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Field,
Attribute

.

DateTime Station Latitude Longitude |Sensor StreamStage |Units
1/23/12 12:00WCC-PumpHouse 39.86066| -75.783855|Solinist 23|Icm
1/23/12 12:15\WCC-PumpHouse 39.86066| -75.783855/Solinist 24icm
Record =—»{ 1/23/12 12:30\WCC-PumpHouse 39.86066 -75.783855|Solinist 25|cm
1/23/12 12:45\WCC-PumpHouse 39.86066| -75.783855/Solinist 26/cm
1/23/12 13:00WCC-PumpHouse 39.86066| -75.783855/Solinist 27,cm
1/23/12 13:15\WCC-PumpHouse 39.86066| -75.783855/Solinist 28/cm
1/23/12 13:30/WCC-PumpHouse 39.86066| -75.783855/Solinist 29cm
1/23/12 13:45\WCC-PumpHouse 39.86066| -75.783855|Solinist 30icm
1/23/12 14:00WCC-PumpHouse 39.86066| -75.783855/Solinist 31licm




Foreign
Key

}

DateTime StationID (FK) [Sensor |StreamStage |Units (CV)
1/23/12 12:00 1 Solinist 23 cm
1/23/12 12:15 1 Solinist 24 cm
1/23/12 12:30 1 Solinist 25 cm
1/23/12 12:45 1 Solinist 26 cm
1/23/12 13:00 1 Solinist 27 cm
1/23/12 13:15 1 Solinist 28 cm
1/23/12 13:30 1 Solinist 29 cm
1/23/12 13:45 1 Solinist 30 cm
1/23/12 14:00 1 Solinist 31 cm
Primary
Kfy
StationID (PK)|StationName Latitude |Longitude
1WCC-PumpHouse 39.86066| -75.783855
WCCLab 39.8594| -75.78381

2
3
4




ODM — Linked Table Example

DataValues Table DerivedFrom Table
Vuhulwm\fl!un ValueAccuracy LocalDateTime UTCOffset | SitelD | VariablelD | MethodID | DerivedFromID DerivedFroml Valuel
(1 4.18 5/1/2006 00:00:00.000 9 1 P 1 1)
3 748 5/1/2006 00:00:00.000 I 1 C2) 2 (@), I
193 722| 22.89831642( 5/1/2006 00:00:00.000 -7 1 ] 100] 3 3
2 4.18 5/1/2006 00:15:00.000 -7 1 1 1 4 4
93 748 5/1/2006 00:15:00.000 -7 1 2 2 2 5 5
3 4.17 5/1/2006 00:30:00.000 -7 1 1 1 6 6
99 742 5/1/2006 00;30:00.000 -7 1 2 2 3 7 7
4 417 5/1/2006 00:45:00.000 -7 1 1 1 8 8
100 742 5/1/2006 00:45:00.000 -7 1 2 2 4 9 9
5 4,17 5/1/2006 01:00:00.000 -7 1 1 1 10 10
101 742 5/1/2006 01:00:00.000 -7 1 2 2 5 11 11
6 4,17 5/1/2006 01:15:00.000 -7 1 1 1 12 12
102 742 5/1/2006 01:15:00.000 -7 1 2 2 6 13 13
Variables Table
VariablelD | VariableCode VariableName VariableUnitsID ValueType IsRegular | TimeSupport | TimeUnitsiD | DataType | GeneralCategory
NWI5:00065 |Gage height Field Observation TRUE 15 5|Continuous |Hydrologic
'\ 2|NWI5:00060 |Discharge ( 2|Perived Value TRUE 15 5|Continuous |Hydrologic
NWI5:00060 DischarEe, daily average " J2|Derived Value TRUE 24 6|Average Hydrologic
4|NWI5:00300 |Dissolved oxygen concentration 3|Field Observation FALSE 0 5|Sporadic  |Water Quality
Units Table Methods Table
UnitsiD UnitsName UnitsType | UnitsAbbreviation MethodID MethodDescription
Feet Length ft Gage height measured with continuous data logger
{ 2]fubic feet per second |Flow ftr3/fs { 2|pischarge derived from water stage using site specific rating curve
Milligrams per liter Concentration |mg/L Daily average discharge derived from 15 minute continuous discharge values
4|Meters Length m 4|Dissolved oxygen measured with a Hydrolab multiprobe field instrument
5|Minutes Time min 7|Precipitation from a tipping bucket gage. 0 values not logged.
B|Hours Time hr 8|Daily precipitation from a tippinE bucket gage. 0 values not Ioged.

Figure 3. Excerpts from tables illustrating the population of ODM with streamflow gauge height (stage)
and discharge data.



A Data Model
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ODM History:

Maidment 2005 white paper suggested
ArcHydro Time Series Data Model
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Monitoring Site Locations
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CZchemDB: the CZO Chemistry Database

CZchemDB SCHEMA V10 A
PSU_EESI VariableLookup

(PK) PersonID (PK) SourcelD
—|.> (PK)

LastName (FK) ContactID
FirstName YearPub LithologyName AnlyTechniques L
InstituteName CitationShort 4 S DGR D

[
eMail CitationDOI | (PK) | | (PK)TechiD I : VariableName
| |
|

Location PhoneNumber CitationFull LithologylD TechName it

" FaxNumber Title | LithologyName | Note VarNote
(PK) LocationID Address Abstract

LocNameFull N |_
LocNameAbbrv persnTitle RefWebURL o

AnnlPreciptation persnNote ProjSponsor .
LocNote J . - :
ProjPINames (PK) MeduimID I (PK) FractionID I (PK) DigestID I | (PK) UnitID I

g UnitCode
MediumName .
MediumNote I UnitName

r __I |.__ 0 I UnitNote
1 |

SoilFraction ChemName
Note | Note

Note: All contactlDs RefNote I
are linked to the I
personlD in the

table “Person”

SamplingSite CorePitWell Depthinterval SubSample m DataValue

—1
v ¥
)

(FK) StateCode (FK) SitelD (FK) CorelD (FK) DepthID (FK) SamplelD (FK (FK) AnalysisID
(FK) LocationID (PK) CorelD (PK) DepthID (PK) SamplelD (PK) SubSamplelD (FK)

(PK) SitelD CoreName DepthTop IGSNDDaughter SubSamplelD (PK) VariableCode
SiteName IGSNParent DepthBottom sampleMedium SplitDate AnalysisID DataValue
Longitude CollectionMethod IGSNDaughter LithologyName SplitMethod LabName DataText
Latitude CollectionDate ClassificationSys WaterTemp splitNumber AnalysisDate (FK) Unit
LatLongDatum CoreDemension Horizon SamplingMethod SizeFraction AnalysisTime DataNote
Elevation ParentLithology Color SampleDate IsPulverized Technlques
SlopeDeg (FK) ContactID Texture SampleTimeUTC IsDried EquipmntName
Aspect CoreNote Structure SampleTimeLoc EquipmentName Digestion
LandscapePosit. (FK) ContactID (FK) contactlD (FK) ContactID ReportingBase
LandUse DepthNote SampleNote SubsmplINote (FK) SourcelD
VegSpecies IsPublic DataError
ExposureAge (FK) ContactID

ErosionRate AnalysisNote (FK) AnalysisID
DepthToRock (FK)

SoilTaxonomy (FK) countryCode VariableCode
SSURGO_ID (PK) stateCode | e
(FK)ContactID stateAlphaCode I ErrorType

SiteNote stateNumericCode (FK) Unit

stateName
stateCategory DataErrNote
—_— — (PK) MethodID
MethodName LEGEND:
MthdNameAbbrv PK — Primary Ke
(PK) countryCode | Description Primary data FK — Foreigr¥ Ke))/’
countryName EquipmentName

countryNumericCode I (FK) ContactID Secondary data
countryAlpha2
I countryNameFull I

Niu, Brantley et al., 2011 & 2013 in press
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Dublin Core Metadata Element Set

Title |dentifier
Creator Source
Subject Language
Description Relation
Publisher Coverage
Contributor Rights
Date

Type Darwin Core adds:

Format « Taxon, Occurrence,
Geological Context,
[Measurement]
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ODM2: Additional Goals

Driven by Community & Use Cases:
« 3 workshops + ~12 data models + much feedback
* use cases: CZOData, Little Bear River, PetDB, I00S

Balance between general vs. understandable

External unique identifiers, vocabularies &
taxonomies

Rich Specimen, Site & other Sampling Features
Granular Methods, Data Quality & Equipment

Dataset publishing & archiving via:
« Result “packages”, Versions, Citations, Provenance

Strong Annotations & general extensibility




ODM2Core

2

In the barebones implementation:

Actions are all ObservationActs
on a SamplingFeature

by at least one Person

using a Method

producing at least one ResultsSet.

»
An ObservationAct is

the only ActionType that
can produce a ResultSet.

ActionTypeCV draft at

4
Reasons for separating
ObservationActs from ResultsSets:
1. Allows Results for many Variables
from each ObservationAct
2. Allows for other ActionTypes

http://goo.gl/bRi2p1

4
A "Result" describes
metadata for one or more
DataValues that are stored
in ResultValues tables.
Results is provides a
catalog for ResultValues.

- ingFeat 2
ODl.IZCom.Samplmg = [iObservations| In OGC O&M, Actions & Results are functionally concatenated into "Observations". |f ODM2Core.DataSets ]
SamplingFeaturelID
SamplingFeatureTypeCV N - DataSetID
SamplingFeatureCode |~ oDM2Core.FeatureActions (] ODM2Core.Results DataSetUUID
SamplingFeatureName N . 3 . DataSetTypeCV
— SamplingFeatureDescription N i ;::‘t;:iengcr:t;r::?em og &is*~ ResultID DataSetCode
ODM2Core.People ] SamplingFeatureGeotypeCV O ActionID og ResultUUID DataSetTitle
- FeatureGeometry N FeatureActionID =) DataSetAbstract
Elevation_m N ResultTypeCV
Person ElevationDatumcCV N Variablelty o
PersonMiddleName N - oDM2Core A E UnitsID Og
PersonLastName . a TaxonomicClassifierID 0 oo [~ ODM2Core.DataSetsResults
T = ODM2Core.ActionBy ) ActionID ProcessingLevelIlD Cg - =
= ActionTypeCV ResultDateTime N + BridgeID
BridgeID MethodID =) ResultDateTimeUTCOffset N DataSetID =)
ActionID ) + BeginDateTime ValidDateTime N ResultID )
D AffiliationID e BeginDateTimeUTCOffset ValidDateTimeUTCOffset N
— — . IsActionLead EndDateTime N StatusCV N — =
ODM2Core.Affiliations +——=a  RoleDescription N EndDateTimeUTCOffset N SampledMediumCV ~ ODM2Core.ProcessingLevels
s - ActionDescription N ValueCount Hs ProcessinalLevelID
ﬁzgzg?;m og i ActionFileLink N IntendedObservationSpacing N ProcessingLeveICode
OrganizationID 0 o T/ ODM2Core.Organizations ¥ 1 ¥ & & Definition N
IsPrimaryOrganizationContact N “~ OrganizationID Explanation N
AffiliationStartDate OrganizationTypeCV ‘I'
AffiliationEndDate 0 OrganizationCode [~ oDM2core.variables |
srgmaryzhorgf o OrganizationName VariablelD T
(kg 411 OrganizationDescription o i = ODM2Core.TaxonomicClassifiers
PrimaryAddress | OrganizationLink | Wil 1
PersonLink o ParentOrganizationID N[ ar!able 00S TaxonomicClassifierID
T 3ar!ableNa;_neCV o TaxonomicClassifierTypeCV
7 ariableDefinition ] TaxonomicClassifierName
) SpeciationCV TaxonomicClassifierCommonName N
A person does not need to be NoDataValue TaxonomicClassifierDescription N
associated with an Organization, |~ oDM2Core.Methods ] ParentTaxonomicClassifierID N[5
but, an Affiliation record must Q 1
be created for each person because MethodID = 3
that is how people get linked to mem"ggyzecv |~ oDM2Core.RelatedActions ] | ODM2Core.Units j
actions. thodre ~ RelationID UnitsID
MethodName , K
i ActionID Ogy UnitsTypeCV
MethodDescription N ] ) 3
g MethodLink o RelationshipTypeCV Un!rsAbbrevIatIon
Secondary contact info can be added OrganizationID N RelatedActionID Og UnitsName

as an Extension property to Affiliations.
See ODM2Extensions schema.




ODM2C0re

— - A 7
0D o = LJObservations| In OGC O&M, Actions & Results are functionally concatenated into "Observations".
SamplingFeaturelID
SamplingFeatureTypeCV > ; =
SamplingFeatureCode " ODM2Core.FeatureActions O ODM2Core.Results
SamplingFeatureName N . o . ) .
SamplingFeatureDescription N ' S ;Z?;u:ienAit:;r;IDem . b &< ResultID
SamplingFeatureGeotypeCV N gkl ResultUUID :
ActionID 0 FeatureActionID o5
FeatureGeometry N 4
Elevation_m N & Res‘uItTypeCV
| ElevationDatumcCV N ) ; T y xz:::%em E
ODM2Cora TaxonomicClassifierID N
- - ) ActionID ProcessingLevellD )
ODM2Cor ActionTypeCV ResultDateTime N ; &
BridgeID MethodID U ResultDateTimeUTCOffset N
ActionID by ¢ BeginDateTime ValidDateTime N
AffiliationID Lo BeginDateTimeUTCOffset ValidDateTimeUTCOffset N
— IsActionLead EndDateTime N StatusCV N
%9 RoleDescription NI EndDateTimeUTCOffset 0 SampledMediumCV
ActionDescription N ValueCount S t
Og p " | ActionFileLink N | | IntendedObservationSpacing N )
O ©Ou ~ ODM2Core.Organizations ¥ + ¥ ] ¥
U OrganizationID
OrganizationTypeCV - €L
N >+ OrganizationCode T ODM2Core.Variables
o OrganizationName VariableID } T
OrganizationDescription N VariableTypeCV - ODM2Core.Tz
N OrganizationLink u VariableCode
U ParentOrganizationID L oo Vari TaxonomicClassifi
- ariableNameCV TaxonomicClassifi
— Varla.bIgDefinltlon D TaxonomicClassifi
o :gg‘;’g{g}ﬁ: u TaxonomicClassifi
= TaxonomicClassifi
ODM2Core.Methods | ParentTaxonomic(
MethodID ; ) T
MethodTypeCV ~ ODM2Core.RelatedActions | [~ ODM2Core.Units )
MethodCode 5 3
_J MethodName RelationID Un!tsID
MethodDescription N ActionID “o UnitsTypeCV
MethodLink 0 RelationshipTypeCV 1 Un!tsAbbrewatlon
j OrganizationID N . § RelatedActionID Uo/ \ UnitsName

v




ODM2SamplingFeatures

T ODM2SamplingFeatures.SpatialOffsets

- SpatialOffsetID
SpatialOffsetTypeCV
OffsetiValue
Offset1iUnitID
Offset2Value
Offset2UnitID
Offset3Value
Offset3UnitID

geaa

2
SpatialOffsetTypeCV:
- Draft at http://goo.gl/uOgK8U

T ODM2SamplingFeatures.SpatialReferences ]

—
~  ODM2Core.SamplingFeatures T ODM2SamplingFeatures.RelatedFeatures ]
- SamplingFeatureID - RelationID
Sampl?ngFeatureTypeCV SamplingFeaturelD By
SampI!ngFeatureCode RelationshipTypeCV
SamplingFeatureName o RelatedFeaturelID Bg
SamplingFeatureDescription N SpatialOffsetID O oo
SamplingFeatureGeotypeCV N
FeatureGeometry N 2
Elevation_m ‘N ' .
= FeatureParents table enables parent-child
(_ElevationDatumcCV J J relationships between any SamplingFeatures,
T including between Specimens and allowing
composites (i.e. multiple parents).
¢ [_ inaFeat -
(T ODM2SamplingFeatures.Specimens ] B ODhM2Smning b -
S lingFeatureID Bg
“ SamplingFeatureID Bg S;.;:‘T‘;:‘egcsa s
SpecimenTypeCV Latitude so—+~ SpatialReferenceIlD
SpecnmenMgdlumCV Longitude SRSCode
IsFieldSpecimen LatLonDatumID og SRSName
+ < SRSDescription

£

o
o

f: ODM2SamplingFeatures.SpecimenTaxonomicClassifiers

) 2

BridgelD
SamplingFeatureID
TaxonomicClassifierID
CitationID

Sites are a special, widely used
SamplingFeature type with a Point (XY)

Bo Geometry. But named, polygon (XY)
Bo spatial units (watersheds, admin units)
0 should also be accounted for.

o

‘ , O ODM2Core.TaxonomicClassifiers

“~ TaxonomicClassifierID
TaxonomicClassifierTypeCV
TaxonomicClassifierName
TaxonomicClassifierCommonName
TaxonomicClassifierDescription
ParentTaxonomicClassifierID

N
N
N




J

ODM2Results

u) ODM2Core.Results ~ ODM2Core.RelatedResults |
ResultID +—e ResultID Co
FeatureActionID o0 RelatedResultID 0y
ResultTypeCV RelationshipTypeCV
VariableID Uy
UnitsID 0 )

TaxonomicClassifierID Uy - )
QualityControlLevellD og ODM2Results.ResultValues
ResultDateTime N “~ValuelD
ResultDateTimeUTCOffset N ResultID 0o
ValidDateTime N DataValue
ValidDateTimeUTCOffset N +—eaid ValueDateTime (N
StatusCV N ValueDateTimeUTCOffset o
SampledMediumCV CensorCodeCV o
ValueCount QualityCodeCV N
IntendedObservationSpacing ‘N AggregationInterval o
isExperimental AggregationIntervalUnitID o

. AggregationStatisticCV o

L)

?
It's useful to conceptualize Results as a catalog of values.

The XYZt bounding box is available from Actions and
SamplingFeatures.

O&M ResultTime meaning:
"the time when the result became available".

T ODM2SamplingFeatures.SpatialReferences
SpatialReferencelD

(= ODM2Results.ResultValueCoverages

@
TimeSeries and Coverages can include:
- CountObservations: DataValue can be a float
if Results.Variable = "Count of..."
- TruthObservation: DataValue constrained
to -1.0 (False) or +1.0 (True)

But presently there can only be

““ValuelD
SpatialReferencelD
Coveragelabel
ValueX
ValueY
ValueZ
XUnitID
YUnitID

===

one CategoricalObservation per Result.

ZUnitID

W SRSID [N
*= + SRSName
E‘O SRSDescription [N
)

g
The SpatialReference of a Coverage allows for

multiple coordinate systems (i.e global or local
reference frames), including within a microscope slide

4
4 X, Y & Z values, units and

A Coverage can also accomdate a Complex Result

(i.e. Array Object) if we allow ResultTypeCV

to include coverages where X, Y or Z are
non-spatial dimensions, such as
frequency, wavelength, etc.

dimension descriptions are
all Nullable, but at least one
dimension needs to be used.
but we can't proscribe if it is
X or Z for instance.




ODMzExternaHdentiﬁE;s

T ODM2SamplingFeatures.SpatialReferences

]

SpatialReferencelD

ODM2Core.TaxonomicClassifiers

TaxonomicClassifierID
TaxonomicClassifierTypeCV
TaxonomicClassifierName

™ —_—

N TaxonomicClassifierCommonName

SRSCode L
SRSName
SRSDescription ‘N
p
entifiers.SpatialReferenceExternalldentifiers
D
SystemID

=xternalldentifier
=xternalldentifierURI

T ODM2Core.Methods ODM2Core.Variables TaxonomicClassifierDescription
MethodID VariableID ParentTaxonomicClassifierID
MethodTypeCV VariableTypeCV +
MethodCode VariableCode
MethodName VariableNameCV
MethodDescription N VariableDefinition N
MethodLink ‘N SpeciationCV ‘N
OrganizationID L) NoDataValue
0g T T
Cg

X

eatureExternalldentifiers ]

=
B0

0

4

R

$
T ODM2Externalldentifiers.MethodExternalIdentifiers ] |~ ODM2Externalldentifiers.TaxonomicClassifierExternall
BridgeID BridgelID
MethodID Co TaxonomicClassifierID
ExternalldentifierSystemID =) ExternalldentifierSystemID
MethodExternaIIdent!ﬁer TaxonomicClassifierExternalldentifier
MethodExternalldentifierURI N} TaxonomicClassifierExternalldentifierURI
)
: :

ODM2Externalldentifiers.PersonExternalldentifiers ]

*~ BridgeID
PersonID
ExternalldentifierSystemID

PersonExternalldentifier
PersonExternalldenifierURI

ODM2Externalldentifiers.VariableExternalIdentifiers

1/ |~ ODM2Externalldentifiers

BridgelD
bo VariableID
=) ExternalldentifierSystemID

VariableExternalldentifer
VariableExternalldentifierURI

BridgeID
05 CitationID
05 ExternalldentifierSystemI|

CitationExternalldentifer
CitationExternalldentiferUl

b

| i

T ODM2Externalldentifiers.ExternalldentifierSystems

ExternalldentifierSystemID
ExternalldentifierSystemName
IdentifierSystemOrganizationID
ExternalldentifierSystemDescription
ExternalldentifierSystemURL

(=]=]




T ODM2 Provenance

~ AnnotationID
AnnotationTypeCV fu ODM2Pro
Annotat!onCode - RelationID
AnnotationText a tationID
AnnotationDateTime i

: RelationshipTy
AnnotationUTCOffset RelatedAnnotatio
AnnotationLink
AnnotatorID
CitationID

~ ODM2Pro

[ ~ ODM2Pro

BridgelD - CitationID

: Br Title “~ RelationID

¥ CitationID Publisher 1 CitationID
PersonID PublicationYeal RelationshipTy|

AuthorOrder CitationLink RelatedCitationI

[~ ODM2Pro
*~ BridgeID &> Bri
MethodID D

RelationshipTy .C
CitationID gi‘::t?:,:‘lsl;"”w -

) [~ ODM2Core.DataSets (u ODM2Pro
O ODM2Core.Results - DataSetID - RelationID
~ ResultID Daraseiral DataSetID
CareSercude e
FeatureActionID DataSetTitle VersionCill
ResultTypeCV DataSetAbstract bl
VariableID e
UnitsID
o TaxonomicClassifierID 2
o ProcessingLevellD (: ODM2Core.DataSetsResu
o ResultDateTime - BridgelID
8 ResultDateTimeUTCOffset Do
ValidDateTime ResultiD
ValidDateTimeUTCOffset
StatusCV
s \S,: I':::?: mdiumcv b ODM2Provenance. ~ ODM2Prove
| IntendedObservationSpacing ~ ResultID - DerivationEquatio
DerivationEquationI . DerivationEquatio

>
—
F—‘ ODM2Pro A S e s PP AT P T T T [ T AT S



ODM2Annotations

ODM2Core.SamplingFeatures ODM2Core.Actions

SamplingFeaturelID “~ ActionID =~  ODM2Core.Methods B “~ ResultID
SamplingFeatureTypeCV ActionTypeCV ResultUUI
SamplingFeatureCode MethodID MethodID FeatureAc
SamplingFeatureName BeginDateTime MethodTypeCV ResultTyp
SamplingFeatureDescription BeginDateTimeUTCOffset MethodCode Variablell
SamplingFeatureGeotypeCV EndDateTime MethodName' ) UnitsID
FeatureGeometry EndDateTimeUTCOffset MethodDescription o Taxonomi
Elevation_m ActionDescription Methodhqk N Processin
ElevationDatumcCV ActionFileLink OrganizationID N 4 ResultDat:
¥ + ResultDat
ValidDate'
ValidDate'
StatusCV
Sampledh
ValueCou
Intended(
R 2

~IODM2Annotations.SamplingFeatureAnnotations |~ ODM2Annotations.ActionAnnotations ] |~ ODM2Annotations.MethodAnnotations

zlzlzlz=]=

BridgelID BridgeID BridgelID

SamplingFeaturelID ActionID L MethodID
AnnotationID AnnotationID L) AnnotationID

T ODM2Annotations.R¢

BridgeID
ResultID
AnnotationID
BeginDateTime
EndDateTime

T ODM2Annotations.Annotations

“~ AnnotationID

— AnnotationTypeCV

U oD AnnotationCode
RelationID AnnotationText
AnnotationID AnnotationDateTime
RelationshipTypeCV AnnotationUTCOffset
RelatedAnnotationID AnnotationLink
AnnotatorID
CitationID

zlzzz|z0 =z




ODM2Equip

ment

D ODM2Core.Organizations

= ODM2Equipment.EquipmentModels

OrganizationID
OrganizationTypeCV
OrganizationCode
OrganizationName
OrganizationDescription
OrganizationLink

ModelID

ModelName

ModelLink
IsInstrument

ModelDescription
ModelSpecificationsFileLink

ModelManufacturerID
ModelPartNumber

3

(= ODM2Equipment.InstrumentOutputVariables

InstrumentOutputVariableID
ModelID

VariableID
InstrumentMethodID
InstrumentResolution
InstrumentAccuracy
InstrumentRawOutputUnitsID

(=]=)

¥ o

o H_ParentOrganizationID Cof
Co
o , S E
O ODM2Equipment.Equipment T~ ODM2Core.Metho
8 e EquipmentID MethodID
O EquipmentCode MethodTypeCV
EquipmentName MethodCode
J EquipmentTypeCV MethodName
ModelID B0 MethodDescription
EquipmentSerialNumber / MethodLink
EquipmentInventoryNumber N OrganizationID
EquipmentOwnerID Og . I
EquipmentVendorID |
EquipmentPurchaseDate
EquipmentPurchaseOrderNumber N
EquipmentPhotoFileLink N o
W EquipmentDescription o 7
~ ParentEquipmentID 0 Oo o ODM2Core.Actions
0n T ActionID
0 SE ActionTypeCV
a |-ODMZEquipment.EquipmentActions thee;?:Dd;It)eTime
BridgeID S5 + BeginDateTimeUTCOffset
Og EquipmentID Og EndDateTime [N
ActionID Og EndDateTimeUTCOffset N
ActionDescription N
2 ActionFileLink N
Equipment are often specified by ObservationActions to T
make measurements (i.e Results). SE
An EquipmentMaintenanceAction is an ActionType that |’— ODM2Core.FeatureActions
does not act on SamplingFeatures or produce Results.
Methods distinguish Equipment Configuration, Repair, FeatureActionID
Cleaning and other EquipmentMaintenanceActions. SamplingFeatureID fa
ActionID LY




ODM2DataQuality

O ODM2Core.Actions

“~ ActionID
ActionTypeCV
MethodID
BeginDateTime
BeginDateTimeUTCOffset
EndDateTime
EndDateTimeUTCOffset
ActionDescription
ActionFileLink

===z

2
T ODM2Core.FeatureActions

O ODM2Core.Results

J

+—cie - FeatureActionID ;
SamplingFeatureID 0
ActionID o)

zlz]==]=]=

pecimens

Ty

ResultID

ResultUUID
FeatureActionID
ResultTypeCV
VariableID

UnitsID
TaxonomicClassifierID
ProcessingLevellD
ResultDateTime
ResultDateTimeUTCOffset
ValidDateTime
ValidDateTimeUTCOffset
StatusCV

Soos &

z|zlzlz|zF 2

~ ODM2DataQuality.DataQuality

DataQualityID
DataQualityTypeCV
DataQualityCode
DataQualityValue
DataQualityValueUnitsID
DataQualityDescription
DataQualityLink

&

=l=]=]=

p
T ODM2DataQuality.ResultsDataQuality

SampledMediumCV
ValueCount

=)

IntendedObservationSpacing

T ODM2DataQuality.ReferenceMaterials

L]

BridgelID
ResultID
DataQualityID

bg ~ ReferenceMaterialID

ReferenceMaterialMediumCV
ReferenceMaterialOrganizationID
ReferenceMaterialCode
ReferenceMaterialLotCode
ReferenceMaterialPurchaseDate
ReferenceMaterialExpirationDate
ReferenceMaterialCertificateLink
SamplingFeaturelD

=l=]=]=]=)

f’ ODM2DataQuality.ResultNormalizationValues ]

[- ResultID
0

NormalizedByReferenceMaterialValuelD

&

T ODM2DataQuality.ReferenceMaterialValues

ReferenceMaterialValuelD
L\], ReferenceMaterialIlD

ReferenceMaterialValue
ReferenceMaterialAccuracy
VariableID

UnitsID

CitationID

B

B
B
B




OI?MZLabAnal*yses

T ODM2Equipment.EquipmentActions ]

BridgelD
EquipmentID |
ActionID Bg

|~ ODM2LabAnalyses.Directives |

7

D ODM2Core.Actions

“~ ActionID
ActionTypeCV
MethodID
BeginDateTime
BeginDateTimeUTCOffset

7
—_

ODM2Core.SamplingFeatures

SamplingFeaturelD
SamplingFeatureTypeCV
SamplingFeatureCode
SamplingFeatureName
SamplingFeatureDescription
SamplingFeatureGeotypeCV
FeatureGeometry
Elevation_m
ElevationDatumcCV

)]

EndDateTime N
DirectiveID EndDateTimeUTCOffset ‘N
DirectiveTypeCV ActionDescription N
DirectiveDescription | ActionFileLink MR
$ ;
(= ODM2LabAnalyses.ActionDirectives i
BridgelD
ActionID |
DirectivelID [;‘U/
9 i
) ~ ODM2Core.FeatureActions ODM2Core.Results
' o FeatureActionID ' o< ResultID
SamplingFeaturelD U ResultUUID
. ActionID Bo FeatureActionID
‘N I ResultTypeCV
‘N VariableID
N UnitsID
N TaxonomicClassifierID
N Q ProcessingLevelID
N o B - ResultDateTime
= P ~ ODM2LabAnalyses.SpecimenBatchPostions ] ResultDateTimeUTCOffset
FeatureActionID | ValidDateTime
BatchPositionNumber ValidDateTimeUTCOffset
BatchPositionLabel (N} StatusCV
SampledMediumCV
¢ ValueCount

slingFeatures.Specimens ]

|/._ ODM2DataQuality.ReferenceMaterials

aturelD

B

- ReferenceMateriallD

IntendedObservationSpacing




ODM2Sensors

7

|_ ODM2Equipment.EquipmentActions 1 O ODM2Core.Actions = ODM2Core.FeatureActions
BridgeID ActionID e~ FeatureActionID
Equ_lpmentID r ActionTypeCV SamplingFeatureID Oy
ActionID B0 MethodID ) ActionID O
¥ BeginDateTime .
BeginDateTimeUTCOffset i
) % T " EndDateTime N ;
O ODMZEquipment_Equipment EndDateTlmeUTCOffset N O ODM2Core.Results
: ActionDescription N ResultD
Equgpmeng:bd ActionFileLink o | Rzzﬂltuum
quipmentCode Jk
EquigmentName FeatureActionID
i ¢ ResultTypeCV
EquipmentTypeCV — - ultlyp
ModelID Oy ODM2Sensors.DeploymentActions \lja!’é:ﬁ;em
EquipmentSerialNumber De E ni
' ploymentActionID TaxonomicClassifierID
Egﬁ:grmn::%nx:g:?g'“umber " Og ActionID S0 ProcessingLevellD
EquipmentVendorID Oy DeploymanEuEEEE ResultDateTime
EquipmentPurchaseDate DeploymentDescription u ResultDateTimeUTCOffset
Equi tPurchaseOrdariE o ConfigurationActionID ValidDateTime
ibmentPhomRlalis E A CalibrationActionID ValidDateTimeUTCOffset
Equ!pmentPhotoﬁlngnk (N} SpatialOffsetlD 0 Statiaer
EqumentEDescrlptlon - DeploymentSchematicLink N SampledMediumCV
ParentEquipmentID 0 Go p u

%

ODM2Sensors.DatalLoggerFiles

3

DatalLoggerFileID
DeploymentActionID
DatalLoggerOutputFileLink
DatalLoggerOutputFileDescription

N

Co

ValueCount
IntendedObservationSpacing




[ittle Bear River Sensor Network

« 7 water quality and
streamflow monitoring

sites
 Temperature
» Dissolved Oxygen
. pH
»  Specific Conductance
« Turbidity

+  Water level/discharge

4 weather stations
* Air Temperature

* Relative Humidity Legend

e Solar radiation Monitoring Sites
* Precipitation [] Stream
« Barometric Pressure A Weather N
«  Wind speed and directior> SNOTEL W@.;
*  Soil moisture and e Towns e
temperature at 5 depths [ Reservoirs
—— Streams

¢ Spread spectrum radio ] Watershed Boundary

telemetry network _
0 25 5 10 Kilometers

\ Support: Horsburgh, J.S., Spackman Jones, A., Stevens, D.K., Tarboton, D.G., Mesner, N.O.,
CBET (2010), A sensor network for high frequency estimation of water quality consitutent fluxes
2> 0610075 using surrogates, Environmental Modelling & Software, 25, 1031-1044, doi:10.1016/
j.envsoft.2009.10.012.




Field collection of suspended materials, landscape materials, precipitation
Analyze for several chemical signatures

Use data in a statistical model to determine fraction of stream material from
various sources Particulate Analyses:

Fallout radionuclides (7Be, 137Cs,
210PD)

C, N, stable isotopes
Mineral surface area

Grain size

Mineral content (elemental and
composition)

Microbial community characterization
(16S, rRNA, PCR, ITS-DGGE,
sequencing)

Streamwater Chemistry:
e TSS
Karwan, Pizzuto, Aalto, DOC

Aufdenkampe et al. Anions + Cations
Others?




Sediment & Soil Processing:

Characterization of organic & inorganic bulk properties

Field Data Collection

Notebook:
Site ID, Date, Time, Site Notes
Sample list & descriptions

GPS:

Track Log

Waypoint: Lat., Lon., Elev.

By shovel or auger:
100-300 g in ziplock bag

Plastic core tube sectioned
and sub-sampled in lab

By core:

Lab Processing

Large: >200 mg

ample Size?

10-1000 m

Small: <200 mg

Fine (<2mm) 2 dram glass R _50% of 2 dram glass ine (<2mm)
Texture? no treatment vial (8 mL): >| EA-IRMS “sample vial (8 mL): no treatment\_ Texture?
_ Labeled Labeled
| no treatment, 50% of no treatment, i
or lightly ground, sample), or lightly ground,
or <2mm sieved or <1mm sieved
L FTi FiR Place in mortar
Only clay YES w/ cearbon w/ carbon
aggregates 2 lightly grind 50100y v (1) Pick out >2 mm
mg; SA SA 1 or 2 dram plant roots & detritus,
NO: pebble sized glass vial: ) rinse with DI water,
rocks or plant Sieved Fines v v Labele_d < oven dr.y, .
material: (<1mm) FTIR FTIR plant detritus hard grind or mill
SIEVE through no carbon no carbon hard ground
2 mm >2mm: (2) Pick out >2 mm
(1) Pickoutplant |  aies il 1 or 2 dram pebblos & rocks
ass vial: < . ard grin
oots & dewius, | s vial | —»|EAIRMS[< glass vial: | 9
rinse with DI plantdetritus | i Lags:ed )
water, oven dry, hard ground pebbies (3) Remaining fines
hard grind or mill hard ground (<2 mm),
lightly grind
(2) Remaining 1or2dram Probably
pebbles & rOCkS_l g:_aasbselveljl. _I_> EA-IRMS |« n Ostaenr:gluegh .....
hard grind :
pebbles
hard ground

Field Sample Collection

Y




@ PRISM Station P11, The Great Bend

N VS
PRISM CRUISES
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EarthChem Use Cases

 Volcanic Gas Emissions

« DECADE project as part of the Deep Carbon
Observatory

« Collaboration with DCO Data Science (Peter Fox,
RPI), Global Volcanism Program (Liz Cottrell,
Smithsonian), Tobias Fischer & Laura Clor at
UNM, and international investigators in the DCO

« Composition and fluxes of volcanic gases
« CO2, SO2, CH4, etc.




NSF Scientific Software Integration

BiG CZ SSI project (2014-2015):

The community-driven BiG CZ software system for
integration and analysis of bio- and geoscience data in the

critical zone

Community Engagement in Software Design
through co-design, training & testing workshops.

BiG CZ Portal web application
for high-performance map-based discovery, visualization, access &
publication of data on critical zone structure & function

BiG CZ Toolbox

to enable cyber-savvy CZ scientists & data managers to manage and publish
the data they produce through a single scientist-focused toolkit

BiG CZ Central software stack

to bridge data systems developed for multiple critical zone domains




Other ODM2 Adopters

« CUAHSI Water Data Center
« CUAHSI Hydroshare

* |nterest by:
« DataOne and ecoinformatics community

* Open Geospatial Consortium (OGC) for
“Specimen” profile of “Observations &
Measurements”




Thank You

Funded by the

National Science Foundation
EAR 1224638
EAR 1332257
ACIl 1339834

ODM2 is on GitHUB:
https://github.com/UCHIC/ODM?2




