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. INTRODUCTION

Both of the major historical divisions of what 1s now the Czech Republic {Bohemia
and Moravia, the latter in this instance being taken as including the Czech portions of
Silesia) have a generally similar; and in most aspects independent, structuring of their ar-
chaeological institutions. This framework comprises an Institute of Archaeology of the
Czech Academy of Sciences {in Prague and Brno respectively) as a research centre, uni-
versities teaching archaeology (in Prague & Pilsen/Plzert and Brno & Opava respectively;,
similarly organised networks of museums and archaeological field units working on con-
tract archaeology The two parts of the Republic are also more or less independent in
terms of their systems of information regarding the appearance of archaeological sites.
This contribution stems from the present situation in Bohemia, atthough the situation in
Moravia is not in a broad sense markedly different, due both to the common develop-
ment of the discipline in both parts of the country and the gradual introduction of the
same computer applications and fundamentals. The article provides information on the
"national archaeclogical database” for Bohemia, created in the Institute of Archaeclogy in
Prague, and on this basis considers several general problems facing databases of this type.

The Law on the Cultural Heritage (20/1987 Sb.) places on all those conducting ar-
chaeological excavations in Bohemia the obligation to submit information regarding the
results of their investigations to the Institute of Archaeology of the Czech Academy of
Sciences in Prague. This situation arose from the formal merger of the Institute of Ar-
chaeology with the State Archaeological Institute founded in Prague in 1919 (a branch
later being established in Brno); one of the chief tasks of the latter was the registration
of archaeological sites (Spurny, 1975). Even during its own existence the State Archaeo-
logical Institute gathered extensive documentation pertaining to fieldwork and finds, which
were incorporated into the Institute of Archaeology’s “finds report archive” (a slight but
traditional misnomer). Today, the finds report archive contains tens of thousands of entries,
and every year some |,500 new reports are submitted (afthough regrettably this total
represents, despite the clear legal formula, only around half of the actual number of freld
investigations conducted).

The finds report archive comprises not only finds reports, but also notifications, letters,
museum registers and extracts from the literature. It is sorted by cadastre: even in the
pre-war years card indexes organised by cadastre and archaeclogical period had been
created. In 1963 the Institute of Archaeclogy also began to publish, annually or biennially.
the journal Vyzkumy v Cechdch ("Archaeological field research in Bohemia’), which contains



briel detais of ex tions and finds from the relevant period. The volumes of this peri-
adical are another source of information, as until the begir 1i g of the 1990 submissions
o It were made separately from those to the finds report archive, and thus their con-
rent and 1hat of the archive do not entirely overlap submission This situation has changed
in the last decade, with the periodical now created as automatic output from the com-
putersed database into which all the received information 1s mput (Figure 3.1).

The creation of a computerised information system began in the early 1990, as soon
as such technology became available in the workplace. A database records structure was
created, along with the new printed form by means of which data are gathered The con-
tent of the database became rooted primarily in information regarding new excavations
conducted by Institute of Archaeclogy under the law cited. In addition all of the volumes
of Wzkumy v Cechdch have been transcribed in, as have several other published archive
inventories (e.g. that of Charvdtovd, Spurny & Vendlovd, 1992, covering the period 1919-
1953, and of Justova 1968 for the years [955-1964).This data has been further supplemented
by that from several regional finds inventories (e.g. the finds inventory for East Bohemia
created by staff of the museum in Hradec Krdlové, etc.). The database thus created is
the Archoeological Record of Bohemia (ARB); at present it comprises some 60,000 records.
The ARB only partially overlaps with the “finds report archive” because (as noted) it did
originate by a breakdown of the latter; but from secondary information sources which
themselves naturally are often based on the archive. A comparison of the ARB and the
original documents in the finds report archive would no doubt be extremely useful, but
it is beyond the means of the team currently administering the ARB (3-4 people).

Given that the ARB was born out of the merging of data series of diverse origins,
the quality of the individual records within it varies markedly, and one of the results of
the approach to creating it adopted has been a high number of duplicate entries. These
problems are being addressed through the gradual revision of the database which will
also seek to remove imprecisions in the identification of finds and, in particular, to com-
plement the localisation of finds wherever possible (new finds are always localised by co-
ordinates, but for the majority of the older data spatial locations are given only verbally,
and often imprecisely). Great emphasis generally is placed on site localisation: one of the
staff of the Department of Spatial Archaeclogy (ARB team) concentrates solely on the
control and registration of spatial data.

ARB data are distributed freely. In the immediate future, as part of an ongoing project
on archaeological prediction, it is also intended to make ARB data accessible through the
Internet, with the automatic explanation of the most important parts (the keywords) in
English. The availability of spatial information through the Internet will, of course, be sub-
ject to further discussion —the reason for this being the frequent illegal use of metal de-
tectors, which have recently started to become a major threat to many archaeological
sites in Bohemia.

2. SITES OR “ARCHAEOLOGICAL EVENTS™?

The basis of archaeological databases covering large territories comprises as a rule
archaeoclogical “sites”. “Sites” are understood as spatial, sometimes spatial and chrono-

nzal, whaoles of finds, which can be clearly delimited in space and diwded frem Gther

similar wholes. The use of this term is, In practice, often problematic. The “site” in this

sense can only be delimited in cases where finds are not particularly dense and/ol
where the primary elements are conspicuous features visible on the surace (“monu
ments” such as, for example, earthworks, tumuli or buildings). As soon as the informa
tion in the area becomes denser, and s quantity and arranzement s not clear on the

surface, the distinction of "sites” becomes unrealistic In practice {Figures 3.2, 3.3, 34
and 3.5). These situations arise wherever, for example, modern prospection methods are
applied, leading to increases by orders of magnitude of the quantity of information avail-
able. In such cases, the landscape becomes a continuum of archaeological information,
the internal structure of which 1s of course seldom clear (Kuna, 1991; 1997, 1998; 2000;
(Goyda, 2000). This assumption is not only empirically proven by many examples, but can
also be arrived at theoretically. In settled areas the landscape was a continually used
space, a set of activity areas of diverse functions (Neustupny, 1986; 1998) The term
"site” (a discrete whote in an empty landscape) is thus not only methodologically but
also theoretically disputable. The units that are perceived as sites are entirely arbitrary
heuristic devices, sometimes the result of secondary processes (of archaeological trans-
farmation).

In terms of method, the defined “site” represents a certain form of synthesis of com-
ponent field observations, empirical facts (Neustupny, [998). This synthesis implicitly in-
cludes, above all, the building of a delimited finds unit, from which database records are
created, and the establishment of its spatial relationships (topology). in the process of
synthesis, primary spatial and other units become derived secondary untts, with a nec-
essary loss of some primary information. In and of itself this need not matter, but the
problem arises that the new, secondary units are far from being able to be called defin-
itive. Every new find, indeed, brings the danger that it changes the topology of the ex-
isting units, and that it will be necessary to re-define not only their sizes and shapes but
also the mutual relationships between them (it will, for instance, be necessary to classify
some new finds into an existing “'site”, others may require that two “sites” are joned into
one, etc.). In archaeclogically rich areas this approach means the risk of the endless
re-writing and correction of existing database records, an unpleasant aspect that leads
inevitably to errors.

An alternative to this “synthetic”" approach is that which is adopted by the ARB, which
can be better termed “analytic” (for this term, again see Neustupny, 1998), as individual
archaeological observations ("events”) are not reconciled with "sites”, but are registered
separately and are furthermore divided into smaller logical units (components). The ARB
is thus not a database of “sites” but a database of “archaeological events” {individual ob-
servations) or components. The database merely comprises an accumulation of records
of events, without the need to change anything in the earlier records as research pro-
ceeds. If several events take place at one and the same location, their pictures may over-
lap in many ways while the topological refationships between them are examined only
when data are drawn from the database for particular professional reasons. This approach
retains the maximum primary information, and does not distort the original data re-
garding the state of research and the subjective opinions of the author during database
entry.
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3. THE DESCRIPTION OF ARCHAEOLOGICAL EVENTS

[he ARB Is a relationdl database system made up of a series of separate tables The
nasic unit is the "archaeclogical event” or spatially and chronologically related archaeclogical
field observalions (e.g surface artefact collection in a particular polygon, menitored stretch
of long distance trench, one season of a long-term open-arsa excavation, etc.). Within
the ARB the event is classified by a whale range of information: the name of the cadas-

fre and adminsstrative district, the name of the principle investigator and institution, the
date of investigation, the stimulus leading to investigation, the type of archaeological evi-
dence, the types of analysis conducted, and of course the spatial delimitation of the in-
vestigated area as a point, line or polygon (as a norm, such delimrtation uses co-ordinates
drawn from 10000 scale maps). From the professional standpoint, however, the de-
scriptions of the individual parts of the event, the “components” are even more signifi-
cant. Components are understood to be the separate chronological, spatial and functional
wholes identified during a single archaeclogical event (on this term, albeit in a somewhat
dfferent sense, see Neustupny. [998). Within the framework of the given system, com-
ponents are thus the smallest, further indivisible, “analytic units”. Their descriptions consists
of the following data (Figure 3.1}:

* spattal delimitation (which may of course be identical to the delimitation of the
entire event, if it occurs in a small area, or if more precisely located components
are not known},

* dating with the aid of a hierarchical system of chronological terms, the mutuat re-
lationships between which are precisely set out, and enable varying breadths of
data selection (eg the term "Unétice culture” is contained within "“Early Bronze
Age”, itself falling within "Early or Middle Bronze Age”,"Bronze Age”, "Bronze Age
or Hallstatt” and “Agricultural Prehistory™);

* functional identification, e.g. settlement, funeral, cult, etc,; finds from secondary po-
sitions (e.g. intrusion or residual) are registered as a separate type;

» precision and "shape” of the spatial data: three levels of localisation accuracy are
recognised (with the margin of error at ‘ess than 3 m, 30 m and 300 m), along
with four “shapes” {point, line, polygon and area, ie. a space "somewhere around
a given point’);

* a brief inventory of types and approximate quantification of the features and objects
that make up the given component;

* metadata, e.g. who assessed the chronology of the given finds.

The opportunities afforded by the descriptions of individual events and components
vary markedly depending on the nature of the archaeological observation. For example,
In suitable areas aerial photography can provide a good impression of the density and
overall extent of the sub-surface features, but it will be difficult to classify these chrono-
logically (the “components™ in this case are spatially distinct, but chronologically must be
described simply as “prehistoric’). For oider finds from sand extraction works it is possible
to recognise individual chronological components but their adequately precise localisation
is not possible (the various components are most likely to be localised at a single point

g

entre of the extraction area, but with a precsion of 3", meaning a margn o
ror of up to 300 m). Other types of archaeological ewidence, (oo, have specific charac-
ters in terms of their spatiai and chronological ordering: vanous types of surface artefact
collection, small trenches, the monitorng of fong-distance trenches, surface surveys in

wooded dreas, etc. These differences, too, speak for the need for an “analytic” approach
to dalabase constructions, as between the various observations a common denominatar

can often not be found.

4. APPLICATION OF GIS

The Department of Spatial Archaeology of the institute of Archaeology in Prague
(within whose competence the "finds report archive” falls) has at its disposal the basic
technical equipment necessary for the creation and use of GIS. The application of GIS s,
however, presently limited to projects that are regional in scale (Kuna, 1996; 1998), rather
than across the whole state. The creation of a GIS for a larger territory is for the time
being restrained by the high cost of digital maps, as well as by the technical limitations
of the hardware available. Moreover, it is also restrained by the character of the data
(which would need to be revised before being brought across into a GIS), and the over-
all aims of the Institute of Archaeology, for which management of the database is a sec-
ondary task and not the major constituent of its work. In the field, too, the priorities for
GIS technology lie rather elsewhere, e.g. in the computer analysis of landscapes or the
elaboration of archaeological prediction methods.

The structure of the ARB enables the straightforward transfer of data into GIS. Events
and components within the ARB are localised by one or several pairs of co-ordinates
(in the version for dBase a maximum of & pairs, while the prepared version for MS Ac-
cess has no limit), which characterise them as points, lines or polygons. Spatial data
are reduced on entry to distances in millimetres for the edge of the |:10,000 map sheet.
These values can easily be read by anyone from the maps: during transfer into the data-
base these data are checked and automatically recalculated into geographical grid co-or-
dinates.

Some idea can be obtained of the density of archaeological information in several
parts of Bohemia from the maps in Figures 3.2, 3.3 and 3.5 (prepared with the aid of
ArcView and Idrisi GIS) —in an area of some 6.2 x 4.8 km on the north-eastern pe-
riphery of Prague there are in all 1,382 archaeological records {events) with a total of
1,385 components of prehistoric age. Of these, 43 records (90 components) represent
data from old finds (predominantly stray finds in the numerous sandpits and brickworks
pre-1980), 20 records (147 components, in given cases individual features) are associated
with excavations by the District Museum of Brandys and Labem in the 1980, mainly along
long-distance mains trenches, 167 records (370 components) are polygons of surface
artefact collection in the 1980, and 952 records (with 778 prehistoric components) are
100 x 100 m grid squares of surface artefact collection conducted in the 1990.The den-
sity of archaeological data in this area is above average, but it 1s by no means unigue in
Bohemia. At the present time, every year sees further, even large-scale, interventions in
this territory.
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he archasological peture 0 the given area 15 s camplex that [T cannot BE evillu-
ated without the use of information technology, specifically database systems and GIS. At
the same time, the author believes that it is clear that no evaluation (eg. the estabiish-
menit of particular numbers of activity areas relating to particuiar periods; etc) can be
definitive, as Increasing numbers of finds not only complement thie overall piciure but can
4lee change its internal structure. The ARB's methods thus incorporate the principle that
‘hat data obtained must be preserved in primary form, in order that it does nol sut e

premature limitation of its informative value, and that data may be repeatedly used for
up-to-date syntheses of the state of knowledge.

GIS technology can be usefully applied not only in the visualsation of data and the
dentification of secondary information, but also in the actual synthesis of spatial information
at any moment it 15 needed. Such a synthesis may take various forms, and an illustrative
example approach is presented here:

« thernatic selection of the components is conducted, e.g. to a chronological key.

+ categorisation of the selected data (if this had not already been performed).
The significance of components can, for example, be categorised so that the lower
values indicate components in the form of isolated artefacts, occurring as intrusions
into features of a different period, as components from surface artefact collection
which are isolated within the given period, as components from relatively large
spatial polygons (imprecise localisation), etc., while higher values are demonstrable
and precisely localised evidence for activities of a certain kind;

« transfer of the database extract to (point or polygon) GIS vector layers. Spatial data
are read by the GIS directly from the database, vectorisation of individual records
with the aid of a digitiser in this approach not being required;

- data integration from point and polygon data in the framework of vector or raster
maps of components of the chosen period (Figure 34, upper);

« modification of map layers according to elected principles (e.g. the removal of cells
with low values; removal of spatially isolated cells from raster maps; interpolation
of values: creation of buffers around cells, etc.). Relatively complex operations
are also possible between multiple raster maps (e.g. principal component analysis,
identifying which areas are typical for a given component type and which are not;
cf. Figure 3.4, lower);

classification of spatal units on the newly obtained map, and their transferral into
the form of vector layers, or back into the database with units of the “next gen-
eration”.

This approach simulates the synthesis that would otherwise be conducted by ‘Fhe
archaeologist during fieldwork or in the preparation of records for the database. Unlike
such syntheses, this approach has the advantages that (1) it is based on describable
and quantifiable assumptions, and (2) that it first takes place at the moment that the
archaeologist requires information, i.e. on the basis of up-to-date data. The author be-
lieves that the described approach can to a great extent be automated, in order that
the system of spatial synthesis is conducted independently on the basis of the given pa-
rameters.
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5. A GLIMPSE OF THE FUTURE

The "znalytical” approach contamed within the ARB reflects several facts. Firstly, the
i [ ler-the care of a small team. who are unable by themselve
n (synthesis) of archaeological data for a large tervitory.

J
g of primiary data .')y additive means is possible, as In
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neertake the complete r

i the other hand, the gatheris
fiis the information obtaned from many colleagues is controlled only in its fundamenta
ponts and entered into the database. Secondly. the emphasis on the gathering of "ana-
Iytic data” stems from the presumption that archaeological finds form highly complex
structures that cannot be forced into models of "sites”, and which, moreover, gradually
nange with the advance of archaeological investigation. An archaeological database should
thus, in the author's opinion, preserve the maximum primary information, the synthesis
of which should take place at the moment when it is needed for a specific purpose.

The technology that archaeclogy now has at its disposal, however, enables the use
of approaches that were unrealistic even in the recent past. Today, the key problem with
the spatial and temporal delimitation of database units, whether “sites”, "components” or
anything else, can be side-stepped by database units based on archaeological wholes the
spatial, functional or chronological integrity of which is more or less evident, i.e. individual
features/complexes. Hitherto, such an approach was difficult, as it has not been techni-
cally feasible for every feature {house, storage pit, grave, tumulus) to obtain geographical
co-ordinates, and to work with these in the framework of maps of large territories. At
the present time, with the majority of archaeclogical excavations conducted as a rule
with the aid of EDM or GPS, the creation of a database of features with their own co-
ordinates is entirely commonplace, and GIS technology enables ease of working with such
data in contiguous areas at various scales. It seems, then, that databases of such units are
essentially easily attainable, and simpler in type than databases of any imported, farger
spatial and temporal wholes. For every feature in such an independent record, classifica-
tion by basic type (function) and chronological positicn is possible in most cases (and
errors are easily rectified, as they have no effect on the other database units). The ma-
jority if such data exist anyway: in finds reports, publications, etc. Further archaeological
features, such as tumuli, scatters, earthworks, are today systematically measured, as it is
their precise position in geographic co-ordinates (ascertained by GPS) that is important
to their repeated identification and protection in threatened cultural landscapes. It does
not appear, then, that obtaining such data and bringing them into a summary database
presents any great technical problem or time requirement. This approach would be straight-
forward, too, in that the majority of features in these categories can (given the scale used)
for the time being be written to a single point; a more complex approach would be
needed only for larger, e.g linear, features {earthworks, etc.). A database of individuat fea-
tures could, of course, also include cases where the number and types of features can-
not be ascertained, where features cannot be precisely localised, etc., for which it would
be possible to use several of the approaches outlined above (including principles of the
fuzzy logic). Thus, the future seems to lie in databases of this type, working with large
quantities of data, albeit relatively simple data, internally integrated and enabling quanti-
tative spatial syntheses using various mathematical methods.

English Translation by ALasiaR Miar
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