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Abstract. Environmental data generated by observation infrastructures
and models is widely heterogeneous in both structure and semantics. The
design and implementation of an ad hoc data model for each new dataset
is costly and creates barriers for data integration. On the other hand,
designing a single data model that supports any kind of environmen-
tal data has shown to be a complex task, and the resulting tools do
not provide the required efficiency. In this paper, a new data modeling
framework is proposed that enables the reuse of generic structures among
different application domains and specific applications. The framework
considers four levels of abstraction for the data models. Levels 1 and 2
provide general data model structures for environmental data, based on
those defined by the Observations and Measurements (O&M) standard
of the Open Geospatial Consortium (OGC). Level 3 incorporates generic
data models for different application areas, whereas specific application
models are designed at Level 4, reusing structures of the previous levels.
Various use cases were implemented to illustrate the capabilities of the
framework. A performance evaluation using six datasets of three differ-
ent use cases has shown that the query response times achieved over the
structures of Level 4 are very good compared to both ad hoc models
and to a direct implementation of O&M in a Sensor Observation Service
(SOS) tool. A qualitative evaluation shows that the framework fulfills a
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collection of general requirements not supported by any other existing
solution.

M
ar

tin
ez

 C
as

as
, D

., 
P

o,
 L

., 
T

ril
lo

-L
ad

o,
 R

., 
V

iq
ue

ira
, J

. R
.: 

A
 c

on
ce

pt
ua

l d
at

a 
m

od
el

in
g 

fr
am

ew
or

k 
w

ith
 fo

ur
 le

ve
ls

 o
f a

bs
tr

ac
tio

n 
fo

r 
en

vi
ro

nm
en

ta
l i

nf
or

m
at

io
n.

 In
: B

ur
gu

eñ
o,

 L
. (

ed
.)

 A
ct

as
 d

e
la

s 
X

X
IX

 J
or

na
da

s 
de

 In
ge

ni
er

ía
 d

el
 S

of
tw

ar
e 

y 
B

as
es

 d
e 

D
at

os
 (

JI
S

B
D

 2
02

5)
. S

is
te

de
s 

(2
02

5)
. h

ttp
s:

//h
dl

.h
an

dl
e.

ne
t/1

17
05

/J
IS

B
D

/2
02

5/
56

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

