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CREATION OF WEB-BASED APPLICATION FOR EARTHQUAKE
HAZARD ANALYSIS BY GIS AND AHP

SUMMARY

In recent years, the distribution of geospatial information on the Internet has been a
binding factor for information providers. The Internet allows all levels of the
community access to geospatial information and provides media to handle location-
related information without any restrictions on the location.

Recently, GIS and database management systems have developed rapidly, but there
are still many diverse issues that challenge most researchers, developers,
professionals and public users in this area. The most important and oldest of these
issues, which are still ongoing in geospatial systems and applications, is spatial data
access for efficient decision-making.

At present, with the increasing and generalized use of web applications and evolution
of graphical hardware, one of the most interesting problems deals with realistic real-
time visualization of virtual environments on web browsers. This project shows web
based application for Earthquake hazard parameters analysis by interactive map on
the World Wide Web.

Web-based GIS is developed from various web maps and client server architecture to
distributed maps. As such, the Internet reconfigures all functions of information
systems, including data collection, storage, retrieval, analysis and visualization.
Geographic information systems (GIS) originate from a range of web and GIS
technologies, a recognized technique consisting mainly of data processing tools
Moving towards Web GIS led to fading high cost of GIS system, release of system
specific databases, and the enormous software developer efforts on upgrading the
system. Moreover, disseminating spatial information on the Internet improves
decision-making processes and making it more effective and faster. The present
study using the parameters of the EHM, topography, distance to epicenter, soil
classification, liquefaction, and fault/focal mechanism, as main inputs to develop and
implement Web GIS framework for analysis of earthquake parameters by interactive
hazard maps integrating web AHP for Kucukcekmece region, which offer
possibilities to access the right data in the right time to make the right decisions. In
this study Web GIS architecture is described and implemented using programming
languages such as ASP.net, C#,Node.js, JQuery and Javascript, In addtition to using
some tool such as ArcGIS Server and ArcMap as a source of spatial information, also
the study included creating API as protocols to interact that tools with programming
languages and ArcGIS API for javascript. The work also utilized Web client
technologies such as HyperText Markup Language (HTMLS5), CSS, bootstrap and
jQuery for providing flexibility and more interactivity. The study demonstrates that
web GIS in combination with disaster management geographic information system

XiX



(GIS) is very useful and vital tools for visualizing and improving the decision-
making processes, and mature alternative to traditional GIS.
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CBS VE AHP YARDIMIYLA DEPREM TEHLIKE ANALIZi iCiN WEB
TABANLI BiR UYGULAMANIN OLUSTURULMASI

OZET

Son yillarda, internetteki cografi bilgilerin dagilimi bilgi saglayicilar i¢in baglayici
bir faktér olmustur. Internet, toplulugun tiim seviyelerinin cografi bilgilere
erigsmesine izin verir ve konumla ilgili herhangi bir kisitlama olmadan konumla ilgili
bilgileri ele almasi i¢in medya saglar. Depremler, Diinyada yasayan herkes, sismik
olarak aktif bolgelerde yasayan diinya niifusunun% 20'si ve kagmilmaz bir risk
olusturur ve gelecek 50 yil boyunca, gezegenimizin niifusunun yarisi, diinyanin 50 en
biiyiik sehrinde ve 200 kilometreden daha biiyiik depremlerde yasayacaktir. 7
dereceden ve daha fazla.

Tiirkiye, diinyanin en sismik olarak aktif bolgelerinden biri olarak kabul edilir.
Istanbul’un giineyinde Marmara Denizi’nin altinda patlayan M > 7 deprem olasilig1
oniimiizdeki 30 yilda yaklasik% 35-70°dir. Ayrintili planlara duyulan ihtiya¢ ve
deprem azaltma, miidahale ve geri kazanim igin zarar degerlendirme analizi
yapilmasi igin ileri bilimsel araglarin gelistirilmesi, depremlerin yikict olaylarinin
ortaya c¢ikmasi nedeniyle ¢ok Onemli hale gelmistir.Depremlerin insan yasamu,
altyapt ve ekonomi lizerinde biiyiik etkisi var. Kisa vadeli bir felaket olmasina
ragmen, etkisi yillarca siirebilir. Depremler biiyiiklik, hiz, frekans, siire ve cografi
konum (merkezin konumu) ile tanimlanir ve insanlar1 yok etme ve sehirleri yok etme
giiciine sahip olanlara hissetmeyecekleri 151k yogunluguna gore degisebilir. Sismik
onlemler, depremin tekrarini ve bir siiredir meydana gelen siddetini igerir.

Deprem bir giris yer hareketi parametresi veya bir spektral tepki degeri olarak
tanimlanmaktadir. Entegre gorsellestirme, zarart deger kaybina ¢eviren zarar
fonksiyonlar1 g6z oniine alindiginda, fiziksel ve ekonomik etkiyi degerlendirmek i¢in
tehlike, kirtllganlik ve envanter degerlendirme parametrelerinin kullanilmast i¢in
temel bir gergevedir.

Cografi Bilgi Sistemi teknolojisi, mekansal verileri mekansal olmayan verilerle
birlestiren ve mekansal aramalar1 ve kaplamalar gergeklestiren énemli bir aragtir,
yalnizca farkli mekansal verileri saklamak icin degil, ayn1 zamanda karmasik cografi
problemleri ¢6zme ve yeni ve mekansal katmanlarin entegrasyonu yoluyla faydali
bilgiler.

Bolgelerin deprem tehlikesi analizi 6nlem almak igin ve cografi bilgi sistemlerinin
etkin bir sekilde kullanilmasini gerektirmektedir. Bu nedenle, mekansal ve 6znitelik
verileri ile birlikte olusturulan tematik haritalar, afet Oncesi, afet sirasinda ve
sonrasinda felaketle ilgili senaryolar olusabilecek felaketlerle kurulabilir.
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CBS ile birlikte yapilan analiz sonucunda, bolgeler tehlike degerine gore
belirlenebilir. Herhangi bir felaket meydana gelmeden once, felaket sirasindaki can
ve mal kaybini azaltmak miimkiindiir ve sonrasinda yiiksek riskli bolgelere yonelik
caligmalar yiiriitilerek CBS, afet sonrasi toplama alanlart igin en uygun yerleri
belirleyebilir.

Acikcasi, hizla gelisen ve genis bilgi teknolojisi ve Internet uygulamasiyla, bu
geleneksel CBS'ler ciddi zorluklarla karsi karstya kalmaktadir. Geleneksel CBS'lerin
bu sekilde yonetilen ve kapali bir ¢ergevesi, bir sistemin tek bir bilgisayara kurulmasi
icin gereken tiim donanim, yazilim, veri ve programu talep eder.

Bu nedenle, Internet tabanli ve mekansal bilgileri paylasma ve gorevleri organize
etme avantajina sahip Web CBS'i gelistirmek, sismik aragtirmacilar i¢in acil bir
gorev haline geldi.

Web GIS, cografi bilgi kaynagini genisletmeye, veri toplama maliyetini azaltmaya,
mekansal verilerin  kullanim  verimliligini arttirmaya ve ilgili Dbilgilerin
yerbilimleriyle iletisimini desteklemeye yardimci olacaktir.

Deprem parametrelerini Web-GIS teknolojisi ile herhangi bir Web digiimiinden
birlestirerek, kullanicilar deprem tehlikesi haritasina dinamik bir harita olarak
gozatabilirler, bdylece uzaysal sorgulama ve analiz yapilabilir ve karar dogrudan
Internet {izerinden yapilabilir, CBS fonksiyonunun Web'e eklenmesi bilgi yayinlama
sistemi, bu avantaj, kullanicilarin Web iizerinden bilgi sorgulamalarina kolaylik
saglarken, CBS'in daha genis alanlara etkinligini saglayabilir, bdylece CBS
uygulanabilir, uygulanabilir ve paylasilabilir hale gelir.

Son zamanlarda, CBS ve veri tabam1 yonetim sistemleri hizla gelisti, ancak bu
alandaki ¢ogu arastirmaci, gelistirici, profesyonel ve kamu kullanicisina meydan
okuyan birgok farkli konu var. Jeo-uzamsal sistemler ve uygulamalarda hala devam
eden bu sorunlarin en onemlisi ve en eskisi, etkin karar alma i¢in mekansal veri
erisimidir.

Giliniimiizde, web uygulamalarinin artan ve genel kullanimi ve grafiksel donanimin
evrimi ile birlikte, en ilging sorunlardan biri, sanal ortamlarin web tarayicilarinda
gercekei gercek zamanli gorsellestirilmesiyle ilgilidir. Bu proje, World Wide
Web'deki interaktif harita ile Deprem tehlikesi parametrelerinin analizi igin web
tabanli uygulamay1 gostermektedir.

Web-GIS'in en giiglii 6zelliklerinden biri, aragtirmacilar ve karar vericilerin dikkate
alabilecegi haritalar arasindaki hizli karsilagtirmadir. Web-GIS ¢oziimii, yiiksek
diizeyde bilgi i¢in devam eden talebe agik bir cevaptir

Genel olarak afet yonetim sistemlerinde kullanilan haritalarin ¢ogu, “etkilesimli
olmayan” statik haritalar olarak iiretilen geleneksel CBS'ye dayanan 6zellikle deprem
tehlike haritalari, karar vericilerin ve CBS kullanicilarinin kullanimma iligkin bazi
sikintilar var. geleneksel CBS ve bu tiir haritalama ile basa ¢ikmada bazi zorluklar;
mekansal sorgulama, analiz yapma ve hatta tahmin ve karar verme, bu problemler
hizl1 kararlar almak ve mekansal verilerin derin ve hizli analizini yapmaktir.
geleneksel sistemin belirli yazilim kullanicilarinin  haritalara goz atmasi ve
giincellemesi gerekir ve bu yazilimin uygulamalarmi kullanirken ARCMap,
ARCView, vb. kullanimlari sirasinda mevcut yazilim ve araglarini ele almalari kolay
degildir.
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Bu nedenle, CBS gelencksel sistemini giiclendirmek i¢in gii¢lii bir ihtiyag, Baska bir
deyisle, “bu sorunlarin iistesinden gelmek” siddetle tavsiye edilir.

CBS yazilimi ve veri tabant Yo6netim Sistemlerinin hizli gelisimine ragmen, birgok
konu aragtirmacilar, gelistiriciler, profesyoneller ve alandaki kamu kullanicilari igin
zorlayicidir. Mekansal sistemler ve uygulamalardaki en eski ve halen devam eden
sorunlardan biri, ozellikle hizli ve etkili kararlar gerektiren afet yOnetim
sistemlerinde karar vermede etkin bir sekilde kullanmak i¢in mekansal verilere
erisimdir.

Etkilesimli deprem tehlike haritasi olusturmak igin Web-GIS teknolojisinin
uygulanmasi ve cografi verilerin ve deprem parametrelerinin agirliklar ile birlikte
dagitilmasi, karar vericilerin mevcut verilerle hizli, dogru ve verimli bir sekilde basa
¢ikmalarina yardimei olur.

Web tabanli CBS, ¢esitli web haritalarindan ve istemci sunucu mimarisinden
dagitilmms haritalara kadar gelistirilmistir. Bu haliyle, Internet veri toplama, saklama,
geri alma, analiz ve gorsellestirme dahil olmak {izere tiim bilgi sistemlerinin
fonksiyonlarini yeniden yapilandirmaktadir.

Cografi bilgi sistemleri, web ortamindaki uzamsal verilerin depolanmasi, alinmas,
yOnetimi ve analizi i¢in kullanilan veri isleme araglarindan olusan taninmus bir teknik
olan cesitli web ve CBS teknolojilerinden kaynaklanmaktadir. Web tabanli CBS'e
gecis, CBS sisteminin yiiksek maliyetinin azalmasina, sisteme 6zel veritabanlarmin
yaymlanmasina ve sistemin iyilestirilmesi konusunda devasa yazilim gelistirici
¢abalarina yol agt1.

Ayrica, internet iizerinden mekansal bilgilerin yayillmasi karar alma siireglerini
iyilestirir ve daha etkili ve daha hizli hale getirir. Bu ¢alisma, dogru verilere dogru
zamanda dogru kararlar verebilmek i¢in olanaklar sunan Web AHP ve Web CBS'i
entegre ederek online tehlike haritalari olusturmak i¢in deprem parametrelerinin
analizi icin WebGIS ¢ercevesini gelistirmeyi ve uygulamay1 amaglamaktadir.

.Bu ¢aligmada web tabanli Web CBS mimarisi ASP.net, C #, Node.js, JQuery ve
Javascript gibi bazi programlama dilleri kullanilarak tanimlanmis ve uygulanmustir.
bilgi, ayrica caligma bu araclart programlama dilleri ve javascript i¢in ArcGIS API
ile etkilesime sokmak i¢in protokoller olarak API olusturma dahil.

Calisma ayn1 zamanda esneklik ve daha fazla etkilesim saglamak i¢in HyperText
Markup Language (HTMLS5), CSS, bootstrap ve jQuery gibi Web istemcisi
teknolojilerini kullandi. Calisma, web CBS'in afet yonetimi cografi bilgi sistemi ile
birlikte kullanilmasinin, karar alma siireclerini gorsellestirmek ve iyilestirmek icin
cok faydali ve hayati bir ara¢ oldugunu ve geleneksel CBS'e alternatif oldugunu
gostermektedir.
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1. INTRODUCTION

Earthquakes create an unavoidable risk to everyone living on Earth, 20% of the
world's population living in seismically active areas, and over the next 50 years, half
of our planet's population will live in the world's 50 largest cities and 200 kilometers

away from earthquakes greater than 7 degrees and more (Tucker et al., 1994).

Turkey is considered one of the most seismically active region in the world. The
probability of M > 7 earthquake rupturing beneath the Sea of Marmara at the south of
Istanbul is approximately 35-70% in the next 30 years. The need for detailed plans
and the development of advanced scientific tools for conducting loss assessment
analysis for earthquake mitigation, response and recovery become crucial by

occurrence of the catastrophic events of earthquakes (Karaman et al., 2008b).

Earthquakes have a major impact on human life, infrastructure and economy.
Although it is a short-term disaster, its impact could last for years. Earthquakes are
described by size, speed, frequency, duration and geographical location (location of
the center) and can vary in their intensity of light that they will not feel, to those who
have the power to exterminate people and destroy cities. Seismic measures include
the recurrence of the earthquake and its magnitude that occurred for a period (Al-
Dogom, 2018).

Earthquake is described as an input ground motion parameter or a spectral response
value. Integrated visualization is an essential framework in which to use the
assessment parameters hazard, fragility and inventory in order to evaluate physical
and economic impact, given the loss functions that translate damage into loss of

value (Karaman et al., 2008a).

Geographical Information System (GIS) technology is an essential tool that
associates spatial data with non-spatial data, and perform spatial searches and
overlays, not only the ability to store different spatial data but also the ability to solve
complex geographic problems and generate new and useful information through the

integration of spatial layers (Vera et al, 2013).



Earthquake hazard analysis of regions is required to take precautions, and should
require using geographic information systems (GIS) effectively. Therefore, the
thematic maps created with spatial and attribute data together, scenarios related to
pre-disaster, during and post-disaster can be established with the disaster that can

occur.

The result of analysis accomplished together with GIS, regions can be determined
according to the hazard value. Before any disasters occur, it is possible to lessen the
loss of life and property at the time of disaster and afterwards by carrying out studies
aimed at high risk districts, GIS can determine the most suitable places for collection
areas after disaster (Sabah et al., 2017).

GISs are autonomous and closed which run on personal PCs and built by different
departments using various GIS software according to their appeals. So GISs can't be
shared, that will not result only in data storing redundancy and wasting the resource
of software and hardware, but also result in low efficiency, high cost and difficulty to

improve and maintain the systems.

Obviously, with the rapid development and wide application of information
technology and Internet, these traditional GISs are faced with severe challenges. This
kind of self-governed and closed framework of the traditional GISs request all
hardware, software, data and program needed by a system to be installed on an
individual computer (QU Chun-y, et al, 2002).

Therefore developing the Web GIS which is based on Internet and has the advantage
of sharing spatial information and organizing tasks become an urgent mission for

seismic researchers.

Web GIS will help to enlarge the source of geographical information, reduce the cost
of data collecting, increase the utilizing efficiency of spatial data and promote the

communication of the related information in geosciences (Hao Gong, et al, 2017).

By merging earthquake parameters with Web-GIS technology from any Web node,
users can browse earthquake hazard map as a dynamic map, so that spatial query and
analysis can be performed and the decision is made directly on Internet, Adding the
function of GIS to Web information publishing system, this advantage gives

convenience for users to inquire information through Web, on the other hand, it can



provide effectiveness of GIS to more wide fields, so that, GIS becomes operable,
practicable and sharable (QU Chun-y, et al, 2002).

One of the strongest capabilities of Web-GIS is the quick comparison between maps,
by which researchers and decision makers could take into consideration. The Web-
GIS solution is an obvious answer to the ongoing demand for high levels of
information (Vera et al, 2013).

1.1. Problem of Statement

Most of the maps utilized in disaster management systems in general, and earthquake
hazard maps in particular, based on traditional GIS which are produced as “non-
interactive" static maps. There are some troubles facing the decision makers and GIS
users regarding to use of traditional GIS, and some difficulties in dealing with this
type of mapping to perform spatial query, analysis and even make prediction and
decision. These problems are making quick decisions and conducting a deep and
rapid analysis of spatial data. In addition to them, there are specific software users of
the traditional system should have to browse maps and update it, and it is not easy for
them to deal with the availablesoftware and its tools during utilizing the applications
of this software as: ARCMap,ARCView, etc.

Therefore, a strong need to enhance GIS traditional system, In other words,

“overcomes these problems” is strongly recommended.

1.2. Justification of Research

Despite the rapid development of GIS software and database Management Systems,
many issues are challenging researchers, developers, professionals and public users
in the field. One of the oldest and still continuing issues in geospatial systems and
applications is access to spatial data to use it efficiently for decision
making,particularly in disaster management systemswhich require quick and efficient

decisions.

Applying of Web-GIS technology to build interactive earthquake hazard map and
disseminating geospatial data and earthquake parameters with their weights which
leadingto help decision makers to deal with available data, quickly, accurately and

efficiently.



1.3. Aim and Objectives

This research aims to build and develop an interactive map for earthquake
parameters integration with AHP approach using Web GIS technology by which an
objective and clear methodology is to be presented to facilitate spatial analysis of the
“kiigtikcekmece” region in Istanbul. To achieve this aim, the following objectives are

to be considered:

e Develop an objective methodology with clear stages that can enhance
spatial analysis and consequently save time and efforts in decision-
making processes.

e Creating a new Web GIS that is easy to be used, this new Web GIS
friendly tool will enhance the opportunities of managing the spatial data
in better quality and sufficient accuracy, and finally performs full spatial
data analysis online, and the analysis results will appear on an interactive
map directly.

1.4. Methodology

To achieve the objectives of this research, there are three stages starting from data
collecting, data analysis, conclusion and recommendations related to the topic of the
study.

The study can be broadly divided into three stages:

e The first stage:
Includes literature reviews; which based on the primary data collection

“Attribute Data and Spatial Data” by reviewing books, similar studies,
scientific papers, magazines, articles, web sites and others.
e The second stage:
Includes many practical steps, as the following:
- Analyzing the collected data.
- Multi criteria decision analysis and AHP tool.
- System design.
- Coding and implementation of web GIS technology.
- Testing and integration .

- Operation and maintenance.



e The Third stage:
Conclusion and recommendations with references to the objectives of this

research.






2. ANALYTICAL HIERARCHY PROCESS (AHP)

2.1 Introduction

Analytical Hierarchical Process (AHP) is one of the most commonly used and
popular techniques since the inception of MCDA methods, applied to solve wide
range of decision problems requiring consideration of large number and variety of
criteria so as to acquire most optimum and viable results and outcome through a
systematic evaluation procedure from available alternatives. The decision problem in
AHP is broken down into a hierarchical form of sub-problems and criteria more
easily understandable so they can be separately analysed and through systematic
evaluation of elements and assignment of weights, comparisons are made, selecting
the most feasible alternative as the best solution. AHP is nowadays, extensively
applied in business, social, industrial, operational, management and research areas,
stimulating growing interest especially with integration of GIS within the research
community spanning fields of environmental, transportation and urban planning,
agriculture, forestry, waste management, hydrology, geology/geomorphology,
natural hazard and risk management. In this study, AHP is selected to determine the
factor weights of the influencing parameters in an earthquake hazard scenario and
integrated with GIS for simulating results of AHP on a spatial web environment,
generating an earthquake hazard map (EHM).

2.2 Development of AHP

AHP emerged around the mid-1970s when it was first developed by Prof. Thomas L.
Saaty, and later from the 1980s and 1990s, its increasing applications in wide
research areas and its effectiveness in complex decision making led more MCDA
users into opting to using AHP techniques, which allows consideration of both
objective and subjective factors in ranking and selection of decision alternatives.
Being one of the most widely used tools, many decision-makers and researchers have
successfully applied AHP in different fields that include planning, business,

management, engineering fields, site and selection of optimal alternatives, resource



allocations, forecasting, conflict resolution, optimization, public policy decisions,
environment and health care (Vaidya and Kumar, 2006; Bhushan and Rai, 2004).
Additionally, the central reason for the popularity of AHP for mapping hazard risks
and its elements is its straightforward implementation within a GIS environment
allowing for users to quickly derive weights associated with criteria map layers.
Availability of software packages that have incorporated AHP (pairwise comparison)
approach into GIS has also led to the popularity use of AHP (Malczewski and
Rinner, 2015). Further, AHP’s flexibility enables it to be integrated with other
different techniques (such as linear programming, fuzzy logic, etc.), allowing the
user to maximize the full benefits from combined approaches thereby better
achieving the desired goal and it can also be used as a consensus building tool
especially in emergency management circumstances that involve group decision-
making or multiple stakeholders (Vaidya and Kumar, 2006; Malczewski, 2004;
Malczewski, 2006). Therefore, this study employed the use of AHP technique.

2.3 Basic Principles

AHP technique assists in structuring complex problems, measurements and
synthesizes rankings whose model structure can then be modified easily and applied
to any decision-making problem with provision of basic mathematical tools for
criteria evaluation. Criteria can be converted easily to numerical values eventhough
they are subjective (Bhushan and Rai, 2004).

The AHP approach involves first breaking down the decision problem into a
hierarchy of sub-problems, easily comprehensible and that can be subjectively
evaluated. Conversion of the subjective evaluations into numerical values and their
subsequent processing to rank each alternative on a numerical scale is done (Bhushan
and Rai, 2004). Systematic evaluation of the various elements in the built hierarchy
structure is accomplished by comparison of the elements to one another, two at a
time, by pairwise comparison. This approach greatly reduces the conceptual
complexity of the decision-making analysis in AHP (Saaty, 1980). The pairwise
comparison is theproportionalassessment of the dominance of acomponent over

another with respect to the pairwise comparison scale (Table 2.1).



Table 2.1: Pairwise comparison scale for AHP criterion evaluation (Saaty, 1980).

Intensity of importance  Definition

1 Equal importance

Weak or slight

Moderate importance

Moderate plus

Strong importance

Strong plus

Very strong or demonstrated importance
Very, very strong

9 Extreme importance
Reciprocals of above

o N o b~ wN

If activity i has one of the above non-zero numbers
assigned to it when compared with activity j,
then j has the reciprocal value when compared with i

The procedures and methodology of AHP for any decision problem can be described

in four (4) general steps and can be summarized by process flowchart in Figure 2.1.

Step 1: Define alternatives,
problem definition, organize
criteria

Step 2: Build surveys (Pairwise
comparison of alternatives on
qualitative scale)

Step 3: Determination of
relative weights

Step 4: Ranking of
alternatives to get final
decision

Figure 2.1:AHP process flow chart.

Step 1, begins with stating and definition of the decision problem and identification
and determination of the goal, main and sub-criteria and alternatives, that influence
the behavior. The decision problem is structured and decomposed into a hierarchy of
goals, criteria, sub-criteria and alternatives. The relationships and impact of criteria
and alternatives on each other can easily be observed and interpreted once the

hierarchy structure is constructed. Figure 2.2 illustrates the goal, hierarchy structured



into the main criteria(Cn) and sub-criteria that have an effect on the result and choice

in the presence of alternatives (Ln).

Goal

Figure 2.2: Illlustration of hierarchy structured into criteria and sub-criteria and
alternatives (Malczewski, 2006).

Step 2, involves pairwise comparison on a qualitative scale where data is collected
from decision-makers, experts or stakeholders corresponding to the hierarchical
structure, resulting in development of a pairwise comparison matrix. Usually, experts
are given a questionnaire from which preferences and opinions are obtained that
represent each criterion in comparison to others. Criteria is evaluated, as a rule, based
on range of values, from 1 to 9, as shown in Table 4.1 (Bushan and Rai, 2004;
Aitzhanov, 2016). Scores 1,3,5,7,9 are regarded as levels of main evaluation while

scores, 2,4,6,8 may also be used to express comparison with more precision.

Each of the elements in the matrix is compared with another at a higher level in pairs
with respect to the importance on the related subject. At each of the levels, a
hierarchy is constructed by the comparisons and the outcome of this, will be a
positive pairwise comparison matrix A = ajj as shown in equation 2.1, created by the
decision-maker, that has reciprocal elements of comparisons for all a; = 1/1a;;, and
fori, j=1,2,....., n (Harker, 1989).

a1 Q12 0 Qip

= P 21)
An1 QApz  * Qpn

Step 3, involves computation of the relative weights for each element of the

hierarchy. After the pairwise comparison matrices are formed, the weight vector, W

= [wi, Wa, ..., wn]T, is calculated, referred to as the Saaty’s eigenvector procedure.
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This is achieved via two (2) procedures. First, by normalization of the pairwise
comparison matrix using the given formula in equation 2.2.
aij

= =% forallj=1,2,...,n 2.2)

i=1 Aij

The second procedure is calculation of the weights by formula, in equation 2.3.

n *
14

w; = % , foralli=1,2,...,n (2.3)
There exists a relationship between the vector weights, w, and the pairwise
comparison matrix, A, as noted by Saaty (1980), and this is defined in the following

equation 2.4.

AW = ApaeW (2.4)

The consistency index (CI), which provides a measure or estimate of the departure
from consistency of the judgements is given by equation 2.5.

¢l = fmax ™ (2.5)

n—1

Where Amax is the maximum eigenvalue of the pairwise comparison matrix, and n is
the order of the matrix. Comparisons made by AHP are subjective and the
inconsistency is tolerated through the redundancy amount in the approach (Bhushan
and Rai, 2004).

To complete the calculation procedures, using equation 2.6 above, the consistency
ratio (CR) is computed using equation 4.6 below, where the random index (RI) is
obtained from the consistency index of a randomly generated pairwise comparison
matrix (Saaty, 1980).

CI

CR= —
RI

(2.6)

The RI, is the consistency index of a randomly generated pairwise comparison matrix
and whose value increases with the number of elements being compared, i.e.,
increases with increasing number of elements being compared (Malczewski, 1999).

The values of RI from matrices of order 1-10 can be found from Saaty’s (1980) work
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in a standard table (Table 2.2) using random generated matrices for each size of
matrix, n (Harker, 1989).

Table 2.2:Random Inconsistency Index (Saaty, 1980).

n 1 2 3 4 5 6 7 8 9 10
R.I. 000 0.00 058 090 112 124 132 141 145 149

At each hierarchy level, there is too, a control process for the pairwise comparisons.
If CR < 0.10, the ratio indicates an acceptable level of consistency in the pairwise
comparisons. If CR > 0.10, the ratio values are reflective of inconsistent judgements
and in such cases, the user should re-examine the original values in the pairwise
comparison matrix, A and repeat the procedure. By use of equation 2.7 below, the
measure of the pairwise comparisons of all the individuals involved in the decision
process are combined by taking the geometric means of all (Saaty, 1980;
Malczewski, 1999).

(2.7

where a%; is an element of matrix A of an individual q (q = 1, 2, ..., Q), and a"j is
geometric mean of all individuals a%. The group CR is calculated according to

equations 2.5 and 2.6.

Step 4, finally, is the aggregation of the relative weights of the decision elements by
multiplying them successively from down to the beginning of the hierarchy. This is

done to ascertain the best alternatives/strategies.

There are also three main concepts behind the AHP technique; they can be listed as
follows (Bhushan & Rai, 2004):

e AHP is analytic — mathematical and logical reasoning for getting the
decision. It assists in analysing the main problem on a logical basis and
provides conversion of experts’ subjective opinion into a numeric value,
which can be calculated through formulas and might be easily discussed and
explained to others.

e AHP structures the problem as a hierarchy, which helps to understand the
problem and solve it by dividing it into small sub-problems, that is easy to

deal with individually. Psychology studies suggest that human beings are able
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to keep in mind and compare only 7 + 2 things at time. Thus, it is necessary
to apply AHP in any problem that accounts large number of criteria and sub-
criteria to deal with.

o AHP defines a process for decision making. Being one of the most commonly
used MCDM, AHP also provides a methodology of solving a problem.
Collaboration between experts’ inputs, revision and learning’s helps to reach

collective decision

2.4 Application Areas

As earlier highlighted, the AHP has been successfully applied in many wide ranging
decision and management problem domains spanning across different disciplines and
research areas that include project planning, marketing, healthcare, defence, social
sciences, economic forecasting, new product pricing, policy evaluation, energy,
research and development, manufacturing, etc. In addition to being applied
successfully in all these areas, AHP has developed as a widely accepted approach
and methodology for decision-making and as a technique, evolved over the years to
be applied in conjunction with other mathematical modelling, and analysis

techniques (Bhushan and Rai, 2004) such as GIS and other decision support systems.

AHP has been applied widely in various applications spanning across areas such as
marketing (Davies, 2001), energy policy (Kim and Min, 2004), resource allocation
(Cheng and Li, 2001), suitability analysis (Banai-Kashani, 1989), site selection for
fire services (Erden and Coskun, 2010), environmental impact assessment
(Ramanathan, 2001) and risk analysis (Millet and Wedley, 2002).
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3. AHP MODEL

3.1 Introduction

In this study, the application of AHP technique based on the study of Erden and
Karaman 2012, we have adopted this study, because it used the same layers and
criteria as inputs to AHP technique. The following steps have been applied in Erden
and Karaman study to calculate the weights for each criterion. In turn, we carried

these weights and processed them through Web GIS environment.

3.2 Pairwise Comparison of Criteria

In this study, determination of weights to be applied to each of the five (5) criteria
map reclassified layers for resulting earthquake hazard map generation, was based on
the pairwise comparison technique of AHP where each of the elements/criteria was
compaired two at a time. The compared reclassified map layers were field
topography (FT), source to site distance (DS), soil classification (SC), liquefaction

potential (LP), and fault mechanism (FM).

A survey was conducted through questionnaires that were prepared and filled in by
ten (10) respondents reflecting their preferences and expert opinions. These
constituted people, academics and stakeholders from various disciplines such as
Civil, Geomatics, Geology, and Geophysics Engineers related to the subject area of

earthquake disasters and emergency management.

The sample respondent’s preference matrix and the final group judgment matrix
reflecting all the respondents’ preferences and opinions was arrived at using the

geometric mean computation approach suited for aggregation of group judgments.

From the final group judgment matrix, the weights of the each of the map criteria
layers were computed using the appropriate formula from earlier AHP weight
calculation steps. The Amax, Cl and CR were also computed. Since the consistency

ratio (CR) determined for all the pairwise comparison matrix was 0.01, which is less
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than 0.1, this was indicative of consistent judgements used in the whole approach.
The weights for all the five (5) map criteria layers determined is as shown in the last
column of Table 3.1 will carry on the internet to be used in building online

earthquakes hazard map.

Table 3.1 : Pairwise comparison matrix for one respondent (a) and for final group

judgment (b).
(@) (b)

Criteria 'II:' DS SC LP I\Ijl Criteria FT DS SC LP FM
01 02 02 07
FT 1 017 025 033 1 FT 1 7 1 0 0
5.9 1.7 19 33
DS 6 1 3 5 7 DS 9 1 0 6 2
48 05 1.2 18
SC 4 033 1 3 4 SC 2 9 1 8 5
51 05 07 2.2
LP 3 020 033 1 3 LP 2 1 8 1 7

14 03 05 04
FM 1 014 025 033 1 FM 2 0 4 4 1
_ _ CR=0.04 _ _ CR=0.01

Amax= 5.2 Cl=0.04 <01 Amax=5.1 Cl=0.01 <01

Table 3.2 : Criteria, their class value ranges and their calculated criteria
priority/weight.

Class Values
Criteria 1 2 3 4 W.elg.h'ts/
No/Low o o Major Priorities
Risk Risk
1 FT (field
topography) 0-10 10-15  15-30 >30 0.06 (6%)

2 DS (source-to-site 22.21- 19.80- 17.38-  14.97- 0.38 (38%)

distance) [km] 19.80 17.38 14.97 12.55

3 ff;sg?iic'aﬂon) (s 800760 73%%' 360-180 180-50  0.24 (24%)
4 'F;gté::ﬂ:gfamo” 104-103 11%%' 102-101 101 0.22 (22%)
> Brlaied 0w 0% 0w 0% gy
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4. WEB BASED GEOGRAPHIC INFORMATION SYSTEM

4.1 Introduction

Recently, GIS and database management systems have developed rapidly, but there
are still many diverse issues that challenge most researchers, developers,
professionals and public users in this area. The most important and oldest of these
issues, which are still ongoing in geospatial systems and applications, is spatial data
access for efficient decision-making (Bendib et al., 2016).

At present, with the increasing and generalized use of web applications and evolution
of graphical hardware, one of the most interesting problems deals with realistic real-
time visualization of virtual environments on web browsers. This project shows web
based application for Earthquake hazard parameters analysis by interactive map on
the World Wide Web.

The earthquake hazard Map information system for Kucukcekmece region in
Istanbul city collects various data consisting of earthquake parameters and AHP tool.
Earthquake hazard interactive map is designed and built with Web GIS phases. This
system is designed to help specialists and decision-makers in management of
earthquake hazard and forecasting based on historical data collected to earthquakes,
so the system through interfaces help the user in management earthquakes hazard
parameters and weights and update them and making future decisions based on the
system results.

4.2 The Web and GIS

The advent of the Internet and web has helped the development of human
civilization, paved the way for the rapid dissemination of information, Allowing for

unprecedented knowledge-based society and change the way we live and work.

Internet technology reduces the cost of data management and distribution of
information to mass usages, and therefore Web-based information systems evolve as
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applications worldwide (Ozturan et al., 2004). GIS or Internet-based WebGIS is one
of the areas developed as an online service that is very useful because of the rapid

development of web technology and GIS (Liu et al., 2009).

Web-GIS platform made geographic information accessible to everyone and it has
broadened its reach significantly by abstracting geographic data into standard spatial
services like travel Apps, disaster & emergency services, tourism, natural resource

management and etc (Agrawal, 2017).

Network infrastructure is the hardware and software resources of an entire network
that enable network connectivity, communication, operations and management of an
enterprise network. It provides the communication path and services between users,

processes, applications, services and external networks or the internet.

An Enterprise Web GIS Solution combines the knowledge of complex GIS systems
with the standards and best practices of Information Technology to design and
implement an end-to-end system that deliver geospatial data services, tools and

applications on the web.

4.2.1 The internet, the web

The Internet dates back to 1960s during the Cold War, Where the U.S. Department of
Defense Advanced Research Project Agency (ARPA) initiated a research project to
create a network of geographically separated computers that could exchange
information even if some of the nodes stopped functioning or were destroyed in the
event of nuclear attack. In 1969, this research successfully connected the main-
frames of four western universities Stanford University; University of California,
Santa Barbara; University of California, Los Angeles; and Utah State University
(Figure 4.1) leading to the invention of the Internet. The network, ARPANet, was the
nucleus of the global Internet. The Internet is gradually expanding with the
increasing number of computers, including government agencies, research institutes
and universities. By the end of 1989, more than 100,000 computers were globally

connected to the Internet (Internet Society, 2003).

Access to the Internet was limited and did not gain popularity until the 1970s. Before
then, the services available over the Internet mainly consisted of e-mail, Usenet
News (a way to provide news to Internet users before the Web was invented), file

transfer, and Telnet (a protocol that allows you to log in to another computer and
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operate the computer remotely). The Internet was complex to use, its content was not
nearly as rich as it is today, and its users were mostly professionals from research

institutes and government agencies.

Stanford University

University of Culifornia,
Santa Barbam

University of Californin,
Los Angeles

Figure 4.1: ARPANet, which successfully connected the mainframes of four western
universities, is recognized as the predecessor of the global Internet steadily
(International Telecommunication Union, 2010).

In 1990, the Internet usage equation was changed and the World Wide Web had been
borned. Tim Berners-Lee invented (HTTP) Hypertext Transfer Protocol, HTML
(Hypertext Markup Language) and URL (Uniform Resource Locator), where he
developed the first Web server that transfers and shares files more easily than

previously (Netcraft, 2010).

Where the spread and use of the World Wide Web has changed the way we live and
work; changed the role of the computer from the account to the communication and
entertainment, resulting in the diversity and increasing content on the Internet, as the
number of Internet users and the spread of the web steadily (International

Telecommunication Union, 2010).

The terms Internet and the World Wide Web are synonymous in the minds of many,
but they have different meanings: The Internet is a massive network of networks that
connects millions of computers worldwide. Computers connected to the Internet can
communicate with one another with a number of protocols such as HTTP, IRC
(Internet relay chat), IM (instant messaging), SMTP (Simple Mail Transfer Protocol),
FTP (File Transfer Protocol), Telnet, and P2P (peer- to-peer).

While The World Wide Web is a system of interlinked hypertext documents and

programs that can be accessed via the Internet primarily by using HTTP. While
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HTTP is only one of the protocols the Internet supports, the Internet’s chief attraction
for a large number of users is the content accessible on the Web and the activities the

Web facilitates. So it is that the Web is the “face” of the Internet (Douglas, 1995).

The Internet is still sweeping the world and expanding and entering all walks of life
and details, from wired networks into wireless networks, fed by the popularity
of the mobile Web, or wireless Web. The advances of mobile devices such as smart
phones and wireless communications technologies, including wifi (wireless fidelity)
and the 3G (third-generation) cellular networks, have facilitated its spread. The
Internet, especially the World Wide Web, has become an integral part of our daily
lives and a basic means of meeting everyday needs (Skarlatidou et al., 2013).

422 GIS

GIS technology responds to the type of "where™ questions related the place, and then

makes smart and ideal decisions based on space and location.

GIS is a system of hardware, software, and procedures that capture, store, edit,
manipulate, manage, analyze, share, and display georeferenced data (Web GIS:
Principles and Applications, 2010).

GIS technology has been around since before the Internet and the Web. The first
operational GIS was developed in 1962 by Roger Tomlinson for Canada’s Federal
Department of Forestry and Rural Development. Called the Canada Geographic
Information System (CGIS), it was used for Canadian land inventory and planning.
Tomlinson has become known as the “father of GIS” for his pioneering work

developing CGIS and promoting GIS methodology (Tomlinson, 2008).

GIS is the science and technology supporting GeoDesign, a systematic methodology
for geographic planning and decision-making. The GeoDesign GIS application can
help people understand and analyze the world's problems and design alternatives that
can lead the world to a better future (Steinitz, 1990).

GIS has the ability to produce more than just pretty maps, although GIS
isconventionally used to make a myriad of maps using different scales, themes, and
symbols. More importantly, GIS has powerful analytical functions that turn data into

useful information.
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GIS can link disparate data on the basis of general geography, uncover hidden
relationships, patterns and trends that are not readily apparent in spreadsheets or
statistical packages, and create new information that supports informed decision-
making. For example, as shown in (Figure 4.2), the real world can be drawn into a
number of spatial data layers, including land use, elevation, imagery, parcels, and
streets. Each layer represents a different attribute of real world data. This data can be
presented in two or three-dimensional maps. GIS can be used to conduct analysis to
solve real-world problems such as finding earthquake-prone areas, what will be the
total damage to property, and what alternative plans are made to mitigate risks
(Dangermond, 2009a).

Figure 4.2: GIS abstracts the real world into data models consisting of multiple
layers (Web GIS: Principles and Applications, 2010).

4.2.3 GIS on the internet

The Internet GIS refers to a network-based GIS tool that uses the Internet as an
essential means of providing access to distributed data and other information, spatial
information dissemination and GIS analysis. Development of platforms that integrate
GIS based on the Internet since the last two decades. Many projects have attempted
to use Internet-based GIS platforms to help their target audiences (eg public users,
decision makers, communities, governments and researchers) overcome the
challenges of limited availability of data resources and effective analytical tools. For
example, different platforms have been developed in the areas of natural resource
management (Berry et al., 2011). and natural hazards and risk managem