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An INSPIRE integrate approach to
Environmental Analysis

C. Cipolloni, C. ladanza, M. Pantaloni, A. Trigila

ISPRA — Geological Survey of Italy
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Main Objectives

0 Implementation of a geo-hazard scenario for different sets of indicators
(e.g. population, road network, residential area, Cultural Heritage).

\EI Harmonise the key datasets for scenario based on INSPIRE Directive
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In Italy every year more than 1000 landslides occur and around 20% produce

causalities: Area under the risk: 8,1% flood, 7,5% landslide
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Landslide Pilot in LIFE+IMAGINE

The landslide risk scenario is based on:
U A landslide inventory from available historical databases and maps;
O Landslide susceptibility and hazard maps (River Basin Plan — PAl);

O Layers of Exposed elements (e.g. Roads, population, Cultural Heritage);

The pilot wants investigate:

UEnvironmental impacts of exposed elements (specific focus on road
fragility);

LSocio-economic impacts of exposed elements (specific focus on building)
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Geohazard Pilot in eENVplus

The landslide and flood hazard scenario is based on:
U A landslide inventory from available historical databases and maps;
U A semantic harmonised geological map in a cross-border area,

U Morphometric analysis of DEM,;

The pilot wants investigate:

U The potential use of harmonised geological map to obtain European
continually geo-hazard layers
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Data Harmonisation
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Actions chain

e Datasets models analysis A
e Datasets Harmonisation vs INSPIRE Data model

.
e Use cases development
e Data geoprocessing and integration )

e Environmental indicators and analysis
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Phase 1: Harmonisation

Harmonisation is the basic action to have a integrated
system for geohazard and environmental analysis
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Application Schema 'GeologyCore' (version 3.0rc3) Application Schema <
Type Documentation | Attribute] Associat Attribute { Yalues { Mulriplicity ¥oidable ! Non- Type Documentation | Attributel Associ Attribute ¢ ¥alues |/
ion Association role | Enumerations Yoidable ation Association role | Enumeratio
rolejConstraint { Constraint role] Constraint { Constraint
docume documentation
GeologicUnit|[s...  @valume of rozkuith - Zonzeptual qenlogizal  |FeatureType GeniMOEOHESE Genlagizal model atk i ientificr Fuakurs nbjest
L] P
Py por Al gred i ot vt dirtinzk charazterirki, Faaturs thatir reale 1A, 000, 000 pargfiTy
Plap g oot Eeulogicl_lnitdld bieatidentificr 1dentificrl 1 maodificd by OneGdalagr- |ID_GEOLOG ,ﬂturoidutifiw denkificr
> Europe project to mbggh
Pohane ™™ | The qeometry af the GM_Okjeztl GonS oML and maybe T | The qeametry aF the GM_Dbje <kl
magred Featr, IHSFIRE GE. ralvage Foatyr,
inspireld External nbjestidentificr of| [entifier] ID_GEQLOG DE name + inrpire [riring) + | entificr
the rpatial obje ot IHOTE An Genlngic Featurs identifisr
heginLifespan'H’e[s Diake and kime akuhizhehie |DakeTimel woidable ROEproronk [rok ar conrkantinkhe wle DakcTime
jon verrion of thespatial abject mappina file
endl_il:espan'ﬂ'ersin Date and kime ak uhizhthie |Dake Timel 1 woidable nokprorenk [rokar zoretantinkhe it |DateTime
n verrinn of therp atial okjszt mappinafile
Name The name of GenlngicUnit | CharazterString 1 wnidabls ID_GEQLONG DE nam + Genlogiz rering
Foatursidentifier
gml:descriptiun The qenloqizunit CharaskerString A DESCRIFTION The qealogizelement rkring
dereription; mainly the doreription
geulugicHisto[, Anarrociation thatrelater | GeologicEvent! 1.t wnidable AGETAELE reprorentr the link botueen | Link
ane or more 4ealogic euentr| qealogifeaturedelement
tnaqenlogizFeaturs o ardthe ae akkribute i ars
geologicUnitType |Termedoscribinathe type |Valusd GG Term 1 vaidable nakprorent Inthir databarc all the CELTerm
of qealngiz unit. Feature reprorenttherame
composition Curcriber the comparition | GamearitionPart 1. woidablo LITHOLOGY TAELE reprerents the link botusen | Link
af the gealnqis unit. qenlngifeaturedelement
andthe lithology ateribuke
mappingFrame Therurfazeonuhizhthe  |ValusCode_Lire 1 ok prerent In thir databare all the HMara Ontalogy
mapped Feature ir Featuraroproronttherame
projected. mapped Frame
geologigHistory || |#n areciationthatrelater | GeologicEvent Enidentifiable cvent durinal Foature Type GoniMOE/OHESE Genlagical model atthe | AGE TAELE A1GE AN EVEHT
Suportyrpor: Afendegiclinit |ane ar mare gealagiz eventr - Lk et e — rzale 141,000,000 parkially TIGIRUTE R AT —
app st toa gealngic foaturs ta GeologicEventlD | Okiectidentifior entifier] 1 madificd by OnoGealagy- |II-SEALOG Foature identifier Hentifior
derzribe theirage ar Name The Hame of Gealaaic CharacterStrinafGG_Ter |1 woidatle Europeprojecttnmatzh (1o prorent rtringar GG Term CELTorm
qcologichirtory. GeaSaiML and marbe
olderNamedAge OMerboundaryofthe age  |ValusfCGI_Term 1 woidakls |NSPIRE GE. URN_AGE_L CiEI_TERMURI CEl_Term
youngerNamedAge |vounqerboundaryafthe  |ValucdCG_Term 1 woidakls URM_AGE_U! CiEI_TERMURI CEl_Term
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CGIl Vocabularies used

International Chronostratigraphic Chart (2013)
http://resource.geosciml.org/vocabulary/cqi/201211/ + timescale/isc-2013.rdf

CGI Simple Lithology Categories
+ SimpleLithology201211.rdf

CGI compound Material Constituent Part Role vocabulary
+ CompoundMaterialConstituentPartRole201211.rdf

CGI Proportion Term Vocabulary
+ ProportionTerm201211.rdf

CGI Event Environment CategorieS

+ EventEnvironment201211.rdf

CGI Event Process Categories

+ EventProcess201211 .rdf

CGI Geologic unit type vocabulary

+ GeologicUnitType201211.rdf

CGI Consolidation Degree Term Vocabulary
+ ConsolidationDegree201211.rdf

CGI Foliation Type categories

+ FoliationType201211..rdf



http://resource.geosciml.org/vocabulary/cgi/201211/
http://resource.geosciml.org/static/vocabulary/timescale/isc-2013.rdf
http://resource.geosciml.org/static/vocabulary/timescale/isc-2013.rdf
http://resource.geosciml.org/static/vocabulary/timescale/isc-2013.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/SimpleLithology201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/CompoundMaterialConstituentPartRole201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/ProportionTerm201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/EventEnvironment201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/EventProcess201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/GeologicUnitType201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/ConsolidationDegree201211.rdf
http://resource.geosciml.org/static/vocabulary/cgi/201211/rdf-xml/FoliationType201211.rdf
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Phase 1: Harmonisation

— <wfs:FeatureCollection xsi:schemal.ocation="http://inspire.ec.europa.eu/schemas/ge-core/3.0/ http://inspire.ec.europa.cu/schemas/ge-core/3.0/GeologyCore xsd">
— <wfs:featureMember>

— <ge:MappedFeature gml:id="FeatureID1">
<gml:identifier codeSpace="http://sgi.isprambiente.it/geodata/">Geo 1 MDB</gml:identifier>

+ <ge:shape></ge:shape>
<ge:mappingFrame xlink:href="http://sweet.jpl.nasa.gov/ontology/earthrealm.owl#LandSurface"/>
<!-- Geological part -->

— <ge:specification>

— <ge:GeologicUnit gml:id="GU_1">

L xlink:href="http://resource.geosciml.org/classifier/cgi/eventenvironment/deltaic_system_setting" xlink:title="deltaic_system_setting"/>
eason="missing"” xsi:nil="truc"/>

link:href="urn:cgi:classifier:ICS:StratChart:200908:Holocene" xlink:title="urn:cgi:classifier:ICS:StratChart:200908:Holocene"/>

e xlink:href="urn:cgi:classifier:ICS:StratChart:200908:Holocene" xlink:title="urn:cgi:classifier:ICS:StratChart:200908:Holocene"/>

— <ge:name>
Def: Deltaic, alluvial and coastal plain deposits; acolian deposits
</ge:name>
<ge:eventEnvironment xlink:href="http://resource.geosciml.org/classifier/cgi/eventenvironment/deltaic_system_setting" xlink:title="deltaic_system_setting"/>
<ge:eventProcess nilReason="missing" xsi:nil="true"/>
<ge:olderNamedAge xlink:href="urn:cgi:classifier:ICS:StratChart:200908:Holocene” xlink:title="urn:cgi:classifier:ICS:StratChart:200908:Holocene"/>
<ge:youngerNamedAge xlink:href="urn:cgi:classifier:ICS:StratChart:200908:Holocene" xlink:title="urn:cgi:classifier:ICS:StratChart:200908:Holocene"/>
</ge:GeologicEvent>
</ge:geologicHistory>
<ge:geologicUnitType xlink:href="http://resource.geosciml.org/classifier/cgi/geologicunittype/lithostratigraphic_unit" xlink:title="Lithostratigraphic_unit"/>
— <ge:composition>
— <ge:CompositionPart>
<ge:material xlink:title="urn:cgi:classifier:CGI:SimpleLithology:201001:clastic_sediment"
xlink:href="urn:cei:classifier:CGI:SimpleLithologv:201001:clastic sediment"/>
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& 19i1 Isprambiente. it/ eenvpius /ger ] 00K /7SERVICE=~WSAVERSION = 1.1 OSNBCEST: « & | [Q Cerca P ADES2-4Q-0D Q- -
qsl\lgu GoolthUnl( gmbid="GU_014A031">
<gmizidentifier codeSpace="¥EVENT_1">Geo100_GUO14A03 1 </gmlzidentifier>
<gml:name>calcare di lusnizza</gmizname>
<gsmh:observationMethod nilReason="missing" xsi:nil="truc"/>
<gsml:purpose>typicalNorm</gsml: purpose>
+ <gsml:relatedFeature></gsml:related Festure>
~ <gsml:relatedFeature>
~ <gsmiga:GeologicHistory gml:id="GU_EV_014A031">
<gsmi:relationship xlink:href="ltp://resource geosciml.org/classifler/cgl/featurerclation/geologlcfeaturepeneticevent >
<gsml:sourceRole nilReason="missing" xsitnil="true"/>
<gsmb:targetRole nilReason="missing"” xsi:nil="true"/>
— <gsmb:relstedFeature>
- <gsmiga:GeologicEvent tid="EV_00">
<gmb:name>0Orogenesi alpina</gmi:name>
<gsmi:observationMethod nilReason="missing” xsiznils"true"/>
<gsml:purpose>instance</gsml:purpose>
<gsmb:relatedFeature nilReason="missing" xsiznil="true ">
wﬂ.dnlﬂernllm'mlmng nl:nﬂ-'lm:‘b
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— <swe:Category definition="hup://inspire ec curopa cw'codelisyEventEavironment Value™
— <swezextension>
+ <swe:Category definition="http://resource geosciml.org/classifierschemeicgl/20121 1 ivaluequalifier*></swe:Category>
</sweiextension>

htp:/iresource geosciml org/classifier/cgi/eventenvironment/masine_carbonute_platform_setting ]
</swesidentifier>

<swe:label>marine_carbonate_platform_setting</swe:label>
<sweicodeSpace xlinkshrel="hitp://resource geoscimi org/classifier/cgi/eventenvironment*/>
</swe:Category>
</gsmiga:eventEnvironment>
<gsmiga:prototype nilReason="missing" xsi:nil="true*/>
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<gsml:samplingFrame xlink:href="http://inspire.ec.europa.cu/codelist/MappingFrame Value/surfaceGeology" xlink:title="Surface Geology"/>
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5 Wil sprambiente. i eenvpius /gec ] COK /PSERVICE~ WISAVERSION = 1.1 O&NECUEST ¢+ <gsml:shape></gsml:shape>

- <gsmigu:GeologicUnit gmliid="GU_014A031">
<gmizidentifier codeSpace="¥EVENT_1">Geo100_GUO14A031
<pgml:name>calcare di lusnizza</gmlmname>
<gsmh:observationMethod nilReason="missing" xsi:nil="truc"/>
<gsml:purpose>typicalNorm</gsml: purpose>
+ <gsml:relatedFeature></gsml:related Festure>
~ <gsml:relatedFeature>
- <gsmiga:GeologicHistory gml:id="GU_EV_014A031">
<gsml:relationship xlink:href="lutp://resource geosciml.org/cla
<gsml:sourceRole nilReason="missing" xsitnil="true"/>
<gsmbturgetRole nilReason="missing" xsiznil="true"/>

— <gsml:relstedF eature>
- <gsmiga:GeologicEvent gml:id="EV_00">
<gminame>Orog: i alpina</gmi: >

<gsmi:observationMethod nilReason="missing” xsiznils"|
<gsml:purpose>instance</gsml: purpose>
<gsmb:relntedFeature nilReason="missing" xsiznil="true"
w\l classifier nilReason=" mlwlng xd nil="true"/>

- <gsmigazeventEnvironment>
— <swe:Category definition="hup:/inspire oc curopa.cu/'c
— <swesextension>
+ <swe:Category definition="http.//resource geoscim
</sweiextension>

hutp:/iresource geosciml arg/classifies/cgieventenvin
</sweridentifier>

<swe:label>marine_carb _platform_setting</swe:
<swercodeSpace xlink:shrel="hitp://resource geoscimi
</swe:Category>
</gsmiga:event Environment>
<gsmiga:prototype nilReason="missing" xsi:nil="true*/>

— <gsml:specification>

< — <gsmlgu:GeologicUnit gml:id="GU_014A031">
<gml:identifier codeSpace="#EVENT_1">Ge0100_GU014A031</gml:identifier>
<gml:name>calcare di lusnizza</gml:name>
<gsml:observationMethod nilReason="missing" xsi:nil="true"/>
<gsml:purpose>typicalNorm</gsml:purpose>

— <gsml:relatedFeature>
— <gsmlst:DefiningStructure gml:id="GU_STA2">

<gsml:relationship/>

<gsml:sourceRole/>

<gsml:targetRole/>

— <gsml:relatedFeature>
— <gsmlst:Foliation gml:id="ST_3.0">
+ <gsml:observationMethod></gsml:observationMethod>

<gsml:purpose>instance</gsml:purpose>
<gsml:relatedFeature/>
<gsml:classifier nilReason="missing"/>
<gsml.metadata gco nilReason—"mlssmg "/>

°& GEOSPATIAL'
WORL D

xlink htle—"boddmg_lanunauon structure'/>
<gsmist:continuity nilReason="unknown"/>
<gsmlist:intensity nilReason="unknown"/>
<gsmist:mineralElement/>
— <gsmist:orientation>
— <CGI_PlanarOrientation>
<determinationMethod nilReason="missing"/>
<descriptiveOrientation nilReason="missing"/>
<convention nilReason="missing"/>
<azimuth nilReason="missing"/>
<dip nilReason="missing"/>
<polarity xlink:title="undefined"/>
</CGI PlanarOrientation>
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— <gml:featureMember>

- in::nc:lrebz{lfnz:::gyril %gl;ll::i::;sligecg;iandmdc_l42952607794l_SHP.l "> H a r m O n I S atl O n N R Z O u t p ut

<nz-core:beginLifeSpanVersion>2015-05-21T17:05:14</nz-core:beginLifeSpan Version>
<nz-core:determinationMethod>modelling</nz-core:determinationMethod>
<nz-core:endLifeSpanVersion nilReason="unknown" xsi:nil="true"/>
— <nz-core:inspireld>
— <base:Identifier>
<base:localld>landslide_O</base:localld>
<base:namespace>http://eenvplus.sinergis.it/geoEnvplus</base:namespace>
</base:Identifier>
</nz-core:inspireld>
— <nz-core:typeOfHazard>
<nz-core:NaturalHazardClassification>
<nz-core:hazardCategory xlink:href="http://inspire.cc.curopa.cu/codelist/NaturalHazardCategoryValue/landslide"/>
<nz-core:specificHazardType xlink:href="http://inspire.ec.curopa.eu/codelist/SpecificHazard Type Value/landslideSusceptibility"/>
</nz-core:NaturalHazardClassification>
</mz-core:typeOfHazard>
— <nz-core:geometry>
— <gml:Polygon gml:id="fid_0">
— <gml:exterior>
— <gml:LinearRing>
— <gml:posList>
848617.4465789263 5164329.332521281 848879.3802223038 5164329.332521281 848879.3802223038 5164242.13081637 848661.1021861559 5164242.13081637
848661.1021861559 5164285.731668825 848617.4465789263 5164285.731668825 848617.4465789263 5164329.332521281
</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</nz-core:geometry>
— <nz-core:likelihoodOfOccurrence>
— <nz-core:LikelihoodOfOccurrence>
<nz-core:qualitativeLikelihood nilReason="missing" xsi:nil="true"/>
— <nz-core:quantitativeLikelihood>

— <nz-core:QuantitativeLikelihood>
l <nz-core:probabilityOfOccurrence>133</nz-core:probabilityOfOccurrence> l
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<gmli:featureMember> - - -
— <nz-core:HazardArea gml:id="Hazard AreaNr.424"> arl I I O n I Satl O n I n p ut
<gml:description>ID_sorgente:0;MAPID:0:Note:</gml:description>
<nz-core:beginLifeSpan Version>2014-03-25T00:00:00+01:00</nz-core:beginLifeSpanVersion>
<nz-core:determinationMethod>indirectDetermination</nz-core:determinationMethod>
— <nz-core:inspireld>
— <base:Identifier>

<base:localld>101607_Ambito19 - Cinque Terre</base:localld>
<base:namespace>IT_PAI_Regioneliguria</base:namespace>
<base:versionld>1.0</base:versionld>
</base:Identifier>
</nz-core:inspireld>

rd>
~core:NaturalHazardClassification>
<nz-core:hazardCategory xlink:href="http://inspire.ec.curopa.cu/codelist/NaturalHazardCategory Value/landslide"/>
qxz-core:speciﬁcl-lazard’l‘ype xlink:href="http://inspire.ec.ecuropa.cu/codelist/SpecificHazard Type Value/landslideSusceptibility"
nz-core: cation>
dnz-core'typeOfHazard>
<nz-core:source xlink:href="#id_0110024500"/>
— <nz-core:geometry>
— <gmli:Polygon gml:id="_525a36b2-7f65-4627-9bff-b8a41c1539de" srsName="EPSG:3044">
— <gml:exterior>
— <gml:LinearRing>
+ <gml:posList></gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</nz-core:geometry>
— <nz-core:likelihoodOfOccurrence>
— <nz-core:LikelihoodOfOccurrence>
<nz-core: quahtauveleehhood>Pg4</nz core.quahtatnveleehhood>
: 7>

mz-core.assessmentMethod xlxnk href—"hnp /iwww.cartografiarl.regione.liguria.it‘PianiDiBacino/PdBSpezia/PDB_. AmbltolQ.asp"'dove—Pg4">]
— <base2:DocumentCitation gml:id="doc_occ423">

— <gml:description>
shofile:TFFI PAT ioin‘Fornitore'Provincia di 1.3 Spezia'PDR-AmbitolQ - Cinaue Terre
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*o,/' <ge.MappedFeature gml id—"FeamreIDl >

<gml:identifier codeSpace="http://sgi.isprambiente.it/geodata/">Geo1MDB</gml:identifier>
— <ge:shape>

+ <gml:MultiSurface gml:id="test1"></gml:MultiSurface>

</ge:shape>

<ge:mappingFrame xlink:href="http://sweet.jpl.nasa.gov/ontology

fearthrealm.owl#LandSurface"/>

<l!-- Geological part -->
— <ge:specification>

— <ge:GeologicUnit id="GU_1">

— <ge:inspireld>
— <base:Identifier>

<base:localld>InspireID_1</base:localld>
<base:namespace>ISPRASGI_Geo</base:namwpace>

~
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LANDSLIDE AND FLOOD MODEL
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S. Bernardino

satuary

DENOM == [FRANE COMUNE
Gspizio nel Santuaro di Nostra Signora del Soviore [forestera |
Torre Aurora [ToRRE | ZFED
Gratorio di Santa Caterina oratorio I Vernazza
STATUA DI NETTUNO (C.5. GIGANTE) Stawa/Compl nenio civile
s8cc Torre quadrata del castello TORRE TPa4
. A chiesa Frana 2011, po 60 (buf{Vernazza
" Bens non mligiosn Residenza/Abitazione/Casa/Ediicio| Pg3b. Vernazza
Torre, Cambanie [CHIESA Monterosso
Gratorio Monierosso
Bone non religraso RESTI Poa Monierosso
TORRE Vernazza
. Murs omplesso o eaiict TVernazza
Reat! appella [ED) Vemnazza
HIESA ZED) ':Mcmerosso
» Monurmento CHIESA Vernazza
Palazzo/Palazzina Vernazza
Campanile/Torre campanaria Monierosso
Landalide hazard Palazzo/Palazzina Monterosso
RESTI Vernazza
2011 avent

A
2011 avert » PAI
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An important indicator of environmental impact is the interaction between
cultural heritage point and natural prone area, we need to take in account

in the disaster resilience evaluation.
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Landslide damage

Number, area and density of landslides (no./km?), landslide index (%) in the
regional, provincial and municipal territory of the pilot area

Landslides and Communication Infrastructures

R | | Environmental impact
Critical points along the highway, road and railway networks . .
Landslides and Residential Areas |ndlcat0rS d@VElOped

Urbanised surface affected by landslides, number of residential and public
buildings (i.e. schools, hospitals etc...) potentially exposed by landslides, (if

available the CTR vector layer of buildings in regional databases) EﬂVlron mental and SOCIO_

Population exposed to landslides phenomena

Number and % of exposed inhabitants in the area (only if data is available at econom IC ImpaCt Ind ICatO rS
egional and Local level -
e e e in progress

Input data: Inventory of Landslides Phenomena in Italy (IFFI Project), ISTAT
Sections of Population Census, Administrative Boundaries, geo-database of civic
numbers (if available in the Regional databases)

Landslides and Cultural Heritage
Number and % of exposed cultural heritage in the pilot area

Eanasilaes ana Egrlcuiture:

Impacts of the landslides on the agriculture (e.g. terraces) in terms of surface and

revenues (if available Land Use 1:10.000 among the Regional Database) Environmental and Socio_
Wm%

Estimation of potential damages and works for landslide risk mitigations (if economic impact indicators

available data on past events from National Department of Civil Protection)
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Major outcomes W Forum &Y

Development of landslide risk analysis models, based on datasets
compliant with the INSPIRE Directive or OGC standard;

Development a common Environmental (geohazard) Analysis system;

Definition of a procedure to evaluate environmental impacts, with a set of
indicators, to estimate the % of population, urban areas, infrastructures,
terraces and Cultural Heritage affected by landslide events;

Improve stakeholder and citizen awareness;

Improve the land use planning processes in the long-term, by suggesting
interventions aimed at mitigating the impacts;
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