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ABSTRACT
Web resources exploration is increasingly driven by semantic web technologies with automated processing. 
Earth science communities generate large amounts of datasets described in hundreds of millions of meta-
data records. It is critical to discover the accurate data from the millions of data records based on the end 
user’s searching intent. However, the big challenge is how to ensure that catalogs and Spatial Web Portals 
can understand end user’s intents. To enable portals effectively ‘understand’ the meaning of user’s queries 
and to provide a better searching experience for end users, we collaborated with Earth Science Information 
Partners (ESIP) to develop such a capability through a semantic Testbed. We implemented a reasoning engine 
using similarity calculations to facilitate the meaningful discovery of Earth science data and to improve the 
accuracy of searching results.
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INTRODUCTION

Earth science communities generate and publish 
datasets and services described in metadata 
records. To promote the broad sharing of the 
geospatial data, services and other resources 
among public users and government, research-
ers proposed the Spatial Web Portal (SWP; 
Yang et al., 2007), which can be considered as 
an interface to geospatial cyberinfrastructure 
(Yang et al., 2008), in which the mechanisms 
for Earth science data storage, indexing, edit-
ing, searching, visualization and analysis are 
provided through an interactive web interface. 
For example, the FGDC Virtual Arctic Spatial 
Data Infrastructure (SDI), which is established 
upon the Service-Oriented Architecture (SOA), 
has incorporated most available Arctic WMSs 
for online service chaining and map integration 
(Li et al., 2010; Li et al., 2011). We built for 
the intergovernmental GEO (“Group on Earth 
Observations,” 2011) the GEOSS (Global Earth 
Observation System of Systems) clearinghouse 
(http://clearinghouse.cisc.gmu.edu/geonet-
work) to facilitate the discovery, access, and uti-
lization of Earth observation data, information, 
tools and services using standardized metadata. 
By July 2012, 133 remote datasets or services 
and 167 K metadata have been registered/
harvested by the GEOSS Clearinghouse. The 
ever-increasing resources in national catalogs 
and clearinghouse pose great challenges for 
effective resource discovery.

Traditional searching tools, built upon 
keyword matching technology, are weak in 
understanding user behavior and providing 
the most relevant results. Success in searching 
engines of SWP is not only a matter of quan-
tity of the resources but also the quality of the 
resources found. Two factors are always used 
to evaluate the performance of the process of 
Earth Science records discovery using SWPs: 
precision and recall. Precision is the fraction 
of retrieved instances that are relevant, while 
recall is the fraction of relevant instances that 
are retrieved (“Precision and Recall,” 2011). 1) 
Users of the Earth science data and information 
are hindered by syntax mismatches between 

users and providers (Raskin & Pan, 2005). 
With millions of geospatial data, services and 
other resources, there is a big challenge for the 
catalogs and SWPs to search the most relevant 
records to help users discover the geospatial 
information effectively. 2) Normally, SWPs 
discover Earth science records by matching text 
using search terms input online by end users. It 
is difficult for SWPs to understand the meanings 
of the search terms and do the extensive dis-
covery. Therefore, both the precision and recall 
are important and should be considered when 
improving the efficiency of records discovery.

The 21st century witnessed the emergence 
of the semantic Web (Berners-Lee, 2001) for 
web resources exploration with a focus on au-
tomated processing. The goal of the semantic 
Web is to augment the current World Wide 
Web (WWW) with a highly interconnected 
network of data that can be easily exploited 
and processed by both machines and human 
beings. Thus, the semantic Web is designed 
to make Web data more meaningful so that it 
can be understood, interpreted, manipulated, 
and integrated. To this end, W3C proposed a 
series of formal specifications to specify how 
Web resources could be modeled, interpreted 
and presented. Some of these include Resource 
Description Framework (RDF), RDF Schema 
(RDFS) and Web Ontology Language (OWL). 
Some semantic discovery researches based on 
ontology matching and integration have been 
introduced to Earth Science (Zhang et al., 2010 
a). By formalizing such semantics of user query 
behavior and modeling them in these standard-
ized machine languages, the semantic web can 
help machines further improve the performance 
of a search engine.

This paper reports our research to improve 
the discovery of Earth science records based on 
the semantic Web using a case study of ESIP se-
mantic testbed (Yang et al., 2008). The research 
problem we are trying to address is “Among all 
the results returned, which ones fit best a user 
request?” For example, a query of “Natural 
resource WMS” will return many different 
records and it becomes extremely difficult for 
users to pick the best match. Therefore, it will be 

http://clearinghouse.cisc.gmu.edu/geonetwork
http://clearinghouse.cisc.gmu.edu/geonetwork
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helpful if the system can evaluate the relevance 
between the Earth science records and “Natural 
Resource WMS” to rank the results. This paper 
presents our research on using semantic similar-
ity calculations for results ranking.

In Section 2, we present a literature review. 
Section 3 presents the system architecture of the 
ESIP semantic testbed. Section 4 illustrates the 
semantic technology used in the ESIP testbed 
which includes ontology, semantic search, and 
semantic similarity evaluation. Section 5 intro-
duces the protocol and use case, which shows 
the feasibility of using semantic search and 
knowledge reasoning to improve the discovery 
of Earth science records. The paper ends with 
conclusions and future research discussions.

LITERATURE REVIEW

To improve the accuracy and relevance of the 
results to user intent, a number of research ef-
forts have been undertaken. CSW (Catalogue 
Services for Web, Nebert, 2007) is commonly 
used for SWPs to publish and share Earth sci-
ence records. CSW supports the publishing 
and search against collections of descriptive 
information (metadata) for data, services, and 
other geospatial resources. Catalog services 
are used to support the discovery of registered 
information resources within a collaborating 
community. Some SWPs adapt CSW to publish 
records, e.g., GEOSS clearinghouse (Liu et al., 
2011) and GOS support CSW 2.0.2 standard for 
metadata search (ESRI, 2007). OpenSearch is 
another mechanism to search for geospatial data 
and other resources (OpenSearch, 2011). Some 
SWPs adapt OpenSearch to publish records, 
e.g., Global Change Master Directory (GCMD, 
http://gcmd.nasa.gov/).

Semantic search is a mechanism used by re-
searchers to incorporate the related information 
from a conceptual or knowledge perspective to 
retrieve more relevant results or more targeted 
results with the addition of understanding the 
user’s intent and the contextual meaning of 
terms as they appear in the search context. Se-
matic search is used in both the Web and closed 

systems (“Semantic Search,” 2011). The avail-
ability of large amounts of structured, machine 
understandable information of a subject that is 
captured by the semantic Web offers some op-
portunities to improve traditional search (Guha 
et al., 2003). The main purpose of semantic 
search is using semantics to enable machines 
to understand the meaning of information on 
the Web.

In 2005, Di proposed a framework for 
automatic geospatial knowledge discovery 
in the Web service environment (Di, 2005). 
The framework can provide: (1) standards-
based automated geospatial data and services 
discovery and access; (2) domain knowledge 
driven intelligent geo-object decomposition for 
geo-tree/workflow construction; (3) automated 
geospatial Web service chaining, binding, and 
execution based on the geo-tree/workflow; and 
(4) management of workflows and geospatial 
models. Zhang et al. (2007) proposed a frame-
work for the geospatial data sharing based on 
semantic Web technologies. The framework 
uses Geospatial semantic Web, OGC Web 
services and SOA for enabling disparate GIS 
to share and integrate geospatial information at 
the semantic level in a cost effective way. This 
framework allows the sharing of geospatial data 
from heterogeneous databases at the semantic 
level over the Web through ontologies and OGC 
Web services (Zhang et al., 2010b, Zhang et al., 
2010c). Zhao et al. (2007) presented a method 
to enable ontology query on spatial data avail-
able from WFS services and on data stored 
in databases. These works introduces major 
improvements over other semantic discovery 
studies in both the consideration of domain 
context and the automation of processing.

Getting more relevant records is a step 
to increase the recall of a search. However, 
increasing the precision is also needed to im-
prove the effectiveness of a search. To increase 
the precision, a relevance calculation should be 
conducted. There are several ways to implement 
the calculation: a) A natural way is node-based 
approach, which is to evaluate semantic simi-
larity in a taxonomy based on evaluating the 
distance among the nodes corresponding to the 

http://gcmd.nasa.gov/
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items compared — the shorter the path from 
one node to another, the more similar they are. 
Given multiple paths, one takes the length of 
the shortest one (Resni, 1995). b) Edge-based 
distance approach is a more natural and direct 
way to evaluate semantic relevance in a tax-
onomy by estimating the distance (e.g., edge 
length) between nodes which correspond to the 
concepts/classes being compared. Given the 
multidimensional concept space, the conceptual 
distance can be conveniently measured by the 
geometric distance between the nodes repre-
senting the concepts (Jiang & Conrath, 1997). 
Obviously, the shorter the path from one node 
to the other, the more similar they are (Jiang 
& Conrath, 1997).

Based on our research of Earth science 
ontology and the catalog or clearinghouse based 
data discovery platforms, such as GOS and 
the GEOSS clearinghouse, we conducted this 
research to utilize semantics to generate more 
search results and improve the precision by 
ranking the search results through the semantic 
similarity calculations. The system is integrated 
into the ESIP semantic testbed.

SYSTEM ARCHITECTURE 
AND WORK FLOW

Figure 1 shows the system architecture of the 
ESIP semantic testbed, which adopts a three tier 
models: client tier, application tier and data tier 
(Ramirez, 2000). Each tier has its own specific 
functionalities.

At the client tier, a query dispatcher is used 
to parse users’ query terms and send to the se-
mantic search engine. For example, if we search 
for “Natural Resource WMS”, the query will 
be parsed to “Natural Resource” and “WMS”. 
“Natural Resource” can be queried from on-
tology store, while “WMS” can’t be done in 
this way. The Graphical User Interface (GUI) 
is used to display the results for the users and 
contains two parts: 1) records display part lists 
the data key fields, such as the title, abstract, key 
words, and other for metadata. AJAX (Garrett, 
2005) is used to exchange data with the server 
tier, and update parts of the interface page (Li 
et al., 2010). 2) a 2D/3D viewer provides a 
visualization interface for some Web services, 
such as OGC (Open Geospatial Consortium) 
WMS (“Web Map Service,” 2011) and OGC 
WFS (“Web Feature Service,” 2011).

Figure 1. System architecture
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The application tier is also known as 
the logic tier or the middle tier (“Multitier 
architecture,” 2011). It contains three parts: 1) 
The search engine is the core of the semantic 
discovery and is used to describe the query 
phrase before deriving additional information 
with any optional ontology information based 
on the axioms and rules. It is also used to send 
query requests to remote SWPs. 2) The similar-
ity evaluator is used to evaluate the relevance 
between the returned records and the user’s 
original query. 3) The visualization component 
provides visualization function to display OGC 
WMS and WFS. Both the search engine and 
similarity evaluator are implemented based on 
the ontology store.

Resource tier includes remote resources, 
especially, catalogs which publish and store 
metadata of Earth science data and provide 
open APIs for remote search (such as, CSW and 
OpenSearch). Some catalogs, such as GEOSS 
clearinghouse and GOS, provide CSW to users 
for the search. In this paper, we use GEOSS 
clearinghouse as a remote resource to imple-
ment the discovery.

Figure 2 illustrates the workflow of the 
query process, which can be divided into two 
separate sub-workflows including semantic 

query and similarity evaluation denoted as 
white and grey parts respectively in Figure 2.

In the semantic query, when a user sends 
a search request to the ESIP semantic search 
portal, a reasoner will conduct semantic reason-
ing and return relevant concepts. For example, 
if we send “Natural Resource WMS” to the 
ESIP testbed, the reasoner will return “Natural 
Resource, mineral, metal, biomass, fossil fuel, 
gas hydrate, soil”. The dispatcher will compose 
one CSW GetRecords request with filter tag 
when it gets the semantic results and send the 
GetRecords request to the SWP.

In the semantic similarity evaluator part, 
the dispatcher will send search records to the 
metadata parser to get the important fields, 
which include the fields having high contribu-
tion for the similarity evaluation. Then, the 
semantic similarity evaluator module will 
calculate the distance between each important 
field and query terms. At last, an algorithm 
will be used to calculate the overall relevance 
between metadata and query terms.

Figure 2. Workflow
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SYSTEM ELEMENTS

Ontology

Ontologies are used to represent the knowledge 
in the semantic Web and formally define a 
common set of terms that are used to describe 
and represent a domain knowledge (“OWL,” 
2004). By defining shared and common domain 
theories, ontologies help people and machines 
communicate concisely—supporting semantics 
exchange, not just syntax (Maedche & Staab, 
2001). An ontology is crucial for describing the 
semantic content of data, to complement the 
syntactic content that appears in Earth Science 
Markup Language (ESML) (Ramachandran 
et al., 2004) descriptor files or other metadata 
descriptions. Usually, ontologies are the vo-
cabulary and the formal specification of the 
vocabulary, which can be used for expressing 
a knowledge base (KB).

The Resource Description Framework 
(RDF) is the core data representation format for 
the semantic Web. RDF was originally created 
in early 1999 by W3C as a standard for encoding 
metadata and uses URIs and XML schemas to 
describe things. As an extension of RDF, OWL 
stands for Web Ontology Language, and is part 
of the growing stack of W3C recommendations 
related to the semantic Web (“OWL,” 2004). 
In general, OWL can be defined as a language 
which extends RDF schemas with other new 
constructs. Currently OWL is the most popular 
language to use when creating ontologies (Yu, 
2010).

Ontology is an important part for the se-
mantic Web. The semantic Web’s success and 
proliferation depends on quickly and cheaply 
constructing domain-specific ontologies 
(Maedche & Staab, 2001). Currently there are 
many ontology editing tools that can help us 
construct OWL ontologies such as: Protégé, 
a java based and open source ontology edi-
tor (“Protégé(Software),” 2011), CmapTools 
Ontology Editor (COE), a java based ontology 
editor based on CmapTools (ihmc, 2011), and 
OWLGrEd, a UML style graphical editor for 
OWL (“OWLGrEd,” 2011).

Using the Protégé ontology editor, we 
developed an ontology to describe natural 
resources in the Earth science based on the 
SWEET ontology, where all the terminologies 
are defined in different facets, including phe-
nomena, property, substance, and Earth realm 
(Raskin & Pan, 2005). An excerpt from the 
natural resource ontology is shown below. It 
shows that the “Mineral” is subclassof “Natu-
ral Resource”, and soil is subclassof “Natural 
Resource” and “Mixed Substance”.

Semantic Reasoning

Reasoning is the process to find new knowledge 
or concept based on prior knowledge. Semantic 
reasoning is the core component of the semantic 
search engine [Li et al., 2008] and implements 
logical consequences based on a set of inference 
rules. Mostly the set of rules is described using 
ontologies. With the semantic reasoning and 
query terms, relevant conceptions and conclu-
sions can be identified from the ontology store.

Description Logics (DLs) are a family of 
logic-based knowledge representation formal-
isms that are tailored towards representing the 
terminological knowledge of an application 
domain in a structured and formally well-
understood way (Baader et al., 2005). DLs allow 
users to define the important notions (classes, 
relations, objects) of the domain using concepts, 
roles, and individuals; to state constraints on 
the way these notions can be interpreted; and 
to deduce consequences such as subclass and 
instance relationships from the definitions and 
constraints (Tessaris et al., 2009). Because 
OWL is based on DL, we can use a DL-based 
reasoner to process a set of semantic queries.

We use the Jena Semantic Web Framework 
(“Jena,” 2011) for semantic reasoning. Figure 
3 shows the semantic reasoning procedures of 
“Natural Resource”:

1.  Ontology loading.
2.  SPARQL (SPARQL, 2008) query conduc-

tion, SPARQL can be used to express que-
ries across diverse data sources, whether the 
data is stored natively as RDF or viewed 
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as RDF via middleware. In this step, DL-
based query should be converted SPARQL 
queries.

3.  Sub-queries creation with Jena: the fol-
lowing sub-queries can be constructed: 
phenomena query, subclass query, and 
property query. Using these sub-queries to 
traverse the ontologies, we can get a graph 
of all concepts related to the query terms. 
Doran, Palmisano and Tamma (2008) 
present SOMET graph traversal algorithm 
for ontology module extraction. We built 
on this algorithm to develop the ontology 
traversal algorithm described below in Box 
1.

4.  Results launching: the query results are 
combined in an appropriate manner to get 
expanded and more specific information.

Search Conduction

We use the OpenGIS Catalog Services Specifi-
cation standards including the CSW organiza-
tion and implementation for the discovery and 
retrieval of metadata for geospatial data and 
geoprocessing services. The CSW contains 
some required operations such as GetCapabili-
ties, GetRecords, DescribeRecord and GetRe-
cordbyId. GetCapabilities is used to describe 
the catalog service instance. GetRecords is used 
to search catalogue content and retrieve all or 
some members of the result set. GetRecords 
adapts a filter whose syntax is described in the 
response of GetCapabilities to restrict the search 

Figure 3. Semantic resoning procedures of “Natural Resource”

Box 1.
graphTraversal (O,e, R)
1 INPUT A set of ontologies O, a concept e, a set of mapping 
rules R
2 Output the graph g of all concepts related to e
3 Initializ a empty set g 
4 For each mapping rule r ∈R
5     S = a set of triples apply (e, r) to O
6     If S is not empty
7       For each s ∈S
8          If s ∉ g
9              Insert s into g
10             graphTraversal (O,s, R)
11         End If
12      End For
13   End If
14 End For
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results, and also the operation adapts a more 
complex scalar predicate by using the logical 
operators AND and OR (Nebert, 2007). From the 
GEOSS clearinghouse, a filter of GetRecords 
is illustrated as below in Box 2.

Previous codes show a CSW filter. Logical 
operator OR is used to combine the search con-
ditions. The filter is used to search the records 
which contain “Natural Resource WMS” or 
“Mineral WMS” in any text of metadata.

Semantic Similarity Evaluation

There are several alternative ways to define 
similarity such as node-based approach and 
edge-based approach (Jiang & Conrath, 1997). 
The semantic similarity evaluation algorithm 
we used is based on the semantic distance (Rips 
& Shoben, 1973). We adapt the edge-based 
approach by using metadata discussed in the 
process of semantic similarity evaluation. 
Then, we make a set of additional assumptions 
about similarity. Similarity measure can then 
be derived from these assumptions.

Assumption 1: For geospatial records, 
we distinguish them through features. Every 
feature has its contribution for the relevance. 
GEOSS clearinghouse is chosen as the search 
source where most records are stored under 
ISO-19139 (FGDC, 2011) format. There are 
three basic features chosen in this paper: title, 
descriptiveKeywords and abstract. Then we 

give an algorithm to calculate the relevance 
between metadata and query terms as follows:

Sim r q

Sim k q Sim t q Sim a q

( , )

( , ) ( , ) ( , )

=
+ +α β γ* * *

 

(1)

Where α, β, γ are the contribution of each fea-
ture. The contribution can also be described as 
the weight. Sim(k, q) represents the similar-
ity between descriptiveKeywords feature and 
query phrase; Sim(t, q) represents the similar-
ity between title and query phrase; Sim(a, q) 
represents the similarity between abstract and 
query phrase. Sim(r, q) is the overall similarity 
between the record and query phrase. If the query 
phrase appears in the descriptiveKeywords, we 
consider the feature of descriptiveKeywords 
is the main factor to impact the similarity and 
give the highest weight to β. If the query phrase 
doesn’t appear in the descriptiveKeywords, we 
will enlarge the α or γ. However, the weights 
need to change according to users’ feedback.

Assumption 2: Every feature has its simi-
larity to user’s query phrase and the similarity 
can be calculated by measuring distance in 
the ontology. If we consider the ontology as a 
network, the simplest form of determining the 
distance between two elemental concept nodes, 
A and B, is the shortest path that links A and B, 

Box 2.
<ogc:Filter> 
   <ogc:Or> 
   <ogc:PropertyIsLike escapeChar=”\” singleChar=”?” wild-
Card=”*”> 
    <ogc:PropertyName>AnyText</ogc:PropertyName> 
    <ogc:Literal>*Natural Resource WMS*</ogc:Literal> 
   </ogc:PropertyIsLike> 
   <ogc:PropertyIsLike escapeChar=”\” singleChar=”?” wild-
Card=”*”> 
    <ogc:PropertyName>AnyText</ogc:PropertyName> 
    <ogc:Literal>*Mineral WMS*</ogc:Literal> 
   </ogc:PropertyIsLike> 
   </ogc:Or> 
</ogc:Filter>   
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i.e., the minimum number of edges that separate 
A and B (Rada et al., 1989).

Sim A B( , )=
e

Dis A B e( , )+
 (2)

Dis A B( , )  is the measure distance. The 
similarity between A and B will get lower if the 
distance between A and B gets longer. When 
Dis A B( , )  equals zero, the similarity is 1. In 
addition, e is the modification value that rep-
resents the distance when Similarity is 0.5.

The measure distance can be calculated 
from the ontology. If B equals A, the measure 
distance is 0; if B is the child of A, the measure 
distance is 1.

Figure 4 shows an ontology network in 
which we consider the edge distance between 
two linked nodes as 1. Hence, the distance 
between A11 and A10 is 5 in this network. If 
we consider e as 2, the similarity between A11 
and A10 is 0.28.

PROTOTYPE IMPLEMENTATION

ESIP Testbed

To test the effectiveness of this approach, we 
built the ESIP testbed prototype to search against 
GEOSS clearinghouse. We used Protégé to 
build the Earth ontologies. In the prototype, a 
simple box is used to input the search condi-
tions. When we search “Natural Resource 
WMS”, the semantic reasoner would parse 
the query to several related conceptions. After 

the semantic reasoning, a CSW GetRecords 
request will be combined and sent to the GEOSS 
clearinghouse through Post request support by 
HTTP protocol (“POST(HTTP),” 2011). After 
the semantic search, the ESIP testbed will get 
the response from the GEOSS clearinghouse. 
The response is in the XML format. We used 
JDOM (Hunter, 2002) to parse the response 
and then get the useful features such as title, 
abstract, and descriptivekeywords. The seman-
tic similarity evaluator will be used to calculate 
the similarity between search results and query 
terms. In addition, some other factors will affect 
the relevance between the records and user’s 
request, e.g., the completeness of metadata 
and reliability.

In this prototype, we added some correction 
values to rank the results. If a result has low 
adequacy and reliability, we will decrease the 
ranking of the result.

Figure 5 illustrates the GUI of the ESIP 
testbed prototype. The left side includes the 
search results from GEOSS clearinghouse 
with ranking based on similarity calculations. 
The title and abstract information are listed in 
the GUI to show the records. If the result is 
OGC WMS or OGC WFS, there are 2D and 
3D visualization buttons under the record. The 
2D visualization function uses OpenLayers 
(“OpenLayers,” 2011) to display the maps in a 
Web page. The 3D visualization function uses 
NASA World Wind (NASA, 2011) to show 
the maps in visually rich 3D. The right side 
provides the tree and the graph of semantically 
related concepts.

Figure 4. Ontology network
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Figure 5. ESIP testbed prototype

Figure 6. Results wihout semantic search from GEOSS clearinghouse interface
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Contrast Before and After 
This Technology

Figure 6 shows the search results of “Natural 
Resource WMS” without semantic search from 
GEOSS clearinghouse local search interface.

To search the records from GEOSS 
Clearinghouse, we used the advanced search 
interface in GEOSS clearinghouse (Liu et al., 
2011). Compared to the 126 records returned 
in ESIP Testbed prototype, there are only 5 
records returned without using semantics. In 
the GEOSS clearinghouse, we only get records 
which contain “Natural Resource” and “WMS” 
in the text such as the first record “Canadian 
Conservation Areas Database”; the “Natural 
Resource” exists in the abstract of this record. 
The results show that taking the semantics into 
the discovery of Earth science records can make 
a difference in improving the recall not only 
in theory but also in practice. In addition, the 
results are ranked based on their relevance to 
the search phrase in the ESIP testbed prototype. 
The first record is “Mineral Resource WMS”; 
and its relevance is 78.6%. Although this record 
does not contain “Natural Resource” in its text, 
it contains “Mineral Resource” in its title. Ac-
cording to the semantic search and semantic 
similarity evaluation discussed before, “Mineral 
Resource” is a related concept of “Natural Re-
source” and this record has relevance 78.6% to 
the search phrase. Hence, through the ranking 
based on the relevance, the semantics are use-
ful to improve the precision of the discovery.

CONCLUSION AND 
FUTURE WORKS

This paper discusses a semantic Web testbed 
for facilitating better discovery of Earth science 
records and demonstrates through integration 
with the GEOSS clearinghouse. Semantic rea-
soning methodology is leveraged to support the 
search engine. In addition, the testbed provides 
an edge-based similarity approach to evaluate 
the relevance of Earth science records and 
query phrases. The research helps us use the 

geospatial data more effectively by improving 
the search with easier, faster, and more accurate 
results. The research results is being integrated 
into GEOSS, Geospatial Platform, and NASA 
Spatial Web Portal to enable the better discovery, 
access, and utilization of geospatial resources 
to enable spatial cloud computing (Yang et 
al., 2011) and a geospatial cyberinfrastructure 
(Yang et al., 2010) for EarthCube (NSF, 2011).

The paper provides a general semantic eval-
uation method for the discovery. However, every 
user has their own opinion about the relevance 
between records. For some users, some records 
have special importance and the users think 
these records have higher relevance than other 
records. Even though both relevance feedback 
and semantic retrieval have received extensive 
attention separately, feedback techniques have 
not yet been developed for semantic retrieval 
(Yang et al., 2005). A feedback technique is 
useful in the semantic discovery. In these tech-
niques, users can recommend some records to 
have high relevance and to give the feedback 
to the semantic discovery system. Using the 
feedback solution, the discovery system can 
interact with users directly at the semantic level.

In addition, the research is being further 
expanded to cover more domains of Earth sci-
ences, such as the nine areas GEOSS focuses 
on: natural and human-induced disasters, the 
environmental sources of health hazards, energy 
management, climate change and its impacts, 
fresh water resources, weather forecasting, eco-
system management, sustainable agriculture, 
and biodiversity conservation (GEO, 2011) for 
benefiting a broader audience. Another aspect is 
to consider the data quality and service quality to 
improve the search results with better quality by 
expanding the factors to be considered for data 
quality. Data quality is an important component 
of the metadata normally associated with au-
thoritative data sets (Goodchild, 2009). For the 
discovery of Earth science records, quality is a 
major concern because it determines the limits 
of use for any data set (Paradis & Beard, 1994).

We also plan to utilize users’ search behav-
iors, including preferences, habits, feedback 
and others to improve the results. Through the 
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analysis of these parameters, more efficient 
discovery functions will be developed and these 
parameters are helpful for ontology engineers 
to improve the ontology base.
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