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Abstract: The need for integrating geospatial information (GI) data from various heterogeneous
sources has seen increased importance for geographic information system (GIS) interoperability.
Using domain ontologies to clarify and integrate the semantics of data is considered as a crucial step
for successful semantic integration in the GI domain. Nevertheless, mechanisms are still needed
to facilitate semantic mapping between GI ontologies described in different natural languages.
This research establishes a formal ontology model for cross-lingual geospatial information ontology
mapping. By first extracting semantic primitives from a free-text definition of categories in
two GI classification standards with different natural languages, an ontology-driven approach is
used, and a formal ontology model is established to formally represent these semantic primitives
into semantic statements, in which the spatial-related properties and relations are considered as
crucial statements for the representation and identification of the semantics of the GI categories.
Then, an algorithm is proposed to compare these semantic statements in a cross-lingual environment.
We further design a similarity calculation algorithm based on the proposed formal ontology model
to distance the semantic similarities and identify the mapping relationships between categories.
In particular, we work with two GI classification standards for Chinese and American topographic
maps. The experimental results demonstrate the feasibility and reliability of the proposed model for
cross-lingual geospatial information ontology mapping.

Keywords: geographic information systems; semantic interoperability; cross-lingual; lightweight
ontology; topographic map

1. Introduction

The vision of a “Digital Earth” articulated by US Vice President Al Gore [1-3] has contributed
significantly to the growth in global geospatial information (GI) on physical and social environments.
However, how to query, retrieve, and manipulate those data from heterogeneous sources has
challenged the GI community [2-5]. Thus, an approach to integrating GI data from various
heterogeneous sources has found increased importance [6].

A data integration process is not as simple as joining several systems because any effort at
information sharing runs into the problem of semantic heterogeneity [7]. Semantic heterogeneity
occurs when enabling interoperability across geographic information systems (GIS) [8-11] because
GIS are often designed to address data from highly distributed, multidisciplinary, and cross-lingual
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data sources with different application demands [12]. Clarifying the semantics of data is therefore
a crucial step toward successful data integration [13]. To achieve this, domain ontologies are built as
a mediator to exchange information in such a way that the precise meaning of the data (i.e., semantics)
is readily retrievable beyond simple keyword matching via knowledge representation languages and
reasoning [7,13-15]. Thus, ontology engineering has been regarded as an effective means of providing
seamless connection between component GIS at the semantic level [8,12,16].

While the GI community widely acknowledges the utility of ontology technologies, two main
problems need to be solved for GI ontology engineering and sharing are as follows: (1) traditional
ontology research and technologies focusing on terminology and schema cannot answer the question
surrounding how to engineer GI ontologies and integrate them with GIS or Spatial Data Infrastructures
(SDI) [6]; and (2) mechanisms still need to be explored for GI ontology mapping in cross-lingual
environments to facilitate semantic integration between GI ontologies described in different natural
languages [17-20].

The reason for the first problem is that GI features and categories are a product of spatial
cognition and social convention; thus, the ontology engineering works in GI domains are different
from others, in which the location, topology, mereology, and other spatial relations play a major role in
the identification and representation of GI semantics [14]. For example, from a feature-driven ontology
perspective, the geographic categories “river” and “bank” should be specified into different classes,
and normally, the spatial relation “adjacent-to” between these two categories is missing. Moreover,
geographic and non-geographic entities are ontologically distinct in a number of ways [21]. To enhance
the semantic expressiveness and overcome the issue of semantic heterogeneity during the GI ontology
engineering process, the spatial-related characteristics of GI categories must be considered to enrich
the spatial-related semantics of the given ontology.

Although a majority of current GI ontologies have been developed in English with English
vocabularies, the amount of multilingual content on the Semantic Web and thus the number of
vocabularies/ontologies in multiple languages continue to grow [22]. Thus, methods for matching
vocabularies across languages have become increasingly more important for promoting the accessibility
of the data in multiple languages by end users [23]. As a motivating scenario, if a user wants to query
the water level data along the Mekong River (The seventh longest river in the world, covering six
different countries—Cambodia, Laos, Myanmar, Thailand, Vietham and China—and the official
languages of each country are different), there are several data providers offering the related GI data
via their national GIS in their native natural languages. This situation has generated a substantial
challenge to integrating highly heterogeneous GI data across natural language barriers.

The purpose of this study is to establish a formal ontology model for cross-lingual geospatial
information ontology mapping. Starting from two GI classification standards with different natural
languages—Chinese and English(for the sake of simplicity and clarity, this study was restricted to the
“surface water” categories from these two standards)—a set of semantic primitives are extracted from
the free-text definition of the categories in the standards by applying Natural Language Processing
(NLP) techniques. Then, an ontology-driven approach is used, and the formal ontology model is
established to formally represent these semantic primitives using semantic statements, in which the
spatial-related properties and relations are considered as crucial statements for the representation
and identification of the semantics of the GI categories. To overcome the natural language barrier,
the statements in Chinese are translated into English by using machine translation tools, and the
mapping relationships between statements are determined within an English context, which then
serve as the basis for the similarity calculation between categories in different GI ontologies. Finally,
a similarity calculation algorithm is designed to distance the semantic similarity between GI categories
in different ontologies, and the final mapping relationships between pairs of categories are determined
based on calculated similarity values. The contributions of the proposed approach include (1) the
construction of the spatial-related semantic properties and relations to serve the requirement of the
presentation and identification of the spatial characteristics of the GI categories and (2) the algorithms
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of GI ontology mapping in a cross-lingual environment based on formally represented and comparable
semantic statements.

The remainder of this paper is organized as follows. Section 2 presents the related works in the
literature. Then, the main procedure of our methodology is presented in Section 3. Next, a case study
demonstrating the application of our method is shown in Section 4. Finally, conclusions are drawn,
and future works are noted.

2. Related Works

2.1. Semantic Interpretation

Knowledge acquisition (KA) is a broad field that encompasses the processes of extracting, creating,
and structuring knowledge from heterogeneous resources [24]. Semantic interpretation (SI) for KA
is defined as the composition of two sub-processes: the extraction of semantic primitives from the
free-text definition in ontologies and semantic enrichment based on the extracted semantic primitives.

The research on semantic primitive extraction builds on a large body of works within the
fields of Natural Language Processing (NLP) [25]. NLP and text mining are research fields aimed
at exploiting rich knowledge resources with the goal of understanding, extracting and retrieving
semantic information from unstructured written text. Knowledge resources that have been used for
these purposes include the entire range of terminologies, including lexicons, controlled vocabularies,
thesauri, and ontologies [26,27]. Although numerous methods and algorithms have been developed
recently (such as symbolic, statistical, and hybrid approaches) [26], a fully automated algorithm for
semantic extraction using NLP techniques seems unachievable, and a manual process as an assistant is
normally inevitable.

For semantic enrichment, authors in [28,29] proposed a systematic methodology to explore and
identify semantic information provided by categories in geographic ontologies, in which the semantic
representations of categories are enriched with a set of semantic properties and relations to reveal
similarities and heterogeneities between these categories. Authors in [30] presented an axiomatic
formalization of a theory of top-level relations (parthood relations, sub-universal relations, and
cross-categorical relations) between three categories of geospatial-related entities, namely, individuals,
universals, and collections. In addition, they demonstrated how a more exact understanding helps to
overcome the semantic heterogeneous problems in the information integration process. In [13], the
semantics of a concept in GI ontologies were presented using an extendable and structural definition
framework composed of a number of RDF triple statements, and a comparison algorithm was designed
to determine the semantic relationships of concepts between different domains. The primary objective
of these studies was to extract and represent the semantics of concepts/entities based on structural
common vocabularies, which make the semantics of the concepts/entities comparable. However, the
structural common vocabularies in these works are determined by domain experts manually; thus,
the objectivity and automation of the algorithms (avoiding ad hoc manual procedures and subjective
experts’ knowledge) remain quite limited.

2.2. Ontology Mapping

Mapping relationship discovery for ontologies has attracted considerable attention in recent years.
Various approaches based on processes to find similarities between different but related ontologies
have emerged [31]. With respect to the literature specifically oriented toward geospatial information
(GI) ontologies, authors in [32] performed an analysis of the different models of semantic similarity
measurement and evaluated these models with respect to the particular requirements of geospatial
data. Authors in [7,33] systematically surveyed several of the most recent and often-referenced works
on integrating GI and GI ontology mapping by applying comparison criteria, such as logical inference,
mapping approaches, degree of automation, and geospatial relativity. In addition, a general conclusion
is proposed that, for the ontology mapping task, the use of formal ontologies and, consequently, the
use of reasoners should be mandatory.
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In recent years, Volunteered Geographic Information (VGI) has been proposed for GI ontology
mapping in a web environment. Authors in [34,35] devised a mechanism for computing the semantic
similarity of the Open Street Map (OSM) geographic classes using volunteered lexical definitions
to alleviate the semantic gap between different VGI producers. Another set of studies focused on
introducing an artificial neural network approach to simulate the human perception and measure
the semantic similarity between spatial entities for the purpose of improving the automaticity of the
ontology mapping process [36,37].

All these proposals, combining the use of different models of semantic similarity measurement,
have emerged to provide solutions to existing GI ontology mapping problems in English environments.
However, the semantic web and ontology engineering have experienced significant advancements
in standards and techniques, and increasingly more domain ontologies and localization content in
the semantic web are described using native natural languages [23]. There is a pressing need for
cross-lingual ontology mapping mechanisms in the GI community that are designed to reconcile
semantics of different ontologies in multilingual environments and to improve the accessibility of
various GI ontologies across language barriers [38].

Author in [39] groups the existing cross lingual ontology mapping(CLOM) algorithms into following
categories: manual processing [40—42], corpus-based approach [43], linguistic enrichment [44], indirect
alignment composition [45], and translation-based approach [39,46]. Compared to these CLOM
approaches, translation-based CLOM is currently a very popular approach that is exercised by several
researchers [47-50], which is enabled by translations achieved through the use of machine translation
(MT) tools, bilingual /multilingual thesauri, dictionaries etc. Typically, these approaches rely only on
string-based lexical comparisons of entity names and descriptions [51-54], while the comparisons
between semantic interpretation, e.g., model-theoretic semantics of entities are missing.

3. Methodologies

The main procedure for our methodologies is divided into two sub-processes, as shown in
Figure 1. In the semantic interpretation process, two GI formal ontologies, namely, O4 and Og, are
established from the free-text definition of the corresponding classification standards with different
natural languages. In the ontology mapping process, all the category names and semantic statements
in Oy are translated from L4 into Lp, and the mapping relationships between category names and
semantic statements are determined within the same language context, which then serve as the
basis for the similarity calculation between categories in different GI ontologies. Finally, a similarity
calculation algorithm is designed, and the final mapping results between pairs of categories in different
classification standards are determined.

Gl Classification Standard Gl Classification Standard
ACS(A) in Language A BCS(B) in Language B

Semanticjinterpretation using NLP technology and formalfpntology model

H AAAA H AAAA (M AAAAAA
S H AAAAA B AAAAA- ---AAAA
emantic Interpretation Process B AAAAAA M AAAAAA B AAAAA.
_____________________ AA AA B AAA
H AAAAAA W_AAAAAA H AAAA.-
Ontology Mapping Process AAAA EXAA---- | Eroves
B AAAAA B AAAAA B AAAAAA
B AA N AA L AA
() s --¥ " Semantic statement Mapping o(e)
e Language A I - YPPTS EEEEETTTRRY Y
semantic ,-*|" @ =g
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Language B 8.8 O Translation's | s (et R
o000 Jo.0 00 (XX
L Category Name (X [ h e e o0
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Figure 1. Main procedure for our methodologies.
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3.1. Semantic Interpretation

3.1.1. Semantic Primitive Extraction

In geospatial information repositories, free-text definitions are often the primary and only
available objective descriptions of categories. Semantic primitives are syntactic and lexical patterns in
the free-text definition and can be extracted using NLP tools [55]. The fields of studies on NLP have
developed methods and algorithms for information retrieval and extraction from free-text knowledge
resources. The methodology adopted here for analyzing definitions and extracting semantic primitives
was introduced by [56]. In this research, the lexical patterns of nominal phrases and verb phrases are
considered as semantic primitives. An example is illustrated in Figure 2, and the main steps of the
process are as follows:

1.  One category definition in free-text format is chosen as the input natural language material;
2. Word segmentation is performed to split the whole sentence into individual words;
3. Words are categorized and tagged into their parts-of-speech tag sets (see Tables 1 and 2) and
labeled accordingly;
4. The nominal phrases and verb phrases are chunked, and the sentence structure is analyzed to
extract lexical patterns as the semantic primitives.
Category definition in

free-text format in B BTSN, TAHAK. SR TIKE.

Chinese

Category definition

translated into Canal: dug across river basins, available for water, artificial waterway for shipping.
English by Machine

Translation tools

Blam|E] o [, [T # [FEK] . [#s| 8 | AT [KE]. |
Sentence structure W | W [ v | pec [Pu|vv| w | W | Pu || NN [[DEC| JJ [ W |PU|
analysis result
NP w NP NN NP
Extracted semantic (B g [fak s A TAE

primitives

Semantic primitives

translated into [ncross river basins | Cut [For water transfer | Shipping [ _Artificial waterway
English by Machine

Translation tools

(a) Concept “Izi” in Chinese
Concept definition in

Canal: Manmade waterway used by watercraft or for drainage , irrigation , mining , or water power
free-text in English

Sent fruct anmade‘waterway used | by atercraft| or ‘for drainage| , ‘irrigation ) mining | , ‘or water‘power
entence structure S N S S ccliN[ W L[ w , NN |, Joc[ W | W
analysis result

NP VB NN NN NN NN NP
Extracted semantics Manmade waterway‘used‘watercraft‘drainage‘irrigation‘mining‘“ater power

(b) Concept “Canal” in English

Figure 2. Extract the semantic primitives from the free-text definitions by applying NLP tools in
Chinese and English.

Table 1. Summary of the Penn Treebank Part-of-Speech Tag sets in English.

Part of Speech Abbr Part of Speech Abbr Part of Speech Abbr
Adjective 7] Exclamation UH Possessive wh-pronoun WP$
Adjective comparative JJIR Existential EX Predeterminer PDT

Adjective superlative JIS Foreign word FW Proper noun plural NNPS

Adverb RB Gerund VBG Proper noun NNP
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Table 1. Cont.

Part of Speech Abbr Part of Speech Abbr Part of Speech Abbr

Adverb comparative RBR List item marker LS Symbol SYM
Adverb superlative RBS Modal verb MD to TO
Article DT Participle past VBN Verb base form VB

Cardinal number CD Particle RP Verb present tense VBP
Common noun plural NNS Past tense verb VBD  Verb 3rd person singular ~ VBZ

Common noun singular or mass NN Personal pronoun PRP Wh-determiner WDT
Conjunction coordinating CcC Possessive ending POS Wh-pronoun WP

Conjunction subordinating IN Possessive pronoun  PRP$ Wh-adverb WRB

Table 2. Summary of the Penn Treebank Part-of-Speech Tag sets in Chinese.

Part of Speech Abbr Part of Speech Abbr Part of Speech Abbr
adverb AD determiner DT proper noun NR
for words
aspect marker AS “dengdeng”(* sy ETC temporal noun NT
in ba-construction BA foreign words FwW ordinal number OD
coordinating conjunction CcC interjection IJ onomatopoeia ON
. ) g preposition excl. “bei” (“#"”)
cardinal number CD other noun-modifier 7] and “ba”(“I&") P
subordinating conjunction CS bei”( %)}Z ) in long LB pronoun PN
bei-const
“de”(“H9”)in a relative-clause DEC localizer LC punctuation PU
Associative “de” DEG measure word M “bei”(“#%”) in short bei-const SB
“ Ay =W
de”("r )\;?Lfl;const. and DER other particle MSP sentence-final particle SP
“di”(“#”) before VP DEV common noun NN predicative adjective VA

//youu(uﬁ‘u) as the

”Shi”(“}%”) VC .
main verb

VE other verb \'A%

3.1.2. Construction of the Formal Ontology Model

From Wikipedia an “ontology in information science” is a formal naming and definition of
the types, properties, and interrelationships of the concepts that really or fundamentally exist for
a particular domain of discourse. It is thus a practical application of philosophical ontology, with
taxonomy. In addition, a domain ontology (or domain-specific ontology) represents concepts that
belong to a general domain. Thus, for a formal representation [57,58], the domain ontology (denoted
by Opomain), and concepts in the domain could be summarized by Equations (1)—(3).

ODomuin = {S(CDomain)rS(RC)r S(HC)rS(PC)} (1)
CDomain = {Tc, DC} (2)
Dc = {Rc,Hc, Pc}, Re € S(Re), He € S(Hc), Pc € S(Pc) 3)

In Equation (1), S(Cpomain) represents the set of concepts in a domain, and the semantics of each
concept in the domain are categorized into different groups, namely, S(H¢), S(Rc), and S(P¢); S(Hc)
represents the set of the hierarchical relations about the taxonomic information in Opgyin, S(Rc)
represents the set of other interrelations between these concepts, and S(Pc) represents the set of the
semantic properties belong to the concepts in this domain.

In Equation (2), the semantics of a concept in the domain are considered as the composition of
terminology of this concept (denoted by T¢) and structural definition of this concept (denoted by
Dc). Unlike the free-text format of definition, D¢ commonly consists of the semantic properties of the
concept (P¢), the hierarchical relation (Hc) and other interrelations (R¢) between this concept and other
concepts in the domain. Thus, from Equations (2) and (3), a certain concept in the domain, Cpy,i, can
be deduced as a function of T¢, R¢, Hc, and Pc in Equation (4)

Cpomain = {Tc,Rc,He, Pc}, Re € S(Rc), He € S(Hc), Pc € S(Pc) 4)
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in which R¢, He, Pc are used to represent the semantics of this concept, and belong to S(R¢), S(Hc),
S(Pc), respectively.

Considering the situation in the GI domain, we use the word “category” instead of “concept”.
Because the semantic characteristics of the GI category are highly correlated in space and time [59],
the spatial- and temporal-related semantic properties and relations should be included in the model
as crucial vocabularies for the representation and identification of the semantics of the GI categories.
Thus, the GI ontology O¢j and the semantics of a certain category Cg in Og can be represented as
Equations (5) and (6):

Ocr = {S(Tc), S(Rs), S(Rr), S(R¢), S(Hc), S(Ps), S(Pr), S(Pc)} 5)

Cor = {(Tc = Vr.) n (Rs = Vrg) n (R = VR;) n (R = Vi) N (He = Vi)
N (Ps = Vp,) 0 (Pr = Vp.) n (Pc = Vp.)}

In Equation (5), S(T¢) represents the set of the category names in Ogy; S(Rs), S(RT) represent the
set of the spatial-related and temporal-related semantic relations between categories; S(H¢)represents
the set of hierarchical relations; S(Pg), S(Pt) represent the set of the spatial-related and temporal-related
semantic properties belong to the categories in Ogy; and S(R¢), S(Pc) represent the set of other semantic

(6)

properties and relations in Og;. And in Equation (6), V represents the values of certain semantic
properties/relations of Cgy; Tc, Rs, Rt, Re, He, Ps, Pr, Pc are used to represent the semantics of Cgy,
and belong to S(T¢), S(Rs), S(Rt), S(Rc), S(Hc), S(Ps), S(Pt), S(Pc), respectively.

In order to solve the problems of geographic representation, authors in [60] distinguished three
main theoretical tools that are required for the purposes of developing an overall formal theory of
spatial representation, namely, mereology, location, and topology, these theoretical tools are selected as
the basis for defining spatial-related semantics in our formal ontology model. In addition, geographic
entities in reality is essentially dynamic, authors in [61] pointed out that a good ontology must be
capable of accounting for spatial reality both synchronically (as it exists at a time) and diachronically(as
it unfolds through time), thus the “time point” and “time period” properties should be used to describe
dynamic characteristics of the geographic entities in our model. Moreover, in order to specify semantic
relations and properties used in geographic definitions, authors in [28] analyzed several geographic
ontologies and identified patterns which were systematically used to express specific semantic relations
and properties, including hierarchical relations, part-whole relations and neighborhood relations, and
semantic properties such as purpose, nature, material, size, and so on.

Based on previous researches and our formal ontology model in Equation (5), the semantic
property and relation types in our model are subdivided and shown in Figure 3.

Location

_Morpholog

Spatial Properties

Semantic Properties

Mesurement
Hypernym

Time Period Hierarchical Relations Hyponym

Temporal Properties Synonym

Time Point

Material composition
Status
Purpose Other Semantic Properties

Cause

Topology Relations

Spatial Relations
Is Part Of
Has Part

Semantic Relations Part-Whole Relations

Temporal Relations
Nature

Other Semantic Relations

Figure 3. Semantic property and relation groups in the Geospatial Formal Ontology Model.

3.1.3. Transformation from Semantic Primitives to Formal Ontology Model

In order to make the semantic primitives structural and comparable, domain experts are
responsible for analyzing these semantic primitives and transforming them into different groups
of semantic properties/relations in our geospatial formal ontology model. The famous triple statement
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Subject-Predicate-Object and the web ontology language (OWL) are selected as the basis for presenting
the semantic properties/relations and their values in a machine-readable manner. The Subject
represents a Cgy in Ogy; the Predicate is a certain semantic property or semantic relation type illustrated
in Figure 3, in which all of the semantic relations are presented by object property and the Object in
these semantic relations is another Cgj in Ogj or an “owl:class” object type, while most of the semantic
properties are presented by object property too, and a few of them are presented by datatype property
in OWL syntax, and the Object in these semantic properties is a “rdfs:literal” datatype. The following
rules are adopted to handle the formalization process:

(1) The GI category can be represented by a number of semantic relations/properties; however, the
number of semantic relations/properties involved should be minimized to avoid redundancy.

(2) Not every GI category must cover all semantic relations/properties in the model. The situation
whereby two different categories use the same set of semantic relations/properties to represent
their semantics cannot be guaranteed.

(3) The semantic information of a certain category in our model is the combination of different
semantic relations-properties and their values. This combination should represent all the semantic
information of the category and be able to distinguish the different geospatial categories within
and beyond domain ontologies to avoid ambiguity.

(4) The hypernym, hyponym, and synonym relations should be included in the hierarchical
relation group. If category A is a hyponym of category B, A must inherent all the semantic
properties/relations of B to retain semantic consistency.

According to the above-mentioned rules, the semantic primitives can be specified into these
properties/relations types as structure statements for identification and representation of the GI
categories. For example, the free-text definition of the “canal” category in English is “manmade
waterway used by watercraft or for drainage, irrigation, mining, or water power”. In addition, the
semantic primitives of the “canal” category are extracted by applying NLP tools to the set of phrases
including “manmade waterway”, “used”, “watercraft”, “drainage”, "irrigation”, “mining”, and “water
power”. Then, transforming these semantic primitives into the proposed formal ontology model, the

semantics of the category “canal” can be represented as a set of several semantic statements as follows:

Ceanal = {Tc = “canal”n Hc = “Hypernym : waterway” n Pc = “(Purpose : watercraft)u
(Purpose : drainage) u (Purpose : irrigation) u (Purpose : mining)u (7)
(Purpose : waterpower)” n Pc = “Nature : Manmade”}

In addition, the representation in OWL format is illustrated in Figure 4.

:Canal rdf:type owl:Class ;
Nature
rdfs:label " "éen ;
Thing owl:equivalentClass [ rdf:type owl:Restriction ;
owl:onProperty :Purpose ;
Manmade owl:someValuesFrom :Irrigation

s 1.,

[ rdf:type owl:Restriction ;
owl:onProperty :Nature ;

N Waterway owl:allvaluesFrom :Manmade

\ 1,

) [ rdf:type owl:Restriction

Canal owlionProperty :Purpose ;
owl:someValuesEron :WaterPower

1,
Purpose A [ rdf:type owl:Restriction ;
> - 3 owl:onProperty :Purpose ;
| A Drainage owl:someValuesFrom :Drainage

1,
[ rdf:type owl:Restriction ;
owl:onProperty :Purpose ;
owl:someValuesFrom :Mining

WaterPower - 1., X
[ rdf:type owl:Restriction ;

i Mining l [ |migation ] owlionProperty :Purpose ;
owl:someValuesFrom :Watercraft
1
Watercr:
I rdfs:subClassOf :Waterway .
(a) (b)

Figure 4. Representation of the category “canal” in OWL format: (a) The OntoGraf view in Protégé
and (b) the semantic statement presentation in turtle file format.
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3.2. Ontology Mapping Algorithms

3.2.1. Semantics Translation

Assume that we have formal ontologies O4, Op presented in different natural languages, namely,
language A (L4) and B (L), respectively. According to the geospatial formal ontology model introduced
in Section 3.1.2, the semantics of ontologies O4 and Op consist of category name sets S (CN4) and
S (CNp) and semantic statement sets S (554) and S (SSp), labeled in different natural languages, in
which the semantic statement consists of semantic property/relation types (as illustrated in Figure 3 in
Section 3.1.2) and their corresponding values. In order to cross the natural language barrier between
0,4 and Og, algorithm 1 illustrates the process of semantics translation between L4 and Lp:

Algorithm 1. Semantics Translation.

1: Input: Formal ontologies O4(S(CNy4), S(S54)) in Ly

2: Output: Translation candidate result set of the semantics in O4, O’ 4 (S(TC(CNy,)),

S(TC(SS a-object))) in

3: LB.

4: Symbols:

5: S(TC(CN4))—Translation candidate result set of S(CN4) in L.

6: S(TC(SS 4))—Translation candidate result set of S(554) in Lg.

7: ssp-object—The Object part of the semantic statement ss 4.

8:  1:for each category name cny in S(CNy), translate cny in Ly into cny’ in Lg by using different
Machine Translation (MT) web services (Google Translator API at” http:/ /translate.google.cn/”,
Bing Translator API at” http://www.bing.com/translator /?ref=SALL&mkt=zh-CN”, and Baidu
Translator API at “http://fanyi.baidu.com/?aldtype=16047#zh/en/"), collect all of the translation
results about cn4, into the translation candidate results TC(cn4), and store all of the category name
translation candidate results into the translation candidate set S(TC(CNy));

9:  2:for each semantic statement ss4 in 5(SS4), according to the OWL triple statement syntax, it
can be subdivided into three part, Subject, Predicate, and Object, translate ss4-object in L, into

ss4 -object in L by using different Machine Translation (MT) web services, collect all of the
translation results about ss4-object, into the translation candidate results TC(ss4-object), and store all
of the semantic statements translation candidate results into the translation candidate set

S(TC(SS 4-object)).

10:  Take the “3Z{]” category in Chinese as an example, the semantic primitives of the “JZ{f]”
category are extracted by applying NLP tools to the set of phrases including “B¥is”, “FFi#”, “fit
WK, "fiiiz”, ” N\ T7KiE”. Then, transforming these semantic primitives into the proposed formal
ontology model, the semantics of the category “iZ{A]”can be represented as a set of several semantic
statements as follows:

11:
Cizgy = {TC =" S&1" ~ He =" Hypernym : 7K3E" ~ Pc =" (Purpose : J7K) U -
(Purpose : fifiiZ)" ~ Pc =" Nature : NI ~ Rg =" Topology : E’%‘?)ﬁiﬂjﬁ”}
12: And the semantics translation result of C z;; in English is as follows:
13:
Cizyy = {Tc = “(Canal)”n He = “Hypernym : (Waterway, Aqueduct)”n
Pc = “(Purpose : (Water transfer, Diversion))u ©)

(Purpose : (Shipping))” n Pc = “Nature : (Manual,Artificial)”n
Rg = “Topology : (Inter-basin, Across river basins)”}




ISPRS Int. ]. Geo-Inf. 2016, 5, 90 10 of 21

3.2.2. Semantic Statement Mapping

To determine the mapping relationships between categories in different GI ontologies, the
mapping relationships at the semantic statement level should be determined first because the semantic
statement presents the most detailed semantic characteristics of the compared categories. Once their
relationships are determined, the similarity between categories can be determined quantitatively.
Algorithm 2 shows the comparison process for category names and semantic statements between
O4 and Og. In addition, all the mapping results M(O4, Op) are stored as the basis for the similarity
calculation between the concepts in different GI ontologies.

Algorithm 2. Semantic Statement Mapping.

: Input: 0’4 (S(TC(CNy)), S(TC(SS 4-object))) in Ly, Formal ontologies Og(S(CNp), S(SSg)) in Ly

: Output: Mapping result set M(O,4, Op) about category names and semantic statements between
: Oy and Og.

: Symbols:

: T(ss)—semantic property/relation types for a certain semantic statement ss.

: M(O,4', Op)—mapping relationships about category names and semantic statements between O,4’
7: and Og.

8: 1: for each category name cnp in S(CNy), find the translation candidate results of cng, TC(cnp),
9: 2. for each translation candidate tc(cny) in TC(cny), search S(CNp) in Ogp, find the matched
10: category name cnp in S(CNp) by applying Equation(10),

U1 = W IN -

11: 3: If there is a translation candidate tc(cn4) has the mapping relationship “exact match”
12: with cnp, store the mapping result m(cnya, cnp, ‘exact match’) in M(Oy4, Op);

13: 4: else If there is a translation candidate tc(cn4) has the mapping relationship

14: “close match” with cnp, store the mapping result m(cng, cnp, ‘close match’) in M(O4, Op);

15: 5: for each semantic statement ssp in S(5S4), find the translation candidate results of ss4-object,
16: TC(ss4-object),

17:  6: for each translation candidate tc(ss4-object) in TC(ss o-object), search S(SSp-object) in Op,
18: find the matched semantic statement Object, ssg-object in S(SSp) by applying Equation(10),

19: 7: If there is a translation candidate tc(ss4-object) has the mapping relationship “exact
20: match” with ssg-object, and T(ss4) equals T(ssp), store the mapping result m(ss4, ssp, ‘exact
21: match’) in M(O4, Og);
22: 8: else If there is a translation candidate tc(ss4-object) has the mapping relationship “close
23: match” with ssg-object, and T(ss4) equals T(ssp), store the mapping result m(ss4, ssp, ‘close
24: match’) in M(Oy4, Op).
25:

exactly match, Aisthe same word or synonymof B

m(A,B) = < closematch, Ais the near synonymof B (10)
not match, otherwise

3.2.3. Similarity Calculation

Given two categories, C; and Cj in the formal ontologies O4 and Op, respectively, based on the
M(Oy4, Op), the semantic similarity between C; and Cj, can be calculated using algorithm 3.
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Algorithm 3. Similarity Calculation.

: Input: Categories C,(CN,, SS,;)in Oy, C,(CNy, SSp) in Op and mapping relationship set M(Oy4, Op)
: about category names and semantic statements between O4 and Og.

: Output: Semantic similarity value between C, and C,, Sim(a, b).

: Symbols:

: Cot(SS,;)—the number of semantic statements in SS,.

: Cot(55,)—the number of semantic statements in SSy,.

: m(CN,, CNy)—mapping relationship between CN, and CNj,.

: m(55,4(1), SSp(j))—mapping relationship between 55,(i) in C; and 5S;(j) in Cp.

: Pt(5S,p)—the sum of the match point value between SS; and SS;,.

10: Pt(CN,,)—the match point value between CN,; and CNj,.

11: 1: for each semantic statement S5,(i) in SS,, find the matched semantic statement SS;(j) in SSy,

O 0 N1 O Ul v W N

12: based on the mapping relationship set M(O4, Op);

13: If m(SS,(i), SSu(j)) = “exact match”, then the match point value between SS,(i) and SSy(j) is
assigned 1;

14:  Else if m(55,(i), SSu(j)) = “close match”, then the match point value between SS5,(i) and SS(j) is
15: assigned 0.5;

16: 2: Record the sum of the match point values between SS; and SS;, as Pt(SS,;) and the number of
17: matched statements between SS, and SS;, as Cot(SS,);

18: 3: find the mapping relationship between CN, and CN} based on M(O,4, Op),

19: If m(CN,, CNp) = “exact match”, then the match point value between CN,; and CNj, is assigned 1;
20: Else if m(CN,, CNp) = “close match”, then the match point value between CN,; and CNj, is
21: assigned 0.5;

22: 4: Record the match point value between CN, and CNj, as Pt(CN,y);

23: 5: the similarity of categories C, and C;, can be calculated using the following equation:

24:

1, Pt(SSu) 1, Pt(SSu) . _
Sim(a,b) = 1% Coiss) T 2 * Cor (58 if m(CN,, CNp) = "not match” (11)
’ % ¢ g:(issgbu)) + % ¢ gég?gg‘;% M, if m(CN,, CNy) = "exact match” /" close match”

25: In addition, the mapping relationships between category pairs C, and C;, namely, MR(a, b), can
26: be determined using the following equation:

27:
exact match, if Sim(a,b) =1

closematch, if 0.5 <= Sim(a,b) <1
related, if 0 < Sim(a,b) <0.5
notmatch, if Sim(a,b) =0

MR(a, b) = (12)

4. A Case Study

4.1. Study Material

To illustrate the methodologies, two different classification standards in two corresponding
natural languages have been selected for use in the mapping process. CSc is developed based
on the national topographic map standards in China (Standards of “Cartographic symbols for
national fundamental scale maps” and “Specifications for feature classification and codes of
fundamental geographic information”). CS, is developed by the U.S. Geological Survey in America
(http:/ / cegis.usgs.gov/ttl/USTopographic.ttl). Both standards are digital literature materials; the
category names and their free-text definitions are provided as source information for our experiment.
In addition, for the sake of simplicity and clarity, our study was restricted to the “surface water”
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categories from these two classification standards. Table 3 briefly lists the characteristics of these two
selected dataset, with detailed explanations as follows:

(1) Both standards have their own classification system to address the categories of “surface water”.
The categories in CSc are organized using a four-level hierarchy with six major categories.
By contrast, the categories in CSp are organized by a four-level hierarchy with 81 major categories,
which means that the hierarchical structure of CS5 does not closely match that of CSc.

(2) The free-text definitions in both standards are used as category definitions.

(3) The number of categories in CSc is 74, and the number of concepts in CSy is 92; thus, the CSy
covers more category types than does CSc.

(4) The natural language in CSc is Chinese, whereas the natural language in CSy is English, which
means that there is a natural language barrier between these two GI classification standards.

Table 3. Characteristics of CSc and CSax.

Characteristic CSc CSa
Number of categories 74 92
Classification system Taxonomy (without overlap) Taxonomy (without overlap)
Levels of hierarchy 4 4
Number of major categories 6 81
Definition Free-text, unstructured Free-text, unstructured
Attribute Id, Category name Category name, Source of the definition
Language Chinese English

4.2. Results

The well-defined category definitions in both CSc and CSy serve as the basis for our study.
The Web Ontology Language (OWL) APl is integrated to facilitate the implementation of the proposed
algorithm in Eclipse with the JAVA language, and the experiment results are as follows.

4.2.1. Semantic Statement Mappings

The semantic primitives are extracted using the Stanford Natural Language Processing Tools
(http:/ /nlp.stanford.edu/software/) and are transformed into the formal ontologies Oc and Op with
the set of category names and semantic statements by domain experts and encoded by the OWL via
Protégé. Using the semantic statement mapping algorithm introduced in Section 3.2.2, the number of
mapping relationships between the statements in O¢c and O, is recorded, and the mapping results for
different semantic property/relation types are shown in Table 4.

Table 4. Condition of the mapping statements between O¢ and Op.

Number of Semantic Number of Semantic Number of Mapping

Statements in O¢ Statements in Oy Statements Mapping Rate
Property Types 80 111 44 29.93%
Spatial Location 7 8 1 7.14%
P e Morphology 4 23 3 12.50%
P Measurement 2 1 0 0.00%
Temporal Time Period 2 4 3 75%
Properties Time Point 3 1 1 33%
Material Composition 15 22 11 42.31%
. Nature 2 2 2 100.00%
Otl[l)iz SZII-EZEHC Status 19 22 8 24.24%
P Cause 2 6 1 14.29%
Purpose 24 22 14 43.75%
Relation Types 62 70 28 26.92%
Hierarchical Relations 25 24 9 22.50%
Spatial Topology Relations 27 29 14 33.33%
Relations Part-Whole Relations 9 17 5 23.81%
Temporal Relations 0 0 0 0.00%
Other Related Relations 1 0 0 0.00%

Total 142 181 72 28.69%
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The total number of semantic statements in Oc is 142, and the total number of such statements
in Oy is 181. In addition, the total mapping rate of the semantic statements between Oc and Oa, is
28.69%. The details of the mapping relationships between semantic statements in each type can be
found in Appendix 5.

For the semantic statement about the semantic property types, the most matched type is “purpose”.
This is because the semantic property type of “purpose” is used to represent the manmade category,
which includes “ditch”, “canal”, and “dam”, and the free-text definitions in both the Chinese and
American classification standards for these types of categories are very similar. The semantic
information about purpose and functionality are considered as the crucial characteristics of the
categories. It is easy to understand that the semantic property type “nature” has the highest mapping
rate, namely, 100%, because there are only two values for this type of semantic statement, namely,
“natural” and “manmade”, in both Oc and O4. Considering the semantic property type “location”,
there are seven semantic statements in Oc, and eight in Op, but the mapping rate of this type is
extremely low(only one semantic statement is mapped with mapping rate 7.14%). That’s because the
semantic property type “location” is used to describe the region environment where certain geographic

/el

category is at, and a lot of the categories in O4 are bay-related or glacier-related, such as “glacier”, “ice
cap” and “iceberg tongue” with semantic property value of “location”, “mountainous area”, “regions
of perennial frost”, and “coast”, respectively, and there are no such categories in O¢. For the semantic
statement about the relation types, the most matched type is “spatial relation”, which is also the type
with the highest mapping rate, indicating that the spatial-related relations play a major role in the

identification and representation of GI semantics.

4.2.2. Similarity Calculation and Category Mappings

The similarities between concepts are calculated using the semantic statement mapping
relationships and Algorithm 3 proposed in Section 3.2.3. Three typical examples of the mapping
results between categories are chosen for further discussion. Table 5 shows the names and free-text
definitions of the compared category pairs. In addition, the corresponding semantic statements,
calculated similarity values and final mapping relationships between these category pairs are presented
in Table 6.

Table 5. Names and free-text definitions of the compared concept pairs.

Concept Pairs Concepts Names Free-Text Definitions
NV ab; \‘;j\: > \ ¢ ﬁ\"“"*" Tﬁ‘ =M
Concept1inOc — ARORBOE, LA FREEARELLL
Pair 1 b

Reservoir spillway channel to drain reservoir

Translation of Concept 1 in O¢ Spillway reservation head above the flood.
Concept 1in O Spillway A passage for surplus water to run over or around
a dam.
5 /= S =T oK Bl B SELgingl A9 YA GE
Concept 2 in Oc s (P PERSRERIE FPTE A RaEOH
Pair 2 TR E -
Precipitation or snowmelt water within a short
Translation of Concept2in Oc  Arroyo (dry river) time after the river or river diversions left after
the river.
The usually dry portion of a stream bed that
Concept 2in Op Wash contains water only during or after a local
rainstorm or heavy snowmelt.
Concent3in O K T W R KR MR TR A
Pair 3 P < - IRANN K 2 188 AR RS R -
River, river, lake, sea, wells, springs and reservoirs,
Translation of Concept 3 in O¢ Water System ponds, ditches, and other natural and artificial

water bodies and the connected system in general.

The water portion of the Earth’s surface, including

C t3in O Surface Wat .
oncept 2 La urtace Water the surface of sea and inland waters
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Table 6. Example of categories definitions and similarity calculation.

14 of 21

Concepts

Semantic Statements

Translation of Semantic
Statement in O¢

Mapping Relationships between Statement

Similarity
Values

Mapping
Results

Concept 1in O¢

(Hypernym: 7Ki#)r (Is-Part-Of:7KJ%E) m (Purpose:
HEEHEEIK)

(Hypernym: Waterways)
1 (Is-Part-Of:Reservoir) m
(Purpose:Drain flood)

Concept 1in Op

(Hypernym: Passage) r (Is-Part-Of: Dam) rm
(Purpose: Surplus Water)

“Spillway” Exact match “Spillway”(Concept Name)
“Hypernym:Waterways” Close match “Hypernym:Passage”
“Is-Part-Of:Reservoir”Close match “Is-Part-Of:Dam”
“Purpose:Drain flood” Exact match “Purpose:Surplus Water”

Concept 2 in Oc

(Hypernym:ii[ i) m(Material:7K)n(Status:
FH)r(Temporality: %5 S S 5)

(Hypernym: riverbed)
m(Material: water)
m(Status: dry)
r(Temporality: After the
rainfall or snowmelt)

Concept 2in Op

(Hypernym: Streambed) m(Material: Water) m(Status:

Dry) m(Temporality: during or after a local rainstorm
or heavy snowmelt)

“Hypernym:riverbed” Exact match “Hypernym:Streambed”
“Material:water” Exact match “Material:Water”
“Status:dry”Exact match “Status:Dry” “Temporality:After the
rainfall or snowmelt” Exact match “Temporality:during or after
a local rainstorm or heavy snowmelt”

Concept 3 in Oc

(Hyponym:L)m (Hyponym:ifl) m (Hyponym:ii)m

(Hyponym:iff)m (Hyponym:#) m (Hyponym:##) n

(Hyponym:7K ) m (Hyponym:iti3#)n (Hyponym:

V%) m (Hyponym:/K{£) m(Nature: B8 u Nature:
AT) m (Material: 7K)

(Hyponym: river) m
(Hyponym: river) m
(Hyponym: lake) m
(Hyponym: sea)
(Hyponym: well) m
(Hyponym: spring) m
(Hyponym: reservoir) m
(Hyponym: pond) m
(Hyponym: ditch) m
(Hyponym: body of
water) m ( Nature: natural
u Nature: artificial) m
(Material: water)

Concept 3 in O

(Material: Water) m (Hyponym: Sea) m (Hyponym:
Inland Water) m (Is-Part-Of: Earth’s surface) m
[(Hyponym: River) m (Hyponym: Stream)r
(Hyponym: Lake) m (Hyponym: Spring)r
(Hyponym: Reservoir) m (Hyponym: Pond)r
(Hyponym: Ditch) m (Hyponym: Water body)r
(Nature: Natural)m (Nature: Manmade)] (The
semantic statements in “( ... )” were not the semantic
information extracted from the free-text definition
and were inferred based on the semantic statements
in other concepts, which have a hierarchical relation
with the concept. They were added to the concept by
the domain expert manually.)

“Hyponym: river” Exact match “Hyponym:River” “Hyponym:
river” Exact match “Hyponym:Stream” “Hyponym:lake” Exact
match “Hyponym:Lake” “Hyponym:sea” Exact match
“Hyponym:Sea” “Hyponym:spring” Exact match
“Hyponym:Spring” “Hyponym:reservoir” Exact match
“Hyponym:Reservoir” “Hyponym:pond” Exact match “Pond”
“Hyponym:ditch” Exact match “Ditch” “Hyponym:body of
water” Exact match “Hyponym:Water body” “Nature:natural”
Exact match “Nature:Natural” “Nature:artificial” Exact match
“Nature:Manmade” “Material:water” Exact match
“Material:Water”

0.78

1.0

0.92

Close Match

Exact Match

Close Match
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Example 1: Concept pair of “spillway” in O¢ and “spillway” in Op

These two concepts are comparable because the mapping relationship between their concept
names is “exact match”. Because their concept names and four semantic statements are matched
(detailed mapping relationships are illustrated in Table 6, line 1 and 2), the second condition in
Equation (9) is used to calculate the final similarity between “spillway” in Oc and “spillway” in O4.
The similarity value between these two concepts is calculated as 0.78; thus, the mapping relationship
between these two concepts is “close match”. This example demonstrates the simplest case for the
calculation of the semantic similarity between concepts.

Example 2: Concept pair of “arroyo (dry river)” in Oc and “wash” in O

”

In this example, the mapping relationship between the concept name of “arroyo (dry river)
and “wash” cannot be determined based on the mapping algorithm in Section 3.2.1. However,
the similarity value between these two concepts is higher than the value in example (1). This is
because all the semantic statements used to represent the semantic meaning of these two concepts are
correspondingly matched (detailed mapping relationships are illustrated in Table 6, line 3 and 4), and
all the mapping relationships between them are “exact match”. The first condition in Equation 9 is
used to calculate the final similarity between the concepts “arroyo (dry river)” in Oc and “wash” in O4.
The similarity value between these two concepts is calculated as 1.0; thus, the mapping relationship
between these two concepts is “exact match”. This example demonstrates a common situation in the
cross-lingual environment in that two concepts have the same semantic meaning while their names are
definitely different. Moreover, the utility of applying our methodologies to the complex application of
cross-lingual GI ontology integration has been proven.

Example 3: Concept pair of concept 3 “Water System” in O¢ and concept 3 “Surface water” in Op

7

At first glance, the semantic statements between the concept “water system” and “surface water”
are not matched very well, and the concept names of these two concepts cannot be matched either.

This is because these two concepts are both the top concept in their own taxonomies, and these
two concepts are abstract concepts in that they do not represent real-world objects with detailed
characteristic entities, for example, rivers, lakes, and oceans. Thus, the definitions of this category
in different languages may be very different, even when they are conveying the same meaning.
Therefore, the solution for the semantic meaning representation of this type concept is not the same
as the solution used in Examples (1) and (2). The sematic meaning of the hyponym-related concepts
should be considered to infer the integrated semantic meaning of this abstract concept. After the
implicit semantic statements have been inferred out (detailed mapping relationships are illustrated
in Table 6, line 5 and 6), the first condition in Equation (9) is used to calculate the final similarity
between the concepts “water system” in Oc and “surface water” in Oa. The similarity value between
these two concepts is calculated as 0.92; thus, the mapping relationship between these two concepts is
“close match”.

5. Conclusions and Future Work

The presented research focuses on the determination of semantic mapping relationships between
categories in different GI ontologies with natural language barriers. The proposed formal ontology
model in this study is used to represent and identify the semantic characteristics of the GI categories
with OWL-based semantic statements transformed from free-text definitions of two GI classification
standards. A new similarity calculation algorithm based on this formal ontology model is presented to
distance the semantic similarities and identify the mapping relationships between categories.

In particular, we work with two classification standards of topographic maps in Chinese and
American English. The conducted experiment indicates that the proposed approach successfully
determines the mapping relationships between categories in different GI ontologies and facilitates
ontology integration in a cross-lingual environment. Due to the usages of the multilingual supported
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NLP tools in our experiment, it is easy to replicate our model to determine the mapping relationships
between other GI ontologies, which may be described using other native natural languages, in addition
to Chinese. However, this model has only been applied to geospatial information (GI) integration at
the category level, and research on GI integration at the data level has not been fulfilled. That will
form the basis for future study. In addition, publishing the mapping information in a cross-lingual
context as linked data in a semantic web environment should also be considered.
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Appendix: Detail of the Mapping Statements between O¢c and O4
Table A1. Detail of the Mapping Statements between O¢c and O
Semantic Translation of Semantic Semantic . . Translation of . .
. . . . Mapping Semantic Statements . Semantic Statements Mapping
Property Types Statements in Statements in O in Statements in Oy Relations in O. in Chinese Semantic Statements in O in Enelish Relations
O in Chinese English in English ¢ in O in English A 8
K water water Exact match el stone stones Exact match
KFES water vapor vapors Exact match ARHE wooden stake wood Close match
Material % mud mud Exact match Lo: ) grassland grassy Close match
atena & brick brick Exact match e gravel gravel Exact match
w sand sand Exact match s reef reef Exact match
K cement concrete Exact match
Natu SE2Nib) natural natural Exact match
ature NIERY manmade manmade Exact match
s flow flowing Exact match s pour moving outward Close match
an downslope
v [N submerged at high
Status LA stand along free standing Exact match m{ﬁETTEZ*Q{ﬁ&' tide the water, alternately coverec} and Exact match
R & ! left bare by the tide
exposed at low tide
HKER tide water immersion wash;:;:l tliaglfex;vaves Close match T emission issue from the ground Close match
TE dried up dry Exact match BKIZ flood subject to flooding Exact match
within a short time during or after a local
Temporalit K long-term permanent Close match /K EkRlEE 5 A A A after rainfall or rainstorm or heavy Exact match
P Y snowmelt snowmelt
B all year round permanent Exact match = seasonal occasionally Close match
Location ) sandy desert Close match
51K water diversion run water Exact match PRI slow water flow rate  restrain current or tide Close match
EIYN water delivery conveying water Exact match PRI protection of harbor protect harbor Exact match
ok water storage contain water Exact match E7a)= bank protection sustain an embankment  Exact match
B IR LT Bl To raise or lower the raise and lower
i, FEARAEZEAS  water level, at different  vessels as they pass o . )
P O o~ . ’ 1
urpose RS ALK high and low water level from one level to Exact match TR kAL raising of water level  raise the level of water Exact match
JE AT so the ship channel traffic another.
EHIR R control flow controivt?teeflow °f " Exact match WITHER passage vessel route for watercraft Exact match
TEW irrigation irrigation Exact match FERN, blocked rivers Across tsl":ecacs;lrse ofa Close match
VAT KR 7w adjusting to the flow direct current or Exact match K pump up water- Pump Exact match

direction

tide
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Table A1. Cont.
Semantic Translation of Semantic Semantic . . Translation of . .
. . . . Mapping Semantic Statements . Semantic Statements Mapping
Property Types Statements in Statements in O in Statements in Op Relations in O. in Chinese Semantic Statements in O, in Enelish Relations
O in Chinese English in English ¢ in O in English A 8
5 a vertical or near izt
Morphology BES steep slope vertical descent Close match 162 dam type dam Exact match
LANE:N siphon siphon Exact match
Cause HEFR accumulation accumulate Exact match
Relation Types
TEk source source Exact match il facilities facility Exact match
Hi hical TR riverbed channel bottom Exact match kiR structure construction Exact match
1I§rlar§ 1ca X3, regional region Exact match HIE channel path Exact match
elation e zone zone Exact match KB waterways waterway Exact match
W device device Exact match
mean high water
on the surface of the KRR RIS springs of water and Between high water
S on the ground land Close match IR B AR IR0 T 2 7] water between the and low water marks Exact match
lowest low water
IR in body of water in water Exact match HEREIN/ along the river alongside a stream Exact match
Spati . I A within the sea in the sea Exact match 7K it ] betweenlandand  contactbetweenabody g . oy
patial Relation water of water and the land
KT underwater below t‘/}zts;rface of  Exact match A in the depressions surrounded by land Close match
B across river basins acrossatgiecao;rse of Exact match Bl - on the land Covered with the earth  Close match
B cross roads crossing .road or Exact match RS T I ] between the coa.sthne Between high water Exact match
trail and the dry line and low water lines
biz3s V) coastal ad]acsei‘lr;trteo the Exact match EgeSv] the coast offshore Close match
WARIK R network drainage _netw ork of Exact match KR reservoir dam Close match
Is-part-of . interlacing channels o
FARIK ZR network drainage a drainage network  Exact match TR canal a river system Close match

=

chamber

lock chamber

Exact match
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