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1 Introduction
This article is the last in a series of three,
which describe the GM1700 map project, a da-
tabase and GIS-project dealing with a series of
historical maps of the island of Gotland in the
Baltic Sea. In this article we will give some ex-
amples of how these and other historical maps
can be used, once they reside in the database-
and GIS-system. The prior two articles de-
scribe the conceptual modelling as an ontology
[23] and the mapping between the ontology
and the logical database schemata [24].

Domestic mapping in Sweden dates back
to the late 16th and early 17th century. Maps
in both small and large scales have been pro-
duced quite extensively in various time peri-
ods. The small scale maps are called geo-
graphical maps and the large scale maps are
called geometrical maps. The latter depict
the landscape at the land parcel level, nor-
mally in scales from 1:4 000 to 1:8 000. Text
descriptions of the mapped features are
linked to the map via a code marking system,
see Fig. 1. The first generation of large scale
maps are called Äldre geometriska jorde-
böcker (Older geometrical cadastres) and
where created between 1630 and 1655. The
results of the next phase of geometrical map-

ping are called Yngre geometriska jorde-
böcker (Younger geometrical cadastres). This
phase started in the 1670–80’s to fulfil seve-
ral purposes, and lasted to the 1750’s. Fiscal
reasons were prominent, as the mapping
provided a basis for setting taxes. Gotland
and other incorporated areas were exten-
sively mapped in this period [17] [19]. After
the cadastral mappings, different land re-
forms between 1749 until 1972 have pro-
duced hundred of thousands of maps.

The results of all the mapping conducted
over a period of several centuries are kept in
various archives today and the map sheets
can probably be counted in the millions (in-
cluding duplicates). Sweden is rightfully
famous for its large collection of large-scale
historical maps. In other countries maps of
this kind were made sporadically based on
private initiatives by single land owners. The
fact that in Sweden it was the initiative of
the state and the maps cover most of the po-
pulated areas makes them quite unique.

For several years Lantmäteriverket (The
Swedish National Land Survey Agency) has
conducted a major scanning project. The goal
is to digitise all historical maps (and the ac-
companying texts) in their archives. The
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plan is to finish the project in 2008 and gra-
dually make the maps available via the In-
ternet as a pay service for the public [27].
This will boost the use of historical maps in
GIS- and database applications even more.

1.1 Previous research
There is a multitude of smaller projects deal-
ing with digitalisation of historical maps that
are very narrow in scope and function orient-
ed. They are set up for a restricted purpose
and only deal with a few maps. The database
modelling process is typically very limited
and also poorly documented. Two projects
have dealt with historical maps in a more
comprehensive fashion. They are Nationalut-
gåva av de äldre geometriska kartorna at The
National Archives of Sweden [16] and the Di-
gitala Historiska Kartor (DHK) at The Na-
tional Board of Antiquities of Sweden [1]. The
former project only deals with the maps from
the first phase of Swedish large scale map-
ping between 1630 and 1655. The project fo-
cuses on the text descriptions. The text de-
scriptions of these first Swedish large scale
maps were very brief . There is very little doc-
umentation available of their conceptual- and
database models.

The other major project, Digitala Historiska
Kartor (DHK) at The National Board of Antiq-
uities of Sweden, is well documented with a
series of preliminary reports and one final
publication including a conceptual model [1].
The project identified three levels of informa-
tion in historical maps; map specific-, genera-
tion specific- and general information. The
map specific information is found in one or a
few maps. A map generation is a series of
maps created with the same objective during a
shorter period of time, e.g., Storskifte and
Laga skift (examples from two different land
reforms in Sweden). General information can
be found in any historical map. The DHK pro-
ject conducted a user survey to analyse how
the maps are used in the cultural heritage sec-
tor and mainly addressed the information
used in this sector. The focus of the DHK pro-
ject was the general information in the maps.
The approach was to analyse the concepts
found in many of the historical maps to find
the lowest common denominator behind these
concepts. This means that much of the map- or

generation specific information is difficult or
impossible to handle in their database model.

On the international scene, the author has
not found any examples of work of this kind
except the work by Pearson and Collier [28]
with the British maps made between 1836
and 1850 in the Tithe Survey. These maps
also depict the land at land parcel level. The
work seems highly function oriented and not
all of the information is extracted into data-
bases and GIS-layers.

1.2 The GM1700 map project
GIS applications and analysis using histori-
cal maps have mainly been focused on over-
all landscape or land use studies covering a
small area. In these studies a limited
amount of the information in the historical
maps has been handled, which is mostly the
land parcels, building sites, etc. Few of the
text descriptions are handled, and when they
are, it is done in using very simple database
methods. Our project has a wider scope and
attempts to deal with the maps and the text
descriptions in more detail and to model how
these maps are organized. We analyse the
concepts contained in the maps and texts,
the meaning of the concepts and how they re-
late to each other. This requires a broader
perspective and a more data oriented view of
the maps and the text descriptions. 

An ontology was developed over the Uni-
verse of Discourse, since the concepts are the
focus of the work. Ontologies are used to
model concepts and their relationships exist-
ing in different domains. The differences be-
tween different Swedish historical map se-
ries can be quite great, because they are cre-
ated at great distance in space and time and
they are also developed for divergent purpos-
es. Given the diversity and heterogeneity of
Sweden's provinces and regions, the seman-
tics are very rich and regionally dependent.
The semantics of the concepts has also
changed over time. They can be regarded as
different domains, in some respects. To mod-
el all the variations in the various historical
map series, several ontologies are needed.
These ontologies can be semantically aligned
and mapped to each other, since we wanted
to be able to map the concepts from different
kinds of maps, and relate their different on-
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tologies to each other [21]. The ontology for
the GM1700 is presented in [23]. The ontolo-
gy is also a domain model/conceptual schema
which is used as a basis for a database model
to enable these maps and all the information
in the databases to be stored in a form as clo-
se to the original structure as possible.

The logical database schema and mapping
between the frame-based ontology and E/R-
based logical schema are described in [24].
We see the GM1700 maps as archive arte-
facts and documents. For most researchers in
the humanities, access to the unadulterated
source is vital. This project is an attempt to
make these maps available and manageable
in a way that can be trusted by researchers
in the humanities and that will reduce or
even eliminate the need to go to the source it-
self for most problems formulated. As an
analogy to the thoughts of Bittner and Smith
[22] that a map in itself is an ontology, we can
say that the document is an ontology and the
focus of this work is to elucidate, clarify and

repack the ontology to make it more explicit
and easily understood.

The text descriptions are stored in a rela-
tional database and the maps are scanned
and the features described in the text are
vectorised. Other features not described in
the text, such as roads, hydrology and vari-
ous map symbols, are also vectorised.

The maps were made by seven surveyors
between 1693 and 1705, and are therefore re-
ferred to as GM1700 (Gotlandic Maps of
1700). These are the first maps produced of
the island of Gotland. They are unique in
many senses, both in terms of the type of in-
formation they contain and the fact that they
cover the entire island. The purpose of the
mapping was taxation and to acquire know-
ledge about Gotland. The maps are made at a
scale of 1:8 000 in the manner described in the
instructions for surveyors of the time. Text de-
scriptions of mapped features and additional
information accompany the maps (Fig 1). The
mapped features and the texts are linked by a

Figure 1. Part of a map and text description from the GM1700 map series. The arrows show
how the the map and text descriptions are linked via the code marking system.
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system of code markings. Not all features are
code marked and not all text is linked to the
map. There can be some variation in the con-
tents and style, depending on which surveyor
made the map [20]. An amateur researcher,
Jakob Ronsten, has transcribed all the text
descriptions into digital documents.

2 Usage of historical maps in GIS
Historical maps are in most cases used in GIS
in the same fashion and for the same purpos-
es as in the pre-GIS days. They are used to
produce map overlays that can be compared
with other historical or modern maps cover-
ing the same area and other types of spatial
data in which the result is visually interpret-
ed. In the pre-GIS days this was done by man-
ually rectifting and geocoding the historical
maps on plastic film into a modern coordinate
system. This process has, with the help of GIS
tools, now moved into the computer. There are
numerous examples of this kind of analysis
and approach dealing with interpretation and
development of geographical areas over time.
The landscape analysis of Holm parish in Up-
pland, Sweden is one example. In this study,
historical maps and archaeological sites are
used as the main sources for landscape analy-
sis and are used in a GIS system, together
with other sources [3]. In The DHK publica-
tion Digitala historiska kartor – Tillämpnin-
gar i GIS för kulturmiljövården [2] a series of
example applications is presented giving a
fairly good overview of how historical maps
are used in various kinds of landscape analy-
sis in GIS system. They deal mostly with
analysis of land use, the overall development
of the landscape from various perspectives
and how one can visualize these changes. Ex-
amples are also given of how to use data from
historical maps to visualize the impact of dif-
ferent activities, e.g. building a new road, on
the historical continuity of the landscape. 

These types of studies are of great value and
are often used in the pilot study phase of major
building and planning processes, but they do
not go much beyond the traditional usage of
historical maps. In the examples given in [2]
the maps are often visualised in 2,5 or 3-D. The
map or reconstructed land use is draped over a
digital elevation model (DEM) and viewed as a

fly-through etc. The capability of the modern
GIS system to distribute maps and results to a
larger audience over the Internet is also
shown. The examples in [2] cover many as-
pects of the use of historical maps in cultural
resource management and also point to some
extended uses. The conceptual model of DHK
is designed for these kinds of applications and
for these purposes it is also a good model. For
other kinds of questions calling for map speci-
fic- or generation specific information from dif-
ferent historical maps, the DHK model must
be extended or new models created.

In the remaining part of the paper we will
give some brief examples of extended use of
historical maps in GIS that make greater use
of the statistical, calculative and visualisation
capabilities of GIS. We firmly believe that use
of GIS by researchers in the humanities in all
kinds of problem solving and reasoning rela-
ted to the spatial dimension will increase. His-
torical maps can be used as sources in investi-
gation of many kinds of issues and theories as
well as in hypothesis testing of a more acade-
mic research nature. The examples presented
here do not, of course, cover all possible uses of
GIS and historical maps. Some of these exam-
ple applications could only be performed with
a database model, which also models the map-
specific information, as in our model. As we
had limited access to scanned maps, the pilot
system contains data from only one parish,
Fröjel. This limits our demonstration of the
analyses that are possible using our map-spe-
cific model. Many studies need a larger sam-
ple then one parish. One of the unique featu-
res of the GM1700 is its coverage of a whole
region, the island of Gotland.

2.1 Locating abandoned farmsteads
The geometrical cadastres from the 17th and
18th century depict the situation and featu-
res in Swedish villages or farms, which had
bearing on the contemporary society and ad-
ministration. The state of affairs shown in
the maps was the result of development that
goes far back in time. With proper analysis of
the maps, together with other data, the situ-
ation in the area can be traced back in time
to the medieval/Viking age or even earlier.

This kind of analysis is called retrogressive
analysis, which is a firmly rooted tradition in
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Swedish and European historical geography.
The organization of the cultural landscape
that can be seen in the geometrical cadastres
was created long before the creation of the
maps and could be traced back in time; maybe
as much as two thousand years [10]. Dan
Carlsson uses the GM1700-maps as the main
source in a retrogressive analysis concerning
the agricultural- and settlement development
on Gotland during the Iron Age. In his thesis
he argues that the organisation and structure
of the Gotlandic farms we see today were
established during the older Iron Age [13].

The older and younger cadastres are the
most suitable maps for these kinds of studies.
One reason for this is of course that they are
the oldest depiction of the cultural landscape.
Another reason is that later maps are made
for the purpose of redistributing land and
thus show two time horizons; the state of af-
fairs before the redistribution of the land and
after it. These two can sometimes be hard to
separate in the maps [10] Cadastres are on
the other hand created primarily to depict
the current state of affairs. In a retrogressive
analysis both the map itself and the text por-
tion are important ingredients. The study
conducted in GIS by Charlotte Fabech & Jyt-
te Ringtved [9] is an example. They used ana-
lysis of historical maps and other methods to
recreate the prehistoric landscape and land
use in the Bjerringbro/Hvorslev area in Den-
mark. Sven-Olof Lindquist has shown [15]
that later maps, such as a Lagaskifte map
from 1878, can also be useful in retrogressive
analysis. Because the purpose of the map was
redistribution of land, the mapping was very
careful and accurate in soil quality assess-
ment. Without knowing it, the land surveyor
mapped fossilised field systems dating from
500 B.C. The fields are depicted in the maps
as regular patterns of differing soil quality
resulting from the farming techniques of the
time. With correct retrogressive analysis, his-
torical maps can be used to study phenomena
and processes with a much broader time fra-
me than the creation date of the map.

The location of a farmstead’s land parcels
in space can also provide important clues to
the history and age of a farmstead [13]. The
patterns of scattered land parcels can reveal
the sites of ancient farmsteads. Areas of inte-

rest can be located by taking into account
other factors such as soil quality class (e.g.
high amount of mould indicate intensive far-
ming during a long period), land parcel na-
mes (names can indicate disappeared farm-
steads) and ancient remains. This is a well
established approach and parameters such
as the ones listed are often used in retrogres-
sive studies, for example [13] [10].

To graphically display the location of each
farm’s land parcel, standard techniques bas-
ed on SQL and GIS functions can be used.
The result is simple to interpret and the visu-
al power is great, as shown in Fig. 2. The pa-
rameters of interest in this example are: an-
cient remains of Iron Age settlements, fields
with mould, names of land parcels indicating
old farmstead and «remote» areas where
many different farmsteads own land (which
the arrows from each farm to its own land
parcels indicate). In the reddish (grey) zone,
with the name «Fylleqwie» we see an area
which may be an old farmstead, and is inte-
resting for further investigation. These aban-
doned farms’ infields have been requisitioned
by the neighbouring farmsteads, probably
following desertion for some reason.

2.2 The Christianisation of Gotland
Sven-Olof Lindquist [4] has studied the for-
mation of parishes and the introduction of
Christianity on Gotland. He took a chorologi-
cal point of view, which is very well suited for
performing in GIS systems. At the time of
the paper (1981) he had no access to GIS sys-
tems, so all calculations had to be done by
hand using paper maps. This took a very
long time, even though only a sample of pa-
rishes was selected (31 of 92). In 2001 [5]
Sven-Olof Lindquist, together with one of the
authors, performed some of the calculations
in GIS. This time the entire island was inclu-
ded, 92 parishes, since data were now availa-
ble in digital format for the entire island.
This time it took only a few hours to do the
calculations and create the resulting maps.

The main aim of the research was to try to
answer the debated question whether the for-
mation of the parishes was a prolonged pro-
cess, which some scholars advocate, or if it
was a quite rapid process as Lindquist belie-
ves. A secondary question was who took the
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initiative to erect the parish churches and de-
cide where they should be located. Was it a
single, powerful man or was a joint decision
made among farmers who were all peers? The
GIS analysis focused on the second question.
The data used in the analysis were the posi-
tions of farmsteads in 1700 and the parish
borders of that time. A retrogressive analysis
based on the farm sites from 1700 was used to
understand a process that took place 700 ye-
ars earlier. The hypothesis was that the phy-
sical location of the church was a joint decisi-
on by the farmers and it was placed as «fair-
ly» as possible, having a central location in re-
lation to all of the farmsteads. 

The first analysis was to compare the exten-
sion of the parishes around the churches with
the «optimal» one. The optimal extension was
defined as the thiessen polygon around the
church. The location of the farmsteads was
then compared to the optimal parish and the
actual parish it belonged to. Only around 8 %
of the farmsteads lay closer to another church

than the church to which it belonged, suppor-
ting the hypothesis (Fig. 3a). If natural ob-
structions, such as bogs, were to be taken into
account, the number would likely decrease.

As a further test of the hypothesis, the dis-
tance between the actual location of the
church and the location which would give a
minimum transport distance from the farm-
steads was calculated. The rationale was
that a short distance would indicate that the
positioning of the church is «fair» and all far-
mers had a say in the decision. A long distan-
ce is interpreted as an indication that the de-
cision around the placement of the church
was not made in consensus. In the GIS sys-
tem the transport minimum was calculated
as the centre of gravity, by taking the mean
position along the X- and Y axis of all the
farmsteads in each parish. The distance bet-
ween this point and the church was calcula-
ted. This distance was then visualised as a
circle around each parish, where the distan-
ce is the radius as shown in Fig 3b.

Figure 2. Maps showing an area which can contain the site of an ancient, abandoned farm
(reddish/grey area). The main variables in the analysis are shown in the legend and the na-
mes of the land parcels are in blue text.
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The results further support the hypothesis.
The parishes that have long distances are all
known to be anomalous, and there were
known explanations for these anomalies.

2.3 Statistics and calculations
Statistical calculations and other quantita-
tive methods have a long tradition in studies
of past times using historical maps as source
material, often combined with other sources.
These calculations have, in the past been
very tedious. With a system such as ours,
they will be rapid and precise. Calculations
can be made easily, both from tabular data in
the text portion and from the geometrical
properties of the mapped features in the map
itself. One classical study of this kind is
Svenskt agrarsamhälle under 1200 år [12] in
which data from historical maps are used in
calculations of yield, consumption and other
parameters in the agricultural societies of

the past to depict development trends over a
longer period. There are numerous examples
of these kinds of studies.

Calculations and statistics may not provi-
de answers to most research issues formula-
ted in the humanities, but they often make a
very good starting point or support for inter-
preting many of the issues. They may help by
describing and giving a good overview of a si-
tuation or state of affairs, which can be use-
ful in reasoning about a problem. In a GIS
system the information can be presented in a
graphically powerful way and displayed in
the map. Here we will show some examples
of how calculations and statistics can be used
and presented in a system.

2.3.1 Means of farm acquisition
In the GM1700 maps, there are often nota-
tions of the owner and how s/he acquired the
farm. There is also often information about

Figure 3a: The red areas are the differen-
ce between the optimal parishes, represen-
ted by thiessen polygons around the chur-
ches, and the existing parishes.

Figure 3b: The distance between the centre of
gravity of the farmsteads and the church, in
each parish. The red dots are churches and
the black dots are the centre of gravity for the
farmsteads in each parish.
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ownership and the way by which the farm
was acquired, that goes back as much as 4
generations. This is very unusual in other
historical maps and can be an important
source in many kinds of studies, such as stu-
dies about the mobility of the peasant popu-

lation and ownership matters. To illustrate
this, we can show figures and maps of the
ways the present owners (in 1702) acquired
their farms. Of the 39 different farms (23 re-
gistration units, divided into 39 farms) 23
are freeholder farms. Of these 10 (43.5 %)

Figure 4. Map and statistics showing the means of acquisitions of farms in Fröjel parish
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are purchased by the present farmer. The le-
gislation of the time gave a freeholder the
right to freely sell his farm (not parts of it),
but kin had the first purchase option. The
maps, together with other sources such as
parish church records, can be of great value
in studies of questions concerning purchases
and other forms of transfer of property or
lease.

This example uses the map-specific infor-
mation in the GM1700. These basic statisti-
cal calculations could have been performed
for any of the unique kinds of information
found in these maps, such as tax commoditi-
es or wood supplies.

2.4 Location of iron-age settlements
An issue of great importance in both cultural
resource management (CRM) and academic
research in archaeology, is the need and de-
mand for ways to predict and understand the
reasons for location of various archaeological
sites. A predictive model attempts to predict
where archaeological sites or features are lo-
cated, by looking for tendencies and patterns
observed in a region or by employing theory
and notions about the distribution of sites or
features [14]. One example is a major Danish
project called «Foranderlige landskaber» [11]
in which different techniques for predictive
modelling were tested to identify archaeolo-

Figure 5. Prediction map for Iron Age house foundations in the Roma district on Gotland.
The method used is logistic regression based on independent variables from the GM1700 and
other data. The intensity of red color indicates the odds of the place having the same charac-
teristics (based on the chosen variables) as sites with known Iron Age settlements. The redder
the color, the higher odds.
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gical sensitive areas, base on methods de-
veloped and tested in another project [8].

The information used in the model consis-
ts of the dependent variables and the inde-
pendent variables. The dependent variables
are the archaeological sites or features
whose distribution is sought. The indepen-
dent variable is the characteristics recorded
for each land parcel. These characteristics
can be divided in four major themes, accor-
ding to Kvamme [14]: environmental varia-
bles, cultural and social factors, positional
characteristic and radiometric characte-
ristics. With a basis in retrogressive analy-
sis, historical maps can be used in predictive
modelling. The information from historical
maps is a social factor and is used the same
way as other ancient remains.

Relatively few ancient remains have been
recorded in the national database of ancient
remains (FMIS) in the agricultural district
areas around Roma in the centre of Gotland.
The general belief is that there have been
many ancient remains, but that modern far-
ming has obliterated most of the visible tra-
ces of past times in the landscape. With pre-
dictive modelling it can be possible to find
the areas where it is most likely that some of
these ancient remains once lay.

Several researchers in Gotland have noti-
ced that there is a correlation between
«Kämpegravar» (Iron Age house foundations
dating from about 200-600 AD) and the land
use found in GM1700 maps. Meadows and
farmstead sites from the GM1700 as well as
other variables, were used in a predictive
model to verify this theory and to attempt to
predict areas where such house foundations
where located [7]. The method used was lo-
gistic regression. The model preformed very
well and had a high degree of significance.
Even if the areas selected by the model are
too large to be really useful in field archaeo-
logy, predictive modelling techniques can be
very useful in finding patterns in the data
hypothesis testing and also in finding archa-
eological «sensitive» areas. These are areas
with a greater likelihood of containing vari-
ous types of ancient remains than other are-
as. The retrogressive analysis methods show
that historical maps can be a very good sour-
ce of variables in such studies.

2.5 Distances
Distances were probably of great importance
for a number of reasons in historic agrarian
society [13]. The farmstead lot was generally
placed near the fields that had the highest
economic value and were also the most vul-
nerable. Distances were also costly in terms
of transportation and time; the greater dis-
tances between the land parcels, the more
time had to be spent on transportation. Dis-
tances are of vital importance not only in stu-
dies of contemporary society at the time of
the creation of the maps, but also in many
other analyses. An example of a study that
would have benefitted by our system,we be-
lieve, is Östergrens thesis [25] concerning Vi-
king Age silver hoards. In that study, the dis-
tance between various features found in the
GM1700 and the sites of finds of silver ho-
ards is of paramount importance in the ana-
lyses. In a GIS these distances are very easy
to calculate using standard techniques.

As mentioned above, the scattering of a
farmstead’s land parcels can reveal somet-
hing about the age and earlier phases of the
farmstead’s history. It also affects the far-
ming itself, as discussed above. It is hard to
pinpoint exactly how this works, but gene-
rally a more scattered farm has been subject
to more change in its history, thereby indica-
ting a longer history. As in the examples
shown above, the changes may involve inhe-
ritance of other farms, strategic marriage,
moving of a building site or requisitioning of
abandoned farms land. As a tool to visualize
this degree of land scattering in statistical
terms, we have created an index which
shows the distribution of distances to the
lands on a farm. The index is obtained by
summing, for each farm, the land parcel
acreage and finding the median distance
(i.e. the distance to the 50 % remotest areas
of the farm's land). The median of these va-
lues is set at 100. Values above or below 100
indicate a higher or lower degree of scatte-
ring. The calculations can of course also be
done at other break points such as quartiles
(25 %, 50%, and 75 %) and others. The resul-
ting numbers can then be visualized in vari-
ous ways.
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3 Discussion and future work
Swedish large-scale historical maps are a
unique source for many types of historical
analyses. They are not only used in historical
research, but also in ecology, archaeology,
geography, linguistics etc. They are also used
extensively in non-research tasks, for exam-
ple in cultural heritage management and so-
cial- and physical planning at all levels.

Use of historical maps in GIS has, in most
cases, focused on using GIS as merely a dis-
play tool. The maps have mainly been dis-
played «as they are,» not trying to reveal and
display any nested or hidden information in
the maps. The analytic and statistical capa-
bilities of modern GIS packages have seldom
been used. In this paper we have shown some
examples of use of historical maps, in which
more of these capabilities of GIS are used.
The graphical and display capabilities of GIS
are also an essential part of our examples,
but we focus on using them to highlight and
display the more deeply nested knowledge

only visible after the information has been
processed and analysed.

Some of these analyses are only possible to
carry out using a domain model like ours
that picks up map specific information and
handles both the map and the text portion.
As an example, we used the notations about
the owners and how they acquired the farm.
As we have limited access to scanned maps,
we could not fully demonstrate the analyses
that can be performed. We only had access to
scanned maps from one parish, Fröjel. A lot
of the map-specific information present in
other parts of the island, remains to be acces-
sed. This includes very interesting notations
about disputes over land and co-ownership.
With the full database, these questions could
be analysed. Interesting questions would be
whether there are any special distributions
or characteristics of the farms and land that
are disputed or co-owned? One working hy-
pothesis could be that the disputed or co-ow-
ned land once belonged to now abandoned

Figure 6. Map of Fröjel parish showing each of the parish scattering indices as a circle.
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farms (at the time of the mapping, about
year 1700). Notations of the commodities far-
mers used to pay taxes would also be inte-
resting to analyse, to describe the spatial dis-
tribution patterns.

With our model, essentially every piece of
information from historical maps can be digi-
tised and stored in a database for the first ti-
me. This enables searches for novel and as yet
undiscovered patterns and correlations using
advanced data mining techniques, to acquire
new knowledge from the maps. One example
was given of predictive modelling of Iron Age
settlements using information from the
GM1700. We used logistic regression analysis,
but other data mining techniques can proba-
bly also be used to investigate a great variety
of problems and theories. This is a largely un-
discovered field of research and further work
is needed to explore all the possibilities.

Historical maps are often used in retrogres-
sive studies. In these analyses the depicted
state of affairs found in the maps is traced
back in time to reveal the situation several
hundreds, or even thousands, of years prior to
the creation of the maps. We did a fairly ele-
mentary, but very powerful graphical analysis
to predict the location of abandoned farm-
steads. In some areas very unusual situations
emerged, such as in the parish of När. Farms
from many surrounding parishes owned land
on the coast at a place called Hammaren. We
believe that a method like the one presented
here can help clarify and reveal the true natu-
re of these situations. This could be an apt
starting point for a deeper analysis. A number
of other less obvious locations could probably
also be located with this method.

This paper provides some relevant
examples of how properly modelled historical
maps can be used in a variety of different ap-
plications and problems. The examples we
have given do not, of course, comprise a com-
prehensive set of analyses. This field is largely
an undiscovered area of research and we hope
many others will follow in our steps and work
to extract more knowledge from historical
maps using advanced data processing.

In these examples we have only worked
with one time horizon of historical maps. We
argue that creating an ontology, rather then a
traditional conceptual model, gives the benefit

of being able to map concepts from different
maps onto each other. In order to demonstrate
the capabilities of such a system, we focused
on developing a working system and a demo
application using only one map series. The
next phase of the work will be to create more
ontologies for different map generations/series
from Gotland and map these ontologies onto
each other to enable temporal studies. This is
a non-trivial issue since these later maps had
a completely different focus: land redistributi-
on among neighbouring farmers. The map is
not ordered by the Crown, but by the farmers
themselves. This means that the main concept
is no longer the fiscal unit, but the operating
unit, e.g. the land each farmer owned, not
which fiscal farm to which it belonged. At least
for the later lagaskiftes maps (1827-1972),
this means that it can be hard to identify
which fiscal unit a land parcel belongs to. Far-
mers could have an operating unit consisting
of a combination of parts of many fiscal units.

References
[1] Michael Frisk, 2000. Historiska kartor –

Begrepps- och informationsanalys inför en
anpassning till GIS. Riksantikvariaämbetet,
kunskapsavdelningen. Stockholm. ISBN 91-
7209-195-9

[2] Rentzog, Sven. Larsson, Lars-Inge.
Frisk, Michael & Moström Jerker 2002.
Digitala historiska kartor – Tillämpningar i
GIS för kulturmiljövården. Riksantikvari-
eämbetet, kunskapsavdelningen. Stockholm.
ISBN-91-7209-250-5.

[3] Larsson, Lars-Inge 2002. Integrera, tolka,
presentera. In: Digitala historiska kartor –
Tillämpningar i GIS för kulturmiljövården.
Riksantikvarieämbetet, kunskapsavdelnin-
gen. Stockholm. ISBN-91-7209-250-5.

[4] Lindquist, Sven-Olof 1981. Sockenbildnin-
gen på Gotland – En korologisk studie.
In: Gotländskt arkiv 1981. Gotlands fornsal.
Visby.

[5] Lindquist, Sven-Olof 2001. Kristnandet
blir roligare med GIS. In: Plats, Karta, Land-
skap – En vänatlas till Ulf Sporrong. Red:
Margareta Elg. Kulturgeografiska institutio-
nen, Stockholms universitet.

[6] Bäärnhielm, Mauritz 1995. Vad lagboken
berättar.

KP1-08.book  Page 61  Wednesday, March 12, 2008  10:18 AM



Bedømt (refereed) artikkel Gustaf Svedjemo og Erland Jungert

62 KART OG PLAN 1–2008

[7] Svedjemo, Gustaf 2005. Prediktionsmodelle-
ring som metod för att lokalisera försvunna jär-
nåldersgårdar på Gotland. In: Kulturmiljöin-
formation och IT – utmaningar och möjligheter.
Dokumentation av seminarium 9–10 november
2005, Riksantikvarieämbetet, Stockholm.

[8] Ejstrud, Bo. 2003: Indicative Models in
Landscape Management. Testing the met-
hods. In: Kunow, J. & J. Müller (Hrsg.):
Landschaftsarchäologie und Geographische
Informationssysteme: Prognosekarten, Besie-
dlungsdynamik und prähistorische Raum-
ordnungen. The Archaeology of Landscapes
and Geographic Information Systems: Predic-
tive Maps, Settlement Dynamics and Space
and Territory in Prehistory. Archäoprognose
Brandenburg I /Forschungen zur Archäologie
im Land Brandenburg 8, Wünsdorf: 119-134

[9] Charlotte Fabech & Jytte Ringtved 2001.
Udpegning af områder med intensiv arealud-
nyttelse fra ca. 150 e.Kr. til 1100 e.Kr.-i under-
søgelsesområdet Bjerringbro/Hvorslev. Arbejds-
rapport.
http://www.sdu.dk/Hum/ForandLand/
scenforsk/arkaearb.html

[10] Riddersporre, Mats 1995. Bymarker i back-
spegel: odlingslandskapet före kartornas tid.
Trelleborg.

[11] Ringtved, Jytte 2002. Kulturmiljøer, skjulte

fortidsminder og landskabets forhistorie. In:

Miljøforskning nr 50: Foranderlige Landska-
per. Århus.

[12] Hannerberg, David 1971. Svenskt agrars-
amhälle under 1200 år., Läromedelsförlagen
(Scandinavian University Books) , Stockholm

[13] Carlsson, Dan 1979. Kulturlandskapets
utveckling på Gotland. Kulturgeografiska
institutionen, Stockholm universitet. Press
förlag, Visby.

[14] Kvamme, Kenneth 1990. The fundamental
principles and practice of predictive archaeo-
logicalmodelling. IN: Mathematics and infor-
mation science in archaeology: a flexible fram-
ework. Albertus Voomps (ed.). – Bonn. Holos,
1990. ISBN 3-926216-96-4

[15] Linquist, Sven-Olof 1974. The Develop-
ment of The Agrarian Landscape on Gotland
During The Iron Age. IN: Norwegian Archaeo-
logical Review Vol. 7, No. 1. 1974.

[16] Nationalutgåvan av de äldre geometris-
ka kartorna http://www.ra.se/ra/geome-
triska/index.html

[17] Tollin, Clas 1991. Ättebackar och ödegärden –
de äldre lantmäterikartorna ikulturmiljövården.
Riksantikvarieämbetet. ISBN 91-7192-819-7.

 [18]Widgren, Mats 1984. Historisk markdata-
bas över Gotland: lantmäteriakter ochda-
torkartografi. In: Bebyggelsehistorisk tid-
skrift. Uppsala: Swedish Science Press, 1981-,
ISSN 0349-2834 ; 1984 (Nr 7), s. 37-43: ill.

[19] Williams, E 1928. Skattläggningsväsendet
och lantmätarna. In: Svenska Lantmäteriet
1628–1928, Del I. Stockholm.

[20] Ronsten, Jakob 1999. Den äldsta egentliga
kartläggningen av Gotland – En 300 årig his-
toria. Unpublished manuscript. Landsarkivet
in Visby.

[21] Noy, N. F. and Klein. M. 2003. Ontology evo-
lution: Not the same as schema evolution.
Knowledge and Information Systems, 5,

[22] Bittner, Thomas & Smith, Barry 2003.
Directly depicting granular ontologies. In:
Foundations of Geographical Information
Science. Eds: Duckham, M; Goodchild, M.F.
and Worboys M.F. London: Taylor and Francis
Books 2003, 117-151

[23] Svedjemo, Gustaf 2005. Ontology of the His-
torical Maps of Gotland 1693–1705 In: Pro-
ceedings SCANGIS’2005 June 13–15, 2005 in
Stockholm. http://scangis05.geomatics.kth.se/
Proc_scangis2005.pdf

[24] Svedjemo, Gustaf & Jungert, Erland
2006. Ontology as Conceptual Schema in
Database modelling. In: Proceedings IEEE
SITIS 2006 at the Marco Polo Hotel, Tunisia
17–21 of December 2006. http://www.u-bour-
gogne.fr/SITIS/06/Proceedings/index.htm

[25] Östergren, Majvor 1989. Mellan stengrund
och stenhus – Gotlands vikingatida silverskat-
ter som boplatsindikation. RAGU, Visby.

[26] Widgren, Mats 1984. Historisk markdata-
bas över Gotland: lantmäteriakter och
datorkartografi. In: Bebyggelsehistorisk tid-
skrift. Uppsala : Swedish Science Press, 1981-
,ISSN 0349-2834 ; 1984 (Nr 7), s. 37–43: ill.

[27] Lantmäteriverket -Historiska kartor för
alla. http://www.geoimager.com/histkart/
hkindex.php
Accessed 2006-12-10

[28] Pearson, Alistair, W. & Collier, Peter
2002. Agricultural History with GIS. IN:
Knowles, Anne, K (eds) Past Time, Past Place
– GIS for History. ESRI-press. Redlands.

KP1-08.book  Page 62  Wednesday, March 12, 2008  10:18 AM




