
 

 
Abstract - The possibility to publish online 

information causes a dramatic increase of data 
sources on the web, thus reducing the difficulty of 
finding information. On the other hand, the major 
obstacle which web users often find is the 
reliability of information, as some times 
information differs from one data source to 
another on the web. Therefore there should be a 
mechanism to verify online information. We start 
by defining the term geography and identifying 
geographic data covering different branches of 
geography. The prime objective of our efforts is to 
automatically verify parts of geographic 
information which is found on the web using 
different methods and approaches. Our 
contribution is manifold and the major focus is on 
two issues; i) addressing the reliability of 
information ii) verifying geographic data found in 
different online data sources by applying spatial 
queries on the world maps. 
 

Index Terms: Geography, Geometry, World 
countries, Reliability, Information quality  

1. INTRODUCTION 

HERE are innumerable definitions of the word 
geography. Geography is a branch of science 

that deals with the study of earth and the factors 
that affect the living things on earth. It is the 
science of place i.e. the study of the surface of 
the earth [11]. There are different types of 
geography and subsequently each type covers a 
different type of data. We present a classification 
of geographic data that covers different domains 
of geography as shown in Figure 1. The major 
emphasis in this paper is on verifying information 
related to the physical geographic features as 
highlighted in Figure 1. For instance, the 
examples of data that relate to physical 
geography of any country are: area of the 
country, neighbors of the country, total length of 
political boundary of the country etc. One of the 
key aspects related to geographic information on 
the web is information quality. The dubious 
nature of geographic data needs special attention 
in terms of reliability; for instance the political 
boundaries of some countries often remain an 
unsolved issue, Pakistan and India are typical  
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examples of such countries. Where does a river 
start and where does it end? Are boundaries 
purely constructional (etc.)? 

There are two obvious methods for 
ascertaining the truth and correctness of physical 
geographic data i) textual verification and ii) 
geometric verification particularly in case of 
physical geography using maps. 

Textual verification of geographic data can be 
done using online encyclopedias such as 
Britannica

1
  and Brockhaus

2
 (one of the largest 

German encyclopedias). 
For geometric verification, we have conducted 

an analytical study that consists of two steps; i) 
calculation of  physical features of the world 
countries using spatial queries and ii) comparison 
of results of geometric calculations with the 
geographic data that is found in different online 
data sources such as Wikipedia. 

The rest of the paper is structured as follows. 
Section 2 presents a literature review that 
explores factors contributing towards the 
reliability of web page and it shows the glimpses 
of research work conducted in past, to verify 
geographic information. Spatial data handling 
tools and techniques that play a vital role in 
calculation of physical geographic features are 
discussed in Section 3. Section 4 is based on the 
actual verification of geographic features using 
real world examples followed by a conclusion. 

2. LITERATURE REVIEW 

This section presents an overview of the 
current approaches and methods that have been 
proposed for judging the reliability of online 
information sources. The features contributing 
towards reliability of an online data source are 
shown in the Figure 2. Often, information is found 
on the websites that give no indication of a 
specific source from which the information is 
taken. Most of the time, outdated information is 
presented. Time and date are very important 
dimensions that make information reliable. A 
valid indication of the reference, from which 
information is taken, makes it more trustworthy. 
The data is usually considered more reliable if it 
is found in a website having “.gov” domain. The 
reason behind this lies in the fact that it is 

 
1 http://www.britannica.com/ 
2 https://tugraz.brockhaus-wissensservice.com/ 

Geographic Data Verification 
Automatic Verification of Physical Geographic Data Using Maps          

 
Mehmood, Rizwan  

T

mailto:rmehmood@iicm.tu-graz.ac.at


 

produced by the government of a particular state, 
city, or country. 
  

 Figure 1: Examples of geographic data covering 
different branches of geography 
 
.  

 
 
 
 
 
Figure 2: Features contributing towards reliability of 

an online source of information 

 
Wikipedia ensures verifiability of articles by 

the presence of cited reliable sources so that 
readers of the article can verify the information 
using a cited source. The textual verification is a 
well-known research area in terms of verifying 
information present on Wikipedia. Calzada and 
Dekhtzar presented an approach to check the 
quality of Wikipedia articles using encyclopedias 
[2]. Weather verification using geographic 
systems is done by Ken Waters [3]. In contrast to 
textual verification our efforts are based on 
geometric verification. This paper is a step 
towards verifying online data using maps. In 
order to verify geographic data we have used 
spatial queries. A spatial query means that we 
want to select certain data based on its location. 
Ujaval Gandhi [4] has highlighted the role of 
spatial queries to verify geographic data. He has 
presented the verification of geographic data 
using a case study about populated places 
located near a few kilo-meters range of rivers. 
Two shape

3
 files that contain data of rivers and 

populated places in the world were taken for 
spatial analysis. He used buffer query to 

 
3 Shape file has the extension “.shp” and it contains topological 

information of geographic features 

calculate the populated places that are a few 
kilometers from the selected river crossing 
through a particular region on the earth. 

To verify information we simply take data from 
online data sources particularly from CIA world 
factbook and Wikipedia. The CIA world factbook

4
  

is the most widely used online information source 
for geography. It covers all aspects of geography. 
This was selected as our starting point. It is worth 
mentioning here that further geographic 
information is found in Wikipedia. It presents data 
in the form of tables and info boxes. The info 
boxes in Wikipedia contain factual information 
about countries of the world and other 
geographic entities such as rivers.  

3. SPATIAL DATA ANALYSIS 

This section is a brief introduction to spatial 
data and serves as a background to understand 
the verification of geographic data in Section 4. 
Geographic features of earth can be represented 
by three main types of geometry such as point, 
line, and polygon as shown in the Figure 3. Point 
is used to represent any geographic location 
such as cities, parks, or such. Line is used to 
represent rivers, roads, railways etc., and 
polygon is used to represent features like 
countries, islands etc. There is one more 
possibility of combining geometries in 
‘GeometryCollection’ data type. It may contain 
any type of geometries. An example of 
‘Geometric Collection’ is the country Japan which 
consists of many islands or “the great wall of 
china”[1] [8] [9]. There is no exact type of 
geometry that can be used to represent all 
geographic features. The choice of choosing a 
particular geometry to represent data depends on 
the requirement of the application [1]. 

Most of the database management systems 
are providing spatial data handling facilities. This 
technology enhancement has made it easier for 
the geographers and researchers to analyze 
spatial entities. Spatial databases play a vital role 
in a number of applications such as GIS, 
AutoCAD etc. as highlighted in [6] [7] [8] [9]. 
Spatial operators come handy during spatial 
analysis. For verifying physical features we have 
used two main spatial data types - namely 
geography and geometry.  
 
 
 
 
 
 
Fig. 3: Examples of objects that are used to conceptualize 

geographical features like river, roads, and countries 
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Geography data type is used to represent 
geodetic data. Geometry data type is used to 
represent planar data i.e. data that defines a 
point on a flat 2D surface. 

To represent a geographical entity, a 
coordinate system is needed. The most widely 
used reference system is World Geodetic System 
(WGS 84). It is a mathematical system used to 
plot locations globally. It is a standard coordinate 
system. This is the default system used by GPS 
devices to represent geodetic data. In the 
process of analyzing spatial data, the spatial 
reference system affects the calculation of 
physical features as different reference system 
provides different units of measurement.  

Geospatial topology explores the rules 
concerning the relationships between the points, 
lines, and polygons that represent the features of 
a geographic region. Topology is also used for 
analyzing spatial relationships in many situations 
and the importance of topological relations is 
widely recognized [12]  [13]. 

 
 
 
 
 
 
 
 

Figure 4: Examples of topological relationships 

 
There are various topological relations such 

as (Equals, Disjoint, Intersects, Touches, 
Contains, Within, Covers) that can exist between 
two geometries. The conceptual description of 
few of them is shown in the Figure 4. In this 
research we have applied these relationships to 
calculate the physical features of the world 
countries like: What are the neighbors of a 
particular country?  

4. GEOGRAPHIC DATA VERIFICATION 

This section demonstrates the research 
challenges that we have encountered during 
verification of data using maps. In order to verify 
the authenticity of the geographic data, the first 
step was to calculate the geographic features of 
selected countries from maps followed by their 
comparison with the geographic facts found in 
the CIA world fact book and Wikipedia. For this 
purpose we have downloaded the shape file 
(.shp) of the world countries from Natural Earth

5
 

which is a great resource for geographic shape 
files. The SQL server spatial tool “shape to sql” 
was used to upload the shape files in a database. 
Afterwards spatial queries were applied to find 
out the topological relationships between 
 

5http://www.naturalearthdata.com/ 

countries on the map. The map of world countries 
is shown in the Figure 5. 
 

 
 

Figure 5:  World map showing countries 

 
1:Declare @g geometry 
2:Select @g=geom from World_Countries where 
3:country='Pakistan' 
4:select country,geom from World_Countries 
5:where geom.STIntersects(@g)=1 

 
Code Listing 1: Spatial query to find neighboring 

countries of Pakistan 
 

 
 

Figure 6: World Fact book Field Entry showing border 
countries of Pakistan 

 

 
Figure 7: Map showing neighbor countries of Pakistan 

 

 
Figure 8: Map showing neighbor countries of Austria 
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Research Question 1: How to verify 
neighboring countries of a particular country? 

To find out the neighbor countries we have 
used adjacency query. Figure 6 shows the field 
entry “Land boundaries” from CIA world fact 
book. The sub entry “border countries” reveals 
the fact that there are four countries that are 
sharing a border with Pakistan. Figure 7 verifies 
this information as the map indicates that there 
are 4 neighboring countries of Pakistan. This 
map is drawn using adjacency spatial query 
which extracts all objects in the map that are 
adjacent to a particular object in the map as 
shown in Code Listing 1. The map showing 
neighbor countries of Austria is also shown in 
Figure 8. 

 
Research Question 2: How to verify boundary 

length of neighboring countries? 
A boundary is a real or imaginary line that 

separates two things. The most obvious type of 
boundary is a physical boundary. A physical 
boundary is a naturally occurring barrier between 
two areas. A political boundary is a boundary line 
drawn between two countries. Political 
boundaries are created by humans, unlike natural 
boundaries which are created by natural 
processes leading to formation of rivers, 
watersheds, mountain ranges, or coastal lines. 
Natural boundaries have a pronounced obstacle 
impeding movement which may differ from one 
species to another. Humans usually ignore the 
natural boundaries when setting political 
boundaries. We are verifying the length of 
political boundaries in this particular geographic 
verification.  
 

 
 

Figure 9: World Fact book Entry showing boundary 
length of countries sharing border with Austria 

 

 

Figure 10: Map of Austria showing border with Italy 

The world fact book field entry “border 
countries” shown in the Figure 9 represents that 
Italy has 430 km long border with Austria. This 
fact is verified by the map shown in the Figure 
10. The map is drawn using queries listed in 
Code Listing 2. The boundary is calculated using 
STLength() function. The trick here is to calculate 

the length of shared boundaries between Austria 
and Italy using STIntersects() function, as it 
returns the shared area that is common between 
two geographic objects which are countries in our 
case. The unit of length is calculated according to 
the reference system. To calculate the length in 
meters the SRID 4326 is used. 
 
1: select @g=geom.MakeValid() from  
2: World_Countries where name=’Austria’ 
3: select country + ' '+  
2: 
cast(round(geography::STGeomFromText((geom. 
3: STIntersection(@g).).STAsText(),4326) 
4: .STLength()/1000,0) as varchar(10)) +  
5: 'km' as  
6: Label,geom.STIntersection(@g).from 
7: World_Countries where  
8: geom.STIntersects(@g)=1  and (  
9: country='Italy') 
 

 
Code Listing 2: Spatial query to find the boundary 

length of Italy sharing border with Austria 
 

Research Question 3: How to verify area of a 
country? 

The area of a country is one of the main 
geographic features. Russia is the largest country 
in the world with respect to area. To verify this 
feature we have taken the country Afghanistan as 
an example. The area of Afghanistan is found to 
be 652,000 sq. km approximately as shown in 
Figure 11. 
 

 
 

Figure 11: World Fact book Field Entry showing area of 
Afghanistan 

The map of Afghanistan shown in Figure 12 is 
showing the area in square kilometers, thus 
verifying the geographic entry “Area” in the CIA 
world fact book as shown in Figure 11. 

 

 
Figure 12: Map showing total Area of Afghanistan 

Research Question 4: How to verify the 
boundary of a country? 

A polygon is defined by a closed line string 
called exterior ring [1]. As countries in the map 
are represented by polygons, boundary 
calculation of countries becomes easier. The 
 



 

1:DECLARE @g geography 
2:select  
3:@g=geography::STGeomFromText(geom.STAsText( 
4:),4326) from World_Countries where 
5:Country=’Afghanistan’ 
6:select 'Area '+cast( 
7:convert(varchar,cast(round((@g.STArea())/10 
8:00000,0)as money),1) as varchar(10)) + ' sq 
9:km', @g  

 
Code Listing 3: Spatial query to find the area of 

Afghanistan 
 

length of the outer boundary of the country is 
calculated using the spatial query listed in Code 
Listing 4. The STExteriorRing() method is used 
which returns outer closed Line String of the 
Polygon. The STLength () function is then used 
to calculate the length of the border of Belgium. 
The boundary of Belgium is found to be 1385 km 
thus verifying the entry in World factbook as 
shown in Figure 14. 

 

 
Figure 13: Map showing total boundary of Belgium 

1:select geography::STGeomFromText 
2:((geom.STExteriorRing().MakeValid()).STAsTe
xt3:(),4326),round(geography::STGeomFromText(
(geo4:m.STExteriorRing().MakeValid()).STAsTex
t(),435:26).STLength()/1000,0) 
5:,SOVEREIGNT  from World_Countries  
6:where country=’Belgium’ 

 
Code Listing 4: Spatial query to find the boundary 

length of Belgium 
 
 

 

Figure 14: World Factbook Field Entry showing 
boundary of Belgium 

 

 

Figure 15: Map showing river Mur crossing through 
countries Austria, Slovenia, Hungary, and Croatia 

 

Figure 16: Wikipedia Article of River Mur 

Research Question 5: How to automatically 
verify basin countries through which a river 
crosses? 

To answer this question let’s take an example 
- the river Mur which is a big river flowing in 
Austria. We have drawn a map shown in the 
Figure 15 using Code Listing 5. This verifies the 
fact about the basin countries displayed in the 
infobox of Wikipedia article as shown in the 
Figure 16. It is clearly shown in the map of Figure 
15 that river Mur, which is shown by a line string, 
originates in Austria and is flowing through 
Austria, Slovenia, Croatia and Hungary 
represented by the colored geometric elements in 
the map.  

 
1:Select name,geography::STGeomFromText 
2:(geom.STAsText(),4326) from rivers  
3:where featurecla='River' 
4:union all 
5:select 
6:country,geography::STGeomFromText(geom.STA 
7:sText(),4326)from World_Countries where  
8:country='Austria' or 
9: country ='Croatia' or country ='Slovenia' 
10:or country ='Hungary' 

 
Code Listing 5: Spatial query to draw map to show 

countries through which river Mur crosses 
 

One way of doing automatic verification is 
using STCrosses() method as shown in Code 
Listing 6. It returns true if a geometry instance 
crosses another geometry instance and returns 
false if it does not. This function is of extreme 
importance, as it finds out the countries through 
which a river crosses. One special care must be 
needed before applying this method, as it cannot 
be directly applied to geographic data types so 
first they are converted to geometric data types. 
For performing automatic verification of rivers 
crossing through countries we have taken two 
shape files one describing rivers and the other 
representing world countries. After converting 
them to geometric data type, we applied the 
STCrosses() method to verify the countries 
through which each river crosses, this leads to 
automatic verification of parameter the basin 
countries of rivers. In line 10 of Code in Listing 6 
we can pass any river name and the query draws  
 

Length of outer 
Boundary  
1385 km 



 

the map of basin countries for that particular 
river. 
 
1:Insert into #temptable 
2:select 
3:name,geometry::STGeomFromText(geom.MakeVali
d(4:).STAsText(),4326)from rivers  
5:union all 
6:select 
7:NAME,geometry::STGeomFromText(geom.MakeVali
d(8:).STAsText(),4326) from World_Countries 
9:select @g=geom from #temptable where 
10:name='Mur' 
11:select * from #temptable where  
12 @g.STCrosses(geom)=1 

 
Code Listing 6: Spatial query to automatically verify 

countries through which a river crosses 

5. CONCLUSION 

In this paper we explained the significance 
and use of spatial queries. We have applied a 
unique way of checking geographic data. Our 
efforts are mostly based on manipulation of world 
maps. This is a step towards automatic 
verification of data sources. We have examined 
the role of spatial operators and particularly 
linked their significance with the verification of 
geographic information with the real world 
examples. 
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