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Agenda

BML A short introduction

Further Reducing the complexity, focusing on the essentials,
Development  properly deriving from and adapting existing standards,

EI\P/ICISISn the Establishing interoperability for a System-of-Systems

context

The big Mapping to SWE, Implementation-Examples
(w)hole
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Status-Quo: Borehole data in Germany

Geological Survey Organisations
(GSO) are responsible for the storage
of all borehole data in databases
(,,national law for deposits* —
Lagerstattengesetz)

Encoding standards of borehole

data
[ ] =SEP1
B =SEP2

| =SEP3 (most advanced)

= other data formats
(DABO, UHYDRO, BIS-BY, BDH-HE)




14 Geological Survey Organisations

1. Different levels of quality (incl. historical data errors)

2. Specific format extensions in each GSO

3. Specific usage of the same format (SEP3)

=>

1. Lack if interoperability between systems

2. Restricted exchange of borehole data

DABO

»
[ 9 v Linux A
Windows g

-

APACHE

=)
e

ORACLE | ORACLE &
SQL Server

3. Expensive data transformations in cross domain projects
e.g. Geothermal Energy, Carbon Capture & Storage

4. Economic losses: Engineering offices across Germany can't handle different

input formats without data preparation

OGC



Common Vocabularies &
a Siandardlsed Exchange Format
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BML: Code-Lists, Packages & Header

gapplicationSchemaxs
BoreholeML_Keyists

+ BoreholaStatusList

+ CarbonateContentlist

+ CasinghdaterialList

+ CasingString Typelist

+ ChronoStratigraphylist
+ CodingStandardList

+ CompactnessList

+ Consistencylist

+ DatabaseSourceList

+ DrillinghdethodList

+ DrillingPurposeList

+ Drilling ToolList

+ ElevationRefarenceSystemList
+ FillinghdaterialList

+ Flushing Typelist

+ GenesisList

+ GeoGeneasislist

+ GroundwaterObse neation TypeList
+ InstallationElementList
+ Interval Typelist

+ Inwestigation TypeList

+ LastHorizonList

+ LegalfwailabilityList

+ LewvelhethodList

+ LocationhdethodList

+ RockColorList

+ RockColorhdiztureList

+ RockMamelist

+ SampleTypelist

+ SamplingPurposelist

+ SegmentlatalualityList
+ TechnicalfovailabilityList
+ WaterContentList

o Boekolelfl Dosain Mdoad'el)

wleafs
Idertific=tion

+ BareholeProvider
+ BoreholeSegment

+ Origin

wimporte

ez~ — 3>

wleafs
Borehole

wimports

+ Borehale
+ Deathintenial

wimports
«leafs
Orilling
+ Groundiater
+ GroundwaterObsencation
+ DrillingProcess
+ BarehaleFilling
+ InstallationD etails
+ CasingString
+ CaszingStringSegment
+ SpaceFilling
+ Investigation
+ Sampling

wimports
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+ Inte
+ L3y
+ Inte
+ Con
+ Lith
+ Stra

wfeaturaTypesn
Borzhole::Eaorehale

location: &M_Point
boreholeFath; h_Cune
id: CharactarString
language: LanguageCade
horName: LocalisedCh .11
fullName: LocalisedCharacterString
databasaSource: DatabaseSourcalist
totallength: Length

exporiDate: Date

borehaleStatus: BoreholeStatuslist

: 1.7
codingStandard: CodingStandardList
organisation: BorehaleProvider

T

avoidablen
groundmaterEncountarad: Baolean
groundwater: Sroundwater [0..1]

borehaleiiebLink: URL [0.1]

drillinghethod: DrillinghdethodList
drillingbate: Thi_CalDate

lastHorizon: LastHorizonlist

drillingPurpose: DrillingPurpeseList

owner: CharacterString

project: CharactarString

layerDatalegalfvail: LegalivailabilityList [0..1]
layerDataTechévail: Teshnicalforailabilibelist [3..1]
installationLegalévail: Legaléwailabilitelist [01]
installationTechivail: TechnicalfwailabilityList [3..1]
groundwaterLevelDatalegalfvail: LegalivailabilityList [3..1]
groundmaterLevelDataTechAvail: TechnicalAvailabilityList [0..1]]

galfvail: LegalavailabilityList [0..1]
tTechfvail: Technical ilabilityList [0..1])
archiveD atalegalfoail: LegalévailabilityList [0..1]
archiveDataTechAwail: TechnicalAwvailabilityList [0.1]
scansLegalfvail: LegalfvailabilityList [0..1]

scansTechAwail: TechnicalfwailabilityList [0..1]
sampleslegalfvail: LegalAvailabilityList [3..1]
zamplesTechfvail: TechnicalfvailabilityList [0..1]
labDatalegalAvail: LegalfwailabilityList [0..1]
lablataTechAvail: TechnicalfvailabilityList [0..1]

origin: Origin

intervalSeries: IntervalSeries [0.7]

drillingProcess: DrillingProcess [1..7]

baorehaoleFilling: BoreholeFilling [0..1]

installationDetail: InstallationDetailz

investigation: Investigation [0.7]

sampling: Sampling [0.7]

T

wdataTypes
Borehale: Depthinierval

+ from: Length

+ to: Length

constraints
ftrom_to_walues}
ffram_to_uam}

wdataTypes

Identification:: BoreholeSegment

-

azimuth: Angle
inclination: Angle
segmentD ataQualit: SegmentDatadualitwlist

+ o+

constraints
fazimuth_values}
fazimuth_uom}
finclination_values}
finclination_uam}

G RespamsibleParty

wdataTwpes
Idertification::BoreholeProvidar

-G ResporsibleFarty
+ individualMame: CharacterSting [0..1]

+ tionName: CharacterSting [0..1]
+ positionMame: CharacterString [0..1]
+
-

contactinfo: CI_Contaet [0..1]
rale: Cl_RaleCode

constrairts
forgNa_coun_adma_notEmpty]
froleCode}

funused_elaments}

constraints
ftotalLength_minalue}
Itotallength_uam}
IboreholePath_linear_interpolation}

IlayerDatafuail_consistenoy}
Jinstall ationwail_sonsisten oy}
Iaroundwaterfvail_consistencyl
IboreMeasureAvail_consistency}
{archiveDataAvail_consistenoyl
IreansAvail_sonsistancy}
Jsamplestvail_consistency}
IlabD atadwail_sonsistency}
Ieoardinate Systams}

adataTypes
Identification:: Origin

{id_databaseSourca_sncoding}

+ originallocation: DirectFosition

+ alevation: DirectPosition
wwoidables

+ locationMethod: LocationtethodList
+ levelbdethod: LewelbethodList




Encoding: Layer & Drilling

wdataTypen
Layers :Interval Series

+ i LocalizedCh
+ layer Interal [1.7] {ordered}
wvoidables

+ warsion: CharacterSting [2..1]

adataTypen
Layers:Layer

wwoidables

rackCode: CharacterSting [0..1]

rockMameTexd: Localised CharaclerString [0..1]
interval Type: Intenval TypeList [0..1]

genasis: GenesisList [1..1]

qeoGenesis: GeoGenesisList [0..1]
carbonateContent: CarbonateContentlist [0..1]
waterontent: WiaterContentList [J..1]
consistency: ConsistencyList [0..1]
compactness: CompactnessList [0..1]
deseriptiveText: LocalisedCharacterSting [0..1]
lithalogy: Lithalogy [1..9]

stratigraphy: Stratigraphy

[ I

wdataTypes
BorehaleDepthlaterval

+ fiom: Length
+ to: Length

constraints
ffrom_to_values}
ffrom_to_uom}

wdataTypen
Drilling: DrillingProcess

A

+

wraidables
drillingMethod: DrillingMethodList

Drilling

wdataTypen
InstallztionDetails

+ casingSting: CasingString [1.7]
evnidablen

+ installationDate: Thi_Calbate 1]

+ deseription: LocalisedCharacterString [0.1]
spaseFilling: SpaceFilling [0.7]

5

Drilli

wdataTypen
ng::CasingString

5

casingStringNumb

5

+ drillingTool: DrillingTeclList
+ dillholeDiameter Distance
+ AlushingType: FlushingTypeList [0 1]
sonstraints

{allattibutes_notEmph}
{diameter_value}
{diameter_uom}

Depthirtenis!
{from_to_walues}
{from_to_uom }

wdataTypes

Drilling:: Sampling

+ sampleType: SampleTypelist
wroidables

casingStrinaType:

=r: Integer
CasingString Typelist
i

.71

constraints

{sasingStingHumber_valuesh

+ samplingPurpose: SamplingPurposeList

Depthintenal wdataTypen
adataTypes Layers:Componert
Layers:interval
wroidablen
wwoidables + from: Length
+ sublayer Component [1.7] fordered} + to: Length
constraints constraints
Depthintoria) Ifram_to_walues}
Ifrom_to_values} ffrom_to_uom}
Ifrom_to_uam }
Layer
[ rockCode_consistency }
adataTypes «dataTypes
Layers: Lithology Layers:Stratigraphy
+ rockHame: RockMameList wwnidablen
wwoidables + e : Chre i ist [3..1]
+ percentage: Decimal [0..1] +  lithoStrat hy: LocalizedCharast .1
+ percentageFrom: Decimal [0..1]
+ percentageTo: Decimal [3..1] constraints
+ rockColor RockColorList [3..1] {stratigraphy_notEmpty}
+  rockCalomizture: RockColoMistureList [0..1]
constraints
{percentageFromTo}

constraints
:Deptiintzrial
{from_to_values}
{from_to_wom}
adataTypen

Drilling: Investigation

+ nwestigationTyps: Investigation TypeList

wroidablex
+ from: Length
+ fer Length

constraints
ffrom_to_values}
ffrom_to_uom}

edataTypes

Drilling:: BorenoleFilling

+ bareholeFillinghsterial: FillinghtsterislList

wdataTypen

Drilling:-CasingString Segment

P

Install. ist

evoidables
+ diameter Distano
+ casingMaterial: C

e
asingMaterialList

+ wallThickness: Distance

{distance_usm}
{diameter_value}
{wall Thickness_value}
Depthinteral
{from_to_values}
{from_to_uom }

constraints

orill

wdataTypen
ing::SpacaFilling

+ spaceFillingMaterial: FillingMaterialList

“Depthintrval

constraints

Depthiterial
{from_to_walues }
gfrom_to_uom}

{from_te_valuss}
{from_to_uom}

constraints

wdataTypen
Orilling - Groundwater

wvoidablen

+  entyDapth: Length [0 1]

+ entyDateTime: TW_Position [0.1]

+ balansedLevel: Length [0..1]

+ balancedDateTime: Th_Position [2..1]
+ endlevel: Length [01]

+ endbateTime: Thi_Fosition [0.1]

adstaTypes

Drilling:: Broundvrater Dbservation

+ dillingDepth: Length
+ ObservationType:

Observation TypeList

evoidables
+ dateTime: Thi_Puosition

sonstraints
{endLevel_value}
{balancedLeve|_valus}
{entryDepth_uam}
{entyDepth_walue}
{enDh_ball_enLI_notEmpty}

+ groundwaterLevel: Length
+ overflow: Boslean

constraints
{awLevel_value_uom}
{drillingDepth_value_uom}




Code-List: Petrography
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FURTHER DEVELOPMENT
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YAML? Yes and No!

* Yes * No

 GML Application Profile * Focus on Dictionaries and
with specific Syntax Vocabularies (Semantics)

* No clear separation of « Legacy Format since 2000
Data, Syntax and Metadata  « volatile, 1 : 1 Mapping to SWE
(Version 3.0.1) possible with no restrictions

* Re-Inventing the wheel (like
many others: ...)

OGC



BML 3.0.1 => BML 4.0 => SWE

AN/ AN

A" /
—

BML 4.0

Reduction of elements by
— Use of existing encodings
* e.g. Availability
— Use of Dictionaries
* e.g. groundwaterEncountered

Application of galdos best practices
Composite Pattern

Harmonisation

— Naming

— Using context e.g.
spaceFillingMaterial < material

Application of geological Terms to
— Syntax and/or
— Code-Lists

OGC

« SWE: SensorML & O&M

« 1 : 1 Mapping with inherent
application of
— principles applied to v4.0
— GML & ISO 19xxx

e Controlled Vocabularies
» Clear Separation of
— Data

— Metadata
— Semantics

* GML, CSV, JSON, X3D, SVG



GML Property & Composite Pattern

* property, e.g. installationDetalls

— Class, e.g. SpaceFilling

* implementation or property, e.g. series of intervals, types, code lists,
references, and description

Terms: Litho Stratigraphy

<bml:interval>
* Supergroup <bmi:Member>
<bml:range><swe:uom/></bml:range>
¢ GI‘Oup <bml:Layer>
<bml:range><swe:uom/></bml:range>
 Su bgroup <bml:lithology>

e F t' <bml:rockName/>
ormation </bml:lithology>

e Member <bml:stratigraphy/>
</bml:Layer>

o Layer </bml:Member>

OG C® </bml:interval>



Common Model for Depth &
Depth-Interval Derivations

O
e

Observations aka Layers

Borehole Segment
Groundwater
Groundwater Observation
Interval Series

Sampling

Installation Detalls aka Drilling

Borehole Filling
Casing String
Drilling Process
Investigation
Space Filling

Interval

IntervalSeries Interval
IntervalSeries <
IntervalSeries

SubLayer
((UCERYEISTEES))

Interval

INEEISTETES

Interval

OGC



Interval Series

« 3.0.1: intervalSeries (1..n) « 4.0: depthintervalSeries (1)
* IntervalSeries . (1..n)
— layer (1..n) — aka layer
 Interval . aka Interval (Class)
— lithology — (a property)
» Lithology » Lithology (Class)
— stratigraphy — stratigraphy
» Stratigraphy -
» chronoStratigraphy » Class)
» lithoStratigraphy » (Class)
— sublayer (1..n) — aka sublayer
» Component » Component

Layer, Formation, Chrono/LithoStratigraphy, etc.
OG C® are Classes! Implementation of an interval



Casing String & Space Filling

O
« BML 3.0.1 * BML 4.0
* installationDetalil (1) * installationDetail= (1)
— InstallationDetails — -
 casingString (1..n) « CasingsString (1..n)
— CasingString — -
» casingStringNumber » (1)
» casingStringType » (1)
» casingStringSegment (1..n) » aka segment (1..n)
» CasingStringSegment » =mm=
» spacekFilling (1..n) « SpacekFilling (1)
— SpaceFilling — aka spacekFilling (1..n)
» spaceFillingMaterial » (1)

OGC



Establish a domain-specific controlled vocabulary on the basis of
common protocols and encodings

BOREHOLE-MANAGEMENT IS
ONLY ONE SMALL PART IN
THE CONTEXT OF EPQOS

OGC
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\\ |
EPOS A SYSTEI\/I OF-SYSTEMS

Borehole-Management
Subsurface-Management
3D Basin-Modelling

Early Warning
Observatories

OGC




GML, BML, WITSML, GeoSciML, ...
CSV, GOCAD, ...
JSON

OGC




Modelling areas susceptible to earthquake induced
-~ landslides

. Static (Models and Measurements)
— 3D Model of Surface Process Dynamics (e.g. Soil-Erosion, proprietary GOCAD)

— 3D Vector-Field of Land Displacements
— 3D Model of Earthquake Distribution (e.g. Magnitude, QuakeML)
— 2D/3D Model of geological environment (proprietary GOCAD)
— Digital Terrain Model (e.g. Slope, DEM)
— Climate Measurements (e.g. Trends, dwGML)
— Borehole Measurements (e.g. Geological Layers, BML)
— Facility Management (e.g. Buildings, CityGML)
« Dynamic (Monitoring)
— Borehole Observations (e.g. Groundwater-Level)
— GPS based Observations
— Earthquake Observations
— Weather Observations (e.g. Rain)

Use Cases: Assessing levels of risk & Prediction of possible damages

OGC



Separation of ...

 Structure (Syntax) « Data
— XML — JSON, CSV
— JSON — O&M, GML
—CSV f — X3D, SVG
 Metadata
— SO 19139, ISO 19xxx
— SensorML

« Semantics

— RDF, RDF-Schema,
OWL

— GML, SWE

OGC



Establish interoperability for 1..n domains with one and only one
encoding

THE BIG (W)HOLE

OGC



3D-Model: Gravity Field, Slab, EQ, Vp x3p)




Modelling a Sensor (aka Process)

<?xml version="1.0" encoding="UTF-8"?>
<sml:SimpleProcess gml:id="Krige" xmlns:sml="http://opengis.net/sensorml"
xmlns:xlink="http://w3.0rg/1999/xlink" >

<sml:identification> Approximation of a Contour-Plot
<sml:IldentifierList> ) ) ; ..
<sml:identifier> from a Scalar Field of Seismic Velocities
<sml: Term>

<sml:label>Processing Method</sml:label>
SensorM L <sml:value>Kriging</sml:value>
</sml:Term> Data Retrieval (Measurements)

</sml:identifier> e.g. Scalar Field of Seismic Velocities and Earthquakes
</sml:ldentifierList>

</sml:identification> , . : .
<sml:inputs> (Pre-) Processing: Approximation of geological structures

<sml:InputList> e.g. TriCubic Spline Interpolation
<sml:input name="Vp-Field“/>
</sml:InputList> =
</sml:inputs> :
<sml:outputs> e.g. Marching Cubes
<sml:OutputList>
<sml:output name="Contour-Plot"/:
</sml:OutputList>
</sml:outputs>

e.g. Spatiotemporal Trend Analysis

<sml:parameters> h
<sml:ParameterList>
<sml:parameter name=“nugget"/> e.g. Geometry Simplification, Aggregation

</sml:ParameterList>
</sml:parameters>
</sml: SlmgIeProcess>

e.g. Generation and Aggregation of X3D




Observation of a Scalar Field

Q-
<?xml version="1.0" encoding="UTF-8"?>
<om:OM_Observation gml:id=,Vp_Andes*

<om:phenomenonTime/> <om:resultTime/>
<om:procedure xlink:href="urn.ipoc.kriging"/>
<om:observedProperty xlink:href="urn.ipoc.vp"/>
<om:featureOfinterest xlink:href="urn.slab.andes" />
<om:result xlink:href="http:/IPOC/Vp/SE.csv">
<l-- Scalar Field (Data), CSV encoding -->
<swe:DataStream>
<swe:encoding><swe:TextEncoding
tokenSeparator=",,,
blockSeparator="&#;,,
decimalSeparator="."/>
</swe:encoding>
<!-- longitude,latitude,scalar value -->
<swe:values>
1,1, 42
1 2, 42
1 3, 42
</swe:values>
</swe:DataStream>
</om:result>
</om:OM_Observation>

O&M

OGC

Data Definition,
“Header”

<?xml version="1.0" encoding="UTF-8"?>
<swe:DataArray
<swe:elementCount/>
<swe:elementType unit_name="ScalarField">
<swe:DataRecord id="SF_CSV_Definition">
<swe:field unit_name="longitude">
<swe:Quantity>
<swe:uom xlink:href="m"/>
</swe:Quantity>
</swe:field>
<swe:field unit_name="latitude">
<swe:Quantity>
<swe:uom xlink:href="m"/>
</swe:Quantity>
</swe:field>
<swe:field unit_name="value">
<swe:Quantity>
<swe:uom xlink:href=,Vp"/>
</swe:Quantity>
</swe:field>
</swe:DataRecord>
</swe:elementType>
</swe:DataArray>

SWE Common



Observation of a Vp Cross-Section

Q-
<?xml version="1.0" encoding="UTF-8"?>
<om:OM_Observation gml:id="Cross_Section_Subductionzone_Andes "
xmlns:gml="http://www.opengis.net/gml/3.2" xmIns:xlink="http://www.w3.0rg/1999/xlink"
xmlns:swe="http://www.opengis.net/swe/2.0" xmIns:om="http://www.opengis.net/om/2.0">
<om:phenomenonTime/>
<om:resultTime/>
<om:procedure xlink:href="urn.gfz_potsdam.numerical_model.kriging"/> O& M
<om:observedProperty xlink:href="urn.gfz_potsdam.structure.subduction.structure"/>
<om:featureOfinterest>
<gml:MultiCurveCoverage gml:id="Vp_66W_23S">
<gml:domainSet/>
<gml:rangeSet>
<gml:ValueArray gml:id="ScalarField_Vp_66W_23S"/>
</gml:rangeSet>
</gml:MultiCurveCoverage>
</om:featureOfInterest>
<om:result xlink:href="http://gfz_potsdam.de/IPOC/seismic_velocity/isolines.svg">
<!-- Approximated Geological Structure (Contour-Lines) -->
<svg style="fill-opacity:1;" xmIns="http://www.w3.0rg/2000/svg" >
<defs id="genericDefs"/>
<g style="fill:blue; stroke:blue;">
<path d="M105.1296 56.2529 L 110.2591 56.1232 1.115.3887 56.1044 Z"/>
<path d="M105.1296 56.32 L.110.2591 56.1839 L 115.3887 56.1642 72" />
</g>
</svg>
<lom:result> Contours have been “observed”

</om:OM_Observation>

OGC




3D-Model: Vp 8.8 Bodies (x3p)

,d'
. "

] / . 4

f TE P -

Data Mining:
Approximation (Kriging) of geol. structures from a Scalar Field of Seismic Velocities (Vp)




Code-List: ChronoStratigraphy

<?xml version="1.0" encoding="UTF-8"?>
<swe:DataArray id="Cenozoic_Systems" xmlIns:swe="http://www.opengis.net/swe/2.0"
xmlns:xlink="http://www.w3.0rg/1999/xlink" >
<swe:values>
<swe:field unit_name="systems">

<swe:TimeRange>
<swe:value>0.0 2.58</swe:value> SWE CO m m O n
</swe:TimeRange>
<swe:Text><swe:value>Quaternary</swe:value></swe:Text>
</swe:field>
<swe:field unit_name="Quaternary Series">
<swe:DataArray id="Quaternary_Series" definition="series">
<swe:values>
<swe:DataRecord id="Q2">
<swe:field unit_name="timerange">
<swe:TimeRange>
<swe:value>0.0 0.0117</swe:value>
</swe:TimeRange>
</swe:field>
<swe:field unit_name="unit_name">
<swe:Text><swe:value>Holocene</swe:value></swe:Text>
</swe:field>
</swe:DataRecord>
</swe:values>
</swe:DataArray>

_ </swe:field>
‘ ’<_/sw_e:_valyes>

</swe:DataArray>



Measurement of Geological Layers

<bml:intervalSeries> <bml:IntervalSeries> <bml:layer>
<bml:Interval>
<bml:from uom="m">0.0</bml:from><bml:to uom="m">2.5</bml:to>
<bml:rockCode>G</bml:rockCode> <bml:rockNameText>Granit</oml:rockNameText>
<bml:lithology>
<bml:Lithology> B ML 301
<bml:rockName codeSpace=codelists/rnl">KMat</bml:rockName>
<bml:percentage>100.0</bml:percentage>
</bml:Lithology>
</bml:lithology>
<bml:stratigraphy>
<bml:Stratigraphy>
<bml:chronoStratigraphy codeSpace="codelists/ChronoList.xml|">D</bml:chronoStratigraphy>
<bml:lithoStratigraphy>Devony</bml:lithoStratigraphy>
</bml:Stratigraphy>
</bml:stratigraphy>
<bml:sublayer xsi:nil="true"> <bml:Component/> </bml:sublayer>
</bml:Interval>
</bml:layer>

<svg xmlns="http://www.w3.0rg/2000/svg" width="100%" height="100%">
<defs>
<pattern id="urn.petro.solid_rock" style="opaque" stroke=,,red">
<image width="35px" height=“14px“ xlink:href=“http://infogeo.de/img/litho/solid_rock.png"/>

/
_ </q:f§it.tem> ® SVG
a3 C




3D-Model, Map, Stratigraphyxsp, sva, Json)

S o Norian
me e EE (208 5 - 227 Ma)

FLLTLK
FLLLLELLLL T

e L

el T ad T
2 as 2w 2l

Py 3
At oas 2t e time range ® even space -
il Chronostratigraphy  Phanerozoic Mesozoic - Upper Triassic Norian (208.5 - 227 Ma)
2e o ss se s

s S
2 s 2e

Fr
2 g s

xS
22 s 2e

ey

s g

EEEE LR

ok 2120

R e R Y

Kl = Continental Deep Drilling Programme of Ger
RSy Calliper, Azimuth, Deviation




Thank you for your attention ...

... and for no more MLs

Rainer Haner

Centre for Geolnformation Technology Helmholtz Centre (CeGIT),
GFZ German Research Centre for Geosciences Potsdam

E-Mail: rainer.haener@gfz-potsdam.de
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Installations ... of SWE

GITEWS (German Indonesian Tsunami Early Warning System)

*http://www.gitews.org/

*productive operation

*seismology, CGPS, simulation, buoys, ocean bottom units, tide gauges
«focuses on processing sensors (Seismic System, CGPS and Simulation)

DEWS (Distant Early Warning System)

*http://www.dews-online.org/

*wide area network of systems and resources
*prototypical implementation of a system of systems
«information logistics and dissemination

CAWa (Central Asia Water, a Regional Research Network)

*http://www.cawa-project.net/portal/cms/CAWa
+scientific data basis for the development of sustainable water management strategies in Central Asia
*monitoring, analysis, modelling, planning and prediction

TRIDEC (Collaborative, Complex and Critical Decision-Support in Evolving Crises)

*http://tridec.gfz-potsdam.de/

*putting focus on knowledge management, choreography and service orchestration

*emphasising adaptivity, evolution and collaboration

«two completely different scenarios (proof of concept)
*natural crisis management (tsunami warning in North-eastern Atlantic and Mediterranean region)
*industrial subsurface development (planning and operation of drilling projects)
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