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ABSTRACT: The Geospatial Business Intelligence (Geo-BI) is a collection of technologies that combines Geographic
Information System (GIS) and Business Intelligence (BI). Geo-BI provides an efficient tool for browsing and storing very
large spatio-temporal databases. However, the process for evaluation and selection of the optimal decision in Geo-BI is very
complex. Hence, the Multi- Criteria Decision Making (MCDM) methods are used as a tool to facilitate the decision making
process. In this paper, we present a methodology called Multi-Criteria Geospatial Business Intelligence (MC-GeoBI) which
aims to enhance Geo-BI applications by applying MCDM. The latter obviously offers several advantages in terms of decision
making when one must take into account the multiple and contradictory aspects of the criteria. To illustrate this, an
application model has been developed to select the most appropriate site for landfill of industrial wastes.
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1. Introduction

Business Intelligence (BI) is a technology dedicated to analyze business data and processes with the aim to obtain the
appropriate decision of interest to keep them under control, and to realize their immediate display (dynamic dashboards, reports,
historical systems, etc...). Business Intelligence applications are based on architecture of software that is usually composed of
the following:

• An ETL (Extract, Transform and Load) tool that allows extracting data from different heterogeneous sources (databases, XML
or flat files, etc...), transform (integration, data structure …) and load the data in a data warehouse.

• A data warehouse which stores the organization’s historical data for analysis purposes.

•  An On line Analytical Processing (OLAP) server which enables the rapid and flexible exploration and analysis of large amounts
of data stored in the data warehouse [1].
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• Decision makers and managers that use many tools such as reporting tools, dashboards and different OLAP clients.

Additionally it is commonly recognized that about 80% of data has a spatial component [2], and that working withvmassive
quantities of data is not always easy to represent. In this situation, we can use the spatial component to enhance the BI user
experience with spatial analysis tools and map displays, such as Geographical Information Systems (GIS) to provide a better
support for the analysis and decision making process [3]. Recently, Business Intelligence (BI) and GIS have become closely
integrated and merging both tools provides an efficient browsing and storing of very large spatio-temporal databases and a
powerful visualization system for incorporating data [3].

In this regard, we define Geospatial Business Intelligence (Geo-BI) an innovative powerful methodology that allows support of
traditional and spatial data through merging GIS and BI technologies [3]. The Geo-BI approach adds to the business information
that is extracted from data warehouse, the territorial information concerning the positioning of the quoted sizes within dashboards.

Despite these Geo-BI advantages, the decision making process can be a challenging task in the location classification problems
[4]. However, to enable investors to explore, compare, and rank candidate locations against this rich data source, a Multi-Criteria
Decision Making (MCDM) methodology is applied for the enhancement of Geo-BI process.

The main objective of the research is to present a Multi-Criteria Geospatial Business Intelligence (MC-GeoBI) approach to make
better decisions and to enhance Geo-BI model by applying MCDM. The proposed approach has many criteria and alternatives
that affect the decision making processes. We can define MC-GeoBI as a set of models, descriptions and analysis methodologies
that exploit the availability of traditional and spatial data to retrieve information, knowledge and advice useful in supporting
complex decision making processes according to many spatial and business-related factors and alternatives. This approach
utilizes GIS application and employs techniques of BI such as data warehousing and OLAP in order to narrow a vast list of
available alternatives. Subsequently, an AHP (Analytical Hierarchy Process) as a method of MCDM is used to rank in order the
candidate alternatives for selecting the most appropriate ones. Finally, an example is presented to illustrate how this methodology
was applied to solve a site selection problem for landfill of industrial wastes in region of Casablanca in Morocco.

This paper is composed of five sections. Besides the introduction, the second section gives a brief overview of the related works
in Geo-BI and MCDM. Then a step-by-step MC-GeoBI methodology is presented in the third section. As regards the next
section, an empirical study is illustrated for the application of the prototype for selecting an appropriate site for landfill of
industrial wastes. Finally, concluding remarks and discussions follow.

2. Related Works

2.1 Geospatial Business Intelligence (Geo-BI)
The architecture of Business Intelligence (BI) containing many technologies such as Data Warehousing, Data Mining, data
integration, OLAP etc. have been proposed in many fields [5-9]. It is used to establish decision support that prioritizes efficient
querying of huge amounts of historical, clean and consolidated data [10]. However, a spatial perspective is needed for strategic
analysis: the integration of spatial component in BI is called Geospatial Business Intelligence (Geo-BI) in order to reveal
relationships based on the geographical positions associated with the information.

The main aim of this section is to review the use of BI technology (such as data warehouse or/and OLAP) with GIS in two ways,
either by integrating spatial and warehousing information in a single framework or treating tools separately. There are previous
studies in this area. Some approaches and research tools form a good basis for a multidimensional spatio-temporal decision
support tool [11]. The Geomatics Center of Laval University in Canada provides Spatial OLAP (SOLAP) as a tool for support
rapid and easy spatio-temporal analysis, exploration of multidimensional data and offers a set of visualization techniques such
as maps, tables and diagrams [12-14]. The Informatics Center of the Federal Pernambuco University in Brazil has proposed
GOLAPA (Geographic Online Analytic Processing Architecture) providing users with an abstraction of the complexity involved
in querying both analytic and geographic data for decision support [15,16]. Among other tools that combine BI with GIS, we cite
CubeView and Polaris proposed by Voss [17] to facilitate the observation of spatial patterns and temporal trends in large
volumes of data. Furthermore, in [18], the authors have developed a robust, easily accessible and user-friendly Geo-BI solution
for the local governance of infrastructure services. Moreover, in [19], the authors proposes an extensible GIS-OLAP integrated
solution supporting geographical dimensions and measures, based on a formal multidimensional model named GeoCube. More
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                      Discovery       sets                                                                                                                                   Solving

Statistical                                                                                         X                                               X

software

Data                    X                                                                            X                                              X

Mining

GIS                                                                                                                              X                                       X

Software

Relational

DB                                            X

OLAP                                       X                            X                                                                         X

OLAPGIS        X                      X                             X                       X                       X                    X             X                X

Table 1. Traditional BI technology versus an OLAP-GIS system (source: [20])
than that, development of OLAP- GIS tool [20] was proposed by the University of Pittsburgh for numerical-spatial problem
solving in community health assessment analysis. Table 1 summarizes the benefits of many technologies such as OLAP and
GIS, and  the added value in the combination of both tools proposed in the university study [20].

With regard to the researches discussed above, we shall now conclude that the approaches proposed are limited in the use of
data warehouse models, as these models are composed solely of quantitative data, while the necessary data for decision-making
in complex problems are often quantitative and qualitative in type. This causes a difficulty in assessing the quality of geospatial
information. Therefore, it is normal to take into account several types of heterogeneous data.

2.2 Multi-Criteria Decision Making MCDM
In this section, we review the MCDM and choose the most suitable method that can be applied to the selection of the potential
alternative resulting from decision-makers’ preferences. The MCDM is a branch of operation research models and a well known
field of decision support system (DSS) [21]. The state of the art is very rich by various multi-criteria decision making methods
suggested in many studies for the selection problem or classification of which the most important are Analytic Hierarchy
Process (AHP), Preference Ranking Organization METHod for Enrichment (PROMETHEE), ELimination and Choice Expressing
REality (Electre), Technique for Order Preference by Similarity to Ideal Solution (Topsis), Analytical Network Processing (ANP),
and Multi-Attribute Utility Theory (Maut), etc...

In a previous analysis, Forman and Gass [22] argue that AHP was the most suitable methodology to solve problems associated
with different perspectives and location decision-making process problems. AHP has been successfully applied in all aspects of
Decision Science processes and applications: selection, evaluation, allocations, planning and development, priority and rank-
ing, and decision-making [23].

The AHP method that was developed by Saaty (1980) [24, 25] is a tool for multi-criteria decision-making. This method allows
managers to structure complex problems they face in issuing judgments based on their experience and available data. The AHP
method allows us to decompose a problem, following the arborescence of different criteria and sub-criteria decisions associated
with this problem and to compare these criteria together, in pairs, using a weighting scale (Table 2), and the best alternative can
be selected according to the highest rank among alternatives.

2.3 The Proposed Methodology for MC-GeoBI
The methodology MC-GeoBI system aims to evaluate and select a recommended decision to satisfy the sufficient requirement
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of decision makers. For example, classification or/and researching a site among several available sites. This method is shown in
Figure 1. The following steps, as highlighted in black circles explain how it works.

1) In this step, the decision maker uses an ETL (Extract, Transform and Load) framework to extract data from a source (i.e., the
data provided by the user or by existing data files used in transactional database systems). The source data is converted into
target data, this latter will be stored in the data warehouse schemas. The objective of this conversion is to delete duplicate data
and convert different data formats.

2) The data stored in data warehouse is imported to GIS software and spatial analysis is performed. The spatial analysis (buffer
analysis) reduces the list of available sites to a few candidate sites that validate a set of user-defined spatial criteria.

3) The GIS software exports the list of candidate sites into data warehouse.

4) The data is imported in the form of an excel spreadsheet from data warehouse into a JAVA application to perform OLAP
analysis using the AHP method in order to rank the candidate sites according to business related factors.

Figure 1. Conceptual model of the proposed MC-GeoBI

Relative importance              Definition

      1                                       Equal importance

      3                                       Weak importance

      5                                       Strong importance

      7                                       Demonstrated  importance
                                               over the other

      9                                       Absolute importance

Table 2 . Scale of pair-wise comparison of AHP.
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4. Application

In order to test the validity of the proposed approach, we develop a prototype to select the most appropriate sitevfor the
implementation of a landfill of industrial wastes in the region of Casablanca in Morocco. The main goal in this case study is
selecting a recommended solution to satisfy the sufficient requirements of decision makers by using MC-GeoBI methodology.
The site selection process development for landfill of industrial wastes is a complex decision because it depends on a number
of factors that can be categorized as spatial (such as proximity to residential areas , geographical and geotechnical characteristics
of sites, etc.) and business- related factors (such as size o site, land owning, proximity to sources of wastes ,etc.). The analysis
of the list of the spatial and business related factors has significant impacts on the process of site selection for landfill of
industrial wastes. As explained earlier, spatial factors are used to select the feasible sites from a vast list of available sites. Then
the business-related factors are used in rank order of the candidates’ sites from which the most appropriate site is selected [26].
The results demonstrate the capabilities of the system in a real-life but hypothetical application scenario. This process of
application is described and discussed in the following steps:

4.1 Data Input
Firstly, the prototype applied in this research requires a compilation of spatial and non spatial data that are imported into the
system.

• Spatial data, like environmental and spatial data in Casablanca region (.dbf format) showing Governorates layer, Rivers layer,
big roads layer, zone of housing layer, Borders layer and water table elevation layer. All of these layers are called base map layers.

• Non spatial data, like wastes indicators, industrial zone characteristics, etc …

Accordingly, Pentaho Data Integration as open-source ETL package was adopted for migrating data.

Figure 2. Snowflake schema for site selection

4.2 Implementation of Data Warehouse and OLAP
There are many approaches for designing a data warehouse: Star schema, Snowflake schema or Hybrid schema. The snowflake
schema is adopted in this research for rapid and easy migration of data from transactional  database to data warehouse [27].
Figure 2 illustrates the snowflake proposed for elaborating the data warehouse in this research. In this schema, there is one fact
table, three dimension tables and one sub-dimension table.

Several software choices are available to build a data warehouse such as MS SQL server, Oracle, Postgre SQL or any other
database management software supporting the multidimensional concept. Postgre SQL is selected in this study to provide a
fast, stable and standards compliant database with an excellent geospatial extension (PostGIS).
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Figure 3. Visual interface of the Mondrian server.
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It is important to note that there are many OLAP commercial software packages such as SAS OLAP Server or Microsoft Analysis
Services that are also available in the market. Moreover, our intention is not to develop a commercial software product, we utilize
rather a Mondrian Server OLAP (open source software). The advantage of this server is that the users can use different
graphical wizards to easily write their queries and display results in different graphical formats. An example of this application
applied in our case study is shown in Figure 3 which allows us to answer very complex queries, for example: “What is the average
value for each type of waste for each industrial area and for Casablanca city in any time?”.

4.3 Spatial Analysis
The spatial factors require geographical analysis of the available sites. Therefore, it was decided to use commercial GIS software.
In this case, MapInfo was the selected GIS software for this research and the elaborate description of GIS techniques and its use
through MapInfo can be found in the referenced source [28].

Moreover, the system was run for exported data to GIS software. After performing the spatial analysis, the list of available sites
was narrowed to five candidate sites that satisfied the following criteria: (Figure 4 illustrates the
location of these five candidate sites along with other details)

• The soils with good aptitude for agriculture are excluded.

• The coast with a protection zone of 5 km is excluded.

• 2 km around residential areas are excluded.

• 1 km around rivers, streams, lagoons and lakes are excluded.

The spatial analysis concerns a:

•  Buffers Analysis to narrow the list of sites according to defined criteria.

• Themes to separate layers of map data and descriptive information. For example, in a region’s database, different themes could
be roads, industrial zones, rivers, etc

It is important to note that there are many interfaces designed and written with Java to import and export data for the GIS
software and the Data warehouse.

Figure 4. Map of candidate sites
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4.4 OLAP Analysis:
In the previous step, we got five sites although they are selected in the same category. These have different characteristics. The
choice and classification of a site from the best to the less favorable is performed here by OLAP analysis using Analytical
Hierarchy Process method (AHP). The AHP method and its implementation in software developed by JAVA are described in the
following steps:

1) We initially develop a hierarchy model of the problem based on the criteria and alternatives. As shown in Figure 5, the top level
and the lowest level of the hierarchy denote the overall objective (selecting the most appropriate site for landfill of industrial
wastes ) and the proposed sites candidates (Site1, Site2, Site3, Site4, Site5) respectively. The four main criteria, namely size of
land, proximity to wastes sources, land owning, and proximity to road network were included in the second level.

2) Secondly, the decision makers performed the pair-wise comparisons between all criteria the matrix is obtained in Figure 6. The
comparisons are constructed by using Saaty’s scale (table 2). For each factor (e.g., size of land), a matrix is developed to compare
the given sites for this factor as shown in Figure 7. Then these matrices are normalized and checked for consistency.

3) The weight of each candidate site is calculated according the priorities of these matrices previously. Figure 8 shows the
classification of the candidate sites.

The recommended solution is the most optimal and suitable choice to satisfy spatial, business related factors and alternatives.
At this study case, the recommended site is Site 3.

This demonstration is clear and shows that the methodology MC-GeoBI can aid decision makers in selecting the most appropri-
ate site for landfill of industrial wastes. The land selection business related factors and spatial criteria in the approach can be
customized according to user requirements. Thus, the system could be applied for any other purposes where the problem is the
classification of location.

Figure 5. The hierarchy model of a suitable site selection

Figure 6. AHP criteria matrix
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Figure 7. Comparison matrix candidate site of each factor (i.e. Size of land)

Figure 8. Final AHP analysis indicating the most appropriate site for landfill of industrial wastes

5. Conclusion

This paper proposes MC-GeoBI approach, which uses Multi-Criteria Decision Making (MCDM) to enhance Geospatial Business
Intelligence (Geo-BI). The methodology proposed provides a wider context for decision making process to decision makers as
it aggregates the following: a ETL for migrating data to a specific data model for decision support (Data warehouse), the
functionalities of the visualization and spatial analysis (GIS), and OLAP for analyzing a great volume of data by using AHP
method for ranking in order the candidate alternatives. For illustration, a relevant case study concerns a localization of sites for
the landfill of industrial wastes was developed using MC-GeoBI methodology. We believe that the use of MCDM methods with
Geo-BI system could be an efficient tool to deal with spatial situations. In the future we hope to increase the effectiveness of
MC-GeoBI approach by developing a single framework integrating the features of Geo-BI with other MCDM methods.
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