Public spatial data in service of Polish archaeologists. Advantages and disadvantages of Web Map Servers usage
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Abstract. The aim of this paper is to present aspects of Web Map Servers usage in archaeological interrogation. Currently, archaeological spatial information is inefficiently collected and archived in paper form. Furthermore heritage offices rely on fragmentary and outdated archaeological data, and due to organizational problems providing a proper heritage protection policy is impossible. According to this account, it will be demonstrated, that the use of geoportals by archaeologists allows more effective, easier and quicker data management and display. Both benefits and drawbacks of Web Map Servers usage will be discussed.
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Introduction
Archaeology is often characterized as a discipline “between” others. It is the outcome of a deployment and development of various methods and theories originating from both humanities and natural sciences. One of the most important features of archaeological data is their spatiality. As the history of the discipline shows, since the very beginning researchers have been concerned about spatial aspects of archaeological record (Trigger 1990; Thomas 2001). This interest is independent of changes in established paradigms, although its character as well as selection of particular objects and issues of research is governed by the applied theory. In other words, works of diffusionists drawing distribution maps, processual spatial archaeology of D.L. Clarke (1977) and postprocessual landscape archaeology (emerging from works of e.g. C. Tilley (1994), J. Thomas (1993) or J.C. Barrett (1994)) are still concerned with the spatial aspects of archaeological features, although their particular effects are heterogeneous. 

The widespread and even timeless archaeological interest in spatiality has led to development of diverse methods of data collecting, managing, storing and processing. As regards the ways in which archaeologists collect their data, excavations are still the most popular one. Thorough and proper documentation conducted on sites causes a huge increase in the quantity of spatial data. Taking into consideration that each year hundreds of sites are dug (usually these are rescue excavations) it means that archaeologists provide enormous numbers of data annually. 
Although digging remains the essential method of archaeological practice it is not the only one. Aerial photographs, geophysics, field-walking, test-pitting and geodetic surveys are used to obtain information about sites as well as their context and environs. These methods produce data on a wider scale than can be attained by digs only. However nature of data differs on many levels, thus the problem of its integration and optimization is complex. 

Furthermore, heritage offices are concerned not only about data that comes from researches and surveys. Heritage protection and management policy requires additional information about current and predictable threats to archaeological sites, urbanization trends, course of rapid industrial development as well as unplanned and dispersed space creation and usage. Moreover, according to the law, Polish heritage service is obliged not only to protect sites but also to popularize the archaeological and historical knowledge and to present the results of researches to the public. Thus striking a balance between sharing information about e.g. site location and providing protection against people intentionally destroying heritage is a very delicate matter.
To manage data properly and to provide effective heritage protection a well-functioning system is indispensable. Differentiated nature of data concerning archaeological sites and constantly changing environment require a model of proceedings that is ready-to-use, as simple as possible and allows quick decision making. GIS tools (whose growth in dealing with geographical information is an indisputable fact) are good at handling this problem. Unfortunately due to many factors (organizational, financial, attachment to traditional solutions, lack of knowledge and/or interest) Polish heritage offices are not capable of proper and effective data management at present. 
The primary aim of this paper is to present aspects of Web Map Servers usage in archaeology. Although main attention will be paid to the potential of geoportals deployment within the heritage service, it will be also shown that WMS are an effective tool in conducting research, popularization of the discipline, archaeological education and consequently creating local identities. Some of profits and drawbacks of geoportals usage will be described. 

1. Current practice
Within Polish archaeology, among many methods of prospection, field-walking remains the primary way of collecting data about site location, function, size and basic chronology. It is assumed that preparation of Archaeological Sites Register File (KESA) in 1978 has initiated a vast program called Polish National Record of Archaeological Sites (AZP) (Prinke 1992). One of its main principles was to examine by field-walking the entire country. Archaeologists, equipped with maps in scale of 1:25 000 (later 1:10 000) set off in search of material remains – mainly potsherds and fragments of flint tools found on the surface of cultivated fields as well as earthworks. 
At present on the area of 87% of Poland more than 435 000 sites have been identified. This point is the primary achievement of the program. Unfortunately field-walking is not an ideal method and cannot be conducted anywhere and at any time. Both benefits and drawbacks of the AZP were described elsewhere (see e.g. Banaszek, Rączkowski 2010). Nevertheless results of the program have been very persuasive from the beginning. Moreover data collected by AZP is often treated as the one-and-only true and full database used by the majority of Polish archaeologists in their research on e.g. settlement patterns or site catchment. Relying on field-walking information is so deeply rooted in the consciousness of archaeologists in Poland, that they often deny themselves the use of aerial photographs (Rączkowski 2005) or geophysics, whose results could offer a wider and deeper view.
Unfortunately in the same manner AZP information is treated by the vast majority of heritage offices. This means that in decision making (mainly permitting building investments in particular locations) they rely on data (concerning sites’ location and size) collected by field-walking. 
Moreover this data usually results from only one passage through particular terrain within the last 30 years. Weak prospective capabilities of field-walking as well as possession of outdated data cause heritage offices to not be able to provide sufficient protection to archaeological sites. 
Furthermore AZP data is usually collected and archived in paper form. Although some actions have been taken by e.g. A. Prinke (1997) to create a digital database, final products do not meet the requirements neither of relational databases nor effective GIS. Thus decision making processes are costly in time (as clerks have to deal with a multitude of papers and thousands of individual Archaeological Sites Register Files), inefficient and often based on out-of-date information, thus simply wrong. 
Finally, since the numbers of applications for building permission are high and the decision making processes are slow, main attention is paid to the executing of administrative activities. Consequently in everyday practice heritage offices deal with threats to particular archaeological sites (only those recognized by AZP) due to premeditated development processes. Only if the application is submitted, threats are considered and a form of protection deployed. As clerks are totally weighed down with building permissions (because of poor data management) it is impossible to monitor sites in the field. Thus threats posed by e.g. detectorists as well as illegal, unplanned and dispersed space creation, and usage become objects of proceedings usually just after a notification (mainly submitted by a few archaeologists conducting settlement research). In this case it is obvious that heritage offices do not possess abilities to provide full and effective protection of archaeological sites, not to mention that they should also be engaged in the popularization of heritage and education. 
However in some heritage offices new programs of site prospection and settlement patterns research have recently been initiated. Within framework of one of them (Starzyński, Dernoga 2006) archival information is aided by current data collected by field-walking (Second AZP Passage) as well as archival and present aerial photographs interpretation. Also geophysical methods and test-pitting are engaged in particular sites, depending on their threats and scientific potential. Although this solution is deployed in various types of sites e.g. barrows, mainly due to organizational problems (lack of proper data management and integration systems) its potential cannot be effectively used. 
2. GIS in archaeology

It is often considered that Geographical Information Systems (GIS) are the greatest step forward in dealing with geographical information since the invention of maps. Those systems make data operations much easier, are of great usability and possess a spectacular potential for analyses. Thus their rapid development and deployment in various areas is of no surprise. 
GIS can offer a great amount of tools and solutions for archaeologists concerned with spatial aspects. The first comprehensive use of the systems in European archaeology was the work of Gaffney and Stančič (1991). Since then, GIS applications have became a widespread practice. Advantages of GIS usage can be taken by archaeologists representing diverse methodologies (Lock 2001). As H.D.G. Maschner (1996) saw it, these systems are especially useful in exploratory data analyses and visualization, cost surface analyses, viewshed and line-of-site analyses and catchment as well as predictive modeling. Nevertheless, within archaeology, GIS can be deployed on three levels:
· As a heuristic tool, used to receive answers to posed research questions (academic archaeology)
· Within heritage offices (making data management more effective) and
· To visualize and popularize effects of inquiry.
Unfortunately vast majority of Polish archaeologists are not interested in GIS applications. These systems are still beyond mainstream interest although a few individual researchers use them within their inquiries (e.g. Zapłata 2008). Attempts to create a system for heritage offices have also been made (Prinke 2002), however proposed solution is ineffective, inaccurate and actually does not meet the expectations of proper GIS. Consequently (and current practice shows it clearly), providing protection to heritage is based only on one sort of data as the system for integration of diverse information is weak. What should be therefore done to change this situation? 
Main arguments against GIS are their cost and complexity. However there is simple, open source software, which can meet the majority of expectations. Moreover some amenities have been proposed by the European Union. Adopting the INSPIRE directive opened access to diverse and integrated spatial data which could be successfully used by archaeologists. Web Map Servers constitute free-of-charge and straightforward platforms offering access to various data.
3. The INSPIRE directive

Regardless of each other, diverse offices, institutions and organizations collect and store spatial data. Consequently there are thousands of independent spatial databases within Member States of the European Union. As they are diverse (inter alia in data format, character and collecting methods) making a decision concerning space creation and use is complicated and time-consuming. To change this state of affairs and make it more effective, the directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 was adopted and consequently published in the Official Journal of the European Union on 25th April 2007. It establishes the Infrastructure for Spatial Information in the European Community (INSPIRE). 
INPIRE is a set of legal, organizational and technical remedies as well as services (of search, browse, download and convert et. al.) allowing widespread access to data. It could support every level of authority in its decision making processes concerning environment (particularly nature preservation). It creates frameworks for systems of data collection, management and sharing. Launching of Web Map Servers – free web-platforms, where information is exchanged and made available to the public is also supported by the directive. 
Thanks to the increased access to data and its integration, INSPIRE makes the process of decision making of diverse public services more efficient, by cutting costs of time and money. Furthermore standardization of data and immediate access to it also allow a widespread exchange of information between organizations, institutions and services regardless of their character (public or private, national or foreign, concerning different aspects of the environment). Moreover all data should be supplied with metadata, which describe their basic nature. Although principles of INSPIRE are directed particularly to public services it has also obliged authorities of Member States to share spatial data with taxpayers for free (to a certain extent).
Lawmakers have strictly determined what kind of data should be collected and how it should be stored. However, as the implementation of the directive is not a simple operation, spatial data themes have been divided into three parts (annexes of INSPIRE). Each piece of data should be made fully available by Member States in the time between 2009 and 2019. The affiliation of every spatial data theme to a particular annex is presented in Table 1.
Table 1. Juxtaposition of spatial data themes required by the INSPIRE directive
	Annex no.
	
	Spatial data themes
	

	I
	Coordinate reference systems
	Geographical grid systems
	Hydrography

	
	Administrative units
	Transport networks
	Addresses

	
	Geographical names
	Cadastral parcels
	Protected sites

	II
	Elevation
	Orthoimagery
	Geology

	
	Land cover
	
	

	III
	Production and industrial facilities
	Agricultural and aquaculture facilities
	Statistical Units

	
	Population distribution – demography
	Human health and safety
	Buildings

	
	Oceanographic geographical features
	Bio-geographical regions
	Sea regions

	
	Habitats and biotopes
	Natural risk zones
	Soil

	
	Species distribution
	Utility and governmental services
	Land use

	
	Atmospheric conditions
	Meteorological geographical features
	Energy resources

	
	Environmental monitoring facilities
	Area management/restriction/
regulation zones and reporting units
	Mineral resources


As it was mentioned above, INSPIRE relates to nature preservation problems. Unfortunately cultural heritage is not a point of its interest, thus heritage sites are not a theme mentioned in any appendix to the directive. Although the dispositions are not directed at archaeologists or heritage offices they should not underestimate the potential of what INSPIRE offers. They should make use of its results. In my opinion, it will support them in everyday practice. Free of charge and easy access to spatial data from other sources can make current practice more effective and offer new perspectives of inquiry. 
4. Web Map Servers in archaeological inquiry
The INSPIRE directive requires a formation of geoportals, where spatial data should be uploaded and available to public and private services as well as individual taxpayers. According to article 15 of the directive, the European Commission is responsible for launching an INSPIRE geoportal for the entire European Community. Furthermore each Member State is obliged to create a national geoportal, which makes access to spatial data and connection with the services possible. In Poland, these are available at the URL http://www.geoportal.gov.pl. Simultaneously various levels of district authorities having a positive attitude towards the INSPIRE regulations launch their own, local Web Map Servers. Although these are still sparse, the numbers are growing. 
Main advantage of regional WMS over a national geoportal is that they offer fuller data. As local authorities are responsible only for their own area, the quantity of data is lesser. Thus it can more easily be managed, converted and more quickly be available. For the same reasons collection of data is cheaper than on the national level. Consequently one set of data (e.g. orthoimagery) can be collected continually (every few years), giving the most up-to-date picture of what is happening in the district. 
Paradoxically at the same time a delimited spatial range of data is the biggest drawback of regional geoportals. One of the main reasons for adopting INSPIRE was to standardize data collected in different regions (especially in frontier areas). Unfortunately, because of many reasons only a dozen or so districts in Poland posses their own WMS at present. Thus there is a little continuity of available data between particular areas. Moreover as the directive does not regulate every aspect, the character of data is still distinct (e.g. orthoimagery of diverse resolution created in various years). 
As it was mentioned above archaeologists and heritage offices are not direct recipients of the directive regulations. However it would be foolish if they did not take advantage of the geoportals. Free and easy access to huge and ready-to-use databases can be put to good use. 

First of all Web Map Servers can become a simple GIS platform, supporting decision making processes. Due to various services offered by INSPIRE, archaeological sites can be uploaded (to some extent) to WMS by heritage offices. Thus there is no reason for the existence of the arguments (of cost and complication) stated against GIS. Free access to various layers of data and easy to use tools of analyses, proposed by some geoportals can make current practice more effective. Expense of time and labor (which is enormous at present) can be limited, causing decision making processes to be faster and easier.
Consequently better heritage protection can be provided (not only because a particular application for building permission has been submitted). As this practice increases, the time saved should be invested into other activities linked with heritage protection. Recognition of threats to archaeological sites can be made not only on the basis of the submitted applications concerning building permission. Within diverse layers of information uploaded to geoportals there is some describing both the current situation of land use and plans for the nearest future. Authorized Local Development Plans show development trends for their respective regions. The juxtaposition of archaeological sites databases and Local Development Plans uploaded to geoportals can contribute to an increase in the protection of particular zones. Augmented interest in selected areas can bear fruits in more intensive archaeological settlement patterns research, using non-invasive methods. Thus some sites could be documented and finally even rescued from e.g. the urban sprawl. 
However the greatest potential for analyses lays especially in the use of offered orthophotomaps. Firstly it can serve as a layer which can bring up to date some parts of database currently possessed by heritage offices. As it was mentioned, the AZP is still the largest supplier of archaeological data. Nevertheless its long duration time causes that huge set of data is out-of-date (in some cases it is even more than 30 years old). Whilst AZP has been collecting data, Poland has experienced huge industrial and infrastructural growth as well as extensive housing construction. Unfortunately it was often uncontrolled and unplanned. Browsing orthophotomaps can lead to an examination of how recognized archaeological sites function at present. Since it turns out that numbers of sites still exist in heritage database, even though they have been physically destroyed. 
Secondly orthophotomaps can be used to recognize current threats to archaeological sites, which are not included in Local Development Plans. On the basis of photogrammetric pictures illegal and unplanned space creation and use can be identified. Wildcat dumps on medieval strongholds, gravel pits at moraines with Bronze Age cemeteries, creation of paths and ditches through archaeological features, intensive agricultural exploitation of archaeological sites as well as natural transformation of the environment threatening heritage can be spotted due to WMS usage. Moreover as orthophotomaps are brought up to date every few years it allows constant control and monitoring of sites. 
Thirdly I have to confess that even if the majority of threats can be recognized due to orthophotomaps interpretation, not all of them can be spotted. Destructive activity of detectorists may not be perceived through WMS, as the resolution of orthophotomaps is often too small to present a detailed view. Even though damage done by them is socially very expressive, they are not the source of all evil. Due to orthophotomaps interpretation, the attention of heritage offices can be paid to threats of a larger scale. Nevertheless time saved in other administrative works due to geoportal usage can be devoted to field verifications and inspections. 
Moreover Web Map Servers may also be useful for archaeologists conducting research on settlement patterns, landscape or site catchments. Spatial data provided by geoportals can be used in various ways depending on the research principles. Extensive and complicated character of data makes them a tasty morsel for archaeologists, making interpretations easier and more complex. 
Finally Web Map Servers with uploaded archaeological data can be a marvelous tool in teaching of archaeology, at school and academic levels alike. Their attractive and modern layout as well as simplicity of use should be exploited to present both heritage resources of particular areas as well as results of archaeological interpretations. Drawing public attention to heritage may have an influence on the increasing tourism and support the creation of local identities. Taking advantage of a widespread access to the Internet, archaeological data and interpretations should be presented on geoportals. After all, some of the sites are clearly visible on orthophotomaps. This may lead to wider interest in the discipline and consequently increase knowledge about the past. It can also strengthen the local identity and finally thanks to a better understanding of archaeological issues by the wider public it may minimize threats to heritage, and provide better protection. 
Conclusions
Although principles of the INSPIRE directive are not pointed directly neither to archaeologists nor to heritage offices they cannot underestimate its achievements. As it was shown, current practice of heritage protection and management is inefficient. Web Map Servers usage may change this situation both directly (by cutting costs of time and labor and offering access to various data, useful in providing protection) and indirectly (as a tool used to popularize the discipline and consequently to accustom the public not to destroy neither intentionally nor accidentally the heritage). Although Web Map Servers are currently developing and do not offer full information they constitute a great tool for archaeologists, which should not be omitted. 
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