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ABSTRACT

AN EMBEDDED SPATIAL STATISTICS TOOLBOX (R TECHNIQUES) IN
OPEN SOURCE GIS SOFTWARE (uDig)

¢avur, Mahmut
Ph.D., Department of Geodetic and Geographic Infoonakiechnologies,

Supervisor: PDegktm¢Dr. H. kebnem

February 2016236 pages

It is widely considered that geographic information systems (GIS) should include more
spatial data analysis (SDA) techniques. The issues of which techniques should be
included and how statistical analysis can be integrated with GIS are still widely
debated. However, the typical software does not include all geospatial techniques. In
this respect, this thesis focuses on the means to develop a framework which
implements R spatiatatistical techniques in the uDig GIS so that GIS and spatial
statistical analysis can mutually benefit from such an integration. In this respect, this
thesis introduces a framework that implements R spatial statistical techniques in the
uDig GIS-. Forthis purpose, a simple interface is designed between twesmpeoe
software applications, uDig and the R statistical software package. The platform used
here is Windows since the uDig and R compiles and installs smoothly, and they run in
Linux and Mac perating system as well. The R technigues, tight integration strategy

and RCaller are redesigned with respect to methodology requirements. In conclusion,



the integration is successfully implemented and tested by users and developers. There
are 14 spatiastatistical and four negeospatial techniques that have been integrated

into uDig GIS softwareDevelopers can use proposed the framework to embed any
required geospatial technique into uDig easily.

Keywords: A Framework to Embed Geospatial Techniques i1@&dS;
Integration of Geospatial Techniques into GIS; A Tightly Coupled GIS with
Geospatial Techniques; R Geospatial Techniques into GIS
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CHAPTER 1

INTROD UCTION

Geographic Information System (GIS) and Spatial Data Analysis (SDA) are two
complementary software packages used to meet the requirements of the GIS and SDA
community. Both communities require different features of these two packages for
differert purposes. In this chapter, first the motivation is explained in order to integrate
these two packages. Then the aim of the study is clearly defined and explained. After
that, the main contribution of this study to GIS and SDA community is explained.

Findly, the organization of the thesis is explained in the last section of this chapter.

1.1 Motivation of the Thesis

There are increasing numbers of GIS software containing several SDA techniques in
the market for the usage of GIS community. However, the nuofb@iS including

SDA techniques and the number of SDA techniques integrated into GIS are not enough
for users.Since more advanced tools for spatial analysis are preferred nowadays, it
will be needed to have such integrations as sooner as pas&iplegu, 2011). This
expectation increases the desire to develop new SDA techniques integrated into GIS
software by applying the Free/Libre and Open Source Software (FLOSS) development
methodology. In addition, the developers need a straightforward framework and
methodology to develop a new integration for the users. Currently, there is no
straightforward strategy for developers to integrate any required SDA technique into
GIS software. It means that one should start to develop a new methodology before the

appliation of a new technique into a GIS software. This prevents developers and
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researchers from making a new integration and taking initiatives. Because of those two
main reasons, the GIS and SDA should be integrated with a framework that handles
the integratbn in an easy, applicable and straightforwardway. SDA requires the
components and power of GIS in visualizing, exploring, analyzing and estimating the
behavior of the spatial processes, whereas GIS requires the capabilities of SDA to
analyze the geospatialata. The success of any GIS system can be achieved by
providing effective interaction between these components, enabling knowledge to be
gained. Even if one component of GIS does not function completely or meet the
requirements of the user, it will causertain undesirable problems. Therefore, an
inadequate component of GIS should be complemented in different ways by the
developers. Most of the SDA software are not powerful to visualize the data and the
result of analysis. The visualization of geospabidbrmation is a key issue for
effective decisiormaking (Kemec and Duzgun, 2006). In addition to visualization,
SDA and GIS are very important for each other to complement their weak features
(Goodchild, Haining & Wise, 1992 ontrary to the requiremeat SDA for GIS, the

GIS also requires several features of SDA like the analysis power. Analysis techniques
in SDA increase the power of GIS in order to gain more information from the data
(Palmer, Bailey& Gatrell, 1996).

The most of the tools which caih advanced SDA techniques require script
development or code development. Therefore, it is really difficult for users and
developers to develop code or scripts every time for every process. Kepoglu (2011)
stated that GIS users become accustomed to use diren SDA and GIS software
recently. These types of works provide a visual interactive interface and make it easier
for the user, yet there is no straightforward strategy for the developers to integrate any
required SDA technique easily. Besides, tteeenot enough GIS software including
SDA techniques for users. As a result, these factors strengthen the motivation to take
the initiative for such a study.

The currently available GIS software should be more flexible and interactive for the
users to uderstand and use it easily. Moreover, the visualization of GIS software adds
valuable features and manipulation flexibility for the users. Finally, and most

importantly, GIS users require more advanced geospatial data analysis tools to analyze
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and understad complex spatial phenomena clearly. To understand and manipulate the
result, the output view is critical and important for the users which needs more
interaction. To achieve such an integrated and complementary solution for SDA and
GIS, a framework shodlbe provided to meet the requirements of the users (Cremers
et al., 1995). GIS is actually tlmutcome of integrating various technologies to the
specific needs of spatial data. In this respect, the development about this field will be
continuous due tde absence of required technologies. Therefore, every effort about
this fiels will be likely to provide new technologies related with GIS. Then, it will
stimulate new analytic methods and hypotheses about GIS. Although, the development
that started in th&960s, it has not been completed yet so as to meet the requirement
of GIS and SDA community.

The process of stimulus and convergence that began in the 1960s with GIS and SDA
is far from complete, and the interaction between them is likely to remain timgres

and productive for many years to come.

However, the currently available software, independent of type, strategy and methods,
has an insufficient SDA toolbox to meet the requirements of users in regard to
visualization, manipulation, flexibility and ¢h number of SDA techniques.
Furthermore, developers experience certain problems in integrating any SDA
technique into GIS due to lack of a standard strategy. This situation presents several
problems such as costly conversion, time consuming usage antfindgon of user

needs. The users try to utilize different type of software for different type of analyses.
Moreover, developers really have difficulties in finding the right SDA techniques and
GIS software and related development environments and progray language(s).
Selecting those components and their integration still remains as an unsolved problem
for the developers. Anselin (1992) claims that a better integration methodology would
be beneficial for the entire field of GIS. As noted by the agthone of the key
functions of GIS is the analysis portion, which in turn encompasses the spatial
statistical analysis. They correctly identify this function as vital for more complex and

in-depth case studies in the future.

Therefore, to overcome thes®plems, there is a need for integrating spatial statistical

toolboxes with GIS softwarein order to reach all users in cost effective way. In order
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to meet this requirement, a unique, etsgpply and sustainable framework and
methodology for developers iessential in order to embed any spatial statistical

toolbox into a GIS software.

1.2Aim and Scope

The main objective of this thesis is to provide a framework for developers to integrate
any required spatial statistical toolbox into a GIS software. Theefnsork has five
steps. Each step is clarified and explained with case studies. Two different types of
stakeholders have been targeted: the first one is the users, and the second one is the
developers. For the users, an etisyse, mentdriven, and usefriendly GIS software
program is provided including several SDA techniques. In this way, the users can use
the integration without the knowledge of codes with a simple andfusedly
graphical user interface (GUI). For the second group, the develoenseavork and

a related methodology are provided in order to integrate spatial statistical and non
spatial techniques into the GIS software. The framework and the related methodology
decrease the workload of developers to integrate any required techmmtieei GIS
software without spending much effort.

The framework involves the integration of R (ogsurce tool library for spatial and
nonspatial analyses) with uDig (UsEriendly Desktop Internet GIS) by using the
RCaller bridge technique, which ails a basic interface between the two
environments. Although the framework developed for the Windows operating
systems, it also runs on Linux and Mac OS successfully. The proposed framework is
implemented for 14 different SDA functiohdJniform Intensity, Kernel Density
Estimation, Adaptive Density Estimation, G Function, L Function, F Function, K
Function, KolmogorosdSmirnov Test, Simulation Envelope of CSR, Fit Poisson
Model, Kriging, Geographical Weighted Regression, Spatial Regression and Density
Estimaiond and four norspatial functiond8 Histogram Graph, Column Graph, Pie
Chart and Statistical Summary tools.



A case study is explained through its source codes so as to prove the application of
each step of the framework. Then, three case studies arecapitih sample data to

indicate the success of the framework and the study.

In addition to integrating the spatial statistical toolbox into GIS, several tests are
applied with different sample data sets and different tasks. For this purposes, the alpha
ard beta tests are applied. The alpha test is applied by the developers of the study and
thebeta tests are applied to the users. If the alpha test is successful, then the beta test
is applied with different tasks and sample data. In addition to the testsyey is
conducted on the users after carrying out the defined tasks to get feedback from them
and to understand their satisfaction levels. Finally, the hypotheses which are defined
and explained to test the success of the study are analyzed. Thefrésalanalysis

is reported in order to prove the success of the study and for further research in the

future.

1.3Main Contributions

This study provides several contributions towards the SDA and GIS community. The
most significant originality of the study Isehind the proposed framework and the
related methodology. The application of this framework not only integrates a specific
spatial statistical technique/software into a GIS software but is also applicable and
suitable for any spatial statistical techreggoftware in any GIS software. In addition

to the framework and the methodology, there are several other reasons why this study
is unique and valuable.

The first one is that the integration 1is
and Mac). In tis way, all the GIS users, whether they are accustomed to using Linux,
Window or Mac, can set up this integrated software application and use it. Most of the
SDA software types have certain limitations to be set up on different operating systems
( OS 6 gs)decredséds the usage of SDA software and after a while it causes the SDA
software to be outdated. The proposed framework and the methodology can be used
for 32 and 64b i t OSo6s. The wvariations in the

dissemination of ta study as well.



Secondly, the proposed solution runs independently with regards to GIS versions.
There are many studies in the past which are outdated due to version dependency (e.qg.
Kepoglu 2011). Therefore, the developed methodology adopts all theg&d®ns
currently available.

Third, the integration of the Java language and the R Scripts is a new case for
researches. There are some examples of SDA being integrated into GIS in the past.
The sdadpp was integrated as an extension to the Quantum GIS)(@he Phyton

and C languages were used for this integration. Since there is no such integration in
the literature, it will meet the requirements of specifically the developers and
researchers who are accustomed to using these programming language(s).

Fourth, one of the unique features of the study is that it allows to redesign the currently
available software for the suitability to accept Excel, Access and ASCII type of input.
The input/output type of the data and the results are taken into accouet whil
developing the framework and methodology. Importing/exporting Excel, Access and
American Standard Code for Information Interchange (ASCII) types of data into the
GIS environment is required for many users. The shapefile format introduced with the
ArcView GIS version 2 in the early 1990s was saving a geometric location and an
attribute as a vector, but could not store topological information. However, recently it
has become possible to read and write geographical datasets using the shapefile format
with a wide variety of software. Shapefile is accepted as a standard for the GIS
software throughout the world but some of the users have different type of data in
hand. Designing GIS software with respect to user requirements increase the usage
and disseminatioof the developed software by the GIS community. Therefore,

Fifth, there is no readio-use RScript for any type of SDA techniques discussed
above. Each R Package and its script is unique and examined and tested with respect
to the requirements. For thmirpose, the RScript of each SDA technique, which is
used in this study, is first created and tested on the R environment and then is integrated
into the uDig using the RCaller methodology. Therefore, the RScript developed in the
content of this studyisecl | ed t he AStructured RScripto, as
Sixth contribution is that GIS and SDA are two main parts that should be integrated
with a methodology but there should be a linkage between these two software systems

to be created for a completedatmoublefree communication. For this purpose, a free,

6



opensource and designable bridge technique is selected and applied successfully.
Therefore, the selected bridge technique
Seventh is that there are fotypes of coupling applied mostly to integrate different
software (Karimi& Houston, 1996)However, the selected coupling strategy also is
redesigned and restructured wi t h respe
requirements. Therefore, itiscalleds t he fAStructured Coupli
RScript and interpreter.

Lastbut not the least, the source code of the integration is-sperte.The source

code of opersource application should be distributed and executable binaries should
comprise thesoftware itself(Heron, Hanson & Ricketts, 2013)he source code is
opensource and distributed through a web siewvyv.sdadudig.com which is

designed and created specifically for this study. In this wag, éxpected that the
distribution and dissemination process be more practical. The development is more
sustainable and it is designed with respect to feedback coming from the users who
download the integrated software. All these contributions acceleralessenination

and sustainability of the system.

1.40rganization of The Thesis

The thesis includes six chapters that cover the corresponding subjects in an organized
manner. A brief description of each chapter is as follows:

A flintroductiond i s ¢ h a pdefiaes the mogivat@m aim and scope.
In addition, it explains thproblem statement andain contribution of this

study.

A fLiterature Reviewb i s chapter two and emphasi
SDA and GIS integration. It explains the overview of GI3A &nd the
integration of SDA with GIS.

A flntegration of SibdéapteitirdeandexplairSthd t wa r
Coupling Strategies and Overview of Existing GIS and SDA Software.

A AThe Pr opos e & chipteafoueandthisisithe most technical
chapter to define and explains the framework and the methodology.

7


http://www.sda4udig.com/

Finally, the methodol ogy is applied with
Life Cycle (SDLC)O engineering rule is €

AApplication of t higchdpterdve and explainsthea me wor k 0
implementation of framework and the usage of three implemented

techniques with their results. In addition, the Proposed Methodology is

explained with a case study for developers. Finally, dbeeloper and

user s o6 tressltis explaided in thishapter

AConcl usion and Fur summarizeRteisstudyrwighn d at i on s (

discussion, further research and conclusion.



CHAPTER 2

LITERATURE REVIEW

The integration and development of Spatial Data ys1al(SDA) with GIS started just

after the development of GIS began. Although there are various types of development
strategies and requirements, both the strategies and requirements have evolved with
respect to the requirements of users and developgnsanAlso the strategies depend

on whether the initiative part is a governmental organization or from the private sector.
In fact, the demand for SDA technique increases the research about the integration of
SDA and GIS software. For those reasons, thegmtion has been achieved in
different ways such as developing scripts, extension,-iplugackage, toolbar,
module, adebn and development libraries. SDA techniques and tools have spread
independent of the developmental strategies, because each desigprategy has
advantages and disadvantages. Some of them have been continuously developed in an
opensource environment and some of them as a Hbaskstrategy. This affects the
continuity, sustainability, usage and diffusion of the study as well.dékelopment
process mostly depends on the software adequacy and the initiative of the developers.
Therefore, there are various research and development studies in the literature

explained in this chapter in greater detail.

2.1.Development of GIS and SDA

GISis awidelyused computerized system to take, store, manipulate, analyze, manage,
and present all types of spatial, spatiotemporal and geographical data. The major
processes of a GIS system can be defined as data acquisition/input, management,

manipulatia, analysis and displayigure J.
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Figurel. Components of Gl§dapted from Murray, 2009)

Before explaining the SDA techniques, the GIS components should be clarified to
understanaach component and their functions in order to define appropiate GIS and

SDA integration.

Data acquisition/input makes geographic information readable and editable in a

digital environment for further analysis. There are various types of data used by the
GIS community. The shapefile format is one of the standards for GIS as an input.
However, today the users who do not volunteer to convert data want to use different

kinds of data formats, such as .mdb, .xIs, .csv and ASCII file.

Data managementprovides dficient storage for and quick access to spatial
information and its corresponding attributes. This task is achieved through several
databases such as Oracle, MySQL, DB2 and PostGreSQL-eXp@nt users can
handle this task by using classical external termal hard drives.
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Displayis the generation of mapased graphics from GIS data for further evaluation
and inspection by the users. For a successful display, GIS added the wow factor to this
method. The mapview of GIS should be as flexible as possilpl@tide any kind of

manipulation for users.

Analysisconsists of complicated, tedious subsets of actions, depending on the user.
Basic analysis features of GIS are query (spatial and spatial), map algebra,
buffering, and computational geometry funosolike creating a voronoi diagram,

point interpolation, histogram, and summary statistics. However, in recent years the
users have required to use more advanced analysis techniques in order to increase the

the interpretation of spatial processes for decisnaking and other related activities.

On the other hand, SDA is explained as mathematical techniques using attribute and
spatial features of geographical and topological data to increase the understanding of
them and make some predictions for the futurior unknown data. Goodchi(d987,

cited in GoodchildHaining & Wise, 1992) refers to SDA as a set of techniques devised

to support the spatial perspective on d&aodchild, Haining and Wise(1992)

emphasize the distinction of this field that SDAteni ques fiare depen
|l ocations of the objects or events being
require accessing to fAboth the | ocati ons
Gatrell (1995) explain that the objective of SDA isrtorease the basic understanding

of the spatial process, to assess the hypotheses and to predict unknown values.

Recent developments in GIS and SDA software have made it possible to integrate
spatial techniques to obtain a wide range of GIS operationsnddx for advanced

GIS and SDA techniques provide an opportunity for the evolution of both GIS and
SDA tools and techniques. Therefore, the traditional SDA techniques have been
insufficient to address the challenges faced in GIS and SDA software. SDAesequi
the components of GI&igurel), which are input, display, analysis, manipulation and
output, in order to overcome the challenges caused by the deficiencies of its tools. On
the other hand, SDA has variouségmf SDA techniques for different types of needs.
These requirements cannot be completely met by currently available GIS tools all the

time. Therefore, both GIS and SDA complete the deficiencies of each other in different
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ways. Before talking about theqwirements of SDA software, the definition of SDA
should also be explained clearly.

SDA manages the circumstance where observational information is accessible on a
few methodologies working in space and techniques that are tried to portray or clarify
theconduct of this procedure and its probable relationship to other spatial phenomena.

The main reasons behind the analysis are,

A Enhancing understanding of the spatial processes
A Explaining the spatial processes through various hypotheses
A Predictingval es i n areas where there arenodot ot

(Bailey & Gatrell 1995)

SDA is an element of spatial analysis, consisting of a set of techr@igdeslesvhose

results are dependent on the locationdaibeing analyzed. Therefore, a successive

SDA shouldaccess both the locations and attributedaté It should contain simple
statistical techniques and more advance spatial data analysis tech8muesf them

can be achieved by SDA techniques while some are achieved by GIS components.
Goodchild (1992¥lefines SDA as the collection of methods created to provide a spatial
background for the data. SDA represents the techniques and models where spatial
referencing is used explicitly in different data cases. SDA is supposed to make
assumptions on data and this manner it should explain spatial relationships or
interactions among cases. Furthermore, although it started to be regarded as a separate
concept, SDA has a significant place in to
developed further with a closeaxination of SDA and GIS applications (Goodchild,
Haining& Wise, 1992). SDA originated separately from GIS, yet the former has been
converted into the latter over the past 40 years. As science moves into a new era of
technologybased collaboration and agtbinfrastructure, it is clear that GIS and SDA
should be complementary for each other. In analogy, their relationship could be
resembled to the one between statistical packages and statistics, or word processors
and writing. Clearly, these two perspectiwan stimulate each other's process. In other
words, GIS satisfies the demands of SDA, and SDA contributes to the focus which

GIS brings for issues of representation and ontology. Moreover, GIS can become a
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medium of communication with SDA, where the datts one of several ways for

enhancing the message.

Typically, map definition and manipulation process are defined as spatial analysis by
private sectofAnselin, 1992). Fischer and Nijkamp (1992) point out the importance

of spatial modeling and statisail analysis in the review. In addition to GIS functions,

the analysis function is also divided into four components (AngelBetis, 1992).

These include selection (sampling of data), manipulation (partitioning, aggregation,
overlay, buffering, and intpolation), exploration and confirmation (Anselin, 1992).

It is clear that the selection and manipulation of data has been achieved by the currently
available GIS software but the exploration and confirmation is the missing part of GIS
and recently it hasden tried to be solved in various ways Alnselin, Dodson and
Hudak (1993, it is claimed that the selection and manipulation functions are among
the features of GIS but exploration and confirmation are defined as data analysis
module. Therefore, the limige between GIS and SDA is taken in much of the
literature, which is often approached in terms of a linkage between two different
software systems. To do that, numerous research studies have proposed various
methodologies to integrate SDA and GIS featusesh as a classification into close

or loose coupling Goodchild, Haining & Wise1992), or into encompassing and
modular (Anselin and Getis, 1992). This integration has been for the advantage of both
GIS and SDA over the past decades in order to incri@s@roductivity of them
(Fotheringham& Rogerson, 1994; Goodchild, 1988podchild, Haining & Wisge

1992). Since there are two different sides to be integrated, GIS is used as the key point
for SDA, making it more accessible for GIS and spatial datauaed hopefully it is

more widely used to make effective decisions and to support scientific research
(Goodchild & Longley, 1999).

Developing and applying manipulation, analysis and models to understand the real
world is the main field of geographical danalysis. In this way, one can create new
data and new information with the help of GIS and SDA tools. GIS software improves
the processes by creating new information and-i&i@tion between data to increase
better understanding of the real world.tAts point, SDA completes the insufficient
functionality of the GIS in order to increase the interpretation of spatial data.

Therefore, SDA is a vital part of GIS. The reason of this symbiosis is that SDA creates
13



and extracts new information about geosgatata through examination, evaluation,
analysis and modelling of these data.

Spatial analysis, on the other hand, is a process of modelirgnirgrg, and
interpreting model for estimating and predicting, and for interpreting and
understandingieospatibdata(Encyclopedia, 20165patial analysis in GIS contains
attribute query, spatial query and new data gener§Barozough, 1987s cited in

Raju, 2003. Raju (2003) also defines the scope of the spatial analysis as querrying
spatial data, querryingtabute data and manipulation of data.

The different data types and related problems for SDA are summarizadlail.

Tablel. Types of Data and ProblemsSiDA

Typesof Data  Example Problems
Point  patterns Localized events Trafic Accidents Determination of patterns an
analysis aggregations
Surface analysis Field data Mine deposits Interpolation and uncertainty
Areal analysis Polygons Census data Regression and joint distributisn

2.2.Overview of SDAandGIS Integration

The development of GIS and incorporating certain required simple SDA techniques
into GIS started in the 1960B those years, the GIS community required spatial
operations such as merging, cutting, overlay andgattions. These kinds of tools
were adapted to GIS software as standard tools. After that, all the GIS software was
developed, including with these tools and techniques, but the development of SDA
progressed slower than that of GIS. Fotheringham and Bag€i993) also stated

that SDA had a slower development than GIS techniques because of the priorities of
requirements. The slower development and lack of integration caused SDA and GIS

14



to spread slowly so far. By the early 1970s, researchers had rehiezéeneficial
outcomes of geographic information using integrated software. The realization was
followed by the ease in adding new geographic functions and capabilities with
inconsiderable programming efforts (Goodct&dHaining, 2003). It is clear thahis

type of requirement emerged at the beginning of the 1970s just after the GIS was
established. Then, the demand for SDA was specific with respect to the requirements
of various disciplines. However, GIS vendors provided tools and techniques to the
govanmental organizations because of economic reasons (FotheridgRaxgerson,

1994). The particular need in SDA software development began in the late 1980s
(Haining, 1989). Since most scientists and users demanded such tools in the late
1980s, the resedrand the development for specialized software for SDA witnessed

a rapid growth and was cited as a major impediment to the adoption and use of spatial
statistics by geographic information systems researchers. Initially, researchers tried to
understand théntegration strategy, which spatial data analysis toolbox should be
integrated and which coupling methodology is the most useful and reliable (loosely
versus tightly coupled, embedded versus modular, etc.) (Anselin, S§akho,

2006). Anselin (1992), Galrhild, Haining and Wis€1992), Fotheringhanand
Rogerson (1993), and AnseliByabri and Khg2006) focused on the necessity of
computer software as well, in which SDA could be used in complete integration
(Kepoglu, 2011). Though the integration startédhe beginning of the 1990s, the
integration was not adequate because different requirements were claimed from
different disciplines, like biology, geography, statistics, remote sensing, computer
sciences and mathematics. The Environmental Systems Bedestitute (ESRI) is

one of the most important commercial GIS software producers and started to develop
SDA tools for different areas, yet there are not enough tools and techniques to meet
the requirements within the products of the ESRI either. latedthat ESRI Arcinfo
licensed ArcGIS Desktop Version 10.0 has just 1.01% SDA tools (Kepoglu, 2011).
After the acceptance of SDA with GIS tools, point in polygon, buffer, slop,
intersection, summary statistics, etc. became the tools of GIS softwareeettesr

strong requirements for specific purposes. However, the currently available SDA
techniques of GIS software are not adequate for the purposes of geospatial industry.

Therefore, the potential of GIS and SDA can be achieved with a combinatie@nof th
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GIS and SDA need each other in terms of their compatible features. In addition to
integrating some general SDA techniques into GIS software, there have been several
specific efforts to integrate the specific SDA toolboxes into GIS especially in recent

years. Since the 2000s, both the GIS community and spatial data users require a SDA
integrating a GIS in order to use spatial data in an efficient and flexible way. These
requirements emerged at the beginning of the 2000s since GIS was used by
multidiscipi nary communi ty f or v ard& Retit,201p.Utr poses
means that the GIS and SDA community need a complementary solution containing

the features of both SDA and GIS and more importantly, they need a straightforward
framework or a methodogy to implement any required SDA technique into a GIS

software.

The need for SDA software development started in the late 1980s (Haining,
1989).Anselin (1992),Goodchild, Haining and Wis€1992), Fotheringham and
Rogerson (1994), andnselin, Syabri an&kho (2006) focused on the necessity of
software in which SDA could be used in full integration with GIS. Although several
methodologies for integrating SDA in GIS were started in the early 1980s, the first
attempt was based on FORTRAN source cdsleofichid, Haining & Wise 1992).
Although statistical tools such as SAS and SPSS were developed in the early 1970s,
the spatial modules did not satisfactorily comply with the GIS ugdttsough SAS

and SPSS types of statistical tools were developed at thenbegiof the 1970s, the
spatial modules did not satisfactorily comply with the GIS users. Finally, it is
emphasized that most of the techniques of SDA constituted complex and difficult
functions, which required a different approach from the conventionebagip of GIS
(Goodchild, Haining& Wise, 1992). Recently, statisticians have dealt with the
exploratory methods for geospatial data, including some of the characteristics such as
trends, patterns, and spatial interactions. Therefore, one cannot exptiatathrerely

with GIS and SDA tools. Trends, patterns, and spatial interaction can be understood
via the visualization of GIS, while statistical summary and other spatial characteristics
can be achieved by the SDA tools. Besides, Goodchild states tleaatkdour areas
where statistical developments might strengthen the present GIS practice: data
rectification, data assessment, data sampling and initial data exploration (Goodchild,

Haining & Wise, 1992). Therefore, the development of SDA tools will adsem
16
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values and capabilities to GIS in the near future. To sum up, the development of SDA
and GIS started so long time ago and will continue from now on with different

methodologies and strategies.

Since the SDA and GIS benefit from each other and will éement their features in
certain ways, their spread, usage and diffusion will support the development process
in different strategies. GIS applications serve with their input, management, editing,
and displaying features for SDA packages. Therefore aitvisal component for the
cases of utilizing GIS bundles as a vehicle for SDA (Haini@89. The usage and

the development of GIS, which will be a common technique in handling spatial data,
should resolve any case beyond data management further tmalysisa(Goodchild,
Haining& Wise, 1992).

Not only governmental organizations, but also private sector emphasizes the
importance and necessity of the SDA and GIS integration. Lo20€J)approaches

the significance of this integration from an econoaspect and focuses on that the
economies of scale that underlie the viability of business GIS force an alternate critical
limitation: the need to address the prerequisites of numerous applications all the while,
and to give the best consideration regardimg biggest fragments of the business
sector. SDA may be the most complicated and challenging of GIS applications;
however, it is in no way, shape or form the most noteworthy one in commercial terms
(Longley, 2001; Goodchild& Haining, 2003).

Although therequirements all imply the significance of SDA and GIS integration,
there is little effort to come up with such integrated tools and techniques. As there are
fewer discussions on the subject of the integration of SDA and GIS, only a small
progress has beemade until now. Resource management, infrastructure, facilities
management, and land information have been dominating any discussion and the
concept about the integration of SDA and GIS for years. Despite its promises, SDA is
still a relatively ambiguous§ield, as it requires expertise in both spatial phenomena
and statistics, as well as available recources (Goodchild, Hadiklgise, 1992).
Therefore, the usage, spread and diffusion of the SDA and GIS integration also

depends on available resources dr&dfforts of researchers.
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The integration of SDA on GIS can be achieved by experts and software engineers,
and also by the researchers. There is an inclination towards courses on the basics of
GIS and SDA in many universities (Heywood, 1990; Goodchilginidg & Wise,

1992). These types of academic organizations, i.e. conferences, lectures, meetings,
seminars, and academic studies, will help develop SDA methods in GIS and will
increase the desire for an integrated software. In addition, as it was discruss@e

detail before, an opesource strategy will increase the development and dissemination
of such studies. One of the aims of this study is to increase the awareness of SDA
usage through integration with GIS. In the past, solely specific requirsreehthe
researchers to develop new tools. There are several limited methods applied to
integrate several models into GIS, like environmental models using tight coupling
strategy (Tao, Kain& Zuidam, 1996). Since urban planning is another part of
envirormental problems on which GIS experts have focused, there are certain efforts
to combine various urban planning models into GIS software, which involves SDA
techni ques (&Fetd 2013)., Bocher

Many GIS software packages involve various spatial dethysis tools, such as kernel
density estimation, variograms, and kriging (Zhang & Griffith, 1997). However,
almost all current commercial GIS packages are limited in terms of providing analysts
with broad SDA capabilities. Even ArcGIS by the EnvironmeS8igtems Research
Institute (ESRI), which has one of the largest user groups among the GIS community,
has a wide range of SDA tools, but it has not reached a level at which all significance
assessment tests can be performed for SDA. There is an incredasiagd for the use

of SDA tools in GIS software because such tools provide users with better inference
and information extraction capabilities from large volumes of spatial data. For this
reason, whenever an SDA tool that is not included in the GIS seftwaequired,

users usually convert and import the data to another software package that has the
required capabilities and then reconvert the obtained results and import them back to
the GIS software for further GIS analyses. This method is costly betaursates
several problems. First of all, the geospatial datasets are large and complex in structure
and thus cannot be handled appropriately by the software with the required SDA
functions. In addition, the topological complexity of spatial data mape&gtreserved

during the importing processes, which increases the workload of the user to establish
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the topology again (Griffith, 1993). Moreover, the use of specific SDA software is not
always usefriendly because such programs usually require a sogdtisti
background on the topic. Therefore, the lack of SDA functions in GIS and the need for
sophisticated knowledge for interpretation of the abstract and complex nature of the
spatial data prevent GIS users from exploring data more deeply and gaining more
insight into packages (Zhang & Griffith, 1997). Hence, inference and information
extraction from the geospatial data mainly require experienced users in both GIS and
SDA and skills in script development. Owing to the rise of SDA and hence the growing
GIS user community over the last decade, there is an urgent need forfaeursty

GIS software package with enhanced SDA capabilities.

There are different purposes to integrate SDA and GIS by the developers and the
researchers. The sole aim of this inteigratis not data assessment and sampling.
Beyond that, data analysis and exploration should be included in the integration of
SDA and GIS.

The need for a properly integrated SDA corresponds to dniesedly, fast, and visual
instrument, which can also bsed by norGIS users and which depends less on other
software types, such as statistical packages (Anselin, S&altho, 2006). The
visualization part of GIS provides a strong tool for SDA techniques especially for non
GIS users. The visualization in Gpovides a strong and valuable advantage for SDA
packages in understanding and evaluating the analysis of geospatial data. For instance,
the Exploratory Data Analysis (EDA) mostly uses dynamic linking and brushing for
data visualization by using many difent dynamic graphing techniques along with
linked scatter plot brushing (Anselin, Syal&i Kho, 2006). In addition, visual
information processing is a fundamental approach teraotine and ilistructured
problems (Torur& Duzgun, 2008). Indeed, addingpre visual features to SDA tools

are the first objective of the integration asbetter visual abilities increase the exploration

and evaluation of the data.

When the integration started at the beginning of the 1990s, it was inadequate because
various incolkrent requirements were claimed from diverse areas like biology,
geography, statistics, remote sensing, computer sciences and mathematics. This let

developers introcude disciplirgpecific SDA software packagésoodchild, Haining
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and Wise(1992) emphasizethat most of the techniques of SDA involved complex
and difficult functions, which needed a different approach than the conventional
approach of GIS. Since then, various methods have been introduced to achieve the
integration of SDA and GIS. For examplkepoglu (2011) introduced a plugin for

full SDA integration in QGIS, which is one of the most widely used egmence GIS
software packages. Although this integration had a growing user community, it
required updates to be compatible with new QGIS rekeésepoglu, 2011). Another
example is the Infdlap software, which is a standalone and generic SDA software
developed in 1995 by Bailey and Gatrell to analyze spatial data quickly (Kepoglu,
2011). Thenfo-Map contains a wide variety of SDA tools but does have full GIS
functionalities (Mikelbank, 2010). The Infdap only runs on the Microsoft DOS OS,
which is one of biggest disadvantages of the software, and is presently not widely
uesed. This shows that the sustainability of the SDA software and r@lSRA
integration is ancial for wider and longer use.

There are various types of approaches to integrate SDA with GIS software like plug
ins and extensions. An extension can be added to the software whether it isarlosed
an opersource. If it is clos#-source software, then it is called closed coupled software
and extensions can add soatker features to the software.

There are also extension types in the market. SpaceStat is an extension type of SDA
software that can work with ESRI ArcView GIS. Spatiata are transferred from the
ArcView GIS version 3 to SpaceStat for analysis, and the result is sent from SpaceStat
to ArcView GIS for visualization (Anseli& Bao, 1997).

This type of extension of SDA software can add new menus and submenus to the
extended software. In this way, one can perform an analysis using the interface of this
extension and visualize the result on the GIS software.

DynESDA is another extension type of SDA tool for working with ESRI ArcView
GIS version 3. It was developed accoglito the idea of dynamic graphics used in
exploratory data analysis (Anselin, 2008w ESRIproduct (ArcGIS) wastarted to
developin 1999. Hence the version of ArcView 3 was stopped in 2002refore,
neither extension DynESDA nor SpaceStat worketth wie new ESRI products and
are outdated.
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Proprietary software development is another option that has been especially popular
among the private sector for commercialization purposes. The development of ArcGIS
began in 1999, and it is one of the most Widesed commercial GIS software
packages in the world. It contains both geostatistics and geospatial tools. The
percentage of SDA tools among all tools is only 1.05% in version 9.1 and 1.01% in
version 10.0 (Kepoglu, 2011). Although ArcGIS is very powesoftware and is

widely used across the world, it has two main disadvantages: the first is that it is closed
source software, and the second is that it does not have adequate number of SDA tools
to fulfill the requirements of the users.

Another important ree SDA tool is the Geographic Resources Analysis Support

System (GRASS) (GRASS GIS, 2@&)8. The software is gene

management, image processing, graphics production, spatial modeling, and
visualizationd of ats{(GRASS&ISy2008.1it supporestai a |
wide range of applications and is used in both academic and business worlds (GRASS,
200&). The project is managed by the international GRASS Development Team
(GRASS GIS, 2008. The software was published as freewander GNU GPL in

1999 (Netele& Mitasova, 2007). GRASS runs on UNIX and Windows OS. However,

it is not easy to use it on Windows OS without an emulator. It creates difficulties for
the user and moreover, Glidinot practical for GIS users.

It is clear thaSDA techniques and GIS software complete each other asuccessful and
sustainable integration is essential.

Using GIS and SDA, there is no need for investing much, while the development
process is continuing. On the contrary, there will be a higher naeddsting much

for the development of specific integration with different purposes, such as Geoda.
One of the most widely known integration software programs, GeoDa was financed
by a grant of $4.335.573 (NSF 2007), which was initialized in 1999 and was in
progress until September, 2004 (Kepoglu, 2011). There have been various initiatives
for different purposes in time to integrate different modules into the GIS software. For
different purposes, in order to use spatial analytical functions into GIS afiy fise

this integration for social sciences, the-b&ed Center for Spatially Integrated Social
Science (CSISS) was established in 1999 as a research infrastructure project funded
by the U.S. National Science Foundatic®ofdchild, Haining & Wise,2000).
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However, the dissemination has always been a kind of problem for developers to be
evaluated and discussed carefully. GeoDais a rdemen software, which only uses

the R techniques to take the input data and show the results on mapview. The user can
useit through a point and click interface and does not require any programming skills
(Anselin, Syabri, & Kho, 2006). For different purposes, such as for SHAZAM and
GIVE, the development and integration are more specific in terms of usage and
requirements ofisers.

For special usage of SDA, there is a great advantage in combining good regression
packages and GIS. If GIS is to be developed, convenient computational applications
should also be developed, which are compatible with spatial econometrics models
(Goodchild, Haining& Wise, 1992). SPACESTAT is an example of this, a SDA
package with both exploratory data analysis and regression capabilities. It is coded and
compiled in GAUSS, which has a test version. Moreover, Grifli#®3)produced a
similar macroin MINITAB, which is shown as a workshop (Goodchild, Hainifag

Wise, 1992). Even if there were different integrations in the past for specific
requirements, the need for the integration of SDA with GIS was emphasized because
of the limited number of integtion for usage (Anselir2000. There are some other
modern toolboxes to provide some dynamic interaction with SDA embedded into GIS.
This interaction and linkage is achieved by the mapview of GIS software most of the
time, such as the linked frameworksntbining XGobi or XploRe with ArcView
(Cook, Symanzik, Majure & Cressie, 19%%manzik et al., 2000); the SAGE toolbox,
which uses Arcinfo (Wise, Haining Ma 2001); and the DynESDA extension for
ArcView (Anselin 2000), the immediate predecessor programg of GeoDa
(Anselin, Syabri, & Kho, 2006 There are several local and srsdble research
studies for integrating specific SDA techniques into GIS, such as environmental
models, hydrological models, natural disaster models and urban models. Thé®rbitG
integration is one example to the integration of urban models into the GIS software
( H®g r o n & Peltp2012)elm addition to urban model integration into GIS, there
are several other models integrated into GIS, such as the MCDA. It creates and
identifies several zones which realize agmvironmental measures, for territory

maintenance and for reducing hyedyeological risk (Massei et al., 2012).
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If the integration of SDA with GIS is successfully performed, then one can try to add
more techniquet® analyze the geospatial data with some more advanced SDA tools.
Spatial and attribute data are two important elements of the geospatial data for GIS
and SDA. There are primarily two statistical techniques dealing with these two
elements. The first techque particularly deals with the distribution of spatial data.
Furthermore, the technique is applied in point data and sometimes concerns the
distribution of point in space whether it is continuous or-continuous. The second
technique is related to thepatial variation of data. This technique is also applied in
continuous and neoontinuous data, whether the data is point or area type. The
exploratory data analaysis improves the capabilities of GIS (An&elBetis 1992;
Paimer, Bailey& Gatrell, 1996) All the recent attempts aim to increase the overall
analytical capabilities of GIS. The geographical information science (GlScience)
progressed well due to the improvements in GIS and SDA (Duckham, Gooé&child
Worboys, 2003; Goodchild, 1992). In the sasemse, by assembling and analyzing
diverse spatial data, GIS could have evolved properly &tastes, 1991). All these
developments in the study of spatial data and attribute data led to a better
understanding of the requirements of GIS and SDA. Tleegerements are introduced

by GIS and SDA experts. GIS experts need more SDA tools and SDA users require
GIS capabilities to increase the understanding of spatial analysis and techniques.
Although the main level of the integration of SDA and GIS is credltedle has been

no standardization about this issue so far (Cremers et al., 1995). The standardization
of a framework or methodology has been given importance in recent years, because it
creates too many problems for developers especially due to th@nahsity and
continuity of the development of both SDA and GIS. Creating a standard for data
definition, data exchange and concept of Spatial Data Infrastructure provides an

interconnection of differergystems and a systemic approé8bcher& Petit, 20R).

In summary, there should be a linkage between GIS and SDA to create and improve
more statistical tools for the exploration of spatial data and to analyze the spatial

relationships to gather more and meaningful information.
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CHAPTER 3

INTEGRATION OF SDA WITH GIS SOFTWARE

In the past, there were various efforts to integrate GIS and SDA using various
approaches. These approaches include different components. Coupling strategy is one
of the components of the proposed framework. Therefore, cousliategies are
summarized in this chapter. In addition, the SDA software and their examples are

defined and explained in greater detail.

3.1.The Coupling Strategies

There are various classifications for coupling any software with GIS. For example,
Karimi ard Houston (1996) proposed four types of integration methodsnely,
isolated, loose, tight, and integrated8tandmeyer and Karimi (2000h contrast,

identified the integration methodologies in five lay@fgure?2).
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Tool Coupling:

Figure2. Progession of Coupling Strategieddépted fromBrandmeyer & Karimi,
2000

The functionality, interface, integration and interoperability of these systems are
critical parameters for integrating different sysggSibolla, 2009; Cascadoss, 2007

This implies that the data and other shared objects should be used by two coupled
systems without any problems, and they also should be independent of each other.
Independency was defined by Nyerges (1992) as GIS aAd&ibniques performing
different purposes without any interactiBrandmeyer & Karimi, 2000)Various
researchers proposed models for integration of different software programs (Karimi
and Houston, 1996; Brandmeyer and Karimi, 2000; Mitasova and Mib&d, &

quoted by Yassemi et al., 2008; Sui and Maggio, 1999 as cited in Brimicombe, 2003).
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The types of coupling strategies between SDA and GIS are summarized as loose, thight
and embedded coupling Figure 3. As these are vergimilar to thebridgesbetween

spatial modelling software and GIS (Ba&yXie, 1994). The coupling strategies
depend on the customization level for vendors. However this is not the only criteria
for the selection of integration methodologies, and onaldHze aware of the factors

of time, users, performance, flexibility, OS and several others before development.

Loosely Coupled Tightly Coupled

I Shared Data I
Environmental
model

Interface

Environmental

model

Embedded

Environmental
model

Environmental
model

Figure3. Levels of Integration betwedblS and Environmental Modelsdapted
from Brimicombe, 2003)

3.1.1. The Loose Coupling Strategy

The loose (close) coupling involves exporting and importing data between the two
systems (Brimicombe, 2003), and GIS also visualizes the output of SDA techniques.

Effectiveness is a critical parameter for couplibgt loose coupling is the slowest
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among the coupling strategies; therefore, it is not generally preferable. It is also
accepted as the lowest level of coupling strategy (Kagintouston, 1996). The
conversion requirements of the data hinder the linlvbet SDA and GIS software
(Fotheringhan®& Rogerson, 1994) as users certainly loose the originality of the data
while making the conversion. To solve this problem, ASCII files is commonly used
for conversion purposes. However, this problem also requirds &ad forward
conversion to adopt the data for the SDA and GIS software. Moreover, input and

output requirements create further problems.

3.1.2. The Tight Coupling Strategy

Tight coupling strategy encompasses data and graphical user interface (GUI)
integrationas described by Brandmeyer and Karimi (2000). Tight coupling is the case
in which GIS and SDA techniques can be accessed via a common interface and usually
models shared data files. If the two systems require different data formats, the
conversion is capted in the integration without interference by the user. The
interaction of two systems is achieved by a common GUI. It aims to embed SDA into
GIS software (Fotheringhag& Rogerson, 1994), which implies that the addition of a
new main menu, suimenus andoolbox requires the GUI of GIS software. Users
utilize this menu/submenus/toolbox to initiate the interfaces for each SDA technique.
Input/output and other constraints can be defined on these interfaces. Tight integration
is a better strategy than looseupling, because it involves calling SDA routine from

the GIS (Bailey& Gatrell, 1995). Most importantly, if there is no macro language
embedded into the GIS software, it is the only and the best solution for a successful

integration. That is why this iegration strategy is implemented in this study.

3.1.3. The Embedded (Full) Coupling Strategy

Embedded (full) coupling strategy refers to cases in which either SDA techniques are
built in GIS or GIS functionality is available in SDA (Sui and Maggio, 1999). At th
beginning of the 1960s, programmers embedded the functionality of SDA or other
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techniques into software by using macro languages or scripts. An example of
embedded coupling is a GIS system that has a programmed environmental model
executing within the @ (Brimicombe, 2003). The embedded method is better than
the tight integration methodology because of the fast data transfer capabilities and
higher level of integration. However, it requires more programming skills, time, and a
larger project group forsuccessful integration. It is even not easy to find an embedded

macro language opesource GIS software to develop more tools on it.

3.2. Overview of Existing GIS and SDA Software

SDA and GIS experts and software engineers have developed various software
programs using various techniques, methods and programming languages. These
programs have been used for many years by users for various purposes. However, most
of them are outdated and currently out of use and are not developed any more. They

are summarized imable2.

Table2. SDA Software Examples and their Usdiepoglu, 201)

Type of | Software Advantages Disadvantages | Status
Software
Standalone | Info-Map software package a closedsource | quite outdated;
SDA distributed with a book | package and antiquated
Software for interactive SDA DOSbased architecture and
product performance
constraints
SpaceStat | Provides tools for a closeesource | quite outdated;
creation of spatial weight| package and antiquated
matrices, exploratory Windowsbased | architecture and
SDA, spatial economatr | product performance
analyses. constraints
GeoDa Freeuser friendly a closeesource | running ony on
software, supporting package and Windows XP OS,
interactiveEDA Windowsbased | quite outdated
product
CrimeStat | spatial statistics program| a closedsource | running on recent
used in crime mapping, | package and OSs
links with most of Windowsbased
desktop GIS software likq product, no
ArcGIS and Maplnfo display
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Table2. (Continued)

Close SpaceStat | Provides tools for a closeesource | quite outdated;
Coupled Extension exploratory SDA, an package and antiquated
SDA extension program for close coupling | architecture and
Extension ArcView GIS series 3 performance
constraints
DynESDA | Dynamic exploratory a closeesource | quite outdated;
Extension SDA, an extension package and antiquated
program for ArcView close coupling | architecture and
GIS series 3, brushing performance
and linking maps constraints
sd4pp
Extension
Proprietary | ArcGIS Advanced Desktop GIS | a closeésource | running on recent
Desktop GIS program, full rich of GIS | package and OSs
Software tools, worldwide used very expensive
product
FLOSS R An FLOS statistical not a user running on recent
Product pakage, have many tool{ friendly OSs
in variety of fields environment,
including SDA, cross requires
platform support programming
GRASS GIS| FLOS GIS software, a few SDA running on recent
cross platform support | tools, Unix style | OSs
usage, different
data format

In reality, there are many SDA and GIS tools in the market; however, the main problem

about the current software types is that they all have different requirements and

features.

3.2.1. Isolated (Stan@lone) SDA Software

A typical standalone and generic SDA software example is d§i@p, which was

developed in 1995 by Bailey and Gatrell to analyze spatial(ldetzoglu, 2011).Info-

Map contains a wide variety of SDA tools and it is not entirely a GIS program. Info

Map has sme simple mapping facilities for the exploration of data and the display of

the results of the analygMikelbank, 2A0). Info-Map performs the following SDA

tools:
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Kernel Estimation,

K Functions,

Variogram Estimation,

Kriging,

Spatial Autocorrelationalysis,
Spatial Regression,

Principal Components Analysis,

Multivariate Classification, and

Do Po o Po  Po o Po o To

Non-Spatial Regression.

Info-Map only runs on the Microsoft DOS OS, which is one of the most important
disadvantages of the software and is currently noglyidesd. Another disadvantage

of Info-Map is that the software was developed in a closed source environment.

Another example is SpaceStat, which was developed by Anselin between 1983 and
1994. Anselin (1992) explains that SpaceStat was first release@bih by the US
National Center for GeograpHiaformation and Analaysi&epoglu, 2011)The main
disadvantage of this software is the OS on which it runs. It only runs-bit BOS
environment and on the Windows OS. SpaceStat can work asadteredsofivare and

as an extension. It requires ESRI ArcViewseries 3. This is another disadvantage of this
study. In order to overcome such problems, SDA with GIS is to be run in all the
versions of the selected GIS. Like IA¥ap, SpaceStat is also a clossalirce

software. The snapshof the SpaceStat is shownHRigure4.
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Figure4. SpaceStat Interface and Analysis Tools

GeoDa is another staralone software. It has a udeiendly interface a shown in
Figure5. This is one of the most advantageous aspects of GeoDa compared to the other
software types. In this way, one can use the software without any knowledge of GIS.
It runs on the Windows OS and m®t openrsource. It is defined that GeoDa is a
reinvention of the SpaceStat (Anselin, Sya&riKho, 2006). Even if it is the
reinvention of SpaceStat, there is no different methodology used for GeoDa other than
SpaceStat. Therefore, it is inevitable foroBa to share the same fate with SpaceStat.
The OS of GeoDa is also Windows. Such SDA software working only on the Microsoft
closedsource environment has become quite outdated. In 2007, the GeoDa team
realized that GeoDa did not work on Windows Vista dier #hat a new study had to

be initiated to provide software for all platforms. After that, GeoDa began to be used
on Windows (XP, Vista and 7), Linux (with both-3#hd 64bit) and Mac OS X (Intel

and PPC). The new development is totally different froeo@a and therefore called

OpenGeoDakKigure®6).
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CrimeStat is another std-alone SDA softwareRigure 7). The software is used for
crime analysis and mapping purposes. It has point pattern analysis capabilities. The
software <can read fA DB F-oompliantSféirRads(Leving,S C1 |
2006).Having different types of data input is one advantages of this software; it proves
that the integration of SDA and GIS should accept different types of input for analysis
purposes. This will provide a strong tool and different choices for emsl. @@meStat

has not included any visualization environment, which makes it useless for end users.
Moreover, the source code of CrimeStat is closed and it only works on the Windows
OsS.
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Figure7. Snapshot of CrimeStat
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Other han the above mentioned stasdne SDA software, there are some other stand
alone freeware software available for analyzing geostatistical data as shoalvien
3.

Table3. Standalone Fee SDA Software (Ageostats.org, 2015)

Number Software Name OSs Development SDA Techniques
Languages

1 Agromet Unix C++ V-K-C-2D *
Windows

2 Cosim Windows Fortran S2D

3 ExploStat Windows - V-K-O-C-2D-G

4 E{Z} -Kriging Windows - V-K-2D

5 GCOSIM3D Windows C S3D

6 GeoEAS Windows - V-K-2D

7 GeoPack Windows - V-K-C-2D

8 GeoXP 1.3 Windows - \

9 Geostatistical DOS - V-K-C-3D

Toolbox

10 GMT Unix C 0O-2D

11 GRNN Windows - 0-2D

12 GSLIB - Fortran 77 V-K-C-3D-S

13 GStat Windows C V-K-C-3D-S
Linux R

14 ISIM3D Windows C S3D

15 v Windows - V-2D

16 Kriging Unix C K-2D

17 SADA Windows - V-K-0-3D-G

18 SAGA GIS Windows - V-K-2D-G
Linux

19 SGS Linux C K-S-2D

20 S-GeMS Windows C++ V-K-3D-S
Linux

21 SpatDesign Windows Matlab V-K-0-3D
Linux Octave

22 Spherekit Unix C K-O-2D

23 Surface Il Mac - K-O-2D

24 Surfit Windows C++ (@]

25 UNCERT Unix C V-K-O-C-2D-G

26 Variowin Windows - V-2D

27 Vesper Windows - V-K-2D

* (Keywords: V = Variography, K = kriging, O = other estimators (NN, IDW,
splines...), C =co-kriging, 2D/3D. = max dimensions, S = simulations, G = GIS

functions).
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In addition to free standlone SDA software, there are some commercial SDA
packages (Table 4)

Table4. Standalone Commercial SDA Software ([#jeostats.org2015)

Numbers SDA Software

1 Datamine

2 Geosotokos Toolkit and ECOSSE
3 Geovariancesd | SAT
4 Geostat Systems Int. Inc.

5 GS+ from Gamma Design

6 Surfer from Golden Software

7 SAGE2001

8 Lynx Geosystems

9 GeostatsOffice

10 SurGe

11 EGSEnjoy Geostatistics

12 Auto-Multi-LinearFitting

3.2.2. Closed Coupled Software Including SDA Toolbox

Extensions can be appended to the software after setup. The software can be set up and
can work without an extension, but extensions can add certain other $eiatuhe
software. An extension can be added to the software whether it is-ctosepen

source. SpaceStdtifure 8) is anextension type of SDA software that can work with
ESRI ArcView GIS. Integrated techniguiare mainly composed of exploratory SDA

tools (Anselin, 2000). Spatial data is transferred from ArcView GIS series 3 to
SpaceStat for analysis, and the result is sent from SpaceStat to ArcView GIS series 3
for visualization (Anselir& Bao 1997). This typef extension of SDA software can

add new menus and submenus to the extended software. In this way, an analysis can
be performed using the interface of this extension and the result can be visualized on
the GIS software
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Figure8. Menu Items of SpaceStat Extension in ArcView GIS Series 3

DynESDA (Figure 9) is another extension type of SDA tool working with ESRI
ArcView. The DynESDA extensiofor ArcView GIS seles 3 was created with the
design of dynamic graphics as in EDA (Anselin, 2000). ESRI started to develop the
code for ArcGIS in 1999. The development of ArcView GIS series 3 was terminated
in 2002 (Kepoglu, 2011 herefore, both DynESDA and SpaceStat esitens did not

work with the new ESRI products and are outdated.

DynESDA | < |

File Explore Window

MEIEEEEEY

Histogram
BoxPlot
Scatterplot

Moran Scatterplot
Local Moran

Figure9. DynESDA Extension in ArcView GIS Series 3
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3.2.3. Proprietary Desktop GIS Software Including SDA Toolbox

ArcGIS began to be develop&u 1999 Figurel10). ArcGIS Desktop is one of the
most widely used commercial GIS software in the world. It contains both geostatistics
and geospatial tools. Though ArcGIS is a very strong software program\aiut g

used throughout the world, it has two main drawbacks: being a elosede software
product and not having wide range of SDA tools to fulfill the user requirements. These
two drawbacks prove that there should be new development tools workingrwith
opensource software package and there is a need for more tools to fulfill the
requirements.Other proprietary software like Maplinfo, Intergraph has similar
drwabacks.

Figure10. Snapshot of Arcinfo Licensed ArcGIS Desktdersion 10.3
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