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Abstract
Atmospheric pollution has become a serious growing and persisting problem. The problem is assuming alarming dimensions in many cities around the globe,
causing effects on human health and environment [12,13]. This study describes the SOLAP approach we have adopted to build a spatial air pollution decisionsupport system for Morocco. As they are based on the multidimensional paradigm, SOLAP facilitates the interactive spatio-temporal exploration of data
[30,31,34] The conceptual data model we have used has the originality of encompassing data provided by three completely different kinds of sources: a
numerical forecast air pollution model, in-situ captors and satellites[35]. The load of data generated by the numerical model into a multidimensional database
set the predictive nature of the target data warehouse. Indeed, the corresponding published factual measures can relate to past, present and future times series,
which in turn can be obtained under realistic or hypothetical conditions. This provides a powerful tool for decision makers to study and anticipate potential
environmental crisis and thus proactively prepare and plan for accurate and optimal actions. Cartographic representation of the results is then achieved by
using the SOLAP approach. Thematic maps can be generated as a response to a particular query that the end user may submit. A range of options are offered
to explore these charts in both space and time. Qualities of the design and implementation are finally assessed according to recognized criteria established by
the OLAP/SOLAP community as scalability, time response, data exploration and intuitiveness.

1 Introduction
Multidimensional structures are powerful in supporting efficiently the decision-making process as they provide pertinent and in-time responses to specific
users’ queries. They provide aggregate information witch is re-arranged in the most optimal database schema. OLAP (One Line Analytical Processing)
structures are easier to establish and to query than transactional structures called On Line Transactional Processing (OLTP). Deficiencies in these approaches
are filled in by Spatial OLAP (SOLAP) technology that offers cartographic options that are provided neither by the traditional GIS nor by OLAP tools
[30,31,34].
At the present time, the use of SOLAP technologies covers a large range of applications, for example, the projects conducted at "Center for Research in
Geomatics at Laval University", related to forestry management, lorry driver networks and environmental health [34,31]. Other applications using SOLAP are
developed at LIRIS to monitor the death rates for the different departments of France [28].
Within the framework of the monitoring of air pollution, some researches were performed like the work realized by [28,33] in LIRIS INSA Lyon-France and
the Imperial College of London United Kingdom respectively [16].
In this study, we use the SOLAP approach to develop a spatial decision-support system for regional air pollution monitoring over Morocco. The data
collection in our case is heterogeneous as it is obtained from three main sources: Data produced by a numerical atmospheric model, concentrations captured by
in-situ detectors and observed by satellite [35]. Within this framework, we will present the SOLAP architecture we defined as well as the data integration
mechanisms used for extraction, analysis and exploration purposes. We will define specific queries that can be either spatial or spatiotemporal. The
cartographic results will be illustrated too. We will also discuss the benefits and advantages of this representation for supporting the decision making process,
analysts or any end user queries.

2 General framework and case study
2.1 Numerical model
This study is primarily based on data obtained from an air pollution prediction model, this type of system called Chemistry Transport Model (CTM) is
described in [27]. The model used is CHIMERE in its 2007 version, forced by a meteorological model MM5 developed in the United States by the University
Of Pennsylvania (PSU) and the National Center for Atmospheric Research (NCAR) [8] at the regional scale.
The purpose of CHIMERE is to simulate gas-phase chemistry, aerosol formation, transport and deposition [6,10,24,25] at European and urban scales. It has
been designed with the aim of both performing episodic and long-term simulations at various spatial scales, ranging from local to regional scale, on a personal
computer or a workstation. The general performances of the model for the simulation of ozone and aerosols are given by [10,25].
CHIMERE proposes many different options for simulations which make it also a powerful research tool for testing parameterizations, hypotheses. Its use is
relatively simple so long as input data is correctly provided. It can run with several vertical resolutions, and with a wide range of complexity. It can run with
several chemical mechanisms, simplified or more complete[27].
The objective of this study is to realize long-term simulations of the air quality for Morocco. Being a country of 16 regions of a total surface of 710.850km²,
with a diversified weather; Mediterranean in the North, Atlantic on the West and Saharan in the South, of about 2000 km of coast and varied soil types,
Morocco constitutes a very complex case study. Moreover, the population densities are different from a region to other so implying non uniform distributions
of pollutants. Operations of nesting were then necessary on the regions of high pollution such Casablanca and the regions of Fez, Mohammedia and Rabat.

Many studies were conducted in this context all over the world, and such models are used in real time and in operational mode in many European regions.
Being the official model for the air quality monitoring and prediction on France and the region of Paris [3,11,26]. Other establishments use the models for the
monitoring of the air quality in their regions (simulations and forecasts over different regions and country: China [8] Italy [1], Portugal [4,5], Switzerland [9],
Spain [17].
Results showed a reasonable skill for daily maximum forecasts of ozone with an averaged root mean square (RMS) error of about 16 ppb and 0.8 of
correlation, which is in agreement with the ozone forecast model intercomparison experiment described in [32].

2.2 Domain configuration
In the present study, the model turns at a regional scale over a domain covering Morocco. The domain spans from 20 to 37°N and 0 to 17°E and the grid size
resolution is of 10 km which gives at all 100*200 grid points as shown in the (figure 1) and 8 height levels in the vertical resolution extending to about 500
hPa. The lowest level is of 50 m, the last one is about 5 km. The realized simulations spread out over the period going from January 1st till December 31st of
2008 [35].
The simulations spread on intervals of 5 successive days and every new period is initialized by the concentrations obtained in the end of the previous period.
So the concentrations are continuous in the time.
The measured data are provided, both by the Surveillance and Risk Prevention Directorate (SRPD) from the Secretariat of Water and Environment from the
Ministry of Energy, and the National Directorate of Meteorology (NDM).

Figure 1 : showcase Grid point resolution of all Moroccan regions.

2.3 System architecture
The data warehouse that forms the core of our DSS incorporates information that comes from three main sources: The outputs of CHIMERE, captors and
satellites. Therefore, the production data base will contain: Pollutant’s concentrations, the wind’s components and temperature, over the whole threedimensional application domain.
We have chosen a combination between the Geographical Information Systems (GIS) and OLAP tools. This coupling process called SOLAP [15,30,31,34]
will allow a thorough spatial analysis by providing thematic maps as results to spatio-temporal queries, additional operations like aggregation and drilling of
data can also be performed. The following schema (figure 2) presents the main components of the developed system.
The first component includes the system data sources; it shows heterogeneous information obtained from satellite observations, sensors measures and
numerous prediction simulations. The second component is the environmental data warehouse. The data are extracted from transactional databases and/or flat
files, transformed to multidimensional architectures like star, unified flake or constellation, and then loaded within data marts, created during the
transformation process. The third component relates to the SOLAP architecture. The data is geo-referenced under spatio-temporal cubes. The last component
of the system includes the user’s interface which is used for queries, reports generation and spatio-temporal data analysis. The interface offers different options
based on the profile of the connected user like analysts, administrators or decision makers.

Figure 2 : The overall architecture of the air pollution decision support system.

3 Environmental database architecture
3.1 Description of the OLAP context
OLAP technologies allow the implementation of multidimensional databases. This approach is based on concepts like “dimensions” which represent the
themes of interest and which often are organized hierarchically into different levels of granularity (ex: Pollutant, Time, Detector…) and “measures” which are
numerical facts analyzed according to specific axis. For example, we can visualize the values of the NO2 pollutant per area and per date.
Each dimension is described by a set of “members” (ex: Semester1 of year 2008, Fez_Medina, Volatile Organic Components…), the members of one level
(different areas) may be aggregated to constitute the members of the next higher level (the City for example). The “facts” represent the subject of interest that
relates specific measure to specific dimensions on a particular aggregation level [21,22,23,29].
The common OLAP architecture usually comprises three components: the multidimensional structured database, the OLAP server and the OLAP client that
accesses the database via the OLAP server. Depending on the technology (relational, multidimensional…) used to implement the OLAP database; it is
possible to distinguish three OLAP approaches: relational OLAP (ROLAP), multidimensional OLAP (MOLAP) or hybrid OLAP (HOLAP), which is an
optimized combination of the two previous approaches [35].
The OLAP schema (figure 3) depicts the overall multidimensional structure we have used in the context of this study. The Schema shows how data cubes are
deployed. This multidimensional structure provides predicted concentrations of different pollutants per date and per location. For example, we may know the
average of concentrations of PM10, which are a Particles Matter, in January 2008 in Sidi Brahim Area; an industrial area of Fez city.

Figure 3 : Example of an air pollution multidimensional data cube

3.2 Spatio-temporal granularities and OLAP operators
The OLAP technology offers efficient operations for navigating among “hierarchies” and “levels” and also interactivity in term of data exploration. Popular
operations that are applied to multidimensional cubes are Drill Down, Roll Up, Drill Across, Slice and Pivot. Drill Down operation allows visualizing a more
detailed level within a dimension (drilling down the Fez-Boulmane Region to obtain values in the detailed level City). Roll Up corresponds to a group-by on
one of the dimensions (ex. rolling up all semesters to have the value of O3 in a year). Drill Across consists to visualize another member or another dimension
at the same level of detail. The Pivot operation consists in exchanging dimensions in order to modify the content of the analysis axis. The Slice operation
consists in reducing the dimensionality of the data.
The figure (figure 4) shows dimensions hierarchies we are using for the pollution multidimensional model.
In the present study, the themes of analysis considered are: The concentrations of pollutants captured by pollution sensors, those observed by satellites and
those simulated by the numerical atmospheric model.

Figure 4 : Hierarchies and granularities of the dimensions of the multidimensional schema

4 Geographic information system and SOLAP specifications
4.1 GIS specifications
The Geographic Information Systems (SIG) are powerful tools to handle, query and navigate within a spatial databases [7,34].

A spatial data is often made of three parts: Geometrical (ex. Line, polygon…), descriptive (ex. City_Name…) and calculated (ex.
Sidi_Brahim_Global_Surface or Perimeter). The geographic information is represented either in vector format or Raster format.

4.2 SOLAP specifications
The SOLAP solution corresponds to the coupling of an OLAP server and a GIS tool. [30,31,34] defines the SOLAP as “a category of software that allows
rapid and easy navigation within spatial databases and that offers many levels of information granularity, many themes, many epochs and many display modes
synchronized or not: Maps, tables and diagrams”.
SOLAP technology allows the dynamic creation of charts which are based on multidimensional data stored in the spatial cubes and offers the possibility of
spatiotemporal exploration and analysis.

4.3 Data loading and interfaces
Data are extracted from hyper-cubes and geo-referenced on layer maps. The user uses different SOLAP operations like Rolling up or drilling down into Areas
for the localization dimension for example. Thematic charts are obtained as a result of the user’s actions. They can also determine different aggregated values
like Average, Max, Min…so on. (figure 5) shows an instance of the extraction and geo-referencing processes.

Figure 5 : Extracting and geo-referencing multidimensional data.

4.4 Data exploration and analysis
In terms of functionalities, our system offers, the system aggregated information of the air pollution according to various axes of analysis. We give bellow
some examples of how the cubes were deployed [20].

4.5 Tabular format
Table 1 shows the average of pollutant values obtained by applying the aggregate operations; Sum and Count in a day per captor, then the results were rolledup to the month level and we applyed a second roll-up operator to the semester level.
Table 1 : the average of captured values of different pollutants per sensor in the first Semester of 2008

Time
Detector
Pollutant
Sem1/2008 DET_SidiBrahim O3
PM10
NO2
DET_BenSouda O3
PM10
NO2
DET_AinNoukbi O3
PM10
NO2

AVG
14.51
120,33
301.5
22,08
128,39
297.66
38,96
80,44
305.33

Table 2 shows the values of the pollutants for the period between 20/09/2008 to 22/09/2008, with roll up to the City level.
Table 2: Predicted values of different pollutants per station from 20-22 September, 2008 in Fez city

City
Fez

Time
Pollutant
20/09/2008 NO2

21/09/2008 O3

22/09/2008 PM10

Station
Sidibrahim
Bensouda
Doukarat
Sidibrahim
Bensouda
Doukarat
Sidibrahim
Bensouda
Doukarat

Value
400
360
157
180
300
150
121
88
96

4.6 Diagrams
The figure (figure 6) shows the time series of the daily mean of O3 and NO2 concentrations respectively, simulated by CHIMERE model and observed at
Aljahid station (industrial), located in Casablanca area. Even if some discrepancies occurred, the time variations are relatively well captured by the model[35].

Figure 6 : Time series of O3 and NO2 concentrations (µ g/m3) simulated and measured in Casablanca (Aljahid Station) from 1 to 5 August 2008.

4.7 Thematic maps
The SOLAP architecture above which our application is based allows a cartographic representation of the selected indicators within the application domain.
Different levels of thematic spatiotemporal maps can be generated as a result to user’s actions like drilling down or rolling up spatial dimension. The user can
also analyze diverse aggregated values such as AVG, Min… The figure (figure 7) shows an example of the extraction and geo-coding process to calculate the
average of some pollutants concentrations in FEZ-Boulmane Region. Spatial OLAP operations are also illustrated.

Figure 7 : Drilling down the spatial dimension and thematic maps generation

5 CONCLUSION
This study was completed within the framework of a SOLAP study for the monitoring of the air pollution in all Moroccan regions and cities. The integration
of the warehouse was done in a MOLAP environment and the tools of analysis and interrogation of data were established with the aim to construct a decisionmaking tool that will help to act properly and in time. The decision maker can also use it as a support when defining short-and long-term actions to control the
air pollution phenomena in the county. We have also developed the cartographic component of our application that makes possible the use of geographic and
thematic tools of interrogation and analysis.
We are currently developing a more comprehensive decision support system for air pollution monitoring over the country of Morocco, the latest has data
processing layer and an end user presentation layer. Specification and navigation options of the system are the subject of our future study.
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