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SCIENTIFIC AND SOCIO-ECONOMICAL CHALLENGES

Understand the adaptation processes of the societies to their environment

Trois territoires pilotes : la vallée de l’Arve, la vallée de la Maurienne et le Pays de la Meije.

Objectifs :

• Développer des outils innovants pour construire des passerelles entre la production de 

connaissances et les besoins des utilisateurs au sein des territoires

• Construire un système intégré d’acquisition et de gestion des données socio-

environnementales

• Développer et appliquer des modèles de la dynamique des socio-écosystèmes face aux 

changements globaux

• Reconstruire les trajectoires socio-environnementales passées sur la base des observations et 

de la modélisation

• Co-construire avec les acteurs des territoires des trajectoires d’adaptation au changement 

global
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PROJECT STRUCTURATION

WP1

Climate resilient socio-ecosystem through 

the co-construction of innovative tools

WP3

Modelling of the integrated system 

WP2

Toward an integrated observation 

system 

WP4
Socio-ecological systems analysis across 

time

WP5
Forward trajectories of the integrated socio-

ecological system

Atmosphere (temperature, precipitation, wind, radiation)

Snow/Glacier (mass balance, radiation)

Biodiversity

Land cover

Alpine summer pastures

Historical archives (industrialization, socio-demography, etc…)
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■ Multidisciplinarity

► Combining several usually separate domains of expertise

► Multidisciplinary Environmental Sciences

CONTEXT

Glaciology

Ecology Social Sciences Geography HydrologyEarth
sciences

Chemistry Biology

Environmental Data
System

Cryosphere-based 
system

Land-based 
system

Climate 
system

Socio-ecological
system
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 Meteorology

• atmospheric

• precipitation 

 Glaciology 

• snow

• ice

CONTEXT

►Many databases

■ Focus
► Scientific domains

 Climatology

• climate & microclimate

 Hydrology

 Biology

• Biodiversity

 Social Sciences

• Tourism

Kalideos
(CNES) 

Satellite images

CEN
(Météo France)

Meteorology

CRYOBS-CLIM
(IGE) 

Glaciology

Arve Valley 
Hydrology (IGE)

Hydrologic data

Lacs 
Sentinelles
Alpine lakes data

Alpages
Sentinelles
Pastoral land uses

Refuges
Sentinelles

Tourism
land uses

ORCHAMP
Biology

data@EDYTEM
Sedimentary

samples

[Anquetin & al 2017]:“TRAJECTORIES: Social-ecological trajectories of French alpine valleys under climate variability” Anquetin S., N. Buclet, S. Lavorel, C. Lutoff, E. Georges, W. 
Thuiller, D. Ziebelin, C. Prieur, B. Wilhelm, C. Giguet-Covex, B Reineking, P. Judet, , Vol. 20, EGU2018, Vienna 9-13 April
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■ 3 possibilities
► Mediator

 software component that resolves schematic and semantic 
conflicts

► Pivot model

 Common data model intersecting the different specific 
data models

► Reuse of data models

 Mapping specific data models to common models

 Mapping between different models

DATABASE INTEROPERABILITY

Database1

Database2 Database3

Mediator

Mediator Mediator

Database1

Database2 Database3

Pivot

Model

Database2Database1 Database3

Model 1 Model 2
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■ Interoperability of MetaData & Data using standards & norms

■ Standards and norms

► norms expressed in formal, non-ambiguous, and machine understandable languages with some 
consensual rules and directives to describe objects, products, activities…

DATABASE INTEROPERABILITY WITH STANDARDS

…
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■ Observations [Fowler & Odell 1997]
► Observation is produced by a process applied at a specific time

► The observation domain is a feature of interest at a specific time

► The result of an observation is an estimate of some properties

LINKS WITH O&M (OBSERVATIONS & MEASURES)

Observation

+ samplingTime

+ resultTime [0..1]

+ procedureOperator [0..1]

+ parameter [0..*]

+ resultQuality [0..1]

Any
{Result}

PropertyType

AnyFeature
Process

resultobservedProperty

1

propertyValueProvider

0..*

featureOfInterest
1

generatedObservation

0..*

procedure
1

CRYOBS-CLIM (IGE) Glaciology

Data@EDYTEM Sedimentary samples

From the “Observations and 
Measurements” metamodel
(Simon Cox, CSIRO) [OGC ref 05-
087r3 & from the SEEGRid twiki] 
ISO19156
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INTEROPERABILITY WITH STANDARDS, NORMS AND ONTOLOGIES

■ Syntactic compatibility 

► only guarantees that data will pass through different applications properly

■ Semantic compatibility

► achieved only when applications agree on the meaning of the data they exchange

■ Standards and norms

► norms expressed in formal, non-ambiguous, and machine understandable languages with some consensual rules and directives to describe objects, 
products, activities…

■ Semantics and Ontology

► An ontology is an explicit specification of a conceptualization. [...] A conceptualization is an abstract, simplified view of the world that we wish to 
represent for some purpose. [Gruber 1993] 

► An ontology defines a set of representational primitives with which to model a domain of knowledge or discourse.  The representational primitives are 
typically classes (or sets), attributes (or properties), and relationships (or relations among class members). [Gruber 2009]

► Denotational semantics

 defines a model, an abstraction, an interpretation 

► Axiomatic semantics

 builds a logical theory

► Operational semantics

 builds an interpreter, or a finite representation 
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AN ONTOLOGY AND VOCABULARY : EXAMPLE GCMD

https://ntrs.nasa.gov/search.jsp?R=20190003887

https://ntrs.nasa.gov/search.jsp?R=20190003887
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LINKS BETWEEN DATA RESOURCES AND VOCABULARIES / ONTOLOGIES

:unit rdf:type

skos:exactMatch

Feature of Interest

Observed Property

Mass Balance

CRYO_OBS_gl_mb_alp_arg_1

rdf:type

Observation

“mm.w.e.”

ARGENTIERE_P4_1_ABL

rdf:type

:result

:featureOfInterest

:observedProperty

:process

CRYO_OBS_gl_mb_alp_arg_1.txt

Mass balance System

rdf:type

Sensor

:model

“Wood Stake”

:hasGeometry

“LINESTRING(6.977 45.96, … )”

Result

Result

rdf:type :datafile
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■ Four approaches

ONTOLOGY BASED DATA AND METADATA INTEGRATION

Software 
Applications

Global 
Ontology Layer

Local
Ontology Layer

Data
Sources

A B C

Local
Ontology

(LA)

Local
Ontology

(LB)

Local
Ontology

(LC)

A B C

Local
Ontology

(LA)

Local
Ontology

(LB)

Local
Ontology

(LC)

A B C

Local
Ontology

(LA)

Local
Ontology

(LB)

Local
Ontology

(LC)

A B C

Global
Ontology

(G)

Global
Ontology

(G)

Single ontology Multiple ontologies Hybrid approach Global as View

Software
Application

Software
Application

Software
Application

Software
Application

Shared
Vocabulary

(V)

Ontology-based data integration in multi-disciplinary engineering environments: a review - FJ Ekaputra, M Sabou, E Serral, E Kiesling… - Open Journal of Information Systems (OJIS) Volume 4, Issue 1, 2017
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Ontology
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Application
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ONTOLOGIES USED IN TRAJECTORIES
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ONTOLOGY MAPPING

■ All observations concerning the word “Rainfall”

ANAEE ontology : used by Lacs sentinelles 
OZCAR Theia ontology used by CRYOBS-CLIM

Agrovoc
« Precipitation»

Gemet
« Atmospheric
Precipitation »

« Rainfall »

GCMD 
« Precipitation »

Lacs sentinelles CRYOBS-CLIM
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■ Exact, close and broad match

ONTOLOGY MAPPING

ozcar-theia:GlaciersIceSheets gemet:IceSheets

gemet:Iceozcar-theia:GlaciersSnowIceanaee:Snow

ozcar-theia:SolidPrecipitationanaee:Precipitation

skos:exactMatch

skos:related

skos:exactMatchskos:exactMatch

GEMET ontologyOZCAR THEIA ontologyANAEE ontology
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ONTOLOGY MAPPING
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SCIENTIFIC AND SOCIO-ECONOMICAL CHALLENGES

Understand the adaptation processes of the societies to their environment

Trois territoires pilotes : la vallée de l’Arve, la vallée de la Maurienne et le Pays de la Meije.

Objectifs :

• Développer des outils innovants pour construire des passerelles entre la production de 

connaissances et les besoins des utilisateurs au sein des territoires

• Construire un système intégré d’acquisition et de gestion des données socio-

environnementales

 construire des requêtes qui permettent de d’alimenter des indices / indicateurs
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GEOSPARQL ONTOLOGY

OGC 11-052r4 OGC GeoSPARQL – A Geographic Query Language for RDF Data
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GEOSPARQL ONTOLOGY

OGC 11-052r4 OGC GeoSPARQL – A Geographic Query Language for RDF Data The system RCC8 (Randell et al., 1991)

DC : disconnected
EC : externally connected
TPP : tangential proper part
NTPP : non-tangential proper part
PO : partially overlapping
EQ : equal
TPPi : as tangential proper part
NTPPi : as a proper part

RCC8 relations



24

GEOSPATIAL REPRESENTATION

O&M

0..*

GeoSPARQL
geo:SpatialObject

geo:hasGeometry

0..*

sf:Geometry

sf:Surface

sf:Polygon

geo:Geometry

sf:Point

geo:Feature

TrajGeoFeature

+ String name

TrajGeoComplexFeature TrajGeoSimpleFeature

SamplingSiteLake

geo:hasGeometry

contains
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Find all observations in Isere that are linked with the theme water
and are in the same watershed as a glacier which has recorded data before 2000

EXAMPLE OF QUERIES
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Find all observations in Isere that are linked with the theme water
and are in the same watershed as a glacier which has recorded data before 2000

EXAMPLE OF QUERIES

O&M

OWL Time
and Allen’s
relations

GeoFeature

GeoFeature GeoFeature

RCC8 
relation

RCC8 
relation
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Find all observations in Isere that are linked with the theme water
and are in the same watershed as a glacier which has recorded data before 2000

trajFeature:Isere geo:hasGeomery ?geomIsere.
?obs1 a oml:Observation;

geo:hasGeometry ?geo1;
FILTER (geof:stContains(?geomIsere, ?geo1)

?obs1 traj:keywordTag/skos:closeMatch* gcmd:Water.

FILTER EXISTS {

}

?obs2 a oml:Observation;
geo:hasGeometry ?geo2;
traj:keywordTag/skos:closeMatch* gcmd:GlacierIceSheets ;
time:startDate ?startDate .

FILTER(?startDate < "2000-01-01"xsd:dateTime)

?watershed a geoObj:Watershed ;
geo:hasGeometry ?watershedGeo

FILTER(geof:stIntersects(?watershedGeo, ?geomIsere))      

FILTER (geof:stContains(?watershedGeo, ?geo1)
FILTER (geof:stContains(?watershedGeo, ?geo2)
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■ Data producers

■ And engineers
► Karine Aubry

► Matthew Sreeves

► Philippe Genoud

SPECIAL THANKS

Lacs,
Alpages,
Refuges
Sentinelles

ORCHAMP

CRYOBS-CLIMSedimendary
Archives
data@EDYTEM

CEN


