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Abstract— Weather predictions are used in various sectors viz. agriculture, air traffic, marine, forestry, energy, 
and severe weather alerts advisories etc. The weather information is widely provided by various systems with 
different formats and parameters.  For the effective utilization of the heterogeneous weather data, various 
processing techniques are required to resolve the information heterogeneity and to enrich data integration in order 
to provide a uniform access for various agencies, research institutions for better decision making.  To address this 
issue, there is a need to resolve semantic heterogeneities between information systems.  An integrated system is 
formed based on the semantic correspondence between semantically similar elements of different information 
systems. Ontologies are used as a method to solve the semantic heterogeneity issue, which provides formal, 
explicit representation of information. Ontology mapping finds semantic correspondence between ontologies and 
ontology merging integrates mapped ontologies into a single ontology. This integrated system ensures fast and vast 
information access from a single source.  In this paper a novel framework is proposed for integrating 
heterogeneous information systems, using ontology merging which is based on ontology mapping relations.  To 
evaluate our framework weather systems are taken and the result shows enhanced information retrieval from the 
integrated system. 
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1. INTRODUCTION 

Weather forecasting is a kind of prominent application for various sectors such as agriculture, aviation, 
military, power industries, forestry, and general public. Agriculturalists require this information to plan their 
planting and harvesting the crops in the safest way. Aviation sector would require the local weather information to 
schedule or operate their carriers. Weather forecasting enables us to take precautionary measures in our day to day 
life, from incidental climate change.  

 
Various Agencies are providing weather information. KEA, AccuWeather, India Metrological Department 

(IMD), worldweatheronline, is some of the weather systems. The format of data, naming convention, measurement 
units are different for each of the weather systems [Kalra G et al., 2005]. To establish uniformity in terminology 
and interoperability of data, heterogeneity of data should be redeemed/ minimized by representing data in a 
common format like XML or RDF.  

 
To utilize the weather information effectively semantic interoperability between different weather systems 

needs to be addressed. Information technologies are under extraordinarily rapid progress, and a number of them 
have not been applied to environmental management yet [Huang GH et al., 2003]. Semantic web technology 
addresses this issue by providing solution through ontologies [Berners-Lee T et al., 2001]. Ontology [Noy NF et 
al., 2001] is used to represent meaningful specification of data and Ontology mapping is the methodology provided 
for achieving semantic interoperability [Patel M et al., 2005] which is the capability of different information 
systems to communicate information consistent with the intended meaning of the encoded information.  To 
develop a common repository of knowledge base for a domain, ontology merging technique is used [Ghidini C et 
al., 2004]. It can be used to integrate two or more ontologies for extended knowledge. 

 
In this paper a framework is designed to provide interoperability between heterogeneous information 

systems, integration of those systems and effective information retrieval from integrated system. This framework is 
to solve semantic heterogeneity among similar information systems and integrate those systems using ontology 
merging based on ontology mapping relations. For effective information retrieval SPARQL Protocol and RDF 
Query Language (SPARQL) queries [SPARQL Query Language] and Semantic Web Rule Language (SWRL) 
rules are used [SWRL]. 

 
This paper is organized as follows; in Section II some related works are reported on interoperability 

approaches in different domains and methods to achieve integration among heterogeneous information systems 
using semantic web technologies. Section III discusses the proposed framework for heterogeneous information 
integration. Section IV concludes the proposed work and gives directions for future use. 
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2. RELATED WORKS 
 

Interoperability is the ability of two or more autonomous, heterogeneous, distributed digital entities to 
communicate and cooperate among themselves despite difference in language, context, and format or content 
[Balazinska M et al., 2007]. Ontology is an emerging discipline used to solve the heterogeneity issues thereby 
providing semantic interoperability. It is also necessary to integrate the similar systems to form a unified system 
using ontology merging for effective information retrieval. Here we have discussed interoperability approaches in 
different domains and various ontology merging techniques. 

 
A coastal semantic mapping COSEM-Map is a tool for coastal buoys and stations [Durba SS et al., 2010]. 

To address the needs of sharing information in a uniform way and to achieve interoperability, syntactic 
standardization and semantic enrichment of the information sources are required. COSEM-Map facilitates the 
harmonization of different data representations. Interoperability in textile supply chain is essential to efficiently 
face the challenges from contemporary competitors, to find new business opportunities and to render better 
customer service [Rayyaan R et al., 2014]. This is difficult to achieve due to the heterogeneity of enterprise 
structures. Ontological based unified process for ontology (UPON) and methontology is analyzed and shown it has 
its suitability to textile domain. E-commerce is a dynamic environment which involves different enterprises with 
various representation and terminologies [Malucelli A et al., 2006]. To achieve common decision through solving 
heterogeneities, ontologies and agent technologies are combined. Medical information management is a knowledge 
intensive activity requiring a high degree of interoperability across different health management entities [Orgun B 
et al., 2006]. Ontology-based multi-agent systems framework is used to interact between distributed medical 
systems. Service Oriented Architecture (SOA) model is proposed for the interoperability of sensor networks data 
and semantics of the data [Kaladevi R et al, 2012]. The purpose is to provide more meaningful information for 
Tsunami early warning system using ontology and Jena rule representation. To resolve terminological and 
semantic heterogeneities in weather forecasting domain novel ontology aligning algorithm is proposed and 
integration is done by ontology merging algorithm [Kaladevi R et al., 2014]. Reference ontology has been 
developed for aligning, consisting of all possible concepts, attributes and relations for weather domain to provide 
knowledge using semantic relations. 

 
Most of the merging systems performed both mapping and merging of ontologies. Existing merging 

systems are either semi-automatic, which requires user interaction or automatic. SAMBO is a system for matching 
and merging biomedical ontologies [Lambrix P et al., 2006]. This system uses various similarities based matchers, 
including terminological and structural matchers. The background knowledge is based on Unified Medical 
Language System (UMLS) and corpus of knowledge collected from the published literature. The results produced 
by the matchers are combined using user-defined weights. ATOM takes two input ontologies and makes an 
equivalence matching between them, which generates an integrated ontology in a fully automatic manner [Raunich 
S et al., 2011]. This approach is target-driven, i.e. merge source ontology into the target ontology and preserve the 
structure of the target ontology as much as possible. In preliminary phase, concept graph, matching graph between 
concept graph and integrated graphs are generated. In the main phase removal of cycles, translation of target, 
source edges and formation of nested structure has been done. FCA–MERGE is a bottom up technique for merging 
ontologies using Formal Concept Analysis (FCA) [Stumme G et al., 2001]. It takes set of documents that are 
relevant to both ontologies as input and produces merged ontology using string similarity, FCA, instances and 
structure of ontologies. It consists of three steps i.e instance extraction, concept lattice computation and the 
generation of the merged ontology based on the concept lattice. The PROMPT system is developed to support 
ontology alignment and merging, guiding users through the process and suggesting which classes and properties 
can be merged [Noy N et al., 2000]. PROMPT uses a measure of linguistic similarity among concept names and 
mixes it with the structure of the ontology and user‟s actions.  

 
The above literature concludes the need of interoperability between similar systems in different domains 

and the integration of systems using different ontology merging methods. But a solution for the complete gamma 
of needs (i.e. able to manage information observation, resolving heterogeneity among information systems, 
integration of heterogeneous information systems, and retrieval of information from the system) does not exist, 
yet. In this paper a framework is proposed for information integration by resolving heterogeneity among 
information system thereby providing effective information retrieval for weather systems. 
 
3. FRAMEWORK FOR HETEROGENEOUS INFORMATION MANAGEMENT 

 

Most of the information systems reveal the same information in different terminologies or structures due 
to the design and development autonomy of systems leads to semantic heterogeneity. Semantic heterogeneities are 
categorized under different types. Naming conflict occur when semantically alike entities or attributes might be 
named differently in different databases (Synonyms). In weather system min, low, lo, lower temperatures represent 
the same low temperature values. They are semantically similar attributes but syntactically dissimilar. 
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Semantically similar entities may have different number of attributes, giving rise to Schema isomorphism conflicts.  
For instance wind entity has different number of attributes in two systems i.e Wind (speed, direction) vs. Wind 
(speed, direction, gust). 

 
Two semantically similar attributes represented by different units and measures are called Data scaling 

conflicts. In weather system temperature is measured as Celsius (˚C) or Fahrenheit (˚F). Pressure is measured as 
millibar (mb) or hectopascals (hpa).Two attributes that are semantically similar but have different data types or 
representations are named as Data representation conflict.  For example temperature measurement is in either 
integer or float data type (32 ˚C or 32.4 ˚ C).  Type conflicts arise when the same entity is being modeled as an 
attribute in one system and an entity in another system. One weather system has temperature as an entity with 
attributes minimum temperature and maximum temperature. Another system has minimum temperature, maximum 
temperature as separate entities. 

 
The applications which use the same information with different representation can get different 

interpretations which leads to unnecessary confusion and rework. This motivates us to design a general framework 
to integrate various information systems by solving semantic heterogeneity. Ontology mapping is the technique 
used to solve the semantic heterogeneity issue and ontology merging is the solution for integrating those systems. 
Finally effective information retrieval is done by queries and rules. Figure 1 shows the framework for our proposed 
system.  

 
 

Figure 1.  A framework for heterogeneous information system integration 
 

 
 

A. Ontological Representation of  Weather Systems 
Ontologies and their applications have been particularly useful in the domain of web applications that 

need to access information from many different sources. It provides a shared and common understanding of a 
domain that can be communicated across people and application systems. To conceptualize weather information 
system, it is represented as an ontology (O1, O2....On). Ontologies are typically represented as taxonomic trees 
that include classes (concepts), attributes, relations, and associated instances.  

An example of ontological representation of weather system is shown in Figure. 2. Figure. 2a describes 
the ontological representation of Wunderground weather system and Figure 2b shows the ontological 
representation of KEA weather system. These ontologies describe the knowledge of the same domain with 
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different representation. In ontological representation rectangles indicate classes (e.g.‟Wind‟, „Temp‟) and 
attributes of the class are in leaf nodes (e.g.<low>,<avg>).  

 

 
 

Figure 2a.  Ontological representation of Wunderground weather system  
 

 
Figure 2b.  Ontological representation of KEA weather system 

 
 

B. Ontology Merging 
To achieve integration of heterogeneous systems we need to reduce the semantic heterogeneities using 

ontology mapping. Our ontology merging is based on mapping relations. 
  
Ontology mapping is concerned with the discovery of correspondences between ontologies. Mapping 

facilitates knowledge interchange, thereby provides semantic interoperability between information systems. In 
ontology mapping R represents a relation between concepts. R might be equivalence (=), more general (>), less 
general (<), sibling (||), disjointness (⊥), holding between source and target concepts.  

 
Relation between source and target concepts are terminologically or semantically equal then they are 

termed as equivalent (=) concepts. For example „lowtemp‟ and „mintemp‟ are in equivalent relation. If source and 
target concepts are in parent child relationship then their relation is named as more general (>) relation. For 
example, „Temperature‟ and „mintemp‟ are in more general relation. If source and target concepts are in child 
parent relationship then their relation is named as less general (<) relation. For example „Wind direction‟ and 

„Wind‟ are in less general relation. If source and target concepts belong to the same parent, their relation is termed 

as sibling (||) relation. For example „mintemp‟, „maxtemp‟ are in sibling relation based on their parent concept 

„Temperature‟. Source and target concepts which are not holding the above relationships are termed as not equal 

(⊥) relation. For example „Pressure‟ and „Wind‟ are in not equal relation. 
 
The above mentioned relations (=, <, >, ||, ⊥) are taken as input for our ontology merging algorithm. The 

approach, used for merging is automatic, asymmetric, source driven, i.e. we merge target ontology concepts into 
the source ontology concepts. The reason to use asymmetric merge approach is it completely covers information 
from one of the input ontologies as useful for many applications. The evaluation shows that these approaches only 
miss 1-2% of the input concepts in real-life scenarios but achieve a perfect relative redundancy [Raunich S et al., 
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2012] and thus improve its understandability. We also preserve the meaning of structure (concepts, attributes and 
their relations) and contents (instance) of the ontologies as much as possible.  

 
Therefore our ontology merging problem can be stated as follows: Given two ontologies and mapping 

relation between the concepts of the two ontologies, and then, get the union of their concepts and attributes with 
respect to their mapping relations. Based on the problem statement ontology merging algorithm is given below. 
 
Algorithm: Ontology Merging  
 
1. Input : Source ontology S, Target ontology T, Concept relations R  
2. If the concept relation R between source concept Ci(S), target concept Cj(T) are „Equal(=)‟  

2.1  Find the attributes relation RA between Ci(S), Cj(T) based on the exact match of their labels using 
EditDistance method [Levenstein I et al., 1966]. If match not found, then find the synonym of the 
attribute label using Wordnet to find the semantic matching between attributes.  

2.1.1If RA is „Equal(=)‟ move the label of target attribute to the node of source attribute.  
2.1.2 If RA is „NotEqual(⊥)‟, create a slot for target attribute in Ci(S).  
2.1.3 Repeat steps 
2.1.1, 2.1.2 for all attribute relations RA.  
2.2 Move the label of Cj(T) to node of Ci(S)  

3. If the concept relation R between Ci(S), Cj(T) are „More general(>)‟  
-Create a node Cj(T) with its attributes as a child of Ci(S)  

4. If the concept relation R between Ci(S), Cj(T) are „Less general(<)‟  
-Existing parent of Ci(S) becomes the grandparent of Ci(S), sibling of Ci(S) becomes the children of 
grandparent of Ci(S) and Cj(T) is the new parent for Ci(S).  

5. If the concept relation R between Ci(S), Cj(T) are „Sibling(||)‟  
-Create a child node Cj(T) with its attributes to the parent of Ci(S)  

6. If the concept relation R between Ci(S), Cj(T) are „NotEqual(⊥)‟  
-Create a node Cj(T) with its attributes from the root of Ci(S)  

7. Repeat steps 2 to 6 until all concepts and attributes of T are merged into S  
Figure 3 shows the merging of Wunderground and KEA weather ontologies into a single ontology. Based 

on ontology mapping relation the concepts „SeaLevelPressure‟ from Wunderground and „Barom‟ from KEA are 
semantically similar. The concepts „Precip‟ and „Rain‟ are in parent- child relation. Similarly the concepts 
„Dewpoint‟ and „Temp‟ are in child-parent relationship. The attribute <high> is from „Temp‟ concepts of 
Wunderground and KEA ontologies are exactly equal and the attributes <avg> of „SeaLevelPressure‟ and <mean> 
of „Barom‟ are equal, based on their semantic similarity. Finally concepts, attributes from target ontology are 

merged into source ontology. Equivalent concepts are merged into a single node (i.e SeaLevelPressure‟, „Barom‟). 
Similarly equivalent attributes are merged (i.e <mean>, <avg>).  
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Figure 3.  Mapping and merging of Wunderground and KEA ontologies.

Merged ontology preserves source, target elements and meaning of the source structure as much possible. 
When we consider Wunderground as a weather information source certain information are not available such as 
„Rain‟, „DOMDir‟ („Winddirection‟), „WDRN‟ („Windrun‟). Likewise when we consider KEA as a weather 

information source, „Visibility‟, „Precipitation‟ and „Dewpoint‟ concepts are not available. After merging all the 

above information are available with single ontology. Merged ontology not only has more concepts and attributes 
than input ontologies but also has lexically and semantically similar terms in same node. If more ontologies are 
merged, then more similar information are available with same node for easy retrieval. Most of the ontology 
mapping algorithm deals with equal relation only. So while merging two or more such ontologies, relations between 
„not equal (⊥)‟ concepts are difficult to handle. Our merging algorithm is based on all semantic relations such as 

equivalence (=), more general (>), less general (<), sibling (||), not equal (⊥), which ensures proper integration of 
concepts from both the ontologies. 

 
C. Information Retrieval from Knowledgebase 

Information retrieval from a single source is not sufficient for most of the applications. In such cases the 
required information can be derived from more than one source. Merged ontology can ease the retrieval process 
through availability of knowledge from more than one source. User can retrieve required information from the 
merged ontology instead of searching each source individually. Additional knowledge can also be generated from 
the available information. For instance, to find out the blizzard condition requires three weather parameters such as 
„Temperature‟, „Wind speed‟, and „Precipitation‟. The possibility of precipitation or fog is found using 
„Temperature‟ and „Dewpoint‟. To find potentially icy condition „Temperature‟ and „Rain‟ parameters are needed. 

Dust storm is identified using „Visibility‟ and „Wind speed‟. 
  
To derive deductive knowledge from semantic data, it‟s necessary to define and use rules. We currently use 

SWRL-based rules which are expressed over OWL ontologies to deduce new ontological assertions from known 
instances. Sample rules to derive additional knowledge from the available knowledge are given below.  
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Semantic query language SPARQL is used to retrieve information from the knowledgebase. Sample 

SPARQL query to retrieve locations with blizzard condition based on „Windspeed‟, „Temperature‟ and „Rain‟ and 

sorted using „Date‟ is given below. 
 

 
In this research, we have considered integration between two weather ontologies and deduction of 

additional knowledge from the integrated ontology using SWRL and SPARQL. This algorithm can be extended to 
merge more weather ontologies with additional concepts and attributes in order to derive more knowledge. 

 
4. CONCLUSIONS 

Semantic heterogeneities between similar information systems are a major roadblock in achieving 
interoperability between systems and integration of those systems. To establish integration between the 
heterogeneous systems and proper retrieval of information from integrated systems, semantic heterogeneities 
should be reduced. A framework for integration of heterogeneous information systems is developed which reduces 
semantic heterogeneity between the heterogeneous weather systems and integration of those systems is done by a 
novel ontology merging algorithm based on semantic relations. This can be useful for fields like information 
retrieval, knowledge sharing and also necessary for tasks such as search, integration and query answering. 
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