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INTRODUCTION

Hydrogeological Atlases have as basic aim the hydrogeological characterization of the territory which they make reference through a thematic maps series. On the other hand, they try to be an important element for the diffusion of the knowledge of the groundwater, to make aware the user of the importance of these and to use as help to the Government to attend to an increasing demand of water resource.  The Spanish Geological Survey comes carrying out for decades, in collaboration with different public agencies, several provincial or autonomic atlases related to the hydric environment.

This communication is going to centre on the most significant changes identified in the process of creation and edition of hydrogeological atlases since in 1985 Hydrogeological Atlas of Cadiz was published, the first one that presents a structure where maps are accompanied of an explanatory text.  

AN OVERVIEW OF THE HYDROGEOLOGICAL ATLASES OF THE IGME  
The Spanish Geological Survey (IGME) comes contributing to the development with scientific and technological contributions where cartographic works are the oldest and longer tradition in its more than 150 years of existence. As regards groundwater, the IGME has gone evolving adapting to the legal situation of every moment. Initially its mission was guided to the development of the national wealth, so that it was considered necessary to impel the prospecting and the drawing out of groundwater.
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In 1928 began the first systematic series of geological maps at scale 1/50.000 where already included some sections about hydrology and hydrogeology. The MAGNA Plan that begun in 1971 includes hydrogeological information with bigger detail, later on 1972 the "National Hydrogeological Map" Project started to offers a general and synthetic vision of the spatial distribution of the spanish aquifers. The source of this project was the main results of the National Groundwater Research Program (PIAS) and the hydrogeological cartography is adjusted to the norms settled down by the UNESCO (López Geta, J.A. 2000).
 In these settings Hydrogeological Atlas of Madrid (1982) was published. This atlas is considered like the first hydrogeological atlas of the Spanish Geological Survey and it was realized in agreement with the provincial Delegation of Madrid. In the working plan it was considered of great interest the publication of a provincial atlas where the results of the numerous studies and works carried out by the Spanish Geological Survey were gathered in a cartographic way.
Figure 1. Hydrogeological Atlas of Madrid Title-page
The book is presented as a set of diverse scales maps that offers complete information about location of the main aquifers, water table contours, water wells, groundwater quality or aquifers vulnerability, among other aspects. The atlas is composed by a series of self-sufficient graphic documents reason why it is not accompanied by explanatory memory, referring to the interested reader to consult the original document, "Hydrogeological Study of the Tajus basin", available in the Documentation Centre of the Spanish Geological Survey.
From this moment, continuing with the work of assistance and advice to the Government, the Spanish Geological Survey established successive agreements of collaboration with different public agencies for the realization of a series of provincial or autonomic hydrogeological atlases as it can be observed in the next table:   

	Atlas
	Year
	Pages

	Cádiz
	1985
	100

	Castellón
	1987
	150

	Málaga
	1988
	151

	Granada
	1990
	294

	Huelva
	1993
	141

	Jaén
	1997
	175

	Burgos
	1998
	148

	Andalucía
	1998
	216

	Sevilla
	2003
	208

	Cádiz
	2005
	264

	Málaga
	2007
	≈ 800


Table 1. Relation of hydrogeological atlases realised for The Spanish Geological Survey
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In the 90´s a great advance in the realization of the hydrogeological atlases takes place, mainly in the Andalusia territory. The Atlas of Granada (1990) was followed by those of Huelva (1993), Jaen (1997) and Andalusia (1998). This same year is published the Atlas of Burgos with an objective more focused toward the supply (Figure 2)  

Figure 2. Hydrogeological Atlas of Burgos Title-page
With the beginning of new millennium the series was continued with Seville (2003), Cadiz (2005) and the recently finished Hydrogeological Atlas of Malaga. In 2008 the Atlas geoscientifical and hydric environment of Ávila will be published.

ANALYSIS OF PRINCIPAL CHANGES  

The thematic structure of all these atlases is similar; they consist of an introduction where the physiographic characteristics, socio-economic setting, climatology, soils, as well as the geological, hydrogeological and hydrological characteristics are described. The main chapters are focused in the description of the aquifers or hydrogeological units of the county, where thematic aspects referred to the hydric environmental like chemical quality of groundwater, contamination, mineral and thermal waters, resources, exploitation degree or vulnerability  are analyzed.
Therefore, there not big changes in the thematic content of the atlases except in the incorporation, more and more frequently, of aspects related with the physical environmental that complement and help to understand and to value the groundwater role at the territory. This happens more emphasize way in the new edition of the Atlas of Cadiz (2005) being a reflex of it the considerable increase of the number of pages with regard to the previous atlas of Seville. But it is in the new edition of the Atlas of Malaga (2007) where this situation is extremely emphasize since the inclusion of environmental topics like geological risks, climatic change or groundwater life; or other topics related with the entertainment like caves and golf links. All this makes necessary to structure the atlas in three volumes, a remarkable change that makes this atlas unique in its kind nowadays.  

As for the cartographic design, most of these atlases, with the exception of the Atlas of Burgos, present a similar structure: Sheets of size DINA3 where the text is distributed in three columns. The beginning of every chapter is marked by an individual sheet where is added a decorative element - drawing or photograph - together with the title of the chapter (Figure 3).  
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Figure 3. Initial page of chapter 10 of the Hydrogeological Atlas of Seville

Nevertheless, all of them try to innovate in some sense introducing a change that represents a identity sign of the document: different size and font types (Atlas of Andalusia presents very big font size), the tables and graphics appearance (Atlas of Seville introduces relief and shady), the portrait or landscape format (Atlas of Madrid and Burgos are portrait), the Title-pages appearance (Atlas of Seville presents a full of colour one, breaking up with the classic formats) or the use of other graphical resources (new Atlas of Cadiz uses DTM). All of them very related with the identified changes that are detailed later.  

With these samples it can assure that the most significant changes, as in other fields of the Earth sciences, are the use of new computer tools in the different stages of creation of a hydrogeological atlas, mainly in two of them:  

1. Application of the new tools in the obtaining and elaboration of the information represented in hydrogeological atlases  

· As for the sources of the data, the possibility to use current information, already in digital support, as much for the topographical bases as for the obtaining of the thematic variables to represent, as databases (INE census, IGME water wells, etc..) or geoscientifical cartography (CORINE, MAGNA, etc) accelerate the process of elaboration of atlases.  

Also, it provides a high homogenization degree in the resulting maps, which contributes that the final product is more attractive like in the new Atlas of Cadiz where a base map was obtained joining the digital geological maps (digital MAGNA) and this map was used to obtain others thematic maps making the process quicker and the appearance more homogeneous. This fact, repeated in the new Atlas of Málaga with the use of MAGNA and Lithoestratigraphical maps of Spain, both in digital support, marks the current trends in the elaboration of cartographical products.  

· Forthcoming of programs of databases management, spreadsheets and even word processors has allowed that the elaboration of the data to represent in the atlases to be easier managing and the number of variables to represent have increased. Likewise, this evolution of the technologies and computer software is reflected in a major showiness of the atlases, better graphics and a bigger presence of pictures and photographs that makes that, still maintaining the same format and thematic structure, be aesthetically more pleasant the hydrogeological Atlas of Seville (2003) than the previous hydrogeological atlases.(Vega, L, 2005)  

· The development of the drawing tools allows the improvement of the graphical appearances of this kind of publication, because of them it is possible to include 3D-models or artistic shadings that improve the aesthetic of the maps included in the atlases (Figure 4).   
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Figure 4. 3D-Model in the Hydrogeological Atlas of Cadiz
· The new technologies as e-mail or the ftp servers have been added to the traditional ones, post mail and telephone, allowing a closer collaboration and a quicker and more effective interchange of information. This allows the work team that realizes the atlas is really a multidisciplinary team, composed by specialists belonging to different institutions, organisations and consultant companies together with researchers and technical personnel of the Spanish Geological Survey.  

2. Application of the new tools in the diffusion of the hydrogeological atlases
The digital support is added to the edition in paper the traditional way to publish hydrogeological atlases. (Figure 5) This fact is of great transcendence from the point of view of the diffusion for these products to national level, because it decreases the impression and shipping costs.  
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Figure 5. Initial page of the application in PDF format of the Hydrogeological Atlas of Cadiz
  One more step in the diffusion is the publication of these atlases in the web. The Spanish Geological Survey makes available for the users, through its web: www.igme.es , various publications related with hydrogeology and groundwater, grouped by the publication date. In this site it is possible to obtain the hydrogeological atlases of Burgos (1998), Andalusia (1998), Jaen (1997) and Granada (1990) in PDF format.  
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Figure 6. Screen capture of the site of the Geological Survey of Spain

Finally, the Groundwater Information System (SIAS) that integrates so much the institutional groundwater databases as the hydrogeological and thematic spatial bases in digital support, created most recently from hydrogeological atlases and others studies realized by Hydrogeology and Groundwater Department (Figure 7). The main aim of SIAS-SPAIN is to facilitate the access to this hydrogeological information to the users through simple and independent procedures from the institutional supports of the Spanish Geological Survey, without any other additional specific program for its consultation and exploitation.   

[image: image5.jpg]GME

ID - SISTEMA DE INFORMACION DOCUMENTAL

indows Internet Explorer

[] it oy gme. esfintermetSistemas_infori_prin_sias.asp

[ian B & b beos e

W & @rane-sw- sistenace mrormacionoocuenTa ||

SIAS Sistema de Informacion d

nsttuconses g
orga. trayeciora
etoe o e bes smpecass
idrogecligicas o
formato. dgta,
reacin, au
Soportes y Sstemas div

implantacén del SIAS-ESPATA
(Setems de Informacén
Subterrinass tendc
Facitar = thenc:
informacén  hidrogciigica
stos requeran,  medante
imples

consula y expotacin.

= i BN ; SIAS ESPANA

s »
o :."
(N e T T

IC|





Figure 7. Screen capture of the home page to SIAS SPAIN

CONCLUSIONS  

In relation with the evolution of the hydrogeological atlases can be established the following considerations:  

· The role of the hydrogeological atlases like effective documents for water management, coordination of the water resources and the land-use planning is demonstrated because the Provincial Delegations update their hydrogeological atlases. (Cadiz: 1985-2005; Malaga: 1988-2007).  

· The new computer tools, from the databases until Geographical Information Systems, help to improve the treatment of great amount of information without loss of scientific rigor and to improve the aesthetic aspects of the publications.  

· There is a clear trend, on the part of the Spanish Geological Survey, to the diffusion of the cartographic products in digital support and through Internet to provide to all users access to this hydrogeological information.  
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