicate

decisions such as the amount of equipment to buy (8iaR000).

As stated by Martell, Gunn, & Weintraub (1998) that spatédtionships have
always been important in forest management planning. Buthe early forest
management models decisions concerning road construcaodstiming of the
specific stand harvest were handled indirectly. Roaddibgi decisions call for
mixed integer models with 0-1 variables that denote timimdy standards (gravel,
dirt, pavement, one lane, two lanes) of potential roads.

3.2.2 Goal Programming

LP can only optimize one objective. To solve multiobjec problems,
multiobjective optimization techniques are needed. Thetngommon technique
used in forestry management is Goal Programming. Multipe-forest resource
problems involve a consideration of multiple conflictingatppand objectives such
as: increased net revenue from timber resources, impreatst quality, protection
of wildlife, preservation of natural beauty and increlasecreational opportunities.
Managing multiple-use resources requires more complicdexision making in
which there are several alternative courses of acfim choose among them,
managers must know both the trade-off between one cofi@etion and another,
and the relative desirability of the goods and serviEes.example, if the decision
makers want to provide 20 % more recreation in the terdbey must answer
guestions such as what quantity of timber products mustibgquished, and is there
enough money and land to provide the desired recreatiaarity, 2000).

3.2.3 The Shortest Path Algorithm

Transportation systems in forests are one of the amastal decisions that have to
be made. The determination of the shortest route (dr) phtough a network of
available routes is often an important step in planningsp@mation. A system of
forest routes may be described as a network, a colleofionterconnected links.
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Each link describes a unique path between two adjacent nbdesle is any feature
that might be treated as the point of departure orradg&in of some path through the
network. Nodes are also commonly used to indicate pa@htwhich road design
standards change or there is a marked change in grade atucenSuch changes
would be expected to influence costs of hauling logs ameéfdre very important in
solution of many transportation problems. Planning a netfaoricansportation in a
forest is also very important because we can redunspoatation costs by having an
efficient network. Before deciding on a permanent systéforest roads, usually a
network road plan is created and on each road link cosevare put. Then the
network road planning is analyzed to get a more efficidetraltive road network.
The shortest path algorithm is commonly used for this pur{saeaturi, 2000).

3.2.4 Soft System Methodology

In the real world, problems can be categorized as welhe@fand ill-defined
problems which are also known as hard problems and softepneptespectively. In
hard problems objectives are quite clear, there isgoridlim for finding a solution
and it is dealth with “how problems can be solved?” inghgpe of problems. Hard
problems are problems that can be defined well. Theredefiaite solution and it
can be defined number of specific goal to be accomplisbadhe other hand, soft
problems are difficult to define. Soft problems are probléms deal with “what to
do”. These problems are dynamic problems that include hdextor.

Hard system thinking originated in engineering to generate eopduto technical
problems and assumes that making a choice betweenatiltento achieve a known
objective can solve problems. Hard system approach iesod/ series of steps
involving, problem definition, choosing objectives, analyzaiternative systems,
prototyping and system development and engineering. Sofermsyspproach
emerged when modeling complex human activity processeseldystems express a
perceived problem in terms of structure and study the oaldietween two. Soft
problems have obscure goals and if goals can be identifegdrhay be in conflict
with each other. Soft systems are applicable when @nmoldefinition is itself a
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problem. This approach involves a seven-stage process gsiandlidumolu, Bie,
Keulen, Skidmore, & Harmsen, 2006).

Classical OR techniques, named as hard OR, such as pinregnramming and
integer programming, are tangible, easy to explain andteasse, whereas soft OR
is somewhat intangible, not easy to explain and not teagse.

For solving soft problems Peter Checkland developed saimymethodology
(SSM) during 1970s while at Lancaster University. This metloggoarose out of
attempts to apply system engineering principles to busipesblems. System
engineering emphasizes measurable system objectives. \Mb@ging system
engineering to human activity systems Checkland found numbeproblems.
Organization goals were matter of controversy, in paldr most investigators
assumed that all members of the organization acceptedefoay top management.
But this is not the case. Formal methods usually begih sviproblem statement.
Checkland found that fixing the problem too early made investigailikely to see
different problems. To overcome these problems he prd®S&1 and his first book
on SSM was published in 1981. SSM is a philosophical systenepbformulated
specially as a tool for solving management problems.dtsigstems-based approach
in the management field that is designed to addresslegmpoblematic situations
involving human activity. It informs a process by whiclrateze operation of the
methodology promotes learning and stimulates action feirad#de and feasible
change in the situation (Bunch, 2003; PesI &b ek, 2003).

As stated by Winklhofer (2002), SSM was conceived as @mefnaork for the
inquiry into ill-structured situations. It provides a gehegncepts and an intellectual
framework for articulating the search for images dlitg which are relevant to
taking purposeful action within some problem situation.

SSM is structured around a comparison between real-worldepnosituation and
conceptual models of relevant systems of purposeful Bctifihe approach is
designed to allow human element of such systems tmdwgporated into system
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design work. Checkland’s argument is that conventisgatem analysis, which he
terms hard system nanalysis, is inadequate vehicle &stigate human systems

(Nidumolu et al., 2006).

Figure 3.2 and explanations regarding it describe convents@vain stage model

of SSM.

1
The problem 7Acthon to improve

Lmsglﬁﬁ_alrl d the problem
4 LT e d 7
situatdon

&
Feasihle, desirable
changes

a3
Theproblem  { Comparison of
slfuaton E
e o e e 4 ~xrith 2
expressed

é Conceptual

Root definitions of models
relevant systems

Formal system

45 Concept Other sysytem
4b thinking

Figure 3.2 The conventional seven stage model S $Brown, Cooper, & Pidd, 2006;
Checkland & Scholes, 1990).

Stage 1: The problem situation is unstructu®8M thinks the term problem as
inappropriate because it narrows the view of the situaSofft system believes that
problem situation is more appropriate since there mighthény problems which are
perceived need to be solved. The purpose of this stage is oagaeneral
understanding and a wider view of the problem. Informatigaikered about who is
involved, what their perception of the situation are, whet the organization

structures are, and what processes are going on.
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Stage 2: The problem situation expresdadthis stage information is collected
and sorted and some description of the problem situatidonis. The structure of the
organization, transformations which are carried out withe system and issues that
are felt by organization members are some of the irdtiom searched in this stage.
Stage 1 and 2 are an expression phase during which iteimpéd to build the
possible rich picture of the problem situation. In Statie @nderstand features of the
problem situation some analyses tools are used. Thesensmeention analysis,
social and cultural analysis, political analysis aetl picture. Rich pictures show the
people involved, their stated purposes, and their desicefears. These pictures are
used to provide a model for thinking about the system andpadHes analyst to gain
an appreciation of the problem situation. The rich pictices not attemp to model
the system in any precise way. It provides a representaf how we can look at and
think about system. It can be refined as our understaraditige system becomes
clearer. Rich pictures should represent structure, psese and issues of the
organization relevant to the problem definition.

Stage 3: Naming of relevant systerrsthis stage root definitions and CATWOE
analysis are done. Root definition expresses the copgeiof purposeful activity
system. That core purpose is expressed as a transifomrpaocess that takes some
entity as input, changes or transforms that entity, @odluces a new form of the
entity as output. The root definition is one way of déstg what is the system, how
the system will work and why this system is needed. Roatittefs are sentences
that elaborate a transformation. There are six efeésnthat make up a well
formulated root definition which are summed up in the mnemGACWOE.

C: Customers: The victims or beneficiaries of the T.

A: Actors: The actors perform the activities defined ia #ystem, those who
would do T.

T: Transformation process: The conversion of inputuipuat.

W: Weltanschauung: The German expression for world view. Whidd view
makes the transformation process meaningful in context.

O: Owner: Those who could stop or start up the process.
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E: Environmental constraints: External elements exiside the system which it
takes as given. These constraints include organizatimiaies as well as legal and
ethical matters.

Stage 4: Conceptual model$he conceptual model is the core of SSM. A
conceptual model is a human activity models that is tseshow each operational
activity that is necessary to carry out the processrded in the root definition. In
other words these models are human activity modelssthetly conform to the root
definition using the minimum set of activities. In bunlg a conceptual model
different activities that must be implemented are thoughulfill root definition.
Formal system thinking is applied to the developmenhefconceptual model. After
then it is need to monitor a system. In monitoringystesn measure of performance
is defined. For measurement of operational system arall @f three E’s can be
used. Efficacy, “does the system do what it is supposetb®d. Efficiency, “are
minimum resources used?”. Effectiveness, “are the legdl aims of the system

being met?”.

Stage 5: Comparing conceptual models with reality: This stigpds with
comparison of the conceptual models developed in Stage 4 hatletl world
expression at Stage 2. The purpose of this stage is tgsartle similarities and
differences between the model and the real worldsinuctured manner.

Stage 6: Implementing feasible and desirable chafdpespurpose of this stage is
to define changes that are the most feasible andafésirFeasible and desirable
changes are identified and discussed and they witluben action in Stage 7. The
pupose of comparison stage is to generate debate abssiblpochanges. These
changes include changes in structure, changes in proceduchamges in attitude.
For each proposed change, reason for change, naturengegimaeans to bring about
change and potential long-term effects of change musth&idered.
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Stage 7: Take action to improve the problem situatidns stage include the
actual starting of the change process. It is importamiote thet introduction of the
action may change the situation and new problems magy aris

Forest management has evolved from optimizing timbevelséing to finding
satisfactory solutions related to ecosystem healthm@stioned before in addition to
timber, forests provide various resources like grazing fandivestock, recreation
areas, wildlife habitat and water supply resourcethincontext, forest management
involves management of harvesting, wildlife habitat, m@gZeases, recreational
areas, minig activities and the protection of endangereciespand archaeological
sites (Aronoff, 1995; Kazana et al., 2003; Mohren, 2003). Bigstomanagement
planning involves uncertainty. Fires, insects and diseademiges in markerts,
manufacturing technologies, and government policies lelddancertainty. So it is
clear that traditional OR will not enough to tackle lwihese uncertainties. These
uncertainities necessiate the inclusion and applicaifosoft OR methods, SSM,
combined with hard OR methods in forestry.

3.2.5 Multi Criteria Decision Making

Different problems encountered in the life can be consitl@s multi criteria
decision making (MCDM) problems. As stated by Vassilevaket(2005), multi
criteria decision making problems can be divided into digtinct classes. In the first
class of problems a finite number of alternatives arneigylgiven in a tabular form.
These problems are called discrete multi criteria detimaking problem or multi
criteria analysis problems. In the second class ige firumber of explicitly set of
constraints in the form of functions define an infimtember of feasible alternatives.
These problems are called continuous multi criteria aecismaking problems or
multi criteria optimization problems. Multi criterenalysis problems can be divided
into three types, such as, problems of multi criteh@ice, problems of multi criteria

ranking and problems of multi criteria sorting.
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The techniques used in the different approaches of de@sialysis are called
multi criteria decision methods. These methods includdemaeces of decison-
makers whose statements are defined explicitly. Mtiterga decision methods have
been classified in a number of ways. One of themewdfitiates multi attribute
decision making (MADM) from multi objective decision magi(MODM). MADM
methods are designed for selecting discrete altersatM&DM deals with choice
from a moderate/small size set of discrete actiadewever, MODM methods are
more suitable for dealing with multi-objective planning profde when an infinite
number of continuous alternatives are defined by a sebrti@ints on a vector of
decision variables. MODM deals with the problem of desiga feasible solution
space bounded by the set of constraints (Jankowski, 199%tavi@iiMartins, 2006).

Pairwise comparisons, ranking method and rating methoelssame of the
methodogies used in MCDM. Pairwise comparison techniquesedban the method
developed by Saaty called the Analytic Hierarchy Proc@ddP). Analytic
Hierarchy Process is a decision making technique developed altlyematician
Thomas L Saaty. It is a an Eigen value approach tpditewise comparisons and a
mathematical decision making based on, building hibyaof criteria and at each
node of hierarchy weighting is performed (Saaty, 1980; Sd#§6; Yaral olu,
2004).

Some key and basic steps involved in this methodology aey(S1980; Vaidya
& Kumar, 2006):

1. State the problem.

2. Broaden the objectives of the problem or considercatirs, objectives and its
outcome.

3. Identify the criteria that influence the behavior.

4. Structure the problem in a hierarchy of different levadsstituting goal,

criteria, sub-criteria and alternatives.



86

5. Compare each element (pairwise comparisons) indtresponding level and
calibrate them on the numerical scale. The scale hagsvaange from 1 to 9 as
shown in Table 3.1 (Saaty, 1980).

Table 3.1 Scale for pairwise comparison

Intensity of importance | Definition

Equal importance

Equal to moderately importance
Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Very strong importance

Very to extremely strong importanc
Extreme importance

1%

OO|N|O|OTPAWIN|F

6. Perform calculations to find the maximum Eigen valye ¢onsistency index
(CI), consistency ratio (CR), and normalized valuesefach criteria/ alternative.
reperesents average value of the consistencey vedtgoroides a measure of
departure from consistency, Cl and CR are calculatesh@sn in Formula 3.1 and
Formula 3.2, respectively:

Cl= ( max-N) / (n-1) (3.1)
CR=CI/RI (3.2)

Where RI is the random index and depends on the numbelewfents being
compared as shown in Table 3.2 (Saaty, 1980):

Table 3.2 Random inconsistency indices (RI) for n31,.2.., 15

n RI n RI n RI

1 0.00 6 1.24 11 1.51
2 0.00 7 1.32 12 1.48
3 0.58 8 1.41 13 1.56
4 0.90 9 1.45 14 1.57
5 1.12 10 1.49 15 1.59
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If CR < 0.10, the ratio indicates a reasonable leveowiistency in the pairwise
comparison, however, if CR 0.10, the values of the ratio indicates inconsistent
judgements.

7. If the maximum Eigen value, Cl, and CR are satisfgdteen decision is taken
based on the normalized values; else the procedurpeates till these values lie in
a desired range.

In forest management, Mendoza & Prabhu (2000) used mudtiaridecison
making methods in assesing forest sustainability using eritend indicators.
Mendoza, Campbell, and Rolfe (1986), Tarp and Helles (1995)adHa (2000),
Kangas, Kangas, Leskinen, and Pykélainen (2001) dealed withpiiieation of
MCDA to natural resources management problems. Bare Mdoza (1988)
applied MCDA in forest land management planning. Pukkala ambNi1997) used
MCDA in the multi-objective optimization of stand maeagent, d’Angelo,
Eskandri, and Szidarovsky (1998) examined selection of thefdrestry treatment
method according to MCDA applications.

3.3 The Use of GIS and RS in Forestry

Human activities have an impact on the world’s foesisystems. Much of the
original forest cover has been cleared for agriculttreotherwise impacted by
various resource extraction activities, such as loggimgj mining. Over the last
several decades, the rate of forest change has iadreabstantially. Various studies
continue to document the ongoing loss of forest ecesystAs a result, undisturbed,
intact forest ecosystems are becoming increasingly aad unevenly distributed
across the world.

According to Global Forest Resources Assessment 2005tateld® The World's
Forest 2007 report, total forest area is estimated at 3n8i@n hectares, 30 percent
of total land area. This corresponds to an average6@f Ida of forest per capita.
From 1990 to 2005, the world lost 3 percent of its total foresh,aan average
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decrease of some 0.2 percent per year. Forest areaseveny distributed. For
example, 64 countries with a combined population of 2 biliawe less than 0.1 ha
of forest per capita. The ten most forest rich coasataccount for two-thirds of total
forest area, while seven countries have no foreali,aand 57 countries have forest
less than 10 percent of their total area (Global Foreso&ce Assesment 2005,
2005; State of The World’s Forest 2007, 2007).

Deforestation caused by conversion of forests to agui@illand is 13 million
hectares per year. South America suffered the larggdbss of forests in the period
2000-2005, about 4.3 million hectares per year. South Amerfodased by Africa,
which lost 4 million hectares annually. North and CdrAraerica and Oceania each
had a net loss of about 350.000 ha while Asia reported a mebigh million ha per
year from 2000 to 2005 as a result of large scale affoi@st&iorest areas in Europe
continued to expand although at a slower rate than in 19908g)G-orest Resource
Assesment 2005, 2005; State of The World’s Forests 2007, 2007).

An estimated 36 percent of total forest area is claskifis primary forests, in
which there are no clearly visible human activity aadors. About 6 million hectares
of these forests were lost or modified each yearesit90. This rapid decrease
stems both from deforestation and from modificatidnfarest due to selective
logging and other human interventions (Global Forestotdee Assesment 2005,
2005).

Most deforestation occurred in natural tropical forestsich lost 14.2 million
hectares a year over the last decade. Africa andhSauierica have suffered the
most deforestation. Africa, which lost 5.3 million heetaof forest per year in the
1990s, was the region with the highest deforestation iwtindd. (Facts on forests
around the world, n.d.).

About 2 percent of the world's forests are certifiedbasng managed in a
sustainable manner, with about 92 percent of these fol@sty in temperate,
industrialized countries. Areas under forest managepians are also increasing. At
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least 6 percent of the total forest area in developogptries is covered by a formal,
nationally approved forest management plan. Some 89 peoéetine forests in
industrialized countries are managed according to formahformal management

plans (Facts on forests around the world, n.d.).

Europe accounts for one-quarter of total forest arelmwiet by South America
and North and Central America with 21 and 18 percent césply. Ten countries
with largest forest area, with million hectares,, dlee Russian Federation (809
million ha.), Brazil (478), Canada (310), the United States (3QBjna (197),
Australia (164), the Democratic Republic of the Congo (1B#jonesia (88), Peru
(69) and India (68) (Global Forest Resource Assesment 2005; 30itg of The
World’'s Forest 2007, 2007).

The usefulness of criteria and indicators as tools to tmomind assess forest
conditions and trends is recognized worldwide. They coatino increase
understanding of sustainable forest management by genebeitey information,
improve the development and implementation of foredicips, programmes and
practices, strengthen stakeholder involvement in detisimking, and enhance
collabration on forest issues at the local, natioredjonal and international levels.
Criteria define the essential elements against whictaisaspility is assessed. Each
criterion relates to a key element of sustainabilityd anay be described by one or
more indicators. Indicators are parameters which candasured and correspond to
a particular criterion. They measure and help moniter dtatus and changes of
forests in quantitative, qualitative and descriptive tef8tate of the World’'s Forest
2005, 2005).

Sustainable forest management comprises seven eleri¢ats Of the World’s
Forests 2007, 2007,):

Extent of forest resources
Biological diversity

Forest health and vitality
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Productive functions of forest resources
Protective functions of forest resources
Socio-economic functions

Legal, policy and institutional framework.

To assist developing countries with national forest @mognes, a number of
international organizations and donors, including Food agricdture Organization
(FAO) and National Forest Programme Facility are inglpgo link the programmes
with broader agendas, address governance issues, deveiopalnabpacity and
make knowledge available to those involved in the procels. fational forest
programme provides a global framework to address foressings within the context
of sustainable development. They are tools for thenma, implementing and
monitoring forestry and forestry-related activities. ibia@l forest programmes
follow a participatory planning and implementation appro#@t encourages the
involvement of all forest-dependent actors at local, natiand global levels and the
development of a partnership between all stakeholdease(8t the World’s Forests
2005, 2005).

Technological changes are opening important opportuniti@sgomove ways in
which the forestry sector is governed and how administ@ioperate. Advances in
information and communication technologies, includingeldee imagery, spatial
information and decision support systems offer the gseaietential to achieve
gains. GIS technology has been widely accepted by publestfgr agencies and
private forestry companies. This has been a resuthefclear benefits of current
forest inventory maps (State of The World’s Forests 20085).

The forest inventory is the primary management tooltifmber production in
North America. It is used to assess the existing foessturce and to develop harvest
schedules and treatment programs. Information like speage, height, structure
and condition is derived from the airphotos and supportietd fdata. This
information is entered into the GIS. Other data setamonly included in forestry



91

GIS databases are soils mapping, the road network anageasystems (Aronoff,
1995).

The conventional forest inventory was done progressigeportion of the forest
area being inventoried each year. However, to update thdaisd forest cover maps
could take many years. With a GIS, forest cover mapseaupdated on a continual
basis. In this way forest managers are provided withkernarrent information. With
GIS technology, the average age of information in fdrest data base can be
reduced from years to weeks. This factor alone has ledide acceptance and

demand for GIS technology in the forestry sector (#iff 1995).

In itself the use of a GIS to update forest inventoapsis little more than
automated cartography, using computer technology for an exmsaingal process. It
is the analytical power of the GIS that sets it apeme GIS can be used to store and
analyze the forest information, model the spread oésfofires, or develop and
evaluate alternative harvest plans. GIS allows to uatal several alternatives
relatively quickly. Plans can be proggressively refined r@aevaluated to optimize a
solution. GIS has been widely used by the US Forestcefironoff, 1995).

Managing forests requires up to date technology in enssusiginable resources
utilisation. Much of the current forest management prastican be improved
through the use of current technologies including GIS, &, GPS which may
enhance any decision making process. The use of spatiatodédtaest resources
management and planning has been recognised worlwide. Howleespatial data
will be less useful if they are not transformable imtfmrmation. Hence there is a
requirement to transfer and keep spatial data relatedrstfy in a standard
computer format, in a GIS environment. The use of Gli®riestry is becoming very
important in which immense accumulation of data is urtalde. Realising this fact,
the Forestry Department (FD) Peninsular Malaysia keasig a Mapping and GIS
Section in 1997, with a purpose to develop an operational @l#bdre effective
planning, management, conservation and sustainable develophferest resources
(Hamzah, 2001).
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GIS is an effective tool to capture, store, update, maatipudnd analyze spatial
and nonspatial forestry data. Designing forest databadeding data such as forest
cover type map, soil map, road network map, and attribute, daich as stand
volume per hectare, tree species, and determining foadsts are necessary in a
comprehensive forest management plan. Data must beatecproperly organized,
detailed and should be ge easiliy and economically. @athspaial and nonspatial
data and analyzing them determines the quality of forembhagement plans.
Preparing age class maps, site class map, topographicamndgbarvest planning
maps are managed easily by GIS (M sr & lgant, 2002).

The most common operational remote sensing applicatiorf®restry entail
vegetation mapping as a preliminary step in a forest inveatad for identifying the
boundaries of habitats and ecosystems. Fire predictidectas, response and
burned area assesment is another area in which resmdang has been used to a
greater extent (Peterson, Resetar, Brower & Diver, 1999).

As stated by Franklin (2001), remote sensing application iasfoy include,
forest covertype characterization, determination oédbstand conditions and forest
health, site characterization and fire monitoring. Biaf tropical forest management
remote sensing is used for detection of deforestatmmest covertype mapping,
general assesment of volume and cutting rates and findamag. In India, remote
sensing is used in forestry for timber volume estimatgpecies identification,
estimation of biomass and productivity and biodiversity nooimg. In Oregon, three
remote sensing applications are, forest cover mappmagsuring and monitoring
structure, function and composition of vegetation and tagechange in these

conditions over time.

GIS can be used as an analysis tool for timber hangeshabitat protection,
planning of scenic roads in forestry and predicting the\nehaf a forest fire.

In America primary management tool for timber productionthe forest
inventory. It is used to access the existing foresturesoand develop harvest
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schedules to project future timber supplies and for otheratpeal planning
activities. Forest inventory data is collected by rensmesing techniques (GIS and
forestry, n.d.).

In Canada, almost every forest agency has eithetlddifor is in the process of
fulfilling GIS technology. Before GIS, the forest dadses were updated by aerial
photography and field sampling methods. With GIS programfottest maps were
digitized and a forest inventory can be updated constdB¥I¥51S, forestry agencies
manage and manipulate their databases. Landsat saiellised to update the
individual maps that need current information due to fdrastesting and fires (GIS
and forestry, n.d.).

It is known that forest fires have an important effen animals, plants, soil, air
quality and vegetation cover. Forest fire effects canebtimated by developing
forest fire model. In order to model forest fire, teehniques for getting, analyzing
and visualizing spatial information are needed. GIS is usea @ol for modeling
forest fires due to their spatial nature.

A fire simulation program, FIRE, has been developed usiRg¢/Mfo. Through
the integration of fire behavior models with GIS modelsw insights about fire
danger situation can be gained. For instance the damage alotkatiarises from
fires starting at a certain point to sensitive ardashuildings, railway lines. In these
cases proximity is used in many GIS-related models.dmp#st, BEHAVE was used
as a fire behavior prediction tool. It is a non-spatall that inputs fire fuel types,
topograhy data and weather data. But it can’t give spatigdud and is useful for
predicting fire characteristics in a given area. It iahle to predict spread rates,
flame lengths, and heat calculations when these p&esnehange. Whenever there
is a change, the entire BEHAVE model must be recatledland it is inefficient to
model the behavior of forest fire. But with the use ¢ @G&chnology, the prediction
of fire behavior has been very efficient and effec{B¢S and forestry, n.d.).
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Effective forest managers monitor changing conditiond anake intelligent
decisions for sustainability. GIS can be used to evaleanditions through stand
inventory, soil types, and land-use practices. Modeling esalders to test and
consider options in temporal and spatial contexts (GIS besctices forest
assesment, 2006).

The forest is a complex ecosystem. Making surefatbaivers, streams, plants
and wildlife remain healty, and can successfully coexigt human activities, is an
immense task. More and more often, foresters arenfinthat GIS makes this task
easier. It helps them organize and relate informatiomd&e better decisions about
forest resources. For instance, Oregons’s forester&GiSgein tracking fires (GIS
technology help them in pinpointing areas where firesehéeen frequent,
identifying fire hazards, coordinate on-site fire-fightiregources, and deploy fire-
fighting equipment and crews more effectively), in ustending howprevantable
fires start(The Southwest Oregon Distict in Medford protects 1.8ianiacres in
Jackson and Josephine counties, an area that has aboute250 year. The district
maintains historical dBASE data and makes it available avlecal area network.
This data includes when and where fires occured, how mueage they burned,
what they cost, and how they were started. Becawestatular dBASE files include
latitude/longitude values for the location where each é$tarted, it is possible to
position them accurately on a map. For example, rreatawn of Takilma, it has
been determined that, there have been several fireeccdnyschildren. Identfying
trends like this helps the district allocate funds fioe education programs in local
schools) (Lang, 2001).

During the last few years, the forest fire managemelityp® mainly based on
GIS. The objective of forest fire control is the mmmation of fires’ negative
impacts on human being, private and public property and nats@lrces. This may
be achieved either by detecting and attacking fires soentatty are reported or by
controlling fires effectively. A standard practice thghout the world is to classify
forest areas in terms of fire danger and in order to grobem appropriately. This
classification is based on type of vegetation, timetlod year, and weather
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conditions, etc. GIS is very useful in providing all datad manipulating the data

effectively (Dimopoulou & Giannikos, 2004).

GIS is also used in tracking tree disease and otheardthgin forests. (Forest
managers in Oregon use GIS and GPS systems to track iasdc disease
infestations and schedule treatments. For examptégicase of some kind of plant
disease foresters use GPS receivers to record theopositinfected trees within
stands. These positions are then uploaded to the Gi&gevbuffer zones are drawn
around areas within affected stands. Then created mapssh@as with infected
trees. The foresters use it to schedule reforestdbata collected about insects that
damage timber, can also be entered into the GIS and ugdahtd in opening data
to the public (The Oregon Department of Forestry provide§S @ata and
applications over the Internet. Users enter place ranfeitude/longitude positions
to view detailed maps of an area. By pointing to onestm®enu choices, they can
view data layers, such as watersheds, average rainthklamation bands.) (Lang,
2001).

Following maps are some examples of usage of spatialmatin systems in
forestry in the world (Converted and accessed forasBanada, 2000; Low —Access
Forests and Their Level of Protection in North Amer2002):
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CANADA Converted and Accessed Forests
Based on 1:50,000 Road Data

August 8, 2000
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Figure 3.4 Forest cover in North America.
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Figure 3.5 Forest cover with buffered area inttNamerica.
3.4 Operations Research and GIS in Forestry

As the forest planning becomes increasingly complicatecktis a need to assist
planner with operative tool. As stated by Ronnqvist, Wkstd, & Carlsson (1999),
OR techniques can be used to suggest e.g. routes or ovanall But to use such
techniques there is a need to get information about eugalaoads, supplies and
orders. It also has to be easy to collect and updatenat®mn. GIS provides that link

to OR tools.

The ability to visualize OR methods’ results spatialig maps and remotely
sensed land images, allows for producing spatial optimizasystems. The
combined use of GIS and OR techniques gives forest mandgershance to
visualize solutions proposed by OR and to get a better stateling and a whole

picture of the real problem they confront.
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3.4.1 Location Set Covering Problem

It is very important to minimize damage caused by fofgst This can be
achieved by developing an efficient fire management syskére fighting planning
is an important component of fire management systdmehns also an important
component of forest management. Martell (1982), reviewed@iRoaches in forest

fire management comprehensively.

Questions of how many and which vehicles are going to besdntowards fire
area and especially the assignment of fire crews togpriocations are very essential
in fire fighting planning. In question such as, “how many litaes (fire crew,
reservoir or pool) are required to meet fire zone @easitive area) demand?” the
concept of covering is important. Location Set Cowgerviodel (LSCM) which is
also known as Location Set Covering Problem (LSCP)arawer these questions.
LSCP, seeks to assign facilities in such a way #flabf the spatially distributed
demand points are covered within a specified distance anautimber of facilities is
minimized. In other words, this problem finds the smallestmber of needed
facilities and their locations in a way that each dadpoint is covered at least once.
(Church and Gerrard, 2003; Revelle et al., 1996). As Dimopoaral Giannikos
(2004) stated this model determines the locations of theymami number of units
required to cover a given set of points. Mathematicatession of the problem is
given in Formula 3.3 (Church and Gerrard, 2003):

n

MinimizeZ= X, (3.3)
j=1
subject to
a;x; 31 for each demand point i= 1, 2, ...... ,m
j=1
X =0,1 for each site j=1, 2, ...... n

where
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_ 1 if site jcancoverdemand
% = 0,if not

« = 1, if site j isselectedor afacility
} 70, if not

The objective is to find the minimum number of negdfacilities and their
locations in Formula 3.3. The objective functiowalves the minimization of the
number of sites selected for facilities. First ¢oaist requires that, for each demand
I, the number of sites selected that can cover ddmanust be greater than or equal
to 1. The second constraint refers to the integgquirements of the site selection
variables (Church and Gerrard, 2003).

3.4.2 Spatial Multi Criteria Decision Making

Multi criteria analyses have been used largely #aldvith spatial decision
problems since their emergence. The first workkiding GIS-multi criteria analysis
integration were in the late 1980s and the ear80$9Chakhar & Martel, 2003).

Spatial multi criteria decision problems typicalhwolve a set of geographically
defined alternatives from which a choice of onemmre alternatives is made with
respect to a given set of evaluation criteria. Bpatulti criteria analysis is different
from conventional multi criteria decision analy$MCDA). Spatial multi criteria
analysis requires information on criterion valuesl ahe geographical locations of
alternatives and the results of analysis depend amdy on the geographical
distribution of attributes, but also on the valugigements of decision maker
(Jankowski, 1995; Malczewski & Ogryczak, 1996).

As stated by Carver (1991) and Jankowski (19959, important components of
spatial multi criteria decision analysis are Gepbreal Information Systems (GIS)
component and Multi criteria decion making (MCDM)ngponent.
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Multi-criteria evaluation (MCE) and MCDM are vermportant concepts in GIS.
Many spatial decison problems lead to GIS and nuriteria decision analysis
(MCDA) integration. These two disciplines can bé&niebm each other. On the one
hand, GIS techniques have an important role inyaireg decision problems and it is
a decision support system that integrates spatiafigrenced data into a problem
solving environment. On the other hand, MCDA pregidmany techniques and
procedures for structuring decision problems, eataidg and prioritizing alternative
decisions. GIS-MCDM integration can be thought ®agrocess that transforms and
combines geographical data and value judgemerdbtton information for decision

making (Malczewski, 2006).

Antonie, Fischer and Makowski (1997), discussedl lare analysis with multiple
critera. Land-use planning has also been analyeelliding the integration of
MCDA with GIS (Malczewski, 1999). In another stu@yS-MCDM was handled to
improve quality of landscape ecological forest plag (Kangas, Store, Leskinen, &
Mehtétalo, 2000). Basnet, Apan, and Raine (20049dGIS-MCDM integration to
select suitable sites for animal waste applicattimppanen, Kurttila, and Uuttera
(2003) applied GIS-MCDM in spatial harvest schedyliapproach for areas

involving multiple ownership.

In the context of GIS, two procedures are commonMEQE. The first includes
Boolean overlay, the second is known as weighteeali combination (WLC). In
Boolean approach, all criteria are assessed byhblds of suitability to produce
Boolean maps, which are then combined by logic&ratprs such as intersection
(AND) and union (OR). With WLC, continuous crite(actors) are standardized to
a common numeric range, and then combined by wedgéveraging. The result is a

continuous mapping of suitability (Jiang & Eastmaa00).

Boolean analysis is used where only two statesagfble are possible (criterion
satisfied and criterion not satisfied). This anmslysas developed by George Boole,
who devised rules and methodologies for combinmngr$tates variables. In boolean
search it is generally concerned with the AND ofmeralhe logical AND operator
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produces a true result from tha phrase “A AND Bllyoii A and B are “true”. In
GIS, this methodology is used in a multiplicatioreday between layers containing
only zeroes (representing areas where conditioas“fatse” or “criterion is not
satisfied”) and ones (representing areas whereitonsl are “true” or “criterion is
satisfied”). When such boolean layers are multgptegether in an overlay operation,
the only areas of ones in the output image occ@argvbnes are present in both input
images (i.e., 1 X1=1,but,1X0=0,0 X 1000 =0) (Eastman, 2003).

However in many problems decision making processhmEamore sophisticated.
There are situations in which boolean analysis du#swork effectively. Boolean
approach requires that all of the criteria haveaéguportance in the solution. But
situations in which multiple criteria have importawle in determining areas that
satisfy criteria some other techniques, such as-&HPintegration, must be used.

Forestry decision problems involve a lot of altéives and evaluation criteria.
Most of the forest management problems are spatidheir nature and usually
involve multi criteria. Fire management is an impot component of forest
management. MCDM and GIS integration can help toesforestry based multi
criteria decision problems spatially and represeessilts visually. In this study it is
shown the areas that can cope with forest firescaffely according to distance from
water resources, distance from streams and disfemwesettlement areas criteria by
using Boolean Approach and AHP and the resultsvegalized on a digital map.

IDRISI software package is used for analyses



CHAPTER FOUR
THE USE OF OR AND GIS IN ZM R FOREST ADMINISTRATION
CHIEF OFFICE

4.1 The Aim of the Case Study

Purpose of this thesis is to implement forest mansnt by using spatial
information systems, GIS, in combination with ORheiques for our study area,
zmir Forest Administration Chief Office. Our aimtis generate a prototype study
that integrates GIS and OR in order to facilitatee$t management decision procees
of directorates. Forests can not be managed withotdrest management plan.
Objective of thesis is to show to the forest mandgsv to plan forestry in the short
and long-term by using GIS and OR techniques. Menvill show how to use new

information tool for management.

4.2 The Study Area

zmir Regional Directorate of Forestry has seveneatdirates of forest
administrations, as shown in Figure 4.1. Our stumhea is zmir Forest
Administration Chief Office which is subordinate temir Directorate of Forest
Administration. zmir Directorate of Forest Administration has elevéorest
administration chiefs, shown in table 4.1, our gtacka, zmir Forest Administration
Chief Office, is one of them.

[ zmir Regional Directorate of Forestr%

[Directorates of Forest Administratiﬁm

[Akhi;:ar ] [Bayl nd r] [Beréama} [Der:ﬂrci] [ G(‘jlrdes] [ - ] [ Malnisa]

Figure 4.1 zmir Directorates of Forest Administratiorzrir Orman letme Muddrlu @, n.d.).

102
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Table 4.1 shows forest administration chief officegbordinate to zmir

Directorate of Forest Administratiorznir Orman letme Mudurlt G, n.d.).

Table 4.1 Forest Administration Chief Offices miir Directorate of Forest Administration

Chief Foundation | Province County Center Forest Free
Office Date Area | Space
(ha) (ha)
Gaziemir 04.06.1948 | ZM R Gaziemir Gaziemir 19360 16428
zmir 06.04.1951 ZM R zmir Kar yaka | 19983 19286
Karabel 15.09.1982 | ZM R Kemalpaa | Kemalpaa | 6687.5 | 5575
Kemalpaa | 04.06.1948 | ZM R Kemalpaa | Kemalpaa | 13820 12029
Menemen | 01.06.1948 | ZM R Menemen Menemen 28311 94446
Bornova 21.10.1949 | ZM R Bornova Kar yaka 10601.5 15417
GUmdildar | 19.04.1993 | ZM R Gumdildar | Gaziemir 30455| 21163
Seferihisar| 04.06.1948 | ZM R S.Hisar Seferihisar| 32465/5 24116
Urla 04.06.1948 ZM R Urla Urla 44087.5 48919
Armutlu 15.02.1979 ZM R Kemalpaa | Armutlu 1169.5 | 10328
Karaburun| 23.12.1994 | ZM R Karaburun | Karaburun| 25824|5 20062

Figure 4.2 shows boundary map pir Directorate of Forest Administration.

1Cm>>73 Km

Figure 4.2 zmir Directorate of Forest Administration boundary mapmfr Orman

Mudarld t,n.d.).

letme
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Figure 4.3 shows forest state amir Forest Administration Chief Office. General
area is 39270 ha and 50.88 % of this area is fémedt Total forest area is 19983.5
ha of which 11494.5 ha (57.52 %) is productive $ol@nd 8489 ha is unproductive

forest.

AED

e Maplnfo Professional - [Tepe,...,YUKSEKLIK_Slope_contour Map]
=it

E’F\\e Edt Tools Objects Query Table ©Options Map Vertical Mapper  ‘Window Help
D|elE E Bls] (=] < @osmE v @iorglel-20 ] 216 el ilel 1] =] slo(mx]
S eomi@lA|o] o] | e Ak E]w] 400 0)u] @lej@fry 4] |#8] o[ 5] sl

Forest Map 7

[] Productive Forest
B unproductive Forest
[] Regeneration Areas
[] Free Spaces

0 5 10

kilometers

Zoom: 54,00 km * Editing: Cosmetic Layer * |Selecting: Mone

Figure 4.3 Forest state amir Forest Administration Chief Office.

4.3 General Information About Data

At the beginning of the study data collection aratatbase design were done.
Data, data type, data format and source of datasl@we/n in Table 4.2. With data

obtained fromzmir Regional Directorate of Forestry some new detee produced

as shown in Table 4.3.
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Table 4.2 List of data used in this thesis.

Data Data Type Data Format | Software | Source of data

zmir Regional

Stand Map/Attribute | Vector data ArcGIS Directorate of Forestry

zmir Regional

Compartment data Map/Attribute  Vector data ArcGIS Directorate of Forestry

zmir Regional

- i 2 q
Sub-compartment data  Map/Attribute  Vector datal ArcGIS Directorate of Forestry

zmir Regional

Stream data Map/Attribute  Vector data ArcGIS| <.
Directorate of Forestry

zmir Regional

Hill data Map/Attribute | Vector data ArcGIS .
Directorate of Forestry
_— zmir Regional
Settlement area Map/Attribute  Vector data ArcGIS Directorate of Forestry
Agricultural land Map/Attribute | Vector data ArcGls | 2T Regional
Directorate of Forestry
Forest road data Map/Attribute  Vector data NetcAD 2™ Regional
Directorate of Forestry
Fire crew location data  Attribute Text - Zmir Regional
Directorate of Forestry
Water resources data Attribute Text - Zmir Regional

Directorate of Forestry

Crew, vehicle, zmir Regional

equipment data Attribute Text i Directorate of Forestry

Contour data Map/Attibute | Vector data Maplnfqg Vahap ifeci

Table 4.3. List of data produced from the data at hand.

Data Produced Data Produced Data | Produced | Software
Type Data used
Format
Fire crew location| Fire crew location Map/Attribute Vector datd  Maplnfo
data map
Wate_r resources Wate_r resources Map/Attribute Vector datg Mapinfo
location data location map
Settlement areas | Distance map of
map settlement areas Map Raster data] IDRISI
Wate_r resources | Distance map of Map Raster datd  IDRISI
location map water resources
Stream map Distance map of Map Raster data] IDRISI
streams
Contour data Altitude and altitude Map Vector datal Vertical
contour map Mapper
Contour data 3D, slope and aspect Map Vector data Vertical
map Mapper

Before starting analyses, all of the maps obtafn@eh zmir Regional Directorate
of Forestry were transformed into Mapinfo compatilibrmat. After conversion

many analyses were done. These analyses are éidangbe following section.
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4.4 Analyses

Flowchart of the application process and analgss® are shown in Figure 4.4.
Table 4.4 lists analyses done according to typemts.

Data collection and
database desig

[ Map conversion 1

| | |
Creating 3D, altitude,
; oints on a The use of slope and Visibility MapBasic
Queries P mag SMCDM aspect maps analysis application
The use of
=t LSCP and Gl

Road
= analyses an
clustering

Figure 4.4 Flowchart of the application pesxce

Table 4.4 Data types and analyses done related totyjma

Data Analyses

Stand Thematic map by stand, query by stand,
Compartment data Query by compartment number, LSCP
Sub-compartment data| Thematic map by state oftfores
Stream data Representation of streams, SMCDM
Hill data Query of hills by altitude

Settlement areas Query of settlement areas, SMCDM
Agricultural lands Query of agricultural lands

Forest road data Thematic map by roads, buffemadyais,

clustering analysis, shortest path analysis
Fire crew location data| Representation of fire @and related attribut
data on a digital map

Water resources data Representation of water reseand related
attribute data on a digital map, SMCDM
Digital elevation models 3D map, altitude map, sl@pd aspect map,
visibility analysis

112
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In this thesis it was aimed to help decision precesdirectorates as shown in

Figure 4.5.
Decide whc Collect | Identify and
should decide »| Information [€ | evaluate
alternative

/

Define the
problem
(Start)
A\ 4

\ Follow up | '
assesment/ Implement Decide

Figure 4.5 Decision process (Power, 2002).

In its the simplest form, the usage of GIS and @Rbrest management by this

thesis is shown in Figure 4.6.

OR

GIS

- Forest Database
Design

- Maps (Stand

map, road map,

stream map, et

- Models (LSCP,
SMCDM)
- System Approac

Visualization of OR
results witl GIS

|

Forest Manager

Figure 4.6 Combined use of GIS and OR irsfoye
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4.4.1 Queries

Figure 4.7 shows analyses done with query funaifd@lS.

Queries of
Agricultural Settlement Hills by Compartmen Stand
lands areas altitude

Figure 4.7 Query analyses done in this thesis.

In this part several queries were performed as shaviollowing figures. Figure
4.8 shows query menu in Maplinfo. Figure 4.9 shaep ®llowed in query function.
Figures 4.10 and 4.11 represent settlement aredsagncultural lands ofzmir
Forest Administration Chief Office by query functjorespectively. Figure 4.12
demonstrates settlement areas and agriculturak Isidultaneously. Figures 4.13
and 4.14 show hill maps and query of hills whosé¢uales are greater than 500
meters, respectively. Figure 4.15 represents theyqesults.

wiggzil

k= Table Cptions Browse Werkics
= Sl Selectk. .. =
Ll Select all ~F
Inwverk Selection
Unselect all ol B TT
Find. .. Ztrl+F
Find Selection "

Find address. ..

Zalculate Statiskics. ..

Figure 4.8 Query manMaplnfo.
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Figure 4.13 Hills of the study area.
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Figure 4.15 Query results.

zmir Forest Administration Chief Office consists4#5 compartments. It is not
practical to see all of them in a detailed way. f8loexample, if we want to find
compartment 30 and general and statistical infoomatf that compartment, results

of analyses are shown in Figures 4.16 and 4.1@eotisely.

= QQue Bro = [ |
OBJECTID |PLAN_YIL|PLAN_ID BGIME_NO | SHAPE_LENG | SHAPE_AREA || ~
| | 61 1996 ] 1805020 30 4149] 40012233

3

40

35
36

28 85

81
B84

7
records 1 -1 0f 1

Figure 4.16 Query of compartment 30.
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Figure 4.17 General and statistical inforamadf compartment 30.

Figure 4.18 represents query of CzCkcd2 stand.r&igul9 shows compartment

number and stand type. Figure 4.20 demonstratesaof for compartment 268.

Figure 4.18 Query of CzCkcd?2 stand.



114

Figure 4.19 Representation of compartment numbestand type simultaneously.

Figure 4.20 Info tool for compartment 268.

Figure 4.21 represents tabular data for selectedrsis. Figure 4.22 shows info
tool, statistics and polyline object of Ay t| Samra.
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Figure 4.21 Tabular data for selected streams.

Figure 4.22 Info tool, statistics and poky object for Ay tl Stream.

Figure 4.23 shows stream and compartment map. &igid4 represents stream,

stand and compartment map together. The informatian Figure 4.24 gives is
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important to see which compartment contains whieimds and to see closeness of

streams to the compartment and stands.

Figure 4.23 Stream map and compartment map.

Figure 4.24 Stream map, compartment map and stapd m
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4.4.2 Creating Points on a Map

It is very important and vital to minimize damagmaused by forest fire. This can
be achieved by developing an efficient fire managetmsystem. Fire fighting

planning is an important component of fire manag@mgstem.

Fire tower, fire crew, water resources and firelgocation, crew and equipment
(helicopter, airplane, water tank and sprinklefpimation, communication devices
information are components of fire fighting plarmin

Figure 4.25 shows database constituted for our ystagka, zmir Forest
Administration Chief Office, to manage forest aid effectively.

Database Desigr

/ \ CREW, VEHICLE
SPATIAL DATA and EQUIPMENT DATA

*Construction of environmel *Construction of da

data - Helicopters, airplanes,
- Forest road map vehicle names, numbers,
- Stream map capacity
- Topography - Number of crew

- Water resources map
- Fire crew location map

N

MANAGEMENT OF FIRE
FIGHTING PLANNING

Figure 4.25 Construction of database to manage fire figptannning.
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Water resources and fire crew locations were owdylable as attribute data with
coordinate information. In order to display thesenfs on a map, firstly, coordinates
of all water resources and fire crews were condettedecimal degrees and then to
meters. East longitude and north latitude coorématf water resources are, 27 19
06 and 38 2215 for Kaynaklar, 27 1429 and 38 2054 for Buca Golet, 27
10 48 and 38 1653 for Sarn ¢ Golet, 27 152 and 38 2002 for BP-Olduruk,
respectively. Longitude and latitude coordinatediref crews are, 27 0647 and
38 27 13 for Kar yaka, 27 1805 and 38 2702 for Belkahve, 27 1140 and
38 22 30 for Buca. After converting these degrees to decmna then to meter,
attribute data related to these points were addethé¢ database we constituted.
Attribute data were, water resources capacity, cresmber per month, number,
code, license plate, brand of sprinkler, water tagriader, helicopter and airplane
number. This database was constituted in MapInfb Gan be updated when new
information must be added. All these attribute daéae obtainedrom zmir Forest
Administration Chief Office handbook, Struggle wiHorest Fires 2007 Activity
Plan. Locations of fire crews and water resourcesewshown in Figure 4.26 and
Figure 4.27, respectively. Figures 4.28 and 4.29ldy spatial and attribute data for

fire crews and water resources, respectively.

Figure 4.26zmir Forest Administration Chief Office fire crews &on map.
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Figure 4.27zmir Forest Administration Chief Office water resourkesation map.

Figure 4.28 Spatial and attribute data for fire crews
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Figure 4.29 Spatial and tabular data for watemuress.

4.4.3 Location Set Covering Problem and GIS

In this study it is tried to find minimum numberkfoe crews to cover demand of
interested area in fire fighting planning by LSG#el o visualize results by GIS.

As perceived from Figure 4.26, the south regiothefstudy area was deprived of
fire crews. For this purpose, this region was getk¢o find the minimum numbers
of fire crews that must be assigned to this areaS§P.

In Figure 4.30 south region of the study area dmdlbcations of current fire
crews were displayed together. Figure 4.31 reptesauth region of the study area
in a detailed way.
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Figure 4.30 South region of study area and locationsroéict fire crews.

Figure 4.31 South region afmir Forest Administration Chief Office.
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South region of the study area consists of 102 estmpents. LSCP formulation
consists of 132 decision variables and 102 comsg:aProblem formulation is shown
in Formula 4.1. Constraints are constituted acogrdo the compartment numbers
and their neighborhood relations. For example,fitisé constraint means that there
must be fire crew either in compartment 324 otsmeighborhood. The objective is
to minimize the numbers of compartments that frecwill be assighed and thereby

to minimize the numbers of fire crews.

X;: compartment number that fire crew will be assijn

Formula 4.1 is shown as follows:

Minimize Z= %77+ X278+ X279 + X280 + X308 + X090 + Xa10 + X311 + X312 + X310 + X322
T X323+ X324 + X325 + X326 + X327 + X328 + X320 + X330 + X331 + X332 + X333 + X334 + X335 +
X336 + X337 T X338 + X339 + X340 + Xaa1 + Xaa2 + X343 + Xaa4 + Xaae + Xa47 + Xaag + Xaso +
X351+ X352 T X353 + Xa54 + X355 + Xgs6 + X357 + Xasg + X350 + Xze0 + Xae1 + Xze2 + Xz63 +
X364 T X365 T X366 T X367 + Xae8 T X369 + Xa70 + Xa71+ Xz72 + X373 + X374 + Xa75 + X376 +
X377 + X378 + X379 + Xago T X3g1 + X382+ X383 + Xzga + Xags + Xage T Xag7 + Xagg + Xsgo +
X390 T X391 T X392 + X303 + X394 + X395 + X396 + X397 + X398 + X399 + X400 + Xa01 + X402 +
X403 X404 T Xa05 + X406 + Xa07 T Xa08 + Xa09 + Xa10 + Xa11 + X412 + X413 + X414 + X415 +
Xate + X417 T Xa18 + X419 + Xa20 + Xa21 + Xa22 + Xa23 + Xa24 + X425 + Xa26 + X427 + Xg28 +
Xa29 + X430 T X431 + X432 + X433 + X434 + Xa35 + Xa36 + X437 + Xa3g + X439 + Xas0 + X421 +
Xaa2 T X443 Xa44 + X445

s.t.
X323 + Xs24 + Xao5 + X363 + Xsea + Xaes + Xees + Xse7 1 (Compartment 324 and its
neighborhood)
Xo77 + Xa23+ X324 + Xa2s5 + Xaz6 + Xa27 + Xa20 + Xae6 + Xae7 1 (Compartment 325 and
its neighborhood)
X325 + X327 + Xa28 + X320 + X330 + Xaee + Xa67 + Xaes + Xss0 1 (Compartment 329 and its
neighborhood)
X278 + Xo79 T Xogo + X327 + X328 T X329 + X330 + X331 + X332 + X333 + X334 + X335 + Xze9 +

X370+ X371 1 (Compartment 330 and its neighborhood)
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X330 + Xz31 + X332 + Xs33 + Xazq + Xs3z5 + X371 1 (Compartment 333 and its
neighborhood)

X330 + X333 + X334 + X335 + Xa36 + Xa37 + Xa71 + Xe72 + Xg73 1 (Compartment 335 and its
neighborhood)

X335 + Xa36 + Xa37 + Xa3s + Xa72 + X373 1 (Compartment 337 and its neighborhood)
X336 + Xz37 + Xazs + Xaz0 + Xaso + Xs73 + X374 1 (Compartment 338 and its
neighborhood)

X338 + X339 + Xad0 + Xaa1 + X4z + Xa7a + Xa75 + X771 (Compartment 340 and its
neighborhood)

X340 + X341 + X343 +Xa44 + Xaa7 + Xa75 + Xa77 + Xa78 + Xa79 1 (Compartment 343 and its
neighborhood)

X343 X344 + Xaae + Xaa7 + Xaas + Xaao + Xg73 + Xa70 1 (Compartment 347 and its
neighborhood)

X347 + Xaag + Xaag + Xgs1 t Xz79 + Xsg1 + Xzgz 1 (Compartment 348 and its
neighborhood)

X351 + X352 + X353 + Xasa + Xas5 + Xg56 + Xa57 + Xsgz 1 (Compartment 355 and its
neighborhood)

X308 + X300 + X310 + X311 + Xa54 + Xas5 + Xas6 + Xas7 + Xgsg 1 (Compartment 356 and its
neighborhood)

X355 + X356 + Xa57 + X358 + Xag2 1 (Compartment 357 and its neighborhood)

X356 + X357 + Xas8 + X359 + Xag2 1 (Compartment 358 and its neighborhood)

X358 + X359 + Xse0 + Xag2 + Xag3 1 (Compartment 359 and its neighborhood)

X359 + X360 + Xs83 1 (Compartment 360 and its neighborhood)

X312 + X319 + Xae1 + Xae2 + Xse3 + Xage 1 (Compartment 362 and its neighborhood)
X319 + Xa22 + Xa23 + Xa24 + Xse2 + Xs63 T Xse4 T Xsge 1 (Compartment 363 and its
neighborhood)

X324 + X363 + Xs64 + Xae5 + Xsgs 1 (Compartment 364 and its neighborhood)

X324 + X364 + Xae5 + Xae6 + Xsgs 1 (Compartment 365 and its neighborhood)

X324 + Xa25 + Xa20 + Xaes + Xsee T Xs67 T Xso0 + Xs01 1 (Compartment 366 and its
neighborhood)

X324 + Xa25 + Xa20 + Xaee t Xs67 + Xses T Xso1 + Xz02 1 (Compartment 367 and its
neighborhood)
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X329 + X367 + Xaes + Xaso + Xag2 + X395 1 (Compartment 368 and its neighborhood)
X329 + X330 + Xzes + Xsso t Xa70 + Xs71 t Xzes 1 (Compartment 369 and its
neighborhood)

X330 + Xggg + X370 + Xa71 t Xags + Xsgs t X397 1 (Compartment 370 and its
neighborhood)

X330 + X333 + X335 + Xae9 + Xa70 + Xg71 + X372 + X396 + Xao7 + Xees 1 (Compartment 371
and its neighborhood)

X335 + Xg37 + Xa71 + Xa72 + Xa73 + Xsog + Xg01 1 (Compartment 372 and its
neighborhood)

X335 + Xz37 + Xazg + Xa72 + Xa73 + Xs7a + Xg01 1 (Compartment 373 and its
neighborhood)

X338 + X340 + Xa72 + X373 + Xa74 + Xa75+ X376 + Xa01 + X402 1 (Compartment 374 and its
neighborhood)

X340 + X343 + Xa74 + X375 + Xa76 + X377 1 (Compartment 375 and its neighborhood)
X374 + Xa75 + Xa7e + Xg77 + Xa02 t Xa07 + X409 1 (Compartment 376 and its
neighborhood)

X340 + X343 + Xa75 + Xa76 + X377 + Xa78 + Xaso + Xs00 1 (Compartment 377 and its
neighborhood)

X343+ Xsa7 + Xa77 + X378 + Xa79+ X3g0 1 (Compartment 378 and its neighborhood)
X343 + Xaa7 + Xaag + Xa7g + Xa79 + Xago + Xss1 1 (Compartment 379 and its
neighborhood)

X377 + X378 + X379 + Xag0 + Xas1 + Xag2 + X409 + X410t Xs11 1 (Compartment 380 and its
neighborhood)

X348 + X351 + X379 + Xago + Xss1 + Xsg2 1 (Compartment 381 and its neighborhood)
X348 + X351 + X352 + X355 + X357 + X358 + X359 + X3go + Xzg1 + Xzg2 + Xggz + Xa11 + Xq12 +
Xs13+ X414 1 (Compartment 382 and its neighborhood)

X359 + X360 + X3g2+ Xszgz+ Xq14 + X415 1 (Compartment 383 and its neighborhood)
X312 + Xaga + Xags + Xage + Xass + Xa16 1 (Compartment 384 and its neighborhood)
X384 + X35 + Xags + Xag7 + Xsgg 1 (Compartment 385 and its neighborhood)

X312 + Xee2 + X363 + Xaea + Xaes + Xaee + Xasa + Xags + Xage + Xsg7 + Xgoo + Xeo1 1
(Compartment 386 and its neighborhood)

X385 + Xage+ Xag7 + Xsgs + Xso0 1 (Compartment 387 and its neighborhood)
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X384 + Xags + Xag7 + Xsgg t Xagg + Xsoo + Xs16 1 (Compartment 388 and its
neighborhood)

X3gg + Xagg * Xago + Xgo1 t Xagz + Xsoa + Xs16 1 (Compartment 389 and its
neighborhood)

X3e6 + Xage + Xag7 + Xagg + Xsgo t Xago + Xso1 + Xse3 1 (Compartment 390 and its
neighborhood)

X366 t Xag7 + Xagg t Xsgo * Xzo1 + Xazg2 + Xso3 1 (Compartment 391 and its
neighborhood)

X367 + X368 + Xao1+ X302 + Xa93 + X305 1 (Compartment 392 and its neighborhood)
X3go + Xago + Xao1 + Xao2 + Xge3+ Xsos + Xaos + Xs16 1 (Compartment 393 and its
neighborhood)

X389 * Xgo3 + Xgo4 + Xsg5 + Xags + Xa16 + X417 1 (Compartment 394 and its
neighborhood)

X3eg + Xaeo T Xa70 T Xs02 t Xs93 + Xsoa + Xaos + X6 1 (Compartment 395 and its
neighborhood)

X370 + Xa71 + X304 + Xao5 + Xaoe + Xag7 + Xa00 + Xs04 + Xa16 + X417 + X419 + Xa20 1
(Compartment 396 and its neighborhood)

X370 + X371 + Xags t Xag7 + Xsog t Xag9 + X400 1 (Compartment 397 and its
neighborhood)

X371+ X372 + Xa97 + Xags + Xag0 + X401 1 (Compartment 398 and its neighborhood)
X397 + X398 + Xag9 + Xa00 + X401 1 (Compartment 399 and its neighborhood)

X396 + Xz07 + Xag9 + Xq00 + Xa01 + X033 + X04 1 (Compartment 400 and its
neighborhood)

X372+ X373 + Xg74 + Xa08 + X309 + Xa00 + Xs01 + Xa02 + Xs03 1 (Compartment 401 and its
neighborhood)

X374 + X376 + X401 + Xa02 + Xa03 + Xa05 + X406 + X407 1 (Compartment 402 and its
neighborhood)

X400 + X401 + Xa02 + Xa03 + Xa04+ X405 1 (Compartment 403 and its neighborhood)
X396 + X400 + Xa03 + Xa04 + Xa05+ X420 1 (Compartment 404 and its neighborhood)
X402 + X403+ Xa04 + X405 + Xq06 + X120 1 (Compartment 405 and its neighborhood)
X402 + X405 + Xa06 + Xa07 + Xa08 + X420 1 (Compartment 406 and its neighborhood)
X376 + X402 + + X406 + X407 + Xa08 + Xa09 1 (Compartment 407 and its neighborhood)
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Xa06 + X407 + Xa08 + Xa09 + X420 1 (Compartment 408 and its neighborhood)

X376 + Xa77 T Xago + X407 + Xa08 + Xa00 + Xa10 + Xa20 1 (Compartment 409 and its
neighborhood)

X380 + X409 + Xa10 + X411 + Xq12+ X420 1 (Compartment 410 and its neighborhood)
X3g0 + Xag2 + Xq10 * X411 + X412 + Xq13 + X414 1 (Compartment 411 and its
neighborhood)

Xa10+ X411+ Xa12 + X413 1 (Compartment 412 and its neighborhood)

X3g2 + X411 + Xq12 + Xa13+ X414 1 (Compartment 413 and its neighborhood)

X382 + X383 + Xq11 + Xa13+ Xq14+ X415 1 (Compartment 414 and its neighborhood)
X383+ X414 + X415 1 (Compartment 415 and its neighborhood)

X3ga + Xagg + Xagg T Xao3 + Xaga + Xa16 + X417 +Xa2s 1 (Compartment 416 and its
neighborhood)

X396 + X416 + Xa17 + X418 + Xa19 + X420 + Xa25 +Xa26 + X430 1 (Compartment 417 and its
neighborhood)

Xa17 + Xa18 + Xa26 + Xa27 + Xa28+ Xa30 1 (Compartment 418 and its neighborhood)
X396 + X417 + X419 + Xa20 + Xa21 + Xa23 + X424 + X430 1 (Compartment 419 and its
neighborhood)

X396 + Xs04 + X405 + Xs06 + Xa08 + Xa00 t X410 + X419 + Xa20 + Xa21 + Xa22 1
(Compartment 420 and its neighborhood)

Xa19 + X420 + Xa21 + Xa22 + Xq23 1 (Compartment 421 and its neighborhood)

Xa20 + X421 + Xa22 + Xa23+ Xa24 1 (Compartment 422 and its neighborhood)

Xa19 + X421 + Xa22 + Xa23+ Xg24 1 (Compartment 423 and its neighborhood)

Xa19 + X422 + Xa23 + X424 1 (Compartment 424 and its neighborhood)

Xa16 + X417 + X425 + Xaze + Xa27 + Xa31 + Xa32 + X436 + Xa37 1 (Compartment 425 and
its neighborhood)

Xa17 + Xa18 + Xa25 + X426 + X427 1 (Compartment 426 and its neighborhood)

Xa1g + X425 + X426 + Xa27 + Xa28 + Xa20 + X432 + X433 + Xa34 1 (Compartment 427 and
its neighborhood)

Xa18 + X427 + Xa28 + Xa29 + X430 1 (Compartment 428 and its neighborhood)

Xa27 + X428 + Xa29 + X430+ X434 1 (Compartment 429 and its neighborhood)

Xa18 + X410 + Xa28 + Xa20 + X430 1 (Compartment 430 and its neighborhood)
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Xazs + X431 + X432 + X433 + Xa35 + Xa36 + X437 + X438 1 (Compartment 431 and its
neighborhood)

Xa25+ X427 + Xa31 + Xa32 + Xq33 1 (Compartment 432 and its neighborhood)

Xa27 + X431 + Xa32 + Xa33+ Xa34+ X435 1 (Compartment 433 and its neighborhood)
Xa27 + X420 + Xa33+ X434+ X435 1 (Compartment 434 and its neighborhood)

Xa31+ X433 + Xa34 + Xa35 + Xa38+ X439 1 (Compartment 435 and its neighborhood)
Xa25 + X431 + Xa36 + Xa37 + Xa41+ Xaa5 1 (Compartment 436 and its neighborhood)
Xa31+ X436 + Xa37+ X438 + Xaa0+ X441 1 (Compartment 437 and its neighborhood)
Xa31+ X435+ Xq37+ Xq38 + Xa39 + X440 1 (Compartment 438 and its neighborhood)
Xa35 + X438 + Xa39 + Xaa0 + Xa42 1 (Compartment 439 and its neighborhood)

X437 + X438 + Xa39 + Xaa0 + Xa41+ Xaa2 1 (Compartment 440 and its neighborhood)
Xaze + X437 + Xaa0 + Xaa1 + Xaa2 + Xa43 + Xss 1 (Compartment 441 and its
neighborhood)

Xa39 + Xa40 + Xaa1 + Xaa2 + Xa43 1 (Compartment 442 and its neighborhood)

Xaa1 + Xaa2 + Xaa3 + Xaaa + Xa45 1 (Compartment 443 and its neighborhood)

X443+ Xaaa + X445 1 (Compartment 444 and its neighborhood)

Xa36 + Xaa1 + Xaa3 + Xaaa + Xa45 1 (Compartment 445 and its neighborhood)

Figure 4.32 LSCP solution obtained fiMNQSB software package.
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Figure 4.32 demonstrates LSCP solution obtainean fid/INQSB software
package. According to these results, the minimummbers of fire crews and the
minimum numbers of compartments that these firavereill be assigned must be
17. Optimum solution is,3% = Xs38= Xss6 = Xaes = X371 = Xa76 = X379 = X383 = Xage =
X389 = X400 = X412 = X419 = X420 = X427 = Xa35 = X441 =1 and the rest equals to 0. Figure

4.33 revealed locations of current fire crews arappsed fire crews.

Figure 4.33 Locations of current and proposed fire srew

Although 17 is the minimum number of fire crewsifid by LSCP it is difficult
to assign 17 fire crews to the south region ofgshaly area because of the budget
constraints. In order to minimize numbers of thigecrews, buffering analysis was
done. Buffering process involved the creation afraular polygon about each fire
crew of radius equal to buffer distance. In thissik fixed buffer distance (7 km) was
used for all fire crews. Firstly buffering was dome a compartment map to select
these fire crews by ensuring coverage of all compamts in the south region of the
study area. The aim was to find compartments @datrfside service area of each
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fire crew and to determine coverage areas of fiesvs. Then same buffering was
done on the road map to determine the interverdrea of each fire crew and total
length of roads that was usable by each fire crevthe buffered areas. Same
distance, 7 km, was used for each fire crew in dyuff). Inside of each buffer
indicated total length of usable roads and themet&ion area of fire crews.

Different alternatives were possible as to locaiohthese new fire crews. One of
them was assignment of fire crews to the compartsngith the number of 356, 368,
and 435. According to this assignment, if one foeew is assigned to the
compartment 368, the other two must be assignedet@ompartment 356 and 435
(The same interpretation can be done as, if ore drew is assigned to the
compartment 356, the other two must be assignédtetcompartment 368 and 435 or
if one fire crew is assigned to the compartment, 488 other two must be assigned
to the compartment 356 and 368). In this study drews were named with the
compartment number they were assigned. For instimgcerew 368 means that this
fire crew is assigned to the compartment 368 aaegrb LSCP. It is important to
note that assignment must be done with this trioT&tal length of usable roads in
buffered areas was found as 529 km with this assegm. In figure 4.34 intervention
areas and total length of usable roads in buffareds were shown for the fire crew
356, 368 and 435. Figures 4.35, 4.36 and 4.37 shad types and their total length
for buffering of fire crew 368, 356 and 435.

Different trio sets were proposed as shownguarg 4.38. Figures 4.39 and 4.40
show road types and their total length for buffgraf fire crew 371 and 383. Figure
4.41 shows 7 km buffers from fire crews 379, 386 441. Figures 4.42, 4.43 and
4.44 show road types and their total length forfdyufg of fire crew 379, 389 and
441. Figure 4.45 display 7 km buffers from firewr824, 412 and 427. Figures 4.46,
4.47 and 4.48 show road types and their total lefmt buffering of fire crew 324,
412 and 427. Figure 4.49 demonstrate the bestrassigt in terms of total length of
usable roads (589 km).
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Figure 4.34 7 km buffers from fire crews 356, 36848

Figure 4.35 Road types and their total length for buffeoirfge crew 368.
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Figure 4.36 Road types and their total length for buffeoinfiye crew 356.

Figure 4.37 Road types and their total lefathuffering of fire crew 435.
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Figure 4.38 7 km buffers from fire crews 371, 383 and 435.

Figure 4.39 Road types and their total length for buffeoirnfiye crew 371.
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Figure 4.40 Road types and their total length for buffeoirfiye crew 383.

Figure 4.41 7 km buffers from fire crews 379, 389 and 441.
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Figure 4.42 Road types and their total lengthodiffering of fire crew 379.

Figure 4.43 Road types and their total length foreini§ of fire crew 389.
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Figure 4.44 Road types and their total length foreini§ of fire crew 441.

Figure 4.45 7 km buffers from fire crew 324, 412 and 427.
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Figure 4.46 Road types and their total length for buleof fire crew 324.

Figure 4.47 Road types and their total length for bueof fire crew 412.
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Figure 4.48 Road types and their total length for buleof fire crew 427.

Figure 4.49 7 km buffers from fire crews 368, 379 and 427.
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Figure 4.50 summarizes usage of analyses donésisdbtion.

Department: Collect information: Identify and
Forest Protection and .| LSCP, P > evaluate
Fire Combating GIS (buffering) | alternatives
Department

e

Problem:
Location of proposed
fire crews

A4

Follow up Implement | Decide
assesment |

Figure 4.50 Summary of usage of LSCP and GIS.

4

4.4.4 Road Analyses

Figure 4.51 displays road analyses done in thisosec

[ Road Analyses ]

Thematic map of road Locations of proposed fir
crews and potential fire argas

[ Shortest path analysisﬂ

Figure 4.51 Schematic representation of roagsesl

Figure 4.52 shows road map of the study area. €igub3 display thematic
mapping of the road map. Figure 4.54 representitts of current fire crews on
the road map of the study area. Figure 4.55 displagmatic maps of the road map
and locations of current fire crew simultaneousligures 4.56 and 4.57 show some
of the residential areas and the locations of te@gsed fire crews on the road map,
respectively. Potential fire areas and the locatiohthe proposed fire crews are
represented in Figure 4.58.
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Figure 4.52 Road map of tzenir Forest Administration Chief Office.

Figure 4.53 Thematic mapping of the road map.
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Figure 4.54 Locations of current fire crew on ther map.

Figure 4.55 Thematic map of the the road map amtbtiations of current fire crew.
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Figure 4.56 Some of the residential areas and the ropd ma

Figure 4.57 Locations of the proposed fire crewtherroad map.
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Figure 4.58 Potential fire areas and the locatibtiseoproposed fire crews.

In this part of the application, different areasreveletermined as potential fire
areas by examining fire records since 2000. As showrigure 4.58, nine areas were
determined as potential fire areas for the sougioreof the study area. The shortest
paths from fire crews, which were found by LSCPthe potential fire areas were
calculated. There may be several alternativesaohrdrom one fire crew to the one
fire area. All of the alternatives were examined aalculated by using functions of
GIS. Fire crews and potential fire areas were namgd the the number of the
compartment they belong to.

Figure 4.59 shows two different paths from firewer868 to potential fire area
389. The orange road shows the shortest path wanogth is 5.7 km, the purple road
shows the second shortest road whose length ikne. Figures 4.60 and 4.61 show
each of these roads and types of the roads in geths.
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Figure 4.59 Two different paths from fire crew 36&@potential fire area 389.

Figure 4.60 The shortest path from fire crew 368 to thenpial fire area 389.
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Figure 4.61 The second shortest path from fire crew 36&tpotential fire area 389.

Figure 4.62 shows that the length of the shortestl from fire crew 368 to the
fire area 419 is 8 km. This figure also shows tgpthe roads, such as planned roads,
village roads and highways, in this path. But apantant point that must be taken
into account that, there are planned but have @en lcompleted roads in this path. If
planned roads are completed, using this road ircdlse of fire will give the shortest
path (8 km) from 368 to 419, as shown in Figure24But if these planned roads are
not completed other routes must be used as shoWwigumes 4.63 and 4.64. Figures
4.63 and 4.64 display each of these roads in aetbiaay.
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Figure 4.62 The shortest path from fire crew 368¢qobtential fire area 419 using planned road.

Figure 4.63 One of the alternative roads fromdiev 368 to the potential fire area 419.
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Figure 4.64 The shortest path from fire crew 368éqobtential fire area 419 in the case of

disusing of planned roads.

Other scenarios were developed as to calculatisiqmtie from fire crew 324 to
the potantial fire area 404 as shown in figure$ 44666, 4.67 and 4.68. Figures 4.66
and 4.68 show types of the roads in these paths.

Figure 4.69 shows four different paths to reacimffoe crew 356 to the potential
fire area 416. Figures 4.70, 4.71, 4.72 and 4. tvstifferent scenarios (length of
the roads) derived from figure 4.69.
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Figure 4.65 The shortest path from fire crew 324 to tieediiea 404 (6.5 km).

Figure 4.66 Types of the roads in the shortest path firenarew 324 to the fire area 404.
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Figure 4.67 The second shortest path from fire crewt@f# fire area 404 (8.3 km).

Figure 4.68 Types of the roads in the second shor#istfipm fire crew 324 to the fire area 404.
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Figure 4.69 Four different paths to reach fromdhewv 356 to fire area 416.

Figure 4.70 Scenario 1 about length of the road fientrew 356 to the fire area 416.
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Figure 4.71 Scenario 2 about length of the road fientrew 356 to the fire area 416.

Figure 4.72 Scenario 3 about length of the road fientrew 356 to the fire area 416.



151

Figure 4.73 Scenario 4 about length of the road fientrew 356 to the fire area 416.

Figure 4.74 summarizes usage of road analysesiddhes part.

Department: Collect information: Identify and
Forest Protection and Fire Road analysis, —» evaluate
Combating Department Shortest path < alternatives
Construction and Supply analysi:
Departmen
Problem:
Fire Management
v
Follow up Implement | Decide
\ assesment | N

Figure 4.74 Potential usage of road analysis and theeshpath analysis.
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In the following part of the thesis it is tried mainimize the numbers of proposed
fire crews, which are found by LSCP, by using duisig algorithm.

4.4.5 Clustering Analysis

Clustering deals with grouping of records or cas#e classes with similar
objects. In a cluster, there are records that arglas to one another. That is
clustering collects homogeneous objects in oneterduend dissimilar to objects in
other cluster. One of the differences between etugj and classification is that
there is no target value for clustering. In clusigit is not tried to classify, estimate
or predict the value of a target variable. Clusiglgorithms search for segmenting
the entire data set into relatively homogenous suljgs or clusters (Larose, 2005;
Nasibov, 2008).

One type of clustering that is used for findingstérs in data is called k-means
clustering. This type of clustering calculates @t among points in continuos
space by using Euclidean distance. Steps of algonitsed in this clustering can be
summarized as (Larose, 2005; Nasibov, 2008):

Step 1: Deciding how many clusters k the datalsatld be partitioned into.

Step 2: Assignment of k records to be the initilaister center locations
randomly.

Step 3: Finding the nearest cluster center for eadord. The nearest
criterion in this step is usually Euclidean disanEach cluster center owns a
subset of the records, thereby representing atipartof the data set.

Therefore, k clusters,CC,, ....C exist.

Step 4: Finding the cluster centroid for each efktclusters and updating the

locations of each cluster center to the new vafubecentroid.
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Step 5: Repeating steps 3 to 5 until convergencterotnation.

The algorithm terminates when for all clusterg C,, ....G, all the records
owned by each cluster center remain in that clugtke algorithm may terminate
when some convergence criterion, such as no sgnifishrinkage in the sum of
squared errors (SSE), is met. SSE is shown in fardha.

SSE= | d(p,m,)> (4.2)

i=1 pi C;

where pl C, represents each data point in cluster i ancepresents the centroid

of cluster i.

Locations of the fire crews found by LSCP were posed on the road map of
zmir Forest Administration Chief Office, as showm Figure 4.75. In order to
develop fire scenarios, different areas were detethas potential fire areas on the
road map. 22 points (combination of both the numlodifire crews and the numbers
of fire areas) were pointed out on the road maghasvn in Figure 4.76.

Figure 4.75 Locations of the proposeddievs on the road map.
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Figure 4.76 Fire crews, potential fire areas anddabd map.

The shortest paths from fire crews found by LS©@Rhe potential fire areas were
found by using functions of GIS and 22x22 the stsirtoads matrix was constituted.
This matrix consisted of lengths of the shortestdso(km) from fire crews to the
potential fire areas. The objective was to minintize numbers of fire crews found
by LSCP for the fire scenario developed on thidroamp. Mathematical model of

this problem was expressed as shown in formul&3-(4.7).

The objective of this new clustering algorithm @ rhinimize SSE as shown in
formula 4.3, 4.4, 4.5, 4.6 and 4.7.

n n

SSE= y;u;d; ® min (4.3)
i=1 j=1

y = C (4.9)

1 if d; =mind, _
u = ] k=1,n kj, ] ,

0, otherwise

(4.5)

I
=)
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u. =1, j=1,n (4.6)

y, 1 {01, i=1,n (4.7)
where

C= number of clusters;

d;= road distance between points i and j;

1, if pointi isselectedas fire crew

Yi= 0, otherwise

_ 1, if point j belonggotheclusterwith centempointi

"0, otherwise

Problem (4.3)-(4.7) is a type of clustering probland in this problem;yare the
determining decision variables. This is non-lindacrete 0-1 integer programming
problem. This problem can not be solved by classitisstering algorithms and
current software packages because of the cons{fabjt Since road distances on the
road map are not Euclidean distance and they ageredé in nature classical
clustering is not suitable for this study. Thusearclustering algorithm, which is
based on combinatorial search, has been developedis thesis and used to find an
optimum solution for the fire scenario we have deped. The new clustering
algorithm used 22x22 the shortest roads matrixnasvs in Table 4.5. Rows and
coloumns of Table 4.5 constitutes of 22 points, loimation of both the numbers of

fire crews and the numbers of potential fire areas.



Table 4.5 The shortest roads matrix.
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324 | 338| 356| 368 369 371 376 379 3B3 386 389 [B99 400 |404 | 412 | 416 | 419| 420, 425 427 435
3241 O 66| 171| 18] 33 49 86 139 193 5§51 55 5.5 6 6.5 |157 |74 | 9.8 | 12.3| 19.7] 143 18.2
338| 6.6 0 148 48| 34 346 63 116 193 1p1 85 B.7 |47 |47 |134 | 9 9.9 | 106| 21| 16.7 20.1
356| 17.1 | 14.8 0 153 134 128 8P 55 65 196 16.7 114 119 (124 | 7.4 | 17.2] 124 10.1 218 18]1 22
368| 1.8 48| 153 0 16 31 6.8 12{11 176 853 57 B7 |42 |47 |128 |65 | 89 | 10.6] 174 16.7 20
369| 3.3 34| 134 16 0 14 654 106 1858 69 %4 Pp2 |27 |32 |125 |59 | 88 | 10.3| 16.8§ 13.1 17.1
371 4.9 36| 128 31 1.6 0 46 9.9 15 84 468 14 2 25 117 |73 |81 | 95 |175]| 14.5 17.9
376| 8.6 6.3 8.2 6.8 54 4.6 0 58 108 12 91 32 B7 |42 |72 |96 |98 | 7.6 | 19.2] 16.2] 195
379| 139 | 116/ 55| 121 10 9.9 58 0 78 182 112 7.3 |78 |63 |19 |11.7| 69| 46| 16.3 12.¥ 167
383] 19.3| 19.3] 65| 176 158 1% 108 7|8 D0 209 189 136 (145 |14 | 9.6 | 19.5]| 14.6] 12.3 24| 20.01 24}4
386 5.1 | 10.1] 196/ 5.3 6.9 84 12 132 209 (O 3 8.9 185 7 (151 |53 |84 | 98| 158 122 16.1
389| 5.5 85| 16.7| 57 54 6.8 91 1112 189 @3 0 $9 BS5 49 (131 |24 |64 | 7.8 | 13.2] 9.6] 13.5
399| 5.5 3.7| 114, 37| 22 14 32 78 136 89 5.9 0 0.6 |1.1 |92 |65 | 6.7 7 |16.1| 13.1 17.7
400 6 4.7 119| 42| 2.7 2 37 78 145 85 65 0.6 0 1.6 9.7 7 7.2 |75 |16.6] 12.9] 16.9
404| 6.5 47| 124 47 3.2 25 42 68 14 v 49 11 [1.6 0 82 |55 |57 |71 |151| 11.4] 154
412| 15.7 | 134 74| 128 125 117 72 19 96 151 131 |9.2 |9.7 |8.2 0O |13.6| 88| 6.5| 18.2 14.6 18)5
416| 7.4 9 17.2| 65| 59 73 96 117 195 53 24 6.5 7 55 136 | O 6.9 | 83| 10.9] 7.2 11.7
419| 9.8 99| 124 89 88 81 98 69 146 84 64 b7 |72 |57 |88 |6.9 0 24 | 10.3] 6.7] 10.7
420| 12.3| 10,6/ 10.1] 10.6 103 9p 7/6 46 123 9.8 [.8 7 75 |71 |65 | 83| 24 0 | 11.8 8.1 12.1
425| 19.7 | 21| 21.8| 174 168 175 192 163 24 158 132 (6.1 (16.6 |15.1| 18.2| 10.9 10.3 118 O 4.9 5
427| 145 | 16.7) 18.1] 16.7 131 14|5 1.2 127 20.1 122 [9.6 |13.1 129 [11.4| 146 72| 6.7 81 49 0 6.3
435| 18.2 | 20.1] 22.1) 20| 17.1 178 195 16.7 244 16.1 135 |17.7 |16.9 | 154 | 18.5| 11.2 10.7 1240 5 6.8 @
441 | 20.3 | 22.2| 242 221 192 19|9 216 188 26.5 183 (5.7 |185 | 19 |175| 20.7| 13.3 128 14p 7.0 7/4 49

441
20.3
22.2

24.2
22.1
19.2
19.9
21.6

18.8

26.5
18.3
15.7
18.5
19

17.5
20.7
13.3
12.8
14.2
7.1
7.4
4.9
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GIS was used for positioning fire crews, fire areasa digital map and finding
the shortest roads from fire crews to fire areast @as used for the development of
new algorithm. In this study fire crews were naméth the compartment number
they were assigned. For instance fire crew 435 melat this fire crew must be
assigned to the compartment 435 according to LSCP.

The result of the new clustering algorithm was shawFigure 4.77.

Figure 4.77 Results of the new algorithm.

The numbers of clusters were determined as thredhey were numbered as, 1,
2 and 3. According to this new algorithm, point84 3338, 368, 369, 371, 386, 389,
399, 400, 404 and 416 were assigned to the clusyints, 356, 376, 379, 383, 412,
419 and 420 were assigned to the cluster 2; anghdhws, 425, 427, 435 and 441
were assigned to the cluster 3, as shown in figuré. For this fire scenario, centers
of the clusters were found as 369 for cluster B f&r cluster 2, and 435 for cluster

3. The numbers of fire crews, which were found a$y LSCP, were minimized to
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the three by the new clustering algorithm. It wasposed that fire crews must be

assigned to the compartments 369, 379 and 43%ifofite scenario.

Figure 4.78 shows results of the new algoritm @nrtfap.

Figure 4.78 Representation of the results of theahastering algorithm on the road map.

4.4.6 Boolean Approach

Boolean approach is used to combine series of inpap layers into a single
output layer through use of and, or and not opesato GIS, this methodology is
used in a multiplication overlay between layerstagmnig only zeros (represents
areas where conditions false or criterion is ndfisBead. In many real-world
problems, decision making proces can be more coaipli. There are situations
where a boolean analysis does not produce satisjasblution and with Boolean
approach all of the criteria carry equal importaimcsolution (Dane, 2007).

IDRISI GIS Software package was used for Booleaalysis.
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4.4.6.1 Boolean Standardization of Factors

In our study, Boolean Approach is used to deterrtiigemost suitable areas that
cope with fires effectively. First of all all crite were standardized to Boolean
values (0 and 1). Factors of our study are, digtdnem water resorces, distance

from streams and distance from settlement areas.

4.4.6.1.1 Distance From Water Resources Faddsrmentioned before water
resources are very important in fire managemergagicloser to water resources are
considered more suitable to cope with fire tharasrthat are distant from water
resources. Water resources map is derived by mstgrand using the module
DISTANCE as a distance operator under the GIS amaly IDRISI software
package as shown in Figure 4.79. Then, distancgams obtained. Figure 4.80

shows a simple linear distance from all water reseaiin our study area.

Figure 4.79 IDRISI GIS sddive distance analysis.
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Figure 4.80 Distance map of water resources.

In this stage it is needed to RECLASSIFY curds image of distance from
water resources to a Boolean expression of dissatizd are suitable and distances
that are not suitable. We reclassified our imageisthnce from water resources such
that areas less than 5000 meters from any wateuness are suitable (1) and those
equal to or beyond 5000 meters are not suitable Rérlassification process and
reclassified distance map of water resources avershn Figure 4.81 and Figure
4.81, respectively. Figure 4.83 shows compartmeap and reclassed distance map

of water resources.
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Figure 4.81 Reclassification of water resources distareqe

Figure 4.82 Reclassed distance map of water resoures.
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Figure 4.83 Compartment magh reclassed distance map of

water resources.

4.4.6.1.2 Distance From Streams Fact®treams also play very important role in
fire management policy. To get distance map ofasteand reclassed distance map
of streams, all procedure is the same as procexfulestance from water resources
factor. Figure 4.84 shows raster image of streapsm®istance map of streams,
reclassification of the distance map of streandassed distance map of streams are
shown in Figures 4.85, 4.86, and 4.87. Figure dig88lays reclassed distance map of
streams and stream map together.
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Figure 4.84 Raster image of stream map.

Figure 4.85 Distance map of streams.
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Figure 4.86 Reclassificatas distance map of streams.

Figure 4R&classed distance map of streams.



165

Figure 4.88 Reclassed distance map of streams and stream

4.4.6.1.3 Distance From Settlement Areas FacBettlement areas can be
considered as an important factor to intervene @ndrol fire. However, according
to different points of view settlement areas caw dle considered as risky factor. In
some cases, the areas closer to the settlemestareeeore fire prone because of the
human factor. In this thesis settlement areas lavaght as an important factor in
controlling fire. Areas less than 2000 meters frany settlement are suitable areas
for effectively struggling with fire and areas eft@or beyond 2000 meters are not
suitable areas. Other procedures followed are dheesas the procedure of distance

from water resources factor and distance from stsgactor.

Figure 4.89 shows raster image of settlement afagare 4.90 shows distance
map of settlement areas. Figure 4.91 displays ssifieation procedure of distance
map of settlement areas.Figure 4.92 representd x@steclassification and Figure
4.93 represents reclassed distance map of setlearem and settlement area

together.
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Figure 4.88 Raster image tifesaent areas.

Figure 4.89 Distance map of settienareas.
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Figure 4.90 Reclassificatafrdistance map of settlement areas.

Figure 4.91 Reclassed distance map of settlement areas
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Figur®2 Reclassed distance map of settlement area and
settlerhareas.

4.4.6.2 Boolean Aggregation of Factors

All factors have been transformed into Boolean iesagnd they are ready to be
aggregated. All of these three factors are mudipliogether to produce a single
image of suitable areas for effectively coping with. This aggregation process can
be done by using Image Calculator with AND operaiio IDRISI software package

(Dane, 2007). Figure 4.93 shows multiplication msscand Figure 4.94 shows result
of multiplication.

Figure 4.93 Mpilying all factors at image calculator.
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Figure 4.94 The most suitable areas that can cope ivathffectively
accordindBmolean approach.

4.4.7 Analytic Hierarchy Process (AHP)

As mentioned in the theoretical part of thesis, ABIR decision making technique
developed by mathematician Thomas L Saaty. Itnsathematical decision making
based on, building hierarchy of criteria and atheacde of hierarchy weighting is
performed (Saaty, 1980; Saaty; 1986; Yardlip2004).

AHP starting process is shown in Figure 4.95.
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Figure 4.95 AHP module of IDRISI.

4.4.7.1 Fuzzy Standardization of Factors

In order to perform AHP in IDRISI first of all fugzstandardization of factors
must be done. In fuzzy standardization factorsnatejust reclassified into 0 and 1,
but are rescaled to a particular common range dowpto some function. In order to
use fuzzy factors with the multi criteria evaluatithese factors will be standardized
to a byte level range of 0-255.

4.4.7.1.1 Distance From Water Resources Fadbostance from water resources
must be rescaled to the byte range 0-255. In bo@earoach areas less than 5000
meters from any water resources are suitable (d)tlawse equal to or beyond 5000
meters are not suitable (0). The suitability deseeaith the distance and we choose
monotonically decreasing. Figures 4.96, 4.97, 44989, 4.100, 4.101, 4.102, 4.103,
4.104 and 4.105 show AHP procedure followed in IBIRdoftware package.
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Figure 4.96 Fuzzy standatitineof water resources distance map.

Figure 4.97 Fuzzy standardized distance map of water meEsour
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4.4.7.1.2 Distance From Streams Factor

Figure 4.98 Fuzzy standatineof distance map of streams.

Figure 4.99 Fuzzy standarddisthnce map of streams.
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4.4.7.1.3 Distance From Settlement Areas Factor

Figure 4.100 Fuzzy standardinadiodistance map of settlement areas.

Figure 4.101 Fuzzy standarddisthnce map of settlement areas.
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4.4.7.2 AHP Procedure

Figure 4.102 Selecting AHPicadrom the menu.

Figure 4.103 Pairwise corrganis.

Eigenvectors of weights were found as 0.0877 fotewaesources, 0.7732 for
streams and 0.1391 for settlement areas. Consystatio was found as 0.05 and

was acceptable for this study.
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Figure 4.104 Multiplying alctars at image calculator.

Figure 4.105 The most suitapkas that can cope with fire according to AHP.
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Figure 4.106 shows water resources, streams atiehsent areas.

Figure 4.106 Water resesy streams and settlement areas.

Figure 4.107 shows decision
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\ 4
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A

Figure 4.107 Summary of spatial multi criteria decisiorcess.
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4.4.8 3D, Slope and Aspect Maps

In this part topographic information afmir Forest Administration Chief Office
was evaluated. 3D view, slope and aspect maps dare using Vertical Mapper
module of Mapinfo Professional Software packaggufg 4.108 shows 3D view of
zmir Forest Administration Chief Office. Figuresl@9, 4.110, 4.111, 4.112 and
4.113 show, altitude map, altitude contour mapjtuale contour map and

compartment map, slope map and aspect map. Altitodeour map shows altitude
intervals in our study area.

Figure 4.108 3D map afmir Forest Administration Chief Office.
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Figure 4.109 Altitude map pfir Forest Administration Chief Office.

Figure 4.110 Altitude contour map of tiuely area.
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Figure 4.111 Altitude contour map anggartment map together.

Figure 4.112 shows slope of study area in degrés. ks the degree raises slope
also increases and land will be steep. Slope ig weportant factor in aforestation
studies, in fire fighting activities. In steep lafice fighting activities will be more
difficult. As it is seen from Figure 4.112, our dyuarea is not very step and has a
slope commonly between 10 degrees and 30 degrees.

Aspect shows visible area by taking north aspeca éasse. In figure 4.113 all
values are in degree units. This map shows dinethat hillside looks.
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Figure 4.112 Slope map of the study area.

Figure 4.113 Aspect map of study area.
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Figures 4.114 and 4.115 show potential usage diysemgm done in this part, for

different problem situations.
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Collect information:
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A
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T

Figure 4.114 Potential usage of slope and aspect iarfalystudy area.
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Figure 4.115 Potential usage of slope and aspgcfanatudy area.
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4.4.9 Visibility Analysis

In this part 4 points selected from the north, Bputest and east to analyze their
visibility and to decide where fire tower can bespioned if necessary. Visibility
analysis was done using vertical mapper as showigure 4.116.

Figure 4.116 Visibility analysis.

Figures 4.117, 4.118, 4.119, 4.120, 4.121, 4.12P23 and 4.124 show steps
followed and the results obtained for the pointeced from the north, south, west
and east region of the study area.

Figure 4.125 summarizes potential usage and decipmcess of visibility
analysis done in this heading.
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Figure 4.117 Coordinates of point chosen from north.

Figure 4.118 Result of visibility analysis farth region.
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Figure 4.119 Coordinates ofipohosen from south.

Figure 4.120 Result of visibility analysis for sotgiion.
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Figure 4.121 Coordinates of pdirtsen from west.

Figure 4.122 Result of visibility analysis foest region.
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Figure 4.123 Coordinates of pdmtsen from east.

Figure 4.124 Result of visibility analysis &ast region.



187

Department: Collect information: Identify and
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Figure 4.125 Decision process of visibility analys

4.4.10 Graphical User Interface-MapBasic Application

In this part of the thesis a special meramir Forest, was created in Maplinfo GIS
software by using MapBasic software to help deoiswwakers and facilitate their
decision making processzmir Forest menu provides graphical user interface
utilities for decision makers to retrieve needefdrimation in the shortest way. This
menu summarizes analyses done in this part ofstresi can be expanded with
different information according to information neeaf departments. The menu is
both informative and quite usable. It is user fdilgralso for people who do not know
GIS. It enables decision makers who know and do kmiw GIS, to reach
information in the quickest and the most effecimesy.

Headings of thezmir Forest menu are shown in Figure 4.126. Whes dticked
on, for example, stand menu, thematic map of thedstvill appear on the screen, as

shown in Figure 4.127.

Turkish version ofzmir Forest menu is shown in figure 4.128.
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Figure 4.126 MapBasic application.

Figure 4.127 Representation of stand by thematic map.
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Figure 4.128 Turkish versioMMafpBasic application.



CHAPTER FIVE
CONCLUSIONS

Spatial Information Systems and technologies hageoime very important
component of decision making in a wide variety pplacations. They facilitate
decision making process of spatial problems. GI& special class of information
systems and has an important role for solving apptoblems by using spatial and
nonspatial data. It is gaining wide importance aeeaision support tool. GIS can not
make decision on behalf of decision maker butatlifates decision making process
by combining data from different resources (RS (dat@&rial photography,
multicriteria techniques, optimization models), leiiay to do several analyses and
allowing for visualizing problem situation. Seeipgture of the problem, decision
makers can conceptualize problem and consequerfcéise oproblem. Then by
producing different scenarios, alternative solwiaran be obtained to the given
problem. Decision support system developed with tinesis contains user interface,
database, GIS, optimization models, and data veatan.

It is important to handle forestry problems by aitup system concept. Because
forests are open sytems that can be influenced fexternal factors and can
influence external factors. Many advantages of @sddsIS can also be observed in
forestry. Huge amount of forestry data can be degahand managed easily by GIS.
Because contemporary forest management requireg memord keeping, wider
access to information and integration of optim@atmodels, it is clear that the use
of GIS is invaluable in transition from conventibnforest management to
contemporary forest management. Because GIS povideonly organization and
management of data but also integrates differertimigation models into the

problem solving environment.
It was attempted to solve all forestry related peots by using digital maps with

this thesis. That is, it was tried to launch thestfistep of contemporary forest

management concept fozmir Forest Administration Chief Office. Forestry

190
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applications of not only GIS but also OR were shoavid prototype study that
integrated GIS and OR was presented.

As mentioned before, forests can not be managedibutita forest management
plan. This thesis aimed to show to the forest man&gw to plan forestry in the
short and long-term by using GIS and OR techniqUiken it was shown how to use

new information tool for management.

Firstly a detailed study was performed to analyeeegal state of the study area
on a digital map. For this reason several quermscerning altitude of hills,
compartments and their general and statistical rinddion, stands, streams,
agricultural lands and settlement areas were démwing this, databases of water
resources and fire crews were designed and thpresentations were done on a
digital map. Then by observing current locationsficd crews new locations were
proposed for the south region of the study areeSBP.

Different methods were used to minimize optimum hars of fire crews found
by LSCP. Each of these methods approached to thblegpn from different
perspectives. One of the method used function &, Gluffering, to minimize
numbers of proposed fire crews. The objectives werdetermine intervention area
of each fire crew and total length of usable roathe buffered areas with buffering.
Decision criterion was to select buffered area Haet the longest usable roads (km).
The other technique which was used to minimize remnlf proposed fire crews
was clustering analysis. Firstly different areagemgetermined on the road map as
potential fire areas. Then a new clustering algonjt which was based on
combinatorial search, has been developed and osfadtan optimum solution for
the fire scenario we have developed. According amtp, (combination of both
proposed fire crews found by LSCP and potentiad freas, total of 22 points)
determined on a digitial map, a new clustering algm found optimum numbers of
new fire crews as three. Result of this new algariproposed that fire crews must

be assigned to the compartments 369, 379 and 43biddfire scenario.
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Different road analyses were done. One of them wagevelop thematic road
map of the study area. Then the shortest path siealyas performed. The shortest
and the second shortest roads were determinedfi@rrews found by LSCP to the
potential fire area. It was aimed to do some pt@es as to distances from fire
crews to the potential fire areas and to help tomneanagers in deciding the best

location of fire crews according to determined pttd fire areas.

In the context of fire management, spatial muitiecia decision methods, boolean
approach and AHP, were used to determine the muaistbe areas that can cope
with forest fires. The aim was to help forest maagto see the areas that were
effective and ineffective in the study area in teraf defined set of criteria. It is
considered that result of these analyses will Hpfllein deciding assignment of
resources in fire management planning. Ineffecneas in fire fighting will be more
prominent by looking at the results obtained, aatgfer of resources to these areas
will be more important in order to strengthen tlesipons of these areas.

3D maps, slope and aspect maps are consideredpgmmrsudecision making
process in aforestation, erosion control, forestdrand fire fighting studies. Slope
map gives information about degree of slopes arel dbpect map gives the
information that hillside looks. Steep areas wdfuire more aforestation because
they are more prone to erosion than the other aBmgaforestation of these areas is
very important. Slope and aspect maps will alsdvddpful in forest road studies. In
forest road studies the areas that have a slopeebnt2 % and 10 % and south
aspect areas are preferred. From fire managemesgqmive in steep areas it will be
more difficult to cope with fire so fire crew allaton can be adjusted according to
information that slope map gives. Aspect maps balhelpful in predicting spread of

fire by looking at the aspect of hillside.

Visibility analysis will be helpful in fire manageant. By looking at the result of
this analysis it will be possiple to determine Hest locations for fire tower. In this

thesis only a few visibility analyses were doned&velop a prototype study. These
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analyses can further be expanded according toreliffgpoints which are wanted to

locate fire towers.

Finally, a special menuzmir Forest, was created in Mapinfo GIS software by
using MapBasic software to help decision makersfaatitate their decision making
process. zmir Forest menu provided graphical user interfatities for decision
makers to retrieve needed information in the slsbrtgay. This menu is both
informative and quite usable. It is user friendy flso non GIS users. The menu
enables to decision makers who know and do not KB&8y to reach information in

the quickest and the most effective way.

Contributions of this thesis to the study area tedliterature can be summarized

as:

To launch steps of contemporary forest managemeheistudy area.
GIS based database design.

Ability to update data and display it on the map.

Geocoding of current water resources and fire crews

The use of optimization technique, LSCP, to propose fire crews for
the south region of the study area.

The use of spatial multi criteria decision making determine the
suitable/unsuitable areas that can cope with fofiess according to
defined set of criteria thereby deciding allocatidmesources properly.
To develop 3D, slope and aspect maps and to use thaps as a decision
tool.

To analyze roads in the boundary amir Forest Administration Chief
Office in a detailed way.

To develop fire scenarios and find the shortesh&iom the proposed
fire crews to the potential fire areas.

Buffering analses in order to determine intervamtarea of each fire
crew, found by LSCP, and total length of usabledsoaside of each
buffer.
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Clustering analysis and development of a new dliingtalgorithm to find
minimum number of fire crews for the south regidhe study area.
Visibility analyses.

Development of a special menu in Mapinfo GIS sofawvpackage by
using MapBasic software, to help decision makersg facilitate their
decision making process.
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