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ABSTRACT 
 

Human activity along the Nile River takes place on the banks of the river and at the Nile basin. Recently, 
many web resources, which include references to the spatial geography of the Nile River, have been developed 
about the political, social and economy activities on the river. An intelligent suitable search tool based on 
ontology is needed to help in recognizing the spatial terms of the river. In this paper, we present a Nile River 
Geo-Ontology Model to assist in making an intelligent search query which is aware of the Nile River 
geographical terms and context. A database is gathered and created about the spatial geography of the river. 
Relational properties are found and analyzed between the different parts of the river. The proposed model is 
designed using the Grounded Theory Approach. The validity and effect of the different properties are studied by 
building a prototype Nile river geoontology. 
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Introduction 
 

Recent days have witnessed an explosive growth in generating data in all fields of science, biology, 
geography, business, military etc. The geographic field represents one of the rich data domains. The data 
represented by different geographic documents & resources is a huge and challenging domain. A large number 
of techniques have been proposed and different systems have been developed to search the web for these 
documents& resources. 

The information retrieval tool on the Internet is a full-text search engine based on string-match. However, it 
has weaknesses such as retrieving irrelevant information or missing information. If the meaning of both the 
user’s query and the web pages can be understood by computers, those problems would be overcome. Semantic 
information retrieval has attracted broad attention both in academia and industry. Geographic information 
retrieval (GIR) based on geographic semantic is one of the research hot points (Yi Zhang, et al., 2008; Gaihua 
Fu, et al., 2005). 

Ontologies are the backbone for Semantic Web. They are formal conceptualization of a particular domain 
into a human understandable, machine-readable format (T.R. Gruber. 1993; Minlie Huang, et al., 2006). An 
ontology is organized in a hierarchical tree, thus knowledge can be easily communicated, shared and reused 
across applications (Minlie Huang, et al., 2006). It is used as a standard knowledge representation for the 
Semantic Web. 

Geographical ontologies (Geo-ontology) provide a controlled vocabulary or conceptualization for 
Geographical concepts and thus supply a shared understanding of knowledge among GIS field. Geo-ontology 
results from analysis and modeling of ontology in geo-spatial application. Concepts and the relationships 
between them are abstracted from real geographic space. Sharing concepts refers to the concept models of 
geographic information. Concept models are abstract models generalized from cognition of geographic 
phenomenon in addition to the type of concept being used and some restrictions (Song Wei, Zhang Ming, 2004; 
Yandong Wang, et al., 2007). A geo-ontology plays a key role in the development of spatially-aware search 
engine. 

During the last decade, a huge amount of issues related to semantic web and geo-ontology were 
investigated. Rui Wang& Günter Neumann (Rui Wang and Günter Neumann, 2009) built geographic 
information retrieval systems (GIR) to retrieve documents for topics with a geographic specification. The 
authors focus more on the query expansion; they parse each topic into the event part and the geographic part and 
use different ontologies to expand both parts respectively. In (Gaihua Fu, et al., 2005), Gaihua Fu et al. studied 
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the design and construction of a geographical ontology (or geo-ontology) to assist spatial search on the Internet. 
Their research was part of SPIRIT project. They integrated multiple datasets for constructing geo-ontology for 
their system. In (Marek Obitko, et al., 2004) the authors presented a method for designing ontologies that is 
based on formal concept analysis (Ganter, B., Wille, R.,1999), which is a theory of data analysis which 
identifies conceptual structures among data sets. This method allows for discovering necessity for new concepts 
and relations in ontology. Farhan H. et al. (2011) have addressed policy interoperability issues across multiple 
organizations using geo-spatial domain dependent ontologies. Agustina Buccella et al. (2011), proposed a novel 
system (called GeoMergeP) to integrate geographic sources by formalizing their information as normalized 
ontologies. This process includes structural, syntactic and semantic aspects. Their integral merging process 
assists users in finding the more suitable correspondences. Shawn Bowers et al. (2010) described a novel 
approach to construct large ontologies of ecological terms (classes and properties) that allows ecologists to use 
common spreadsheet tools to describe different aspects of ontology. Many other researches which have used 
geographical information to assist spatial search have been recognized in literature (C. B. Jones et al., 2001; W. 
Riekert. 2001; C. Schlieder, et al., 2011). In this paper, we design and construct a Nile river geographical 
ontology (or NR geo-ontology) to assist in searching spatial documents & resources on the Internet. 

 
2. Problem Statement of the Nile River and Proposed Solution: 

 
Each country, sharing the Nile River resources, aims to utilize the common water for agricultural food 

production, aquaculture production, drinking water supply, flood and drought management and hydropower 
generation. As time passes, it becomes apparent that a situation where each country acts alone to meet its 
development objectives is unsustainable and leads to partial water resources development, incompatible 
development agenda of countries sharing the river, inequitable sharing of benefits and increase of tension in the 
region. Cooperative action on the Nile is not only desirable, but the best way forward for sustainable 
management and development of the common Nile water resources. Cooperation on the Nile can increase the 
range and magnitude of direct benefits to countries on the river, and serves as a catalyst for greater regional 
integration, both economic and political, with potential benefits far exceeding those derived from the river itself 
(http://www.nilebasin.org). One of the problems which delays cooperation is that when studies are conducted on 
the river system there has not been an intelligent platform through which technical experts from each country 
can access them or share the analysis done. 

In working paper 127, Yasir et al. states the problem as "How can the data generated about the Nile River 
using data collection tools be part of an integrated data and information system…"? (Yasir Mohamed, 2008). 
Several attempts to solve the problem are implemented but still the attempted solution is partial. For example, 
the Nile information System (NIS) is implemented by the Nile Basin Initiative (NBI) as a web based 
information system (http://www.nilebasin.org). The system gives access to users over the internet to access 
articles containing information about the Nile River. The e-Resource Center presented by The Nile Basin 
Discourse (NBD) gives access for internet users to articles containing data and case studies on the Nile River 
(http://www.nilebasindiscourse.org). An integrated intelligent information system is still in need. As shown in 
fig. 1, the proposed system understands the queries entered by users and expand them using a Nile River geo-
ontology. It will search the available data resources for the needed information and will return the relevant 
documents. The Nile River geo-ontology should serve as the heart of this proposed intelligent information 
system.\ 

 

 
Fig. 1: The information system which already exists is shown on the left side. The proposed addition to the  
             information system is shown on the right side. 
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The remainder of this paper is organized as follows. In section 3, a design of a Nile River geographical 
ontology model is described and discussed. In section 4, the realization of a Nile River geographical ontology is 
briefly presented. In section 5, a query application of the proposed ontology is presented before drawing 
conclusions and future work in section 6. 

 
3. Design of a Nile River Geographical Ontology Model: 

 
The geographical data about the Nile River is gathered from two sources namely Britannica 

(http://www.britannica.com) and Wikipedia (http://www.wikipedia.org). The websites of the two sources are 
constantly visited to gather more needed information or investigate the correctness of the gathered data. The 
relations, similarities and differences between the geographical parts of the Nile River are understood and a 
model is created as the gathered pieces of information are integrated together. We use the Grounded theory 
model to design the proposed ontology (Mavetera, N., Kroeze, J.H. 2009). 

 

 
 
Fig. 2: The hierarchy of the classes and subclasses of the Nile River Geo-Ontology Model is shown. 

 
As shown in fig. 2, the design of the Nile River Geo-Ontology includes five classes namely: 

Geographical_Area, Geographical_Data, Influx-Outflux_Point, Rivers and Structures. 
The class Geographical_Area is divided into three subclasses which are Country, City_Province and 

Ecosystem. The subclass Country refers to the countries through which the Nile River passes or the countries in 
which the Nile basin exists. The subclass City_Province refers to the cities and Provinces inside the 

countries through which the Nile River passes or the Nile basin exists. The subclass Ecosystem is divided to 
three subclasses which are: Forest, Swamp and Wetland. The sub-subclass Forest refers to areas which have 
trees and plants through which the Nile river or one of its tributary passes. The sub-subclass Swamp refers to 
land areas which have large amounts of shallow water which the Nile River or one of its tributary passes 
through. The sub-subclass Wetland points to any areas of land which are saturated with water that the Nile River 
passes through. 

The class Geographical_Data includes three types of data which are latitude, longitude and synonyms. Each 
focal point on the Nile River such as a city or a country must have a Geographical_Data property. The data 
latitude refers to the latitude angle at which a certain focal point on the Nile River exists. The data longitude 
refers to the longitudinal angle at which a chosen focal point on the Nile River exists. The data Synonyms refers 
to the different names which refer to the same geographical point on the Nile River. 

The class Influx-Outfllux_Point is divided into five subclasses namely Delta, Falls, Lake, Sea and 
Highland. The subclass Delta refers to points at which two branches of the Nile River or tributaries joins. The 
subclass Falls refers to areas where the rain water is collected in one place and then drops suddenly from areas 
of high altitude to areas of low altitude to form the water of the river. The subclass Lake refers to large areas of 
still or moving water which feeds water to a river or the river pours water into them. The subclass Sea refers to 
large areas of salty water which the Nile river pours its water into. The subclass Highland refers to areas of high 
altitude on which the rain falls and the fresh water is collected to form the water of the Nile River. 

The class Rivers refers to the different names of the main stream of the Nile River as it passes through the 
different countries. The class refers as well to the tributaries which feeds the main stream of the river or the 
branches which the main stream feeds. 

The class Structures is divided into two subclasses which are Bridges and Dams. The subclass Bridges 
refers to physical crossings built by humans to connect two areas of interest over the Nile River. Bridges is 
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further divided into two sub-subclasses namely Internal and External. The Internal refers to bridges which 
connects two points of interest inside a single city over the Nile River. The External refers to bridges which 
connects two cities over the river. The subclass Dams refers to physical buildings which stand in the face of the 
flow of the Nile River to store water or/and generate electricity. 

 
4. Realization of a Nile River Geographical Ontology: 

 
In this section, we use a visual ontology modeling software namely Protégé 3.4.6 developed by Stanford 

university (http://protege.stanford.edu/index.html) to implement a Nile River geo-ontology. All the classes and 
the collected data are studied and analyzed to deduce the needed relations between the different classes and their 
properties. Let us remind the reader that this is not a comprehensive study for all the relations between the 
different classes but an initial study of possible relations which we anticipate to be useful. The object properties 
discussed in this section describe the relations between the instances of the class Rivers with the instances of the 
other classes. 

When the geography of the Nile River is analyzed, we find that for the main stream or any of the tributaries 
and branches of the river there are five possible properties that would describe its geography. As shown in fig. 3, 
the properties are Destination_is, Source_is, hindered_by, passes_under and passes_through.  

Destination_is describes the place where the flow of water goes to. The property Destination_is is identified 
for every instance of the class River. The possible values /ranges of the subclasses that are suitable to become 
destinations are: Delta, Lake, Sea, Falls and Rivers. Any part of the Nile River can be described to have a stream 
of water that flows to any instance of the five subclasses. 

Source_is describes the place where the flow of water comes from. The property Source_is is identified for 
every instance of the class River. The ranges of the subclasses that are suitable to become sources are: Delta, 
Lake, Highland, Falls and Rivers. Any instance of the five subclasses can be described to collect fresh water 
(may be from rain) and feeds it to the main river or one of its tributaries. 

 

 
 
Fig. 3: Screenshot of Protégé 3.4.6. The left window shows the class hierarchy, the middle window shows the 

     inferred hierarchy, the right window shows the object properties between the class Rivers and the other 
     classes. 
 
hindered_by describes the physical structure which stands in the path of the flow of the river. The property 

hindered_by is identified for every instance of the class River. The range of the subclasses that is suitable to 
become a hinder to the path of the river is Dams. Any instance of the subclass Dams obstructs or delays the flow 
of some instance of the class Rivers. 
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passes_under refers to the physical structure under which the river passes. The property passes_under is 
identified for every instance of the class River. The possible subclasses that are suitable for any river to 
passes_under is Bridges. Any instance of the subclass Bridges connects two places on different sides of some 
instance of the class Rivers. 

passes_through refers to the area in which a river or a branch of it passes through. The property 
passes_through is identified for every instance of the class River. The range of classes that are suitable for a 
river to passes_through is Geographical_Area with all of its subclasses. Any instance of the class 
Geographical_Area may contain a part of the Nile River or one of its branches or one of its tributaries. 

The five object properties mentioned above have five inverse properties in the model namely: is_fed_b, 
feeds, built_across, passes_over and contains respectively. For example the property is_fed_by refers to any 
instance of the five subclasses Delta, Lake, Sea, Falls and Rivers which are fed by any instance of the class 
Rivers. is_fed_by is the inverse property of Destination_is. 

 

 
 
Fig. 4: Screenshot of Protégé 3.4.6. The left window shows the class hierarchy, the middle window shows 

instances of the class Rivers and the right window shows instances of the object properties for the 
instance Nile of class Rivers. 

 
An example of how we applied the design and the properties discussed above on the Nile River is discussed 

next. In this example, the part of the Nile River after which the White Nile and the Blue Nile join together down 
till the Mediteranean sea is referred to as Nile. 

As shown in fig. 4, the different properties for the Nile are seen on the right side. The sources of the Nile is 
seen under the Source_is property to be Blue Nile and White Nile. The destination of the Nile is shown under 
Destination_is property to be the Mediteranean_Sea and Nile_Delta in Egypt. 

The Aswan_High_Dam is seen under the property hindered_by. This Dam delays the flow of the Nile to 
store part of the flowing water and generate electricity from it. Under the passes_under property, we can see a 
list of bridges under which the Nile passes i.e. Abbas_Bridge, Abu_El_Ela_Bridge and others. As for the 
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passes_through property, a list of the geographical areas through which the river passes is shown such as Assiut, 
Aswan and others. This list contains all the cities and countries through which the Nile passes. 

 
5. Query and Result: 

 
One of the possible uses of the Nile River Geo-ontology Model, which is presented above, is shown. The 

Query tool provided by Protege_3.4.6 is used to query about all the parts of the Nile River from class Rivers 
which the Ethiopian_Highlands feeds with fresh water. As seen in fig. 5, the Query option is shown with the 
results given The feedback given by the Ontology is the names of two branches of the Nile River which are 
Atbarah and Blue_Nile. These are two instances of the class Rivers which are fed by the Ethiopian_Highlands. 
Although the Query is very simple but the applications of this Query to information retreival systems is needed. 
If the focus of a person is to study the Ethiopian_Highlands, then searching the internet for both the returned 
names of the river branches fed by the Ethiopian_Highlands and the name of the place under investigation 
(Ethiopean_Highlands) would expand the terms entered in a search engine. In this case the results of the Query 
mentioned above is essential to increase the depth of the search and widen the initial data used in any search 
engine.  

 

 
 

Fig. 5: Screenshot of Protégé 3.4.6. The window shows a possible query about the instances of class Rivers  
             whose source is Ehtiopian_Highlands. 

 
6. Conclusion and Future Work: 

 
In this paper, the design and realization of a Nile River Geo-Ontology model are given. The realization of 

the design is done using the Protege_3.4.6. A simple application of the ontology is shown using the Query tool 
of the Protege_3.4.6 software. The ontology given in this paper could be used in future work in searching the 
web for scientific papers for certain geographical information related to the Nile River. The ontology will help 
in identifying the geographical terms of a query, expanding the search to include other geographical terms of 
spatial relevance. 
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