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1. Executive Summary

The Space Physics Archive Search and Extract (SPASE) consortium has defined a base
information model for describing scientific data and related resources. This document defines a set
of extensions for describing the simulation models, runs and the resulting data (numerical or

display).

The SPASE Simulation Extensions were originally developed by the Integrated Medium for
Planetary Exploration (IMPEX) project, a European Union (EU) Seventh Framework Programme
sponsored project, which was subsequently endorsed by the SPASE consortium.

The SPASE group websiteis located at http://www.spase-group.org/

A PDF version of this document can be downloaded from the SPASE site.
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2. Introduction

The SPASE (Space Physics Archive Search and Extract) Data Model is a set of terms and values
along with the rel ationships between them that allow describing all the resourcesin a heliophysics
data environment. It isthe result of many years of effort by an international collaboration (see
http://spase-group.org) to unify and improve on existing Space and Solar Physics data models. The
intent of this Data Model is to provide the means to describe resources, most importantly
scientifically useful data products, in a uniform way so they may be easily registered, found,
accessed, and used.

2.1. History of Development

The original implementation of the SPASE Simulation Extensions was developed by the EU FP7
IMPEX project (http://impex-fp7.oeaw.ac.at/). In 2014 the SPASE consortium endorsed and
adopted the extensions as a part of the SPASE Data Mode!.

3. Guideto the SPASE Data M ode€l

3.1. Resource Types

Thetop level entity in the SPASE data model is a Resource. There are 4 different types of
resources in the Simulation Extensions. These extensions can be used along side the resources
found in the SPASE Base Data Model. Each resource type consists of a set of attributes that
characterize the resource. The Simulation Extensions are:

SimulationRun,
SimulationModel,
Numerical Output, and
DisplayOutput

The Simulation Extensions also override the Granule and Particle classes in the base SPASE
schema.
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4. The Data M odel Presented Hierarchically

The taxonomy tree shows the inter-relationship of elementsin the data model. This provides a"big
picture" view of the SPASE data model. This taxonomy isimplementation neutral. Details for each
element are contained in the data dictionary.

Notes: Occurrence specifications are enclosed in parenthesis: O = optional, 1 = required, * = zero
or more, + =1 or more

+ Spase (1)

| + Version (1)

| + Catalog (+ of A)

| + DisplayData (+ of A)

| + NumericalData (+ of A)
| + Document (+ of A)

| + Granule (+ of A)

| | + Resourcel D (1)

| | + ReleaseDate (1)

| | + ExpirationDate (0)

| | + ParentID (1)

| | + PriorID (*)

| | + StartDate (1 of B)

| | + RegionBegin (1 of B)
| | + StopDate (1 of C)

| | + RegionEnd (1 of C)

| | + Source (+)

| + Instrument (+ of A)

| + Observatory (+ of A)

| + Person (+ of A)

| + Registry (+ of A)

| + Repository (+ of A)

| + Service (+ of A)

| + Annotation (+ of A)

| + SimulationModel (+ of A)
| | + Resourcel D (1)

| | + ResourceHeader (1)

| | + Versions (0)

| | | + ModelVersion (*)

| | | | + VersionTag (0)
| | | | + ReleaseDate (1)
| | | | + Description (0)
| | | |  +Caveas(0)

| | + SimulationType (1)

| | + Codel anguage (0)

| | + Tempora Dependence (0)

| | + Spatial Description (0)

| | | + Dimension (1)

| | + CoordinateSystem (1)
| | + Units (1)

| | + UnitsConversion (0)
.

|
I
|
| + CoordinatesL abel (0)
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| + CutsDescription (1 of D)

| + PlaneNormalVector (1 of E)
| + PlanePoint (1 of E)

| + CubesDescription (1 of D)
| + RegionBegin (1 of F)

| + RegionEnd (1 of F)

|  +Sep(0)

+ SimulatedRegion (*)

+ InputProperties (0)

+ Property (*)

| + Name (0)

| + Description (0)

| + Caveats (0)

| + PropertyQuantity (1)
| + Qualifier (*)

| + Units (0)

| + UnitsConversion (0)
| + PropertyLabel (0)

| + PropertyVaue (0)

| + Property TableURL (0)
| + VaidMin (0)

| + VaidMax (0)

| + PropertyModel (0)

| + ModelURL (0)

+ OutputParameters (0)

| + Parameter (*)

+ ModelURL (0)

+ SimulationRun (+ of A)

| + Resourcel D (1)

| + ResourceHeader (1)

| + Accessinformation (*)

| + ProviderResourceName (0)
| + ProviderProcessingLevel (0)
| + ProviderVersion (0)

| + Modé (0)

| | + ModelID (0)

| | + VersionTag (0)

| + Tempora Dependence (0)

| + SimulatedRegion (+)

| + LikelihoodRating (0)
|

|

|

I

|

|

|

|

|

I

|

+ Caveats (0)

+ Keyword (*)

+ InputResourcel D (*)
+ SimulationTime (0)

| + Description (0)

| + Caveats (0)

| + Duration (0)

| + TimeStart (0)

| + TimeStop (0)

| + TimeStep (0)

| + DiagnosisTimeStep (0)
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| | + TimeStart (1)
| | + Duration (1)
| | + SavedQuantity (*)
+ SimulationDomain (0)
| + CoordinateSystem (1)
| + Description (0)
| + Caveats (0)
| + SpatialDimension (1)
| + VelocityDimension (0)
| + FieldDimension (0)
| + Units (1)
| + UnitsConversion (0)
| + CoordinatesL abel (0)
| + VaidMin (0)
| + VaidMax (0)
| + GridStructure (0)
| + GridCellSize (0)
| +Symmetry (0)
| + BoundaryConditions (0)
| | + ParticleBoundary (0)
| | + FieldBoundary (0)
+ RegionParameter (+ of G)
+ SimulatedRegion (0)
+ Description (0)
+ Caveats (0)
+ Radius (0)
+ SubL ongitude (0)
+ Period (0)
+ ObjectMass (0)
+ InputTableURL (0)
+ Property (*)
| + Name (0)
| + Description (0)
| + Caveats (0)
| + PropertyQuantity (1)
| + Qualifier (*)
| + Units (0)
| + UnitsConversion (0)
| + PropertyLabel (0)
| + PropertyValue (0)
| + Property TableURL (0)
| + VdidMin (0)
| + ValidMax (0)
| + PropertyModel (0)
| + ModelURL (0)
InputParameter (+ of G)
+ Name (1)
+ Description (0)
+ Caveats (0)
+ SimulatedRegion (*)
+ InputTableURL (*)

I
I
I
I
I
I
I
|
I
I
I
I
I
I
|
I
|
I
I
I
I
I
I
+
I
I
I
I
I
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+ Qualifier (*)

+ ParameterQuantity (0)

+ Property (+)

| + Name (0)

| + Description (0)

| + Caveats (0)

| + PropertyQuantity (1)
| + Qualifier (*)

| + Units (0)

| + UnitsConversion (0)
| + PropertyL abel (0)

| + PropertyVaue (0)

| + Property TableURL (0)
| + VaidMin (0)

| + VaidMax (0)

| + PropertyModel (0)

| + ModelURL (0)

+ InputPopulation (+ of G)

| + Name (1)

| +Set(¥)

| + ParameterKey (0)

| + Description (0)

| + Caveats (0)

| + SimulatedRegion (*)

| + Qualifier (*)

| + ParticleType (0)

| + Chemical Formula (0)

| + AtomicNumber (0)

| + PopulationM assNumber (0)
|

|

|

|

|

|

|

|

I

|

+ PopulationChargeState (0)
+ PopulationDensity (0)
+ PopulationTemperature (0)
+ Popul ationFlowSpeed (0)
+ Distribution (0)
+ ProductionRate (0)
+ Total ProductionRate (0)
+ InputTableURL (0)
+ DensityProfile (0)
+ ModelURL (0)
+ InputField (+ of G)
| + Name (1)
| +Set(¥)
| + ParameterKey (0)
| + Description (0)
| + Caveats (0)
| + SimulatedRegion (*)
| + CoordinateSystem (0)
| + Qualifier (*)
| + FieldQuantity (1)
| + Units (0)
| + UnitsConversion (0)
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| + InputL abel (0)

| + FieldValue (0)

| + InputTableURL (0)

| +ValidMin (0)

| + ValidMax (0)

| + FieldMode (0)

| + ModelURL (0)

+ InputProcess (+ of G)

| + Name (1)

| +Set(¥)

| + ParameterKey (0)
| + Description (0)

| + Caveats (0)

| + SimulatedRegion (*)
| + ProcessType (1)
| + Units (0)

| + UnitsConversion (0)

| + ProcessCoefficient (0)
| + ProcessCoeffType (0)
| + ProcessModel (0)

| + ModelURL (0)

+ Extension (*)

+ NumericalOutput (+ of A)

+ Resourcel D (1)

+ ResourceHeader (1)

+ Accessinformation (+)

+ ProcessingLevel (0)

+ ProviderResourceName (0)

+ ProviderProcessingLevel (0)
+ ProviderVersion (0)

+ SimulatedinstrumentID (*)

+ MeasurementType (+)

+ Temporal Description (0 of H)
+ Spatia Description (0 of H)

| + Dimension (1)

| + CoordinateSystem (1)

| + Units (1)

| + UnitsConversion (0)

| + CoordinatesL abel (0)

| + CutsDescription (1 of D)

| + PlaneNormalVector (1 of E)
| + PlanePoint (1 of E)

| + CubesDescription (1 of D)
| + RegionBegin (1 of F)

| + RegionEnd (1 of F)

|  +Step(0)

+ SpectraRange (*)

+ SimulatedRegion (*)

+ Caveats (0)

+ Keyword (*)

+ InputResourcel D (*)
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+ Parameter (*)

+ SimulationProduct (0)
+ Property (*)

| + Name (0)

| + Description (0)

| + Caveats (0)

| + PropertyQuantity (1)

| + Qualifier (*)

| + Units (0)

| + UnitsConversion (0)

| + PropertyL abel (0)

| + PropertyVaue (0)

| + Property TableURL (0)
| + VaidMin (0)

| + VaidMax (0)

| + PropertyModel (0)

| + ModelURL (0)

+ Extension (0)

+ DisplayOutput (+ of A)

+ Resourcel D (1)

+ ResourceHeader (1)

+ Accesslnformation (+)

+ ProcessingLevel (0)

+ ProviderResourceName (0)
+ ProviderProcessingLevel (0)
+ ProviderVersion (0)

+ Simulatedl nstrumentID (*)
+ MeasurementType (+)

+ Temporal Description (0 of H)
+ Spatia Description (0 of H)

| + Dimension (1)

| + CoordinateSystem (1)

| + Units (1)

| + UnitsConversion (0)

| + CoordinatesLabel (0)

| + CutsDescription (1 of D)
| + PlaneNormalV ector (1 of E)
| + PlanePoint (1 of E)

| + CubesDescription (1 of D)
| + RegionBegin (1 of F)

| + RegionEnd (1 of F)

| +Step(0)

+ SpectraRange (*)

+ DisplayCadence (0)

+ SimulatedRegion (*)

+ Caveats (0)

+ Keyword (*)

+ InputResourcel D (*)

+ Parameter (*)

+ SimulationProduct (0)

+ Property (*)
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| + Name (0)

| + Description (0)

| + Caveats (0)

| + PropertyQuantity (1)
| + Qualifier (*)

| + Units (0)

| + UnitsConversion (0)
| + PropertyL abel (0)

| + PropertyVaue (0)

| + Property TableURL (0)
| + VadidMin (0)

| + VaidMax (0)

| + PropertyModel (0)

| + ModelURL (0)

+ Extension (0)
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5. Guidelinesfor M etadata Descriptions of Products

The following sections describe the details of the SPASE Simulation Extensions to the Base Data
Model. Thereis arichnessin the available metadata that allows very detailed descriptions of
products. While there are optional elements, please remember that the better data are described, the
easier they will be to use.

To determine what level of detail that is needed, we recommend considering not only what the
user needs to find the data, but also what is necessary to know if the data will be useful for the
reguestor’ s purpose. The user might get this information by contacting you, but if the data were
moved somewhere else and only the data description were available to determine the utility of the
data, consider if the user would have sufficient information to know if thisisthe right data set and
what problems might be associated with the use of these data. Also consider if additional
documentation is necessary and if so create an Document resource and associate it with the data
resource. An"Information URL" may also be used to provide links to more detailed information.

In summary, products need not be described in minute detail, but users will need, at minimum,
information for assessing what the data products represent and where to find them. Of courseit is
also useful to include information on how the data can be applied and common pitfallsin their use,
but the first need is to make the products usefully visible.
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6. Examples

As an example let us describe a person using SPASE metadata. This person is "John Smith" from
Smith Foundation. While the SPASE data model is implementation neutral, XML representation is
preferred. This example uses the SPASE XML form.

<?xm version="1.0" encodi ng="UTF-8" ?>
<Spase>
<Ver si on>2. 0. 0</ Ver si on>
<Per son>
<Resour cel D>spase:// person/jsmth@mth. or g</ Resour cel D>
<Per sonNane>John Sm t h</ Per sonNane>
<Organi zati onNane>Smi t h Foundat i on</ Or gani zat i onNane>
<Address>1 Main St., Smithville, MA</Address>
<Emai | >j smth@m th. org</Enmi | >
<PhoneNunber >1- 800- 555- 1212</ PhoneNunber >
</ Per son>
</ Spase>

For amore extensive example let us consider a collection of numerical data from the
magnetometer on the ACE spacecraft. This data set has been averaged to 1 minute intervals
(cadence) and spans the beginning of the mission to the end of 2004 (1997-09-01 through
2004-12-31). The ACE spacecraft orbits the L1 point between the Earth and the Sun. While the
SPASE data model isimplementation neutral, XML representation is preferred. This example uses
the SPASE XML form. The presented URL s are fictitious and will not direct you to the actual
data.

<?xm version="1.0" encodi ng="UTF-8" 7>
<Spase>
<Ver si on>2. 0. 0</ Ver si on>
<Nuneri cal Dat a>
<Resour cel D>spase: // VMY Nuner i cal Dat a/ ACE/ MAG 200301</ Resour cel D>
<Resour ceHeader >
<Resour ceName>ACEMAG200301</ Resour ceNane>
<Rel easeDat €>2006- 07- 26T00: 00: 00. 000</ Rel easeDat e>
<Acknow edgenent >
User will acknow edge the data producer and instrunment P.l. in any

publication resulting fromthe use of these data.

</ Acknow edgenent >
<Descri pti on>

ACE MFI 1-m nute averaged nmagnetic-field data in GSE coordi nates

from Jan 2003. These data have been derived fromthe 16 second

resol ution ACE MFI which were linearly interpolated to a 1-mnute

tinme grid with tine stanps at second zero of each m nute.

</ Descri ption>

<Cont act >

<Rol e>Pri nci pal I nvesti gat or </ Rol e>

<Per sonl D>spase: / /| SMAE Per son/ Nor nan. F. Ness</ Per sonl D>
</ Cont act >

<Cont act >

<Rol e>Co- | nvest i gat or </ Rol e>

<Per sonl D>spase: // SMNE Per son/ Char | es. Sm t h</ Per sonl D>
</ Cont act >

<Cont act >
<Rol e>Dat aPr oducer </ Rol e>

-11-
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<Pr esonl D>spase: // SMNF Per son/ Janes. M Weygand</ Pr esonl D>
</ Cont act >
</ Resour ceHeader >

<Accessl nf ormati on>
<AccessRi ght s>Open</ AccessRi ght s>
<AccessURL>

<URL>htt p: // www. i gpp. ucl a. edu/ get Resour ce?f or mat =t ext & d=spase: // UCLA/ ACENVAG200
301</ URL>
</ AccessURL>
<For mat >Text </ For mat >
<Encodi ng>G&ZI P</ Encodi ng>
</ Accessl nf ornati on>

<I nstrunent | D>spase: / / SMAG ACE/ MAG</ | nst rument | D>
<Measur enment Type>Magnet i cFi el d</ Measur enent Type>

<Tenpor al Descri pti on>
<Ti meSpan>
<Start Dat e>1997-01- 01T00: 00</ St ar t Dat e>
<St opDat €>2004- 01- 31T23: 59</ St opDat e>
</ Ti neSpan>
<Cadence>PT1M/ Cadence>
</ Tenpor al Descri pti on>

<l nst runent Regi on>Hel i ospher e. Near Ear t h</ | nst r unent Regi on>
<Cbser vedRegi on>Hel i ospher e. Near Ear t h</ Obser vedRegi on>

<Par anet er >
<Name>SAMPLE_TI ME_UTC</ Nane>
<Par amet er Key>t i me</ Par anet er Key>
<Descri pti on>
Sanple UTC in the form DD MM YYYY hh mm ss where

DD = day of nonth (01-31)

MM = nonth of year (01-12)
YYYY = Gregorian Year AD

hh = hour of day (00: 23)
mm = mnute of hour (00-59)
Ss = second of m nute (00-60).

</ Descri ption>
<Support >
<Suport Quantity>Tenpor al </ Suport Quantity>
</ Support >
</ Par anet er >

<Par anet er >
<Nanme>MAGNETI C_FI ELD_VECTOR</ Nane>
<Uni t s>nT</ Uni t s>
<Coor di nat eSyst enw
<Coor di nat eRepr esent ati on>Cart esi an</ Coor di nat eRepr esent ati on>
<Coor di nat eSyst emNanme>GSE</ Coor di nat eSyst enNane>
</ Coor di nat eSyst en»
<Descri pti on>
Magnetic field vector in GSE Coordi nates (Bx, By, Bz).
</ Descri pti on>
<Fi el d>
<Qualifier>Vector</Qualifier>
<Fi el dQuantity>Magneti c</Fi el dQuantity>
</ Fi el d>
</ Par anet er >

<Par anet er >
<Nane>SPACECRAFT_PGCsSI TI ON_VECTOR</ Nane>

-12-
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<Coor di nat eSyst en»
<Coor di nat eRepr esent ati on>Cart esi an</ Coor di nat eRepr esent ati on>
<Coor di nat eSyst emNanme>GSE</ Coor di nat eSyst emNane>
</ Coor di nat eSyst en»
<Uni t s>EARTH RADI | </ Uni t s>
<Uni t sConver si on>6378. 16 knx/ Uni t sConver si on>
<Descri pti on>
ACE spacecraft |ocation in GSE coordinates (X Y, 2)."
</ Descri ption>
<Support >
<Suport Quantity>Positional </ Support Quantity>
</ Support >
</ Par anet er >

</ Nuneri cal Dat a>
</ Spase>

13-



SPASE Data Model
7. Definitions of the Data Moddel Terms
How to Read a Definition

Each element has certain attributes and context for use. The details for each element are presented
in the following form:

Type: Indicates the

 E— .
7 type of value which
‘ Contact Container may be assigned to
The person who is in a position to give you this element.
| Name: The ~ special assistance or serve as a channel for

o N | Possible types are

AR T Can TS T

“ Institution
= “Role .
N N ___——E-ma.ﬂ [T TR T L ” I:. L )
= Phone - Sub-

et which S ——— &
et — — ] | Hoesp
et :
R S e T Y EL LA

Boundary:
FloatSequence:
StringSequence:

Value:

-14-


Parameters that define a region in space.
A list of floating point numbers where the order of the values is fixed. A space separates each value. For example, "1.2 3.4 5.6".
A list of strings where the order of the values is fixed. A space separates each value. For example, "one two three".
A description of the standardized measurement increments in which a value is specified. The description is represented as a mathematical phrase. Units should be represented by widely accepted representation. For example, units should conform to the International System of Units (SI) which is maintained by BIPM (Bureau International des Poids et Mesures (see http://www.bipm.fr/ ) when appropriate or use tokens like "Re" to represent units of the Radius of the Earth. Within a phrase the circumflex (^) is used to indicate a power, a star (*) is used to indicate multiplication and a slash (/) division. When symbols are not separated by a mathematical operator, multiplication is assumed. Symbols for base units can be found at: http://www.bipm.fr/en/si/si_brochure/chapter2/2-1/#symbols and those for common derived units can be found at: http://www.bipm.fr/en/si/derived_units/2-2-2.html
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Axial Item
Axial symmetry.
BackWall Text
Back wall of the ssmulation domain by which the plasma flow may exit the simulation.
BoundaryConditions Container
Parameters associated to the simulation boundaries.

Sub-elements:

FieldBoundary

ParticleBoundary

CEF1 [tem

Cluster Exchange Format (CEF), version 1, is a self-documenting ASCII format designed for
the exchange of data. The metadata contains information compatible with the ISTP
recommendations for CDF.

CEF2 [tem

Cluster Exchange Format (CEF), version 2, is a self-documenting ASCI| format designed for
the exchange of data and introduced for Cluster Active Archive. Compared to version 1, the
metadata description of vectors and tensorsis different.

Centrd ltem

Central Symmetry.
ChargeExchange ltem

Chemical process involving a charge transfer from an ion (which becomes neutral) to a neutral
(which becomes ionized).

ChemicalFormula Text
Chemical formula representing a population of particle.

Codel_anquage Text
Language in which anumerical code iswritten.

Coordinateslabel StringSequence

A string list of the labels of each dimension of the spatial domain.
CrossSection [tem

Cross section of the reaction, when the reaction implies the collision of two particles.

DensityProfile Text

Density profile of the particlesin a population.

DiagnosisTimeStep Container

Time at which a diagnosis is performed and quantity saved.
Sub-elements: TimeStart

Duration
Sub-elements;
Duration
SavedQuantity
TimeStart
Dimension Count

The nnu8mber of items along one axis.

DisplayOutput Container

A graphical representation of data wherein the underlying numeric values are not (readily)
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accessible for analysis.. Examples are line plots and spectrograms. A Display Dataresourceisa
type of "data product”" which isa set of data that is uniformly processed and formatted, from
one or more instruments, typically spanning the full duration of the observations of the relevant
instrument(s). A data product may consist of a collection of granules of successive time spans,
but may be asingle high-level entity.
Sub-elements:

Accessinformation

Caveats

DisplayCadence

Extension

InputResourcel D

Keyword

MeasurementType

Parameter

ProcessingL evel

Property

ProviderProcessingL evel

ProviderResourceName

ProviderVersion

ResourceHeader

Resourcel D

Simul atedl nstrumenti D

SimulatedRegion

SimulationProduct

Spatial Description

SpectralRange

Temporal Description

Di ssociativeRecombination ltem

Chemical process by which anion is neutralized by capturing an electron, and splits in two new
neutral species.

Distribution Text

Velocity distribution of the particlesin a population.

Duration Duration

Duration of the simulation.

Electronl mpact ltem

ghemical process by which a neutral isionized thanks to the energy from the impact of an
ectron.

ElementBoundary Container
Parameters associated to the simulation boundaries.
Sub-elements:

BackWall

Caveats

FrontWall

Obstacle

Sidewall
FieldBoundary +ElementBoundary
Parameters associated with the field boundaries of the simulation.
FieldDimension Count
Number of field dimensions in the simulation domain.
FieldModel Text
Field model imposed in the smulation run.
FieldvVaue StringSequence
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A string list of the values of the input parameter.
FrequencyToGyrofrequencyRatio [tem

Theratio of the characteristic frequency of a medium to gyrofrequency of a particle.

Frontwall Text

Front wall of the simulation domain by which the plasma flow may be injected.

Ganymede Item

The biggest moon of Jupiter planet in our solar system.

Granule Container

Overrides Granule in base schema. An accessible portion of another resource. A Granule may
be composed of one or more physical pieces (files) which are considered inseparable. For
example, a data storage format that maintains metadata and binary datain separate, but tightly
coupled files. Granules should not be used to group files that have simple relationships or which
are associated through a parent resource. For example, each file containing atime interval data
for aNumerical Data resource would each be considered a Granule. The ParentID of a Granule
resource must be a Numerical Data resource. The attributes of a Granule supersede the
corresponding attributes in the Numerical Data resource.

Sub-elements:
ExpirationDate
ParentID
PriorlD
RegionBegin
RegionEnd
ReleaseDate
Resourcel D
Source
StartDate
StopDate
GridCellSize FloatSeguence
A string list of the cell sizesin each dimension.
GridStructure Text
Structure of the smulation grid.
HDF4 [tem
Hierarchical Data Format, Version 4
HDF5 [tem

Hierarchica Data Format, Version 5

Hybrid Item

A numerical scheme simulating ions as particles and electrons as afluid.

Incident ltem

Direction-dependent property.
InputField Container

Parameters associated to afield imposed in the simulation
Sub-elements:
Caveats
CoordinateSystem
Description
FieldModel
FieldQuantity
FieldvValue
InputL abel
InputTableURL
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ModelURL
Name
ParameterK ey
Qualifier
Set
SimulatedRegion
Units
UnitsConversion
VaidMax
VaidMin
I nputL abel StringSequence
A string list of the labels of each dimension of the input parameter.
| nputParameter Container
A container of information regarding an input parameter of the simulation run.
Sub-elements:
Caveats
Description
InputTableURL
Name
ParameterQuantity
Property
Qualifier _
SimulatedRegion
InputProcess Container
Parameters associated to achemical process happening in the simulation
Sub-elements:
Cavests
Description
ModelURL
Name
ParameterK?/
ProcessCoeff Type
ProcessCoefficient
ProcessM odel
ProcessType
Set
SimulatedRegion
Units
UnitsConversion
| nputProperties Container
Properties
Sub-elements:
Property
InputTableURL URL
A URL to atable containing input parameters.
LikelihoodRating Enumeration
The probability that something istrue or possible.
Model Container
Attributes of amodel.
Sub-elements:
ModelID
VersionTag
Mode 1D ID

A string defining the ID of the model.
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Model URL URL
URL pointing toward the description of amodel used in the definition of a property or an input.
ModelVersion Container
The version number of the model.
Sub-elements:

Caveats

Description

ReleaseDate

VersionTag
Numerical Output Container

Data stored as numerical valuesin a specified format. A Numerical Data resource is atype of
"data product” which is a set of datathat is uniformly processed and formatted, from one or
more Instruments, typically spanning the full duration of the observations of the relevant
instrument(s). A data product may consist of a collection of granules of successive time spans,
but may be asingle high-level entity.
Sub-elements:

Accesslnformation

Caveats

Extension

InputResourcel D

Keyword

MeasurementType

Parameter

ProcessingL evel

Property

ProviderProcessingL evel

ProviderResourceName

ProviderVersion

ResourceHeader

Resourcel D

Simulatedl nstrument! D

SimulatedRegion

SimulationProduct

Spatial Description

SpectralRange

Temporal Description

ObjectM ass Vaue

Mass of an object referenced as a ssmulated region.

Obstacle Text

Obstacle in the simulation domain.

OutputParameters Container

A container of information regarding the output parameters of the simulation run.
Sub-elements:
Parameter

PIC [tem

A numerical scheme simulating ions and el ectrons as macroparticles.

Paraboloid ltem

A shape generated by the rotation of a parabola around its axis of symmetry.

ParameterQuantity Enumeration

The value associated with a parameter.
Allowed Values:

Particle Container
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Overrides Particle in base schema. A description of the types of particles observed in the
measurement. This includes both direct observations and inferred observations.
Sub-elements:

AtomicNumber

Azimuthal AngleRange

ChemicalFormula

EnergyRange

ParticleQuantity

ParticleType

PolarAngleRange

Popul ation

Popul ationChargeState

Popul ationM assNumber

Qualifier
ParticleBoundary +ElementBoundary
Parameters associated with the particles at the boundaries of the simulation.
Period Value

A length or era of time.

Photol onization ltem

Chemical process by which a neutral isionized thanks to the energy from a photon.

Plane ltem

Symmetry across a plane.

PlaneNormalV ector FloatSequence

A list of the component in each dimension of the vector normal to a plane.

PlanePoint FloatSeqguence

A list of the component in each dimension of a point in plane.

Population String

A concise description of a particle population, for references.

Popul ationChargeState Numeric

Charge of a particle in apopulation, in units of the charge of a proton. Charge state of abare
proton = 1.

PopulationDensity Value
The number of particles per unit volume.

Popul ationFlowSpeed Vaue
The rate at which particles or energy is passing through a unit areain aunit time.

Popul ationM assNumber Value

The total number of protons and neutrons (together known as nucleons) in an atomic nucleus.

Popul ationTemperature Vaue

A measure of the kinetic energy of random motion with respect to the average. Temperature is
properly defined only for an equilibrium particle distribution (Maxwellian distribution).

ProcessCoeff Type Enumeration
Whether the simulation results are obtained from a stationary solution or are dynamically
computed.
Allowed Vaues:
CrossSection
Frequency
Other
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Rate
ProcessCoefficient Text
Coefficient associated to a chemical process.
ProcessM odel Text
Model used to describe a chemical process.
ProcessType Enumeration
Type of chemical process.
Allowed Values:
ChargeExchange
DissociativeRecombination
Electronl mpact
Photolonization
ProductionRate Value
The number of items that can be produced during a given period of time.
Property Container
A container of information regarding a property of an input parameter.
Sub-elements:
Cavests
Description
ModelURL
Name
PropertyL abel
PropertyModel
PropertyQuantity
Property TableURL
PropertyValue
Qualifier
Units
UnitsConversion
VaidMax
VaidMin
PropertyL abel StringSequence
A string list of the labels of each dimension of the property.
PropertyModel Text
Model used to define a property.
PropertyQuantity Enumeration
The value associated with a property.
Allowed Values:
Property TableURL URL
A URL to atable containing property values.
PropertyValue StringSequence
A string list of the values of the property.
Radius Value
The length of aline segment from a center point to the perimeter.
Rate ltem
Reaction rate: reaction production per unit of time.
RegionBegin FloatSeguence
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The values that define the start point of aregion.

RegionEnd FloatSeguence
The values that define the ending point of aregion.
RegionParameter Container
Radius of the Region in the simulation.
Sub-elements:
Cavests
Description
InputTableURL
ObjectMass
Period
Property
Radius
SimulatedRegion
SubL ongitude
RemotelAU Item

A rorlljghly toroidal region that includes the Earth's orbit, but exclusive of the region near the
Earth.

SavedQuantity Enumeration
Quantities that are saved during a given diagnosis.

Allowed Vaues:
Sidewall Text

Side walls of the simulation domain.

Simulatedl nstrumentl D ID

The identifier of the a simulated instrument description.

SimulatedRegion Enumeration

The portion of space simulated by the code at the time of a diagnosis. A region is distinguished
by certain natural features or physical characteristics. It isthe location of the observatory for in
Situ data, the location or region sensed by remote sensing observatories and the
location-of-relevance for parameters that are derived from observational data.

Allowed Vaues:

SimulationDomain Container

Parameters associated to the simulation spatial domain.
Sub-elements:

BoundaryConditions
Caveats
CoordinateSystem
CoordinatesL abel
Description
FieldDimension
GridCellSize
GridStructure
Spatial Dimension
Symmetry
Units
UnitsConversion
VaidMax
VaidMin
VelocityDimension

SimulationM odel Container

Descriptor of asimulation model: type of numerical scheme, versions,...
Sub-elements:
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Codel anguage
InputProperties
ModelURL
OutputParameters
ResourceHeader
Resourcel D
SimulatedRegion
SimulationType
Spatia Description
Temporal Dependence
Versions

Simul ationProduct Enumeration

The type of product produced from the simulation.
Allowed Vaues:
2DCuts
3DCubes
Lines
Spatial Series
Spectra
TimeSeries

SimulationRun Container

Description of asimulation run, including the code ID, the run spatial and temporal description,
and all the relevant inputs.
Sub-elements:

Accesslinformation
Cavests
Extension
InputField
I nputParameter
InputPopulation
I nputProcess
InputResourcel D
Keyword
LikelihoodRating
Model
ProviderProcessingL evel
ProviderResourceName
ProviderVersion
RegionParameter
ResourceHeader
Resourcel D
SimulatedRegion
SimulationDomain
SimulationTime

Temporal Dependence
SimulationTime Container
Parameters associated to the ssimulation time.
Sub-elements;
Caveats
Description
DiagnosisTimeStep
Duration
TimeStart
TimeStep
TimeStop
SimulationType Enumeration
A characterization of the numerical scheme used in the simulation
Allowed Values:
Hybrid
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MHD

PIC
Paraboloid
Test_Particle

Spase Container

Overrides Spase in the base schema. Space Physics Archive Search and Extract (SPASE). The

outermost container or envelope for SPASE metadata. This indicates the start of the SPASE

metadata.

Sub-elements:

Annotation
Catalog
DisplayData
DisplayOutput
Document
Granule
I nstrument
NumericalData
Numerical Output
Observatory
Person
Registry
Repository
Service
SimulationM odel
SimulationRun
Version

Spatial Description Container

A characterization of the spatial extent over which the measurement was taken.
Sub-elements:

CoordinateSystem
CoordinateslL abel
CubesDescription
CutsDescription
Dimension
PlaneNormalV ector
PlanePoint
RegionBegin
RegionEnd
St
U r?ﬁs
UnitsConversion

Spatia Dimension Count

Number of spatial dimensionsin the simulation domain.

SpecificSimulatedRegion Enumeration

Identifiers for areas of the physical world which may be occupied or observed.
Allowed Vaues:

Callisto
Enceladus
Europa
Ganymede
Incident
lo
Planet
Rhea
Titan
Title

Step Text
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Spatial step between two elements of the diagnosis.

StokesParameters ltem

A set of four parameters (usually called 1,Q, U and V) which describe the polarization state of
an electromagnetic wave propagating through space.

SubL ongitude Vaue

The longitude on the surface of an object which is directly below another object.

Symmetry Enumeration

Symmetry of the simulation domain.
Allowed Values:
Axial
Central
None
Plane

Temporal Dependence Enumeration

Whether the simulation results are obtained from a stationary solution or are dynamically
computed.
Allowed Vaues:
No
Yes

TestParticle Item

A numerical scheme simulating the motion of charged particlesin a prescribed field.

TimeStart Time

Time at which the coverage by the element start.
TimeStep Duration

Time Step.
TimeStop Time

Time at which the coverage by the element stop.
Total ProductionRate Value

The total number of items that can be produced during a given period of time.

VelocityDimension Count

Number of velocity dimensions in the simulation domain.

VersionTag Text

Thetext string for aversion indicator.

Versions Container

A container of one or more sets of version information.
Sub-€lements: _
ModelVersion

-25-



SPASE Data Model

8. Enumeration of Selected Quantities

Listsare either "open” or "closed". Theitemsin a"closed" list are determined by the SPASE
model and definitions of each item isin the SPASE data dictionary. The itemsin an "open" list are
determined by an external control authority. The URL for the control authority isindicated in the
definition of each "open" list.

ParameterQuantity List Union

ProcCoefType List Closed

Whether the simulation results are obtained from a stationary solution or are dynamically
computed.

| Term | Definition |

CrossSection Cross section of the reaction, when the reaction implies

the collision of two particles.

Rate Reaction rate: reaction production per unit of time.
ProcessType List Closed
Type of chemical process.

| Term | Definition |

ChargeExchange Chemical process involving a charge transfer from an ion
(which becomes neutral) to aneutral (which becomes
ionized).

DissociativeRecombination Chemical process by which an ion is neutralized by
capturing an electron, and splitsin two new neutral

Species.

Electronlmpact Chemical process by which a neutral isionized thanksto
the energy from the impact of an electron.

Photol onization Chemical process by which aneutral isionized thanks to

the energy from a photon.

Product List Closed

Type of article or asset.

SavedQuantity List Union

Quantities that are saved during a given diagnosis.

SimulatedRegion List Union

Identifiers for areas of the physical world which may be occupied or observed.

SimulationType List Closed
A characterization of the numerical scheme used in the simulation.
| Term | Definition |
Hybrid A numerical scheme simulating ions as particles and
electrons asafluid.
PIC A numerical scheme simulating ions and electrons as
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macroparticles.
Paraboloid A shape generated by the rotation of a parabola around
its axis of symmetry.

SpecificSimulatedRegion List Closed
Identifiers for areas of the physical world which may be occupied or observed.
| Term | Definition |
Ganymede The biggest moon of Jupiter planet in our solar system.
Incident Direction-dependent property.
Symmetry List Closed
Symmetry of the simulation domain.
| Term | Definition |
Axia Axia symmetry.
Central Central Symmetry.
Plane Symmetry across a plane.
YN List Closed

Yesor No
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