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Introduction 
Simple questions are not always as innocent as they might seem. This paper is the result 
of such on a simple question: "How to visualize the changing municipal population of the 
province of Overijssel, the Netherlands, during the last two centuries on the WWW?". 
After giving the question some thought one will realize that even from a traditional 
mapping perspective this question is not an easy one to answer. The web environment 
puts some obviously additional constraints to these problems: the solution has to be 
interactive and dynamic, while a relatively low direct information content should 
guarantee smooth data transfer. However, the web also proves to offer the most suitable 
environment to answer the question. The WWW is an accepted medium to be used for the 
dissemination and presentation of geospatial data. The interactive and dynamic nature of 
the WWW guarantees that the map in its “traditional” role can be informative and 
attractive for the new map user, while the available functionality supports a solution to 
the above problem. 
 
In solving the question one has to deal with changes in each of spatial data’s components 
(location, attribute and time) simultaneously. Over time the municipal boundaries have 
changed, and the population numbers changed as well. In respect to each of the 
components problems exist. For instance one has to deal with gaps in the available 
statistical data. This could mean that data for a particular year is missing or that for a 
certain year data for a few municipalities only are missing. Not only one has to visualize 
those changes but also inform the viewer on the quality of these changes. In the 
anticipated animation environment this will put additional constraints on the map design 
and interface options. 
 
The solution to the problem is a web-based animation environment. In such environment 
users should be able to select their own set of time-slices to be animated, while special 
web maps linked to a time-slice can be created to highlight problems with both the 
location as well as attribute data. Among the functionality required are options to animate 
the data’s location or attribute component individually. At any time the user should be 
able to identify a geographic unit and be informed on its attribute data. The animation 
could be accompanied with alternative linked graphics to clarify some particular 
problems or highlight changes.  
 

http://www.itc.nl/%7Ekraak/overijssel


The environment and functionality described relies heavily on recent developments in 
geovisualization. Geovisualization integrates approaches from visualization in scientific 
computing, cartography, image analysis, information visualization, exploratory data 
analysis, and geographic information systems (MacEachren and Kraak, 2001). Here maps 
are used to stimulate (visual) thinking about geospatial patterns, relationships and trends. 
It stimulates to view geospatial data sets in number of alternative ways using multiple 
representations with out constraints (traditions).  
 
Finding data on boundary and population changes  
Municipalities as we know them today came into being in the period of Napoleonic rule 
in the Netherlands. During that period French law was introduced in the country. This 
resulted in a dramatic change of local boundaries. For instance, provinces (departments) 
were all bounded by rivers, which resulted in changes with the neighbouring provinces. 
Before Napoleonic rule Overijssel consisted of “Richteramten” and “Schoutamten” 
further subdivided in “Marken”. In 1811 these all changed in “Marieën”. In 1818 several 
years after their departure many boundaries create by the French where restored to their 
original location. From that period on the Dutch word for municipality (in French Marie) 
“gemeente” came in use. In 1811 62 municipalities existed in Overijssel. During the last 
decades of the 20th century many municipalities in the Netherlands have been merged 
one way or the other for administrative efficiency. In 2001 Overijssel had only 26 
municipalities left (Hendrikx, Holsheimer-Wezeman et al., 2000). Figure 1 shows the 
situation in 1811 and in 2001. The figure’s inset shows an overlay of all boundaries 
situations for the northwest during that period. 
 

 
Figure 1. What has been collected? Boundary changes between 1811 (a) and 2001 (b). 

An overlay of all changes has been produced (c). 
 
For the collection of boundary information we depended on maps and publications. Most 
changes after 1900 are documented on topographic maps, that is, if the boundaries did not 
change twice in the update cycle of the maps. Before 1900 the number of changes was 
limited. Some small-scale maps exist and the changes have been described in, sometimes 
conflicting publications. Cadastral sources from 1830 and later could also have been 
used. However, it was decided not to do so, because the tremendous archive research 



work involved would not be reflected in the final product, an interactive map on a scal
of about 1:500 000 in a geovisualization environment. The governmental paper 
“Staatscourant” has publish every change in the municipal boundaries, and recen
are published on the WWW [URL 1]. In other disciplines researchers have been active 
collecting similar data. However, most publications contain lists that verbally report on 
changes, like “Enschede lost 50ha to Hengelo (100 inhabitants involved)”. However in 
most cases there is no reference to more detailed information, let alone the location of  
boundaries (Hendriks, 1960; Waltmans, 1994; Beekink and Ekamper, 1999). 
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Figure 2. What has been collected? Absolute population per year per municipality from 

Population statistics were also gathered from ifferent sources. For recent data one could 
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rely on the Statistics Netherland (Centraal Bureau voor Statistiek). It’s website [URL 2] 
and publications offered data back until about 1940. Census data (every ten year until 
1971) were available. Individual municipalities also offered statistics. Some very limited, 
others as far back to 1840. Archives and geographic dictionaries were consulted as well. 
Again researchers had worked on preparing similar datasets. For the period 1851 and 
1940 (Knippenberg and Mathijse, 1990) had created a “Historical-Ecological Database
with all kind of variables reflecting the political and social characteristics of Dutch 
municipalities. For the period 1811-1840 the Netherlands Interdisciplinary Demogra
Institute maintains the Hofstee-database. This database contains population statistics for 
all Dutch municipalities for that period. (Beekink and Cruyningen, 1995) describe the 
characteristics of this database. From these different sources the relevant data for the 
municipalities of the province of Overijssel was merged into a single spreadsheet. Due to 
this effort the number of inhabitant for each year in between 1811 and 2001 is known for 



every municipality that ever existed in the province (see Figure 2). However, due to the 
nature of the data source and possibility of making mistakes while creating the 
spreadsheet diagrams of each municipality have been created as check plots. Fig
displays such a plot for the municipality of Enschede. It immediately reveals an error f
1978 were a digit was missing resulting in extreme low value. Interestingly enough two 
other clear changes in the curve elicit curiosity. Studying those dates close revealed that 
these abrupt increases corresponded with the annexation of part s of neighbouring 
municipalities. This proves the strength of combined and alternative linked graphic
exploring geospatial datasets.  
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Figure 3. Data verification. The use of diagrams to check the consistency of the 
pulation data collected. The Enschede population-diagram reveals some boundar

changes and an error in the data. 

 
W
requires more attention. If municipalities split of merge the results are clear. When only 
relatively small changes take place the question is when is a change significant. Since we
aim at map scale of around 1:500.000 it is oblivious that when only a few parcels change 
over from one municipality to the other they change can be ignored. It was decided only 
to consider changes that affected more then 5 square kilometers. But is that correct? Wha
if an area smaller then the threshold involved many inhabitants? Then the change 
becomes significant – the population curve will show a clear change in orientation
Consequently it was decided that irrespective of the size of the area, when more then
inhabitants would be involved in the change it would be recorded. This still is no 
guarantee for success, because how to deal with cumulative changes just below the
threshold? Since the end this might have a dramatic impact, these changes were reco
at when thought appropriate changes were executed. In the current data set only one such 
situation is known. 
 



Visualization options 
uggestions are elaborated it is good to remember the final 
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 one has to find a mapping solution for a single snapshot in time the answer can be 

emporal changes in attribute value only are not necessarily problematic. As long as the 
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Before some mapping s
visualization should show the number of inhabitants for a municipality in a particu
year. Users should be informed about the year, inhabitants and name of municipality. 
 
If
rather straightforward. Dealing with absolute quantitative data per municipality for a 
single year would in most cases result in a proportional dot symbol map. Alternatives 
could be contiguous or pseudo-contiguous cartograms, or prism maps (Dougenik, 
Chrisman et al., 1985; Dorling, 1995) (Slocum, 1998). 
 
T
geometry is not changing as well a diagram map could be used when al data has to be 
displayed in a single map. Alternatively multiple maps or an animation of a proportion
dot symbol map, or the above mentioned alternatives can be used to display population 
increase or decrease. Interactive could be realized with brushing techniques and linked 
views (Dykes, 1998; Andrienko and Andrienko, 1999).  
 
T
many. Animation is a good alternative, however if interactivity is more then showing the 
previous or next set of frames special attention has the be given to the underlying data 
structure to accommodate the queries. (Boonstra, 1990) describe NLKAART, a 
programme that, based on a particular query can create maps for the year selected
moment in time, however interaction is limited to compose the query. A more flexi
solution is illustrated by Clockwork Software, who developed Centennia [URL 3], an 
interactive animated electronic atlas that shows the boundary changes of Europe during
the last millennium.   
 
T
changes and mergers of municipalities, as well as population increase and decrease. H
can this be combined? Using a proportional dot symbol map could result in a restless 
view with symbols moving, popping up etc. due to disappearing and appearing 
municipalities. Cartograms might suffer from the same problem, while additiona
changing shapes of the geographic units makes it even more difficult to recognize the 
municipalities, although more research is needed. Alternatively, a prism map, a three-
dimensional representation can be the solution. The height of the geographic units 
represents the number of inhabitants and its colour represents the municipalities. Th
of a prism map does require an interactive environment to rotate the map since some 
columns can hide others. In a web-environment a prism map in a VRML representatio
will allow for this interactivity. How does the prism map accommodate all changes?  
Figure 4 explains how all data have been converted in a structure that allows real time
interaction in a VRML-environment.  
 



  
Figure 4. Preparing the data for use in a 3d-geovisualization environment. Processing 

the boundary information (a), processing the population data (b), display (c). 
 
 
All maps of the different administrative situations that existed over the study period 
1811-2001 (23 in total) have been combined and overlayed resulting in a dataset with the 
smallest geographic units (see figure 4 II). Based on this dataset with the smallest 
geographic units a look-up table has been created (figure 4-III). This table contains for 
each of these units for each year the code of the municipality it belonged to The figure 
shows a situation of change between 1972 and 1973, and we can see that smallest 
geographic unit 8 belong in 1971 and 1972 to municipality i, and after those years it 
belong to municipality z. This look-up table is combined with the spreadsheet with the 
population data per municipality per year (see figure 2). The result is a table with for each 
smallest geographic unit per year the number of inhabitant for the municipality it 
belonged to. From the figure it can been seen that unit 8 get the population values (1344) 



from i for the years 1971 en 1972 and from x (4874) for 1973 and 1974. This table is used 
to give the smallest geographic units their height in the prism map (see figure 4 IV). To 
give all municipalities their own colour the look-up table from figure 4 III is used. The 
above solution allows for a smooth transition from one year into the other. 
  
Based on these results an animation has been created. It does show the population growth 
and gives the boundary changes as well. However, with standard animation techniques 
one can only interact via the media player in use. This is considered to limited. A more 
direct option to travel time is needed. The user should also have the ability to query the 
prism map to get answers to simple questions such as “What is the name of this 
municipality?” and “How many inhabitants does this municipality have in this particular 
year?”  Another problem, as remarked before, is related to the three-dimensional view. It 
is virtually impossible to select a viewpoint that allows overview on all data over the full 
time period.  
 
The above problems can be solved when the prism map can be represented in a VRML-
world [URL 4]. Most important VRML representations can be looked at in any web 
browser when a necessary plug-in is available. The plug-in functionality offers tools to 
manipulate the prism map in three- dimensional space. The user can view Overijssel from 
any angle, and as such can avoid that other municipalities obscure the municipality one is 
interested in. A slide bar has been added, as well as the option to query the individual 
municipalities. 
 
Some considerations 
Although the above offers an answer to the question asked at the beginning of this paper 
it will be obvious that the functionality has to be extended to really provide the 
possibilities a geovisualization environment can offer. Examples include the option to 
select – highlight – a particular municipality or group of municipalities and follow them 
through time. Another example would be the chance to select a particular period in time 
and only study those years. Even more interesting would be to create linked views to the 
VRML world, to allow brushing to, for instance, display the population diagram for a 
selected municipality. Another useful function would be the possibility to click a steep 
part of the population diagram (see for instance 1932 in the Enschede diagram in figure 
3). Following this action maps of the selected and adjacent municipalities should appear 
displaying the situation before and after the year selected. This might help the user to 
understand what caused the change. Annexations could immediately be seen. Of course 
not all reasons for decline or growth will emerge from the maps. This would require local 
knowledge of the history.   
 
Another problem to solve is how to focus on changes? Looking at the VRML 
representation or the animation result is many movements all over the view due to 
changes in population and boundary changes. Is it possible to assist the user by 
highlighting changes? How useful would it be to indicate the data source for the 
population data (census, interpolation, municipal statistics, estimates, etc), or boundaries 
(map source, scale etc). Alternatively, it could be informative to emphasise the 
boundaries that did not changed during these years?  



 
Although there are many questions left that need further research it has become obvious 
that interactive and dynamic three-dimensional visualization of geographic data changing 
over time increases the insight in the nature of the data and allows exploration when 
applied in a geovisualization environment. 
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