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ABSTRACT
The main purpose of this paper is to briefly describe how the GIS, Digital Mapping, Internet and SDIs concepts and tools can effectively contribute in the modeling, analysis and visualization phases within an engineering or research project. In this particular case, to the hazard assessment of earthquake-triggered landslides projects. Besides enabling real-time GIS analysis – anytime, anywhere, the distribution of the GIS information to a wider audience on the Web increase its overall value to the research group. It may also mention how GIS professionals are able to share complex, georegistered, geospatial data, extracted from GIS project databases, as GeoPDF files with non-technical professionals in a variety of ways. It can be used in education, research o simply in the dissemination of map information to the targeted clients or the general public.
Internet was designed and built as a distributed and decentralised system and because its accessibility and actuality, has become a very efficient way to disseminate geospatial data. On the other hand, the last generations of GIS programs provide some enhance features such as interoperability, increased viewing flexibility, more powerful analytical tools and scalability. Finally, the development of Spatial Data Infrastructures (SDIs) based in the Open GeoSpatial Consortium (OGC) specifications have opened promising opportunities for cartographers and GIS experts. The integration of GIS project data in Google Earth also open new opportunities for supplementary visual analysis.

In the other hand, hazard assessment is an essential issue in areas with very intense seismic activity which may cause major destruction in the structures, buildings and the people, either directly or through other related problems like widespread landslides. Currently, there are a significant number of research groups working in the field of hazard assessment. In this case, this presentation is based in the works done by different members of the Technical University of Madrid (UPM) within the ANDROS/ASPE Project. This Project is an interdisciplinary approach with Civil Engineers, Geologists, and experts in Seismology and GIS in order to develop a methodology to evaluate the hazard assessment of earthquake-triggered catastrophic landslides. In this paper is briefly described some contributions from the webmapping and Internet GIS perspective to the current activities of the research group.
1.- INTRODUCTION
El Salvador has suffered at least 11 destructive earthquakes during the past 100 years. These events have caused more 3000 deaths because of the effects of shaking and/or subsequent landslides (Bommer et al, 2002). For this reason multiple projects are undertaken in this area by different research groups.
The ANDROS Project [2] is an interdisciplinary approach with Civil Engineers, Geologists, and experts in Seismology and GIS in order to develop a methodology to evaluate the hazard assessment of earthquake-triggered catastrophic landslides. The method is validated using available data from the El Salvador earthquakes of January and February of 2001. The database includes field observations of more than 600 landslides together with digital cartography, geological maps, and strong motion records from both earthquakes. The predicted hazard model is compared to real observations. The parameters are subsequently recalibrated in order to obtain a new model which fits better the observations [3].

Much of the work done and structure in the current GIS database was developed in the frame of the ANDES Project [1]. This project aimed to work out a methodology for a hazard model of earthquake induced landslides an also the development of a landslide hazard map in El Salvador. Basically, the Hazard function depends on a triggering function (T) a susceptibility function. The first one is defined in terms of a characteristic seismic parameter (peak ground acceleration-PGA) including amplification parameter for the geology and topography. On the other hand, the slope susceptibility function is defined as a combination of slope geometry and climatic conditions of the area. The detailed description of this methodology, with the different formulas, parameters and maps is in Benito et al. (2004).
Currently, the Andros/Aspe project is working in the enhancement of the previously mentioned methodology. Besides that, some other conceptual and technical improvements coming from the webmapping and internet GIS area are to be implemented. These are the aspects that are going to be briefly described in this paper. 
2.- RECENT ENHANCEMENTS IN GIS ENVIRONMENT

During the last 25 years the concepts and tools of Geographical Information Systems (GIS) have been under a permanent upgrading evolving into powerful hybrid (vector/raster) systems capable to be used in the modeling, analysis, mapping and visualization of multiple phenomena. Some of the recent enhancements are briefly described below.
One of the bottleneck problems in tradition GIS projects is the data capture, validation and integration of the geodata in the spatial database. Quite often this phase exceeded 50% of the costs in terms of time and money. For this reason, some authors think that the achievements of GIS have not gone beyond the 15% of its full potentiality. In this context the interoperability concepts help quite a lot to overcome this problem by enabling the accessibility and reusability of the data for many users and many purposes. The interoperability concept is implemented in two different ways: on the one hand the major GIS software vendors integrate the data, coming from different sources and formats, by developing data translators. On the other hand, the Open GeoSpatial Consortium (OGC) develops and publishes specifications to implement services such as Web Map Service (WMS) or Web Feature Service (WFS) that allow the accessibility of geodata through Internet in a normalized way. Another significant aspect is the scalability which refers to the possibility for the users to grow their systems without rebuilding them by linking as many GIS, CAD, digital mapping, and database systems they wish.

GIS programs, that were designed as powerful analytical tools, have improved quite a lot their cartographic capabilities. Within GIS environment a map is not a static image which requires its own production, as it happens with CAD programs, but one of the multiple views of our model. A map window can also be explained like a dynamic camera view of the contents of the distinct databases. Another interesting feature is the dynamic updating of maps and queries which make that user always see the real contents of the databases regardless whether the values have been changed. The symbolization based on attributes is another remarkable aspect. So, it is a pretty straightforward approach to produce a collection of maps by accessing many local geospatial databases or others databases accessible through Intranet or Internet.

All these computer or technical concepts can be integrated with cartographic theory to produce all sort of qualitative maps, coropleth maps and symbol proportional maps that show multiple distributions, locations, patterns, inter-relations, and all the relevant aspects of the phenomena or problem under study or research. All these recent cartographic enhancements have enabled the National Mapping Organizations to change their production lines, based in CAD structured data, into new ones based in GIS Technology. 
Examples of this concepts and features, applied to the hazard assessment of landslides in El Salvador, will be shown during the presentation of this paper.
3.- THE PORTABLE MAPPING FORMAT “GEOPDF”

One of the manners to improve the standard raster viewing capabilities of Internet is by making some upgrading in the client side with the plugin technique. By doing, so a great number of maps and graphics in multiple formats can be display in the client´s browser. The adobe PDF plugin is a very popular one, because maps in pdf format enable some interactive, such as zooming and panning, and also high quality printing of graphics. What is rather new in this field is the GeoPDF format that is consider as a new portable mapping format [22].
This new format allows GIS professionals to share complex georegistered geospatial data, extracted from GIS project databases, with non-technical professionals in a variety of ways. Beside the standard PDF capabilities, this new format enable users to view finished digital maps, turn layers on and off, display coordinates, measure distances and areas, track locations via GPS, query attributes without the need for complex GIS applications,  search and locate specific geographical names o texts and visualize Google Earth maps and images provided a certain location or point coordinate of our study area is given.
It can be used in education, research o simply in the dissemination of map information to the targeted clients or the general public. This favored by the fact the many users have already installed this plugin, or otherwise can do it quickly and free of charge.  This technique will be explore and use within the ASPE project activities in different working scenarios.
4.- WEBSITE IMPLEMENTATIONS BASED IN GIS ENVIRONMENTS

Besides the analytical and mapping enhancement, mentioned in the previous sections, some other interesting features have occurred. Internet was designed and built as a distributed and decentralized system and since the middle of the 90´s a rapidly growing number of web map implementations were devised. The web has proved to be very efficient in spatial data dissemination in the way of maps, images, atlases or other similar products. All these projects produced a significant impact in the map users by applying innovative dynamic and interactive methods. One of the recent developments lately, it has been the integration of the modeling, analysis, mapping and visualization capabilities of GIS environment together with the multimedia and hiperlinking structure of Internet.
Presently, the term “Geospatial Solutions” is often used to express the combined used of Geoinformation (GI) and Information Technologies (IT). A geospatial solution can be described, on the one hand, like a manner to satisfy a need of spatial information, and in the other hand, like the use of geoinformation in the context of a problem solving scenario. In this last case, the GIS concepts and tools are the heart of the solution and is the normal case in the engineering and research projects.
The idea behind Web-based GIS is to provide real-time access to geospatial databases online and equip users with GIS query, analysis, and visualization tools so they can build maps and extract meaningful information. Any user equipped with a standard Web browser can accomplish these tasks and more with no GIS training. The standard raster viewing capabilities of Internet are further upgraded to enable raster and vector (ActiveCGM, SVG) display. This is normally accomplished through installing some ActiveX control, plug-in, or a Java applet in the client’s browser.
The content of the website is organized into themes and maps. A theme is a group of  related maps. A theme may be password protected, requiring the user to enter a password before viewing the maps contained in the theme. By doing so, different user profiles can be designed providing access to distinct subsets of  data in the project´s databases. This is an interesting way to customize the results of de project´s activities and contents.

A map defines what features you see in the map view through its associated legend. A raster map is not interactive as vector maps are. The vector formats supported in our implementation are the ActiveCGM and the Scalable Vector Graphics (SVG).  Each legend entry can be turn on and off o be displayed within a predefined scale range. The website administrator could configure the site to allow the user to make changes in the predefined simbology or in the range of scales for a feature to display. 
Vector maps allow interaction with the map such as viewing tooltips and activating hotspots on features. The tooltips are dynamic text which gives information about a feature when the cursor is hovered it. The hotspots perform an action when the feature is clicked, for instance, to display attribute information of the feature.
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Figure 1. Interactive maps with tool tips and hotspots.

To handle the map content the user has at his disposal a set of commands integrated in a toolbar. These commands can be use to manipulate the map with view control commands or to display coordinates of points, advance bearing and distances, length of polylines or areas of polygons. It´s also possible to perform other functions such as display feature attributes, run queries, make reports or printing maps. The Overview Map shows your current map view range in relation to an overview image.
[image: image2.jpg]3 GeoMedia WebMap Publisher - Microsoft Internet Explorer

Archivo  Edién Ver Favorkos Henamentas Ayuda

[ 2oom Miinum mep wickh: | 50000

DERRUMBES_13ENE (13) |
el e, ||
A 1 oo 7 Zona s Chomos
& u mmam 7 Derrunbe
A 7 opes 1 Desizamento deterra ‘
A s umpns Desizamento deterra -
DefauTheme A 1 oes 1 Desizamento deterra =
O i SERD T
o A 2 o 1 Desizamento deterra
A& s wmpns Gretas
A om0 wopm o Desizamiento
& 2 wmem o Deslzanierto y Grietss
cuerpos_agua A 0 mom o Oeslzaniento deterra
Nombres_departamertos & 5w o Derrunbe
1S iz:j:j:‘v'sm & 5 om0 Dernumbe
s s En | we
Iy 1 16/02/2001 Deswendmiento e sudoy arietes
~& L ioopwr Grersydesiamentos
& 5
| @ Intermet
Sede 1404957 3

® Internet




Figure 2. Spatial search and related records of Landslides in a certain area.

Lately, there have been a growing number of projects related to the Spatial Data Infrastructures (SDIs). In this case, the interoperability is based on the concepts of the Open GeoSpatial Consortium [14]. However, the major GIS vendors in relation to web services tend to follow industry standards such as those related to geospatial matters (OGC, XML, GML) and those proposed by the World Wide Web Consortium –W3C (XML, SOAP, WSDL, SVG). At the same time, they are also participating very actively within the Open Geospatial Consortium, and their new products claim to be certified OGC compliant. This means that they will effectively apply the interoperability concepts of OGC (WMS, WFS, catalog, etc). So, from this new approach, both software tendencies are somehow converging, or at least, capable to work together more and more in the near future. In short, the OGC services behave as bridges between the concepts and tools of Internet GIS and the SDI implementations. 

Finally, the integration of GIS project data in Google Earth environment to enable supplementary visual analysis of the study area is becoming a very widespread feature.
5.- CONCLUSIONS 
In relation to the hazard assessment of earthquake-triggered landslides projects the webmapping and Internet GIS concepts and tools can support their activities in a number of ways:

· Producing multiple maps that help to understand and visualize the most relevant aspects of the project or phenomenon under study.
· Using GeoPDF files from GIS layers in order to support educational, fieldwork o research activities, or simply, to disseminate map information to the targeted clients or the general public in an easy, cheep and quick manner.
· Implementing website from GIS project databases enabling the Internet´s user to access to interactive maps, make measurements, perform queries, generate reports and print maps.
· Connecting the project´s data with other relevant websites through OGC services such as WMS Services or WFS Services.
· Integrating the project´s data with Google Earth in order to enable supplementary visual analysis of the study area.
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