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ABSTRACT
Determining the bounds of geographic regions is an im-
portant task for geographic search engines which use 
concept@location-type of queries. The location a user spec-
ifies is often not contained in the underlying gazetteer or 
geographic database, which might be due to vernacular de-
scriptions of regions or because the location is not a ge-
ographic region in the narrow sense, which is the case in 
queries like campground near theme park. In the present 
paper we describe different ways for automatically deter-
mining a geographic footprint for those locations so that a 
geographic search engine is able to deal with all kinds of 
location-descriptions. The same approaches can be used to 
visualize the geographic correlation of arbitrary terms, like 
the visualization of the spread of certain colloquialisms. 

The basic idea is to mine locations found in the top doc-
uments resulting from a query consisting of the terms the 
user has chosen to specify the location. We describe how 
this can be done using kernel density estimation, clustering 
and a combination thereof. 

Categories and Subject Descriptors
H.3.1 [Content Analysis and Indexing]: Indexing meth-
ods, Thesauruses; H.3.3 [Information Search and Re-
trieval]: Query formulation, Search process 

Keywords
Vague geographic regions, Geographic search engines 

1. INTRODUCTION
Textual user queries of a concept@location-type – like jobs 

in southern Germany – are quite common in Geographic 
Information Retrieval. The location-part of such a query 
usually refers to a certain place or a region and constitutes 
a geographic constraint. To take that into account, a geo-
graphic search engine processing a geographic query there-
fore has to be able to know the position or the boundary of 

the given location. That is usually done by looking it up in a 
gazetteer-like database [5], which usually contains informa-
tion about cities, locations or regions with distinct bound-
aries, like administrative regions. Users might also specify 
locations that are not covered by the gazetteer, though, ei-
ther because they use vernacular expressions or locations 
that are not geographic regions at all, but are perfectly in 
line with the concept@location-idea. This is the case when-
ever (non-geographic) terms (concepts) are used in a geo-
graphical sense and do not refer to the content of docu-
ments, like campground near golf course. The search engine 
should be able to deal with these queries and therefore has 
to find out appropriate corresponding geographic extensions 
of these concepts. 

In this paper we present and compare approaches to au-
tomatically determine boundaries for geographic regions as 
well as a geographic footprint for arbitrary (non-geographic) 
concepts. These boundaries are then to be used to create 
a geographical ranking of documents. The approaches in 
this paper utilise knowledge from documents of the world 
wide web and use different ways to derive the resulting foot-
print, namely density estimation, clustering and a combina-
tion thereof. We evaluate the applicability of these methods 
and the quality of the resulting footprints. 

The paper is structured as follows: Our approaches are 
presented in section 2, while section 4 deals with the au-
tomation aspects of the approaches. An evaluation of the 
quality of the results and the performance of the methods 
is done in section 3. Section 5 covers related work. Finally, 
section 6 concludes the paper and discusses future work. 

2. DETERMINING GEOGRAPHIC FOOT-
PRINTS OF ARBITRARY CONCEPTS

2.1 Aims and Assumptions
In this section we present three different approaches for 

automatically computing a geographic footprint for geo-
graphic regions as well as for arbitrary concepts or terms. 
The idea behind all approaches is to use them in the con-
text of a geographic search engine, which leads to several 
assumptions, aims and restrictions: (1) Since we want to 
determine the boundaries of the location at query time, the 
approaches have to work as fast as possible. (2) The ap-
proaches should work for geographic regions and arbitrary 
concepts alike. (3) Our prototype system is restricted to text 
in German language and to locations in Germany, but the 
methods are applicable to any language and location data. 
(4) The accuracy of the results has to be adequate. Since 
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Figure 1: left: Locations found for Eifel and its man-
ually determined polygonal representation; right: 
Density Estimation for Eifel 
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there is a lot of vagueness involved in both the 
themselves and the IR system using their results, we 
satisfied with results that are well applicable to 
the retrieval process. (5) The whole process must work 
pletely automatically without user intervention. 

Our approaches are designed to work with a 
search engine that is also capable of answering standard 
tual queries. User queries comprise textual 
the concept aiming at the content of documents and 
geographic constraint (a location). Whether this is done 
two separate textfields or by a more sophisticated 
of the queries does not matter for the purposes of this 

2.2 Basic Procedure
The situation we are concerned with can be 

follows: We are given a set of terms Tloc 
tion part of a concept@location-query1 . We want to 
geographical footprint of query region Rq (or more 
Rq (Tloc)) representing that location. 

The basic idea is that the knowledge about 
representation Rq for Tloc can be found in the world 
web. If we have several documents dealing with Tloc 
these documents contain location descriptors 
we can derive locations relevant to determine Rq . 

For our approaches, this knowledge is represented by 
pages Dretrieved relevant to the location description T 
We used the Google API to get the first 500 results 
pages only) for each considered location description Tloc 
archived them locally. We used the first k of these 
ments as Dretrieved, while k is a design parameter, 
was set to k = 20 for the experiments in this paper. 
way we can better evaluate the total performance of 
approaches, since a working geographic search engine 
simply use its own (local) index and data. 

The next task was to detect and disambiguate 
in Dretrieved. For the approaches in this paper we used 
same mechanisms as described in [3], which comprise 
disambiguation steps. The locations of these toponyms are 
then looked up in a gazetteer. Figure 1 (left) shows an ex-
ample of the locations found for the geographic region Eifel 
as well as a correct representation for that region, which was 
determined by human experts. The locations are in addition 
weighted by term and document frequencies. 

In the following we describe how we use density estima-
tion, clustering and a combination thereof to derive the ge-
ographic footprints Rq based on that location data. 

2.3 Density Estimation
The first approach uses kernel density estimation, as de-

scribed in [6] with the modifications presented by us in [3], 
which we will call incremental density estimation (IDE) in 
this paper. The whole target area —Germany in our case— 
is divided into tiles with a tile size of about one square kilo-
meter, which is reasonable in the context of a Germany-wide 
search engine. 

For each location (toponym) found in Dretrieved, we calcu-
late the corresponding fraction of the total density function 
for only a number of tiles, as long as the contributing value 
is above a certain level and add it to the result matrix. 

In order to get a satisfying result region Rq it is necessary 
1With the query campground near golf course we get Tloc = 
golf course and with the query hiking in Franconia we get 
Tloc = Franconia. 

Figure 2: Dendrogram from example data 

to determine a threshold value Tmin for the density surface, 
with all tiles with a smaller value not being part of Rq . The 
resulting 2D-area may be stored in a quadtree, a polygonal 
representation or any other representation the search engine 
uses for storing geographic footprints of documents or query 
footprints. Figure 1 (right) shows the region Eifel as auto-
matically determined via incremental density estimation. 

2.4 Clustering
Another approach is to use the location data as input for 

hierarchical clustering. That way, one cluster is supposed to 
contain the locations related to Tloc, while the other clusters 
may be considered noise. 

We use single-link clustering for building a dendrogram 
of possible clusters, because its tendency to form one big 
cluster and many small ones is desirable in our application. 
That way we have a single parameter —namely, the max-
imum distance dmax for merging two clusters— for chang-
ing the size of the relevant cluster. Figure 2 sketches the 
dendrogram resulting from the exemplary data given there. 
Step by step the two clusters with the smallest distance to 
each other are merged. Because of the single-link clustering 
the distance between two clusters Ci and Cj is defined as 

min dist(a, b). 
a∈Ci ,b∈Cj 

Each layer of the dendrogram marks a merging step. De-
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Table 1: Comparison of the result quality of all ap-
proaches by simprec for 75 test regions 

pending on dmax this results in a different set of clusters. 
For dmax = 0.3 we get three clusters, for example (situa-
tion at merging step 2). In our experiments we suppose the 
largest cluster to contain the relevant locations (which would 
be {a, b, c} in the example). 

Since we are looking for representations of areas, we de-
termine the convex hull and the contour polygon for the 
locations of the result cluster. 

2.5 Combined Clustering and IDE
Another idea is to use clustering as a filter for relevant 

locations and then apply another method for determining a 
geographic representation. We use density estimation sur-
faces as alternative to a polygonal representation, the input 
being only those locations that belong to the main cluster. 
That way, we do not have to consider the threshold Tmin 
to remove false positives, but instead use it to determine 
the spread of the approximated region Rq . Especially more 
complex shapes cannot be well represented by a convex hull 
or a contour polygon, which both simplify a U-shape to an 
O-like shape, for example. In such situations the combined 
approach has its advantages. 

3. EVALUATION
In this section we evaluate the quality of the results of 

each approach presented above as well as their performance. 

3.1 Result Quality by Approach
There are simple measures for measuring the similarity be-

tween two polygons. Overlap-percent of the areas or percent-
inside versus percent-outside are typically used for that pur-
pose. One example is the measure mentioned in [4]. A(R) 
is the surface area of a region R, Rq is the approximation of 
the query region, and Rc is the correct region: 

2 ∗ A (Rq ∩ Rc)
simprec = (1) 

A (Rq ) + A (Rc) 

For an evaluation of the quality of the computed geo-
graphic footprints, we used 75 manually created “correct” 
footprints Rc. To this end, two persons diligently researched 
various sources of information to find out the commonly ac-
cepted borders for these regions of various sizes in Germany. 
Since the borders of most of the regions are vague, the re-
sulting polygons must be seen as an approximation, but are 
well suited for our evaluation purposes, because all regions 
were created by using the same criteria and judgements. 

Table 1 shows the quality of our approximations Rq in 
comparison to the manually determined correct geographic 
regions Rc, calculated by simprec. 

Looking at all approaches, the approximations gained by 
incremental density estimation (IDE) have the highest qual-
ity, although the differences to the clustering results are 

Table 2: Comparison of the run-time performance 
of all approaches (values in ms) for 115 test regions 

small, overall. Although all approaches still have a lot of 
tuning potential, the density estimation is the most mature 
of all approaches, which might be one reason for that. 

3.2 Performance Evaluation
If these approaches are to be used in a geographic search 

engine, in order to determine geographic footprints for those 
user-specified locations that are unknown to the gazetteer 
of the search engine, performance is a very important is-
sue. The total time needed for determining the footprint is 
the sum of the efforts for the processing steps (1) retrieval 
of Dretrieved, (2) toponym resolution, and (3) the actual 
approaches described in this paper. (1) is a standard top-
k-query for textual search engines, which can be done very 
fast with state-of-the-art search engine technology. For (2) 
we introduced a specialized toponym index in [3], which is 
built at the time of indexing, so that the cost for this is ne-
glegible. In addition, for a comparison of the approaches, 
the costs for (1) and (2) are the same, so we will evaluate 
the runtime performance of the approaches for determining 
the geographic footprints – i.e. for step (3). 

On the other hand, if the aim is to use these approaches 
as a standalone application to visualize arbitrary concepts, 
performance is less important. This would allow for a more 
sophisticated tuning of the approaches, which is not the fo-
cus of this paper, though. 

For an evaluation of the performance of each approach, 
we computed 115 region representations and measured the 
time effort for each region and each approach, using k=20 
web documents Dretrieved per region, respectively. For the 
incremental density estimation we used a tile resolution of 
about one square kilometer per tile, which we found to 
be sufficient for the context of not too small regions for a 
Germany-wide search engine. We used a desktop PC (Pen-
tium4, 3GHz, 2GB) for all measurements, so the actual val-
ues are less important than the relative differences between 
the approaches. For the density estimation we used an im-
plementation of our own and for single-link clustering, i.e. 
building the dendrogram, we used an off-the-shelf implemen-
tation (Alias-i LingPipe2). 

Table 2 gives an overview of our performance evaluation. 
While computation time of the density estimations (stan-
dalone and after a clustering step) mostly seems to be fast 
enough, the clustering approaches are significantly faster. 

Overall, the performance of our system seems to make 
it possible to use our approach at query time. Clustering 
increases the performance by a factor of roughly 40 versus 
density estimations while maintaining a similar result qual-
ity. 

2http://alias-i.com/lingpipe/ 

https://2http://alias-i.com/lingpipe


4. AUTOMATION ASPECTS
The presented approaches can work fully automatically 

without user interaction. The critical aspect for the quality 
of the automatic process is the determination of threshold 
values, which is more or less the decision what belongs to a 
certain region and what does not. 

In case of the density estimation representation, we have 
shown in [3] that the threshold value correlates quite well 
with the maximum value Vmax found in the data tiles. 
That way, the individual threshold value Tpredicted for a 
given query region can easily be determined by the formula: 
Tpredicted = max(0.2, 0.91 ∗ Vmax − 0.79) 

While the clustering itself (building the dendrogram) al-
ready is a fully automatic process, the relevant decision is 
where to set the maximum distance dmax, which determines 
the number of clusters and therefore also the elements in the 
main cluster. 

We took a training set of 40 user regions (disjoint to the 
75 user regions Rc used for the evaluation of the result qual-
ity) and computed the average simprec for each minimum 
distance between 0 and 1, step size 0.01. Based on this data, 
we chose a distance dmax of 0.2 for the experiments in this 
paper, which leads to robust and good average results of the 
training set. 

The combined approach described in section 2.5 does a 
clustering first, for which we could use the same distance 
parameter as we did for the standalone clustering, of course. 
For the subsequent density estimation we also used the same 
formula as for the standalone density estimation approach 
at first. But since we already use clustering as a filter for 
eliminating noise, the threshold value has a different role 
here (determining the spread of the region). We therefore 
calculated a fixed threshold value that was on average opti-
mal for the 40 regions of the training set. Using this value 
lead to a slightly better result quality (about 10% for the 
average quality). 

5. RELATED WORK
In [1] regions are approximated based on Voronoi diagrams 

which are constructed by a set of points known to be inside 
the target region and another one with points outside the re-
gion, but it does not deal with the source of the information 
about the sets. A similar approach is found in [9], where 
regions are represented by indeterminate boundaries with 
an upper and a lower approximation, which is also based on 
given sets with points and regions inside/outside the region. 

The following methods for semi-automatically creating rep-
resentations for vague regions mine the knowledge contained 
in the www: The authors of [6] use kernel density surfaces 
for the representation of the imprecise regions. [7] presents 
two approaches to compute representations of regions, based 
on evidence of points that are likely to lie inside or outside 
this region. [2] modifies the algorithm from [1]. The authors 
describe methods to obtain locations inside the target region 
and locations outside and use trigger phrases and patterns 
for the document retrieval to improve precision. [8] also 
makes use of regular expressions to acquire place names by 
a web search. It presents a method for automatically deter-
mining vague footprints, represented as fuzzy sets. 

In comparison to the above mentioned approaches this 
paper has two main contributions: It proposes novel ap-
proaches to derive the region representing the location of 

a concept@location-query where the location is unknown to 
the used gazetteer and it presents experimental results show-
ing the result quality and the performance. 

In [3] we have presented preliminary work. We showed 
in this paper that the newly introduced approach based on 
clustering is advantageous with respect to the processing 
time. 

6. CONCLUSION AND FUTURE WORK
In this paper we introduced an approach using clustering 

as a tool to determine the geographic footprints for geo-
graphic regions and arbitrary concepts. We looked at the 
results using it as a standalone-tool as well as combining 
clustering with density estimation. 

We compared the effects of each measure as well as the 
performance of the approaches regarding result quality as 
well as run-time performance. While the density estimation 
approach lead to slightly better approximations of regions, 
the clustering approaches proved to be significantly faster 
(roughly factor 40). 

Future work will be to improve the quality of the foot-
prints created by clustering approaches. The first step will 
be to use a variable parameter dmax, depending on the prop-
erties of the locations and the resulting dendrogram. 
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