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Abstract

EcoLexicon, a multilingual terminological knowledge base (TKB) on the environment, provides an internally coherent information

system which aims at covering a wide range of specialized linguistic and conceptual needs. Knowledge is extracted through corpus

analysis. Then it is represented and contextualized in several dynamic and interrelated information modules. This methodology

solves two challenges derived from multidimensionality: 1) it offers a qualitative criterion to represent specialized concepts

according to recent research on situated cognition (Barsalou, 2009), and 2) it is a quantitative and efficient solution to the problem of

information overload.
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1. Introduction

EcoLexicon' is a multilingual knowledge base on the
environment. So far it has 3,283 concepts and 14,695
terms in Spanish, English and German. Currently, two
more languages are being added: Modern Greek and
Russian. It is aimed at users such as translators, technical
writers, environmental experts, etc., which can access it
through a friendly visual interface with different modules
devoted to both conceptual, linguistic, and graphical
information.

In this paper, we will focus on some of the steps applied
to extract and represent conceptual knowledge in
(1992),
terminological knowledge bases (TKBs) should reflect

EcoLexicon. According to Meyer et al.
conceptual structures in a similar way to how concepts
relate in the human mind. The organization of semantic
information in the brain should thus underlie any
theoretical assumption concerning the retrieval and
acquisition of specialized knowledge concepts as well as
the design of specialized knowledge resources (Faber,
2010). In Section 2, we explain how knowledge is
extracted through corpus analysis. In Section 3, we show
how conceptual

knowledge is represented and

contextualized in dynamic and interrelated networks.

! http://ecolexicon.ugr.es

2. Conceptual Knowledge Extraction
According to corpus-based studies, when a term is
studied in its linguistic context, information about its
meaning and its use can be extracted (Meyer &
Mackintosh, 1996). In EcoLexicon, the corpus consists of
specialized (e.g. scientific journal articles, thesis, etc.),
semi-specialized texts (textbooks, manuals, etc.) and
texts for the general public, all in the multidisciplinary
domain of the environment. Each language has a separate
corpus and the knowledge is extracted bottom-up from
each of the corpora. The underlying ontology is language
independent and based on the knowledge extracted from
all the corpora. The extraction of conceptual knowledge
combines direct term searches and knowledge pattern
(KP) analysis. According to many studies on the subject,
KPs are considered one of the most reliable methods for
knowledge extraction (Barriére, 2004). Normally, the
most recurrent knowledge patterns (KPs) for each
conceptual relation identified in previous research are
used to find related term pairs (Auger & Barriére, 2008).
Afterwards, these terms are used for direct term searches
to find new KPs and Therefore, the
methodology consists of the cyclic repetition of both

relations.

procedures.
When searching for the term EROSION, conceptual

concordances show how different KPs convey different
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relations with other specialized concepts. The main

affects,
has_result, which highlight the procedural nature of the

the

relations are caused by, has_location and

concept and important role played by

non-hierarchical relations.

In Figure 1, EROSION is related to its diverse kinds of

agents, such as STORM SURGE (1, 7), WAVE ACTION (2,
13), RAIN (3), CONSTRUCTION PROJECTS (6) and
HUMAN-INDUCED FACTORS (11).They can be retrieved
thanks to all KPs expressing the relation caused by, such
as resultant (1), agent for (2, 3), due to (6, 7), and
responsible for (11).

caused_by

1 . alabama. significant storm surge and resultant beach erosion were associated with iwvan's Tandfall. wowever,
i nd climate on the castallén coait, the main agent for erasion s wave action, and this is therafore responsd
3 f a stream. the first factar, raln, 1s the agent for erosion, but the degree of erosfon 4= governed oth
4 res (BW) and semiarid steppe (BS). wind can alin cause erasion and deposition in_enviranments where sediments
5 erty. reflection of waves from a jm:'ty may also cause erosion adjacent shorelines. wowever, erosion furthe
& oastal _rone management . Howeser, oo some cases coastal erosionhpar can be due To construction projects that a
7 tude of about 0,3 M m3 per year. acute erosion acute erosion due To storm surges (waves and water 'Ie\.re'ls at
-3 er. Mangrove removal is oalst reported to couse coastal erosion and change sedimentat fon patterns and shoeeline
o [edit] hI"CIS1OI'| surface runoff 15 one of the causes of erosion of the earth's surface reduced croq product
10 pes. Local disturbances for stance by 1lood-induced erosion, redistreibution of sediment or accumulation of
11 ors and human induced factors |espons‘| 'Ie for coastal erosion and h‘|gh‘|‘|ght :he time and space patterns withi
1z e sl af g eyelical process of storm-caused erosion in winter i by progeadat ionspar  owing
13 can cause excessnre wave action that <an lead to beach erosion. Trash dumped from boats can be washed up ontd
12 that have rosched base level develop brosd valleys by crocion caused by meandering channgls. The stream chann
Affects

15 ing these sensitive creatwres. In some cases, <oastal erosjon can have adverse effects on water quality and h
15 ine pe 051:10na'| Coasts_ The erosion of copastiines and erosion of sediments bE‘|n car‘r‘|ed Th shoreling b
17 use cdged material ta restore beaches damaged by crosion. FRA works Conot Guard ta requlat
1 l'easonab'le points, though when push comes to shove and erosion threatens buﬂmngs 'tr'ar!11:1c|na'l beach maincena
15 ke oand arches found on dreegular rocky coastlines; and erosion provides the material ich Forms deltas and b
20 near the base of the <11Ff. Constant undercut't1ng and erosion causes the c14Ffs to retreat landward.
Has_Tocation

1 ed by the position of sand accumulationipar  and beach erosion around Tittoral bareders coastal structure §
22 hes. Kuenen ([1950) estwlates\pal that beach and c19ff erosion along all coasts of the wor 'Id totals about O 12¢c
23 cee and divergence of  wave ener over an of fshore bar, erosion downdeift of o structure such as a groin, <udde
24 proportional to the longshore ftransport rate, andwpar erosion takes place downdrift at about the Same Fate. T

Has_result

1slands or coral reefs.

Frcassive Tnads of i1t and other sadiments caused by
primary coasts are created by

erasion
erosion

can suffacate bottom—chwall
(the wearing awa

ing plants and animal

of 5011 or rockl, deposition

“par  transported. Beach materdinl 45 also deriwved from erasdon the coastal Formations causcd By\par  wawes
28 ed to the passage DF the ice. shorelines produced by erosion of glacial ©1171 deposits differ markedly from
29 beaches and mar?, are being formed as a result of erosion and transportation of unconsolidated material
30 1on of the seashore and a rise in siLk. The results of erosion cou‘ld 'Iead To fur‘ther seawater 1n:rus1un that <
Ex! fo are developed  in lands Hide debris Tn this cliffs erosion er material 1% created bay " Epe
32 s of steep systems, a sea-level rise may cause cuasta'l erosion r'esu'lt']ng in prof‘i'le steepenh\g. and therefnre
Figure 1: Non-hierarchical relations associated with EROSION
Is_a
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Type_of
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a1 out Tive percent of the material on most beaches. wave erosfon of rocky coasts §5 usud <low, even where The
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aw uctures constructed to date have resulted in shoreline erosion in their lee. Furthermol e, the key environmen

Figure 2: Hierarchical relations associated with EROSION

This relation can also be conveyed through compound
names such as flood-induced (10) or storm-caused (12)
and any expression containing cause as a verb or noun:
one of the causes of (9), cause (4, 5, 8) and caused by
(14). EROSION is also linked to the patients it affects, such
as WATER (15), SEDIMENTS (16), and BEACHES (17).
However, the affected entities, or patients, are often
equivalent to locations (eg. if EROSION affects BEACHES it
actually takes place at the BEACH). The difference lies in
the kind of KPs linking the propositions. The affects
relation is often reflected through the preposition of (10)
or verbs like threatens (18), damaged by (17) or provides
(19), whereas the has location relation is conveyed
through prepositions linked to directions (around, 21,
along, 22; downdrift, 23) or spatial expressions such as
takes place (24). In this way, EROSION appears linked to
LITTORAL BARRIERS (21),
COASTS (22) and STRUCTURES (23). Result is an essential

the following locations:

dimension in the description of any process, since it also
has certain effects, which can be the creation of a new
entity (SEDIMENTS, 25; MARSHES, 29; BAYS, 31) or the
beginning of another process (SEAWATER INTRUSION, 31;
PROFILE STEEPENING, 32).

All these related concepts are quite heterogeneous. They
belong to different paradigms in terms of category
membership or hierarchical range. For instance, some of
the agents of EROSION are natural (WIND, WAVE ACTION)
or artificial (JETTY, MANGROVE REMOVAL) and others are
general concepts (STORM) or very specific (MEANDERING
CHANNEL). This explains why knowledge extraction must
still be performed manually, but it also illustrates one of
the major problems in knowledge representation:
multidimensionality (Rogers, 2004).

This is better exemplified in the concordances in Figure
2, since multidimensionality is most often codified in the

is_a relation. In the scientific discourse community,
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concepts are not always described in the same way
because they depend on perspective and subject-fields.
For instance, EROSION is described as a natural process of
REMOVAL (33), a GEOMORPHOLOGICAL PROCESS (34), a
COASTAL PROCESS (35) or a STORMWATER IMPACT (36).
The first two cases can be considered traditional
ontological hyperonyms. The choice of any of them
depends on the upper-level structure of the
representational system and its level of abstraction.
However, COASTAL PROCESS and STORMWATER IMPACT
frame the concept in more concrete subject-fields and
referential settings. The same applies to subtypes, where
the multidimensional nature of EROSION is clearly shown.
It can thus be classified according to the dimensions of
result (SHEET, RILL, GULLY, 37; DIFFERENTIAL EROSION,
38), direction (LATERAL, 39; HEADWARD EROSION, 49),
agent (WAVE, 41; WIND, 43) and patient (SEDIMENT, 47;
DUNE, 48; SHORELINE EROSION, 49).

3. Dynamic Knowledge Representation
Since categorization is a dynamic context-dependent
process, the representation and acquisition of specialized
should
variation. Barsalou (2009: 1283) states that a concept

knowledge certainly focus on contextual
produces a wide variety of situated conceptualizations in

specific contexts. Accordingly, dynamism in the
environmental domain comes from the effects of context
on the way concepts are interrelated. Multidimensionality
is commonly regarded as a way of enriching traditional
static representations (Leéon Aratz and Faber, 2010).
However, in the environmental domain it has caused a
great deal of information overload, which ends up
jeopardizing knowledge acquisition. This is mainly
caused by versatile concepts, such as WATER, which are
usually top-level general concepts involved in a myriad
of events.

Our claim is that any specialized domain contains
sub-domains in which conceptual dimensions become
more or less salient depending on the activation of
specific contexts. As a result, a more believable
should

re-conceptualization according to the situated nature of

representational ~ system account  for
concepts. In EcoLexicon, this is done by dividing the
global environmental specialized field in different
HYDROLOGY, GEOLOGY,

CHEMISTRY,

domains:
METEOROLOGY,

contextual
BIOLOGY,

ENGINEERING, WATER TREATMENT, COASTAL
PROCESSES and NAVIGATION.
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Figure 3: EROSION context free network

Nevertheless, not only versatile concepts, such as WATER,
are constrained, since information overload can also
affect any other concept that is somehow linked with
versatile ones. For instance, Figure 3 shows EROSION in a
context-free network, which appears overloaded mainly
because it is strongly linked to WATER, since this is one of

its most important agents.

Aty SnitrfRnshaaton

Cnas . Flinviad grnsion g
Py i Harehbeaton
Voler o
£ fackor
Erosion moas! Intemaleroaon  Wakrn

Arlarn

Amaoflasd | °

® Soil conservabion senice coveiamber
$0a orosion -

Fawer
AruoTuamr

Mepaatic water

AR st moogeic schion
" tepe 4o e
Polsnbakerosion

o Gk srusin 0
W actBidemal geakgieal agest

Crek : Lt Ernsian

St

M

Fikfed Mogpacing
Baes el of orosion

Lo Anttvonkc eroskn

Cape

o LMMERERISI EroOn

= Negradabion’ o %

Gow SRt - Windeinsin,
- " Demutabion

s saian . Erosion glacis

& Shoolarosion

Allfion

Abrasson

Figure 4: EROSION in the GEOLOGY domain

Contextual constraints are neither applied to individual
concepts nor to individual relations, instead, they are
applied to each conceptual proposition. When constraints
are applied, EROSION is just linked to propositions
belonging to the context of GEOLOGY (Figure 4) or
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HYDROLOGY (Figure 5).
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Figure 5: EROSION in the HYDROLOGY domain

Comparing both networks and especially focusing on
EROSION and WATER, the following conclusions can be
drawn. The number of conceptual relations changes from
one network to another, as EROSION is not equally
relevant in both domains. EROSION is a prototypical
concept of the GEOLOGY domain, this is why it shows
more propositions. Nevertheless, since it is also strongly
linked with WATER, the HYDROLOGY domain is also
essential in the representation of EROSION. Relation types
do not substantially change from one network to the
other, but the GEOLOGY domain shows a greater
number of fype of relations. This is due to the fact that
the HYDROLOGY domain only includes types of
EROSION whose agent is WATER, such as FLUVIAL
EROSION and GLACIER EROSION. The GEOLOGY domain
includes those and others, such as WIND EROSION, SHEET
EROSION, ANTHROPIC EROSION, etc. The GEOLOGY
domain, on the other hand, also includes concepts that are
not related to HYDROLOGY such as ATTRITION because
there is no WATER involved.

On the contrary, WATER displays more relations in the
HYDROLOGY domain. This is caused by the fact that
WATER 1is a much more prototypical
HYDROLOGY. Therefore, its first hierarchical level

shows more concepts. For example, in GEOLOGY, there

concept in

are less WATER subtypes because the network only shows
those that are related to the geological cycle (MAGMATIC
WATER, METAMORPHIC WATER, etc.). In HYDROLOGY,

there are more WATER subtypes related to the
itself ~ (SURFACE

GROUNDWATER, etc.). Even the shape of each network

hydrological  cycle WATER,
illustrates the prototypical effects of WATER or EROSION.
In Figure 4, EROSION is displayed in a radial structure that
shows it as a central concept in GEOLOGY, whereas in
Figure 5, the asymmetric shape of the network implies
that, more than EROSION, WATER is the prototypical

concept of HYDROLOGY.
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