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Introduction
A WEB-GIS demonstrative application for the Muravera site is a technical report of the project Sustainable Water Management In Mediterranean Coastal Aquifers (SWIMED): Recharge Assessment and Modelling Issues, in the framework of the INCO II (1998-2002) initiative of the European Commission. This initiative was meant in order to promote collaborative research of Mediterranean partner countries in the context of transboundary economic, environmental and socio-political problems.
The present report presents the design and implementation issues of the web GIS demonstrative application (or prototype) for the Muravera field site. The application is going to be published in the Project web page (http://www.crs4.it/EIS/SWIMED/menu/index.html) under the area restricted to Project members. This Internet GIS system will allow partners, by means of the Internet technology, to access simultaneously geographic and alphanumeric data, making easier for them to share not only database catalog criteria and data formats but also standard methodologies to analyze data. 

During the second year of the project, these data will form the knowledge basis for the development of the saltwater intrusion modeling study in the selected area, in the framework of a sustainable water resources management in coastal aquifers. This system can also be easily linked to numerical simulation output data for the visualization of model results and thus represents a very suitable tool to make a comparison between simulated and measured data.
State-of-the-art in Internet GIS
While GIS has existed for over three decades, the development of web GIS is a recent phenomenon. The huge popularity of the Internet around 1995, spurred the development of new resources for networking GIS data. The variety and types of distributed geographic information applications have grown since then, consisting of formats ranging from static and dynamic map images to more advanced web GISs that offer greater functionality. With the development of web GIS, the Internet is now becoming a portal for GIS functionality as well as data distribution. Versions of web GIS have been continually improving in functionality, from simple data viewing abilities to performing spatial analysis and collaborative efforts in real time from remote locations (Plewe, 1997). Indeed, many experts predict that web GIS may eventually become the dominant format for accessing GIS (Longley et. al. 2001; Xue et al., 2002).
The available Internet GIS implementations - and the open-source or commercial packages that follow each of them - are divided into two major paradigms: the server-side and the client-side. In the Internet GIS built as server-side, the server carries out the basic load of the operations. On the other hand, the client-side Internet GIS uses the clients’ computing power to perform mapping operations and contacts the server only to request additional data or to perform database queries.

Server-side Internet GIS
These schemes are implemented through the use of the Common Gateway Interface (CGI). In the early days of the Internet, CGI represented the only way to enhance the limited capabilities that the Internet and the browsers provided to the end users. The CGI scripts are in fact one or more programs that are executed as server processes. These processes can be either custom made GIS packages like UMN Mapserver or one of the commercially available like ArcInfo and Intergraph. Based on this idea, these products create a map and save it as an image and "transmit" the image to the user through the web server and the browser. The underlying transactions among the various components of a server-side internet GIS are depicted in the Figure 1.
These implementation schemes usually suffer from the limited capabilities that the resulting systems can offer, since they are based on the images created on the server. They also suffer when the server load becomes heavier, because all the operations are being performed on the server. On the other hand a definite advantage of these implementation schemes is that the processing time is not caused by the amount of the data set, which makes these kinds of Internet GIS better suitable for very large data sets. Another important advantage is that CGI scripting supports all versions and types of browsers on all platforms so that these implementations can be accessible by almost everyone with an Internet connection and a web browser.
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Figure 1. Server-side WEB-GIS architecture including the GIS/Database and the relational database management system (RDBMS) modules.
Client-side Internet GIS

One way to overcome some of the above described disadvantages of the sever-side Internet GIS was to move some of the work load to the client computers. In this way the client-side Internet GIS has been created. Under this category falls the implementation for which the user is forced to download a separate component, a program that works as an extension to the web browser. This component works usually as a program within the browser and handles the user requests in cooperation with the browser.

The problems that can be found here are of two kinds: problems that have to be dealt on the user side (and usually are the most significant) and problems that have to be dealt on the developer side. The basic problem on the user side is that he or she is forced to download and usually install a new component into his system which is something that most users do not welcome. To this problem Java gives a definite answer because applets written in Java are downloaded from the user computer but they do not need any installation: they run into the browser memory space and are unloaded when the page in which they are contained is unloaded. 

On the developer side the problem has to do with supporting different browsers on different platforms. On Microsoft platforms and Internet Explorer, ActiveX controls should be used to extend the browser capabilities. But ActiveX controls will not work if the client is working on a UNIX or Mac computer even if he/she uses Internet Explorer. On the other hand one can use Netscape Navigator with various plug-ins, but needs to provide a different version for each of the client's possible platforms. This makes difficult the keeping up with developments in the browsers' technology, forcing for a reinstallation of the component each time an upgrade is available. This annoys the users and gives a different "look-and-feel" on the different client platforms.

The server-side solution

Like most information technology (IT) issues, "which is best" depends on the requirements. If the intended users are composed of users with vastly different platform and network capacities, then the more standardized, server-side approach is better. However, if the intended application is for a known set of users within a standard operating environments as well as users who need specific complex capabilities and have high expectations for system performance, then fat client architecture is more appropriate. For applications that are trying to address an Internet-wide audience, then there are significant advantages of being able to access a Web site, immediately start interacting with map data, and have response times similar to other Web pages. Applications that require users to down load software or Java applets may have limited their audience. Also, the centralization of server-side solutions offers significant savings in administration and support. When users must install software, even auto-loading Java applets, things aren't going to work right for everyone.

UMN Mapserver characteristics
Targeted to the specific needs of the community of SWIMED partners, we decided to adopt a server side solution to develop our web-GIS project. To this end we choose the package called MapServer (http://mapserver.gis.umn.edu/) originally developed by the University of Minnesota (USA) in the framework of a NASA grant, and then improved to its core functionality by the DM Solutions Group.
MapServer is an open source development environment for building Web mapping applications. This CGI-based application delivers on-line, interactive GIS and image processing information quickly and reliably.

It contains a rich feature set for developing Web mapping applications. This is demonstrated by the wide variety of applications that have been developed with the technology. MapServer has been proven to be as efficient, if not more efficient than industry standard commercial software. Several comparisons have been done with ESRI ArcIMS demonstrating comparable if not faster map rendering speeds.

This software can seamlessly integrate into almost any GIS, web server and operating system environments. GIS environments that MapServer work with include all ESRI, MapInfo, Intergraph, PCI and many others. It runs on all industry standard server environments including Windows, Mac OS X, Wintel, and most versions of Unix/Linux. MapServer also operates seamlessly with most common Web servers such as Apache, Microsoft IIS and Netscape. 

Supported input vector formats are the most common like, ESRI ShapeFiles, optionally MapInfo TAB, DGN or data stored in Oracle SDO, ESRI ArcSDE or PostgreSQL databases. Raster supported formats are TIFF, GEOTIFF, JPEG, GIF, PNG, ERDAS Image, ESRI GRID. 

MapServer provides, intelligent labelling, thematic map building, spatial and attribute queries, on-the-fly configuration, on-the-fly cartographic projection of input data in different co-ordinate systems.

The applications can be highly customized through the use of several programming environments. The most popular among these is the Open Source PHP development environment. Other development environments include Perl, Java, TCL and Python. Among the many benefits of these development environments is the ability to easily integrate data from existing non-geographic databases into mapping applications.

Cartographic Output

MapServer has been developed in order to allow for high quality presentation of maps. A sample of cartographic elements that can be easily integrated into an application include:

· Scalebars;
· Legends;
· Reference maps;
· Collection of symbols for generating maps;
· Scale dependent layer visibility;
· Sophisticated rule-based labelling system;
· Static or on-the-fly map classification.
MapServer development

MapServer open source licensing makes it easy for developers to extend its capabilities and enhance functionality. The most important enhancement were:

· The integration of MapServer with the most popular development environment – PHP through the PHP/MapScript module that allows developers to create web mapping applications that take advantage of PHP’s rich feature set. This includes dynamic access to most industry standard database systems like MySQL, POSTGRES and ORACLE;
· The integration of the open source ROSA java applet providing a lightweight Java environment for interacting with map data.
Layers and data displayed

With regards to the Muravera site and more generally to the Sardinia island, the data available at this stage of the Project may be classified in four distinct groups: (1) basic cartography, (2) hydrometeorological data, (3) well survey and monitoring records, and (4) well information deriving from an administrative census archive.
Data types and formats

Vector data managed by this prototype are ArcView (ESRI) shapefile which represents the standard file exchange format between GIS mapping software programs. A shapefile is a digital vector (non-topological) format for storing geometric location and associated attribute information. The shapefile format is created by ArcView (ESRI) an is accepted by the most widely used GIS software.
Raster data were available in TIN format. The Triangulated Irregular Network data model represents continuous surfaces as a network of triangles by storing the topological relationships of the triangles. Since TIN data model is not directly supported by Mapserver systems, we had to derive a different raster data model from the TIN file: the Digital Elevation Model (DEM). A digital elevation model (DEM) is a digital file consisting of terrain elevations for ground positions at regularly spaced horizontal intervals, and may be used in the generation of three-dimensional graphics displaying terrain slope, apsect (direction of slope), and terrain profiles between selected points.
Web-Gis data structure
The cartographic data are grouped in five distinct thematic classes:

1. General or Basic layers

· Coastline;
· Urban areas;
· Administrative boundaries;
· Cadastral boundaries;
· Digital Elevation Model.
The web-GIS interface allows the user to select some base layers to display as an application background.
2. Thematic layers

· Corine Land Use. The CORINE Land Cover geo-database consists of a geographical database describing vegetation and land use in 44 classes, grouped in a three level nomenclature in order to cover the entire land cover spectrum of Europe. The minimum mapping element is 25 hectares. The scale of the land cover database is 1:100.000. This theme gives information on the status and the changes of the environment.
3. Hydrological layers

· Flumendosa watershed;
· Subbasins;
· Wetlands;
· River network.
Additional topographic information may be easily extracted from these layers using spatial analysis tools such as watershed extension, min, max and mean elevation values, stream length and so on.
4. Weather or climatic layers

· Pluviometric stations;
· Average rainfall (Thiessen Polygon method).
The point theme (Pluviometric stations) gives information about average monthly and annual rainfall data provided by the local agency for water reasources management (Ente Autonomo del Flumendosa, EAF) for the 1922-1992 time period [Studio dell’Idrologia Superficiale della Sardegna,SISS, 1996]
A deterministic method (Thiessen polygons) will be used to interpolate climatic data, to produce continuous information about weather variables, and to derive homogeneous climatic zones over the entire catchment basin of the Flumendosa river. The Thiessen polygon coverage will be calculated using raw data provided by SISS database.
5. Survey and monitoring layers

· Geological drilling;
· Near-surface wells;
· Deep wells;
The well survey and monitoring data actually includes a rather heterogeneous set of information. The core of the data set is represented by a survey performed in the summer of 1999 for 123 wells. 

The GIS-web map displays the distribution of electric conductivity in the 123 observation wells, distinguishing between the deep (reaching the confined aquifer) from the near-surface ones. The conductivity values have been partitioned in five classes of suitability for irrigation, according to Wilcox (1955). The classes range from values below 250 (S/cm (suitable for any type of soil and cultivation) to over 3000 (S/cm (completely unsuitable for drinking and irrigation purposes).

System modules and functionalities

The implemented system provides basic web-GIS functionalities such as: 

· Display geographic data on the web;
· Navigate within the map using commands like zoom-in zoom-out and pan;
· Performs spatial query on geographic data and display the results on the map on in tabular format;
· Feature labelling;
· Scale dependent feature drawing and labelling;
· get color, symbol, and scaling values from attribute table values or user supplied look-up tables;
· feature based access to attribute data;
· automatic legend creation;
· user configurable reference map;
· returns HTML, IMAGE, or URL data;
· support for "on-the-fly" projection of data.
An example of the Mapserver interface is showed in Figure 2.
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Figure 2. UMN Mapserver web interface showing a zoom on the south eastern coast of the Sardinia island near the mouth of the Flumendosa river. The three main cities (Muravera, Villaputzu and San Vito), the well locations and the Flumendosa river network are also shown.
The system improvements

The next step will be to link geographic data with alphanumeric informations stored in an external database such as MySQL (for a large dataset like climatic data for 1922-1992 period) and design a web interface which drives the user on performing custom queries. The results will be retrieved on tabular format or using chart representations.

This type of functionalities could also be implemented for data which comes from simulations and their results could be displayed and interactively queried on the gis-web based map.
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