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OGC standards – UML+XML
• OGC O&M (2011)

• WaterML profile of O&M (2012)

• WaterML-WQ profile of O&M (2014)

• Observable Property vocabulary (2014)

Recent work – RDF/SKOS/OWL
• SSN/SOSA (W3C/OGC, 2017)

• ChEBI (OBO, 2008-2022)

• QUDT (2014-2022)

• NVS P01, S06 (~2000-2022)
• PUV Ontology (BODC/CSIRO, 2021)

• I-ADOPT (RDA, 2021)
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OGC O&M

OM_Observation

+ phenomenonTime

+ resultTime

+ validTime [0..1]

+ resultQuality [0..*]

+ parameter [0..*]

GF_PropertyType

GFI_Feature

OM_Process Any

+observedProperty

1

0..*

+featureOfInterest 1

0..*

+procedure1 +result

An Observation is an action whose result is an estimate of the value 

of some property of the feature-of-interest, obtained using a specified procedure
Cox, OGC Abstract Specification – Topic 20: Observations and Measurements 2.0

ISO 19156:2011 Geographic Information – Observations and measurements
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Types of “Observation”

In-situ (monitoring, field observations)

Ex-situ (laboratory)

Remote sensing
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Sensor-observations

Forecasts

Models
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Customizing O&M / SSN for an application/domain

protocols and 
procedures

instruments 
and sensors

observable properties

object types (features) 

5https://www.w3.org/TR/vocab-ssn/
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O&M Implementations
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OGC WaterML

• OGC® WaterML 2.0: Part 1- Timeseries

• OGC® WaterML2.0: Part 2 - Ratings, Gaugings and Sections

• OGC® WaterML 2: Part 3 - Surface Hydrology Features (HY_Features) - Conceptual Model

• OGC WaterML 2: Part 4 – GroundWaterML 2 (GWML2)

• WaterML-WQ – an O&M and WaterML 2.0 profile for water quality data (1.0)

https://portal.ogc.org/files/?artifact_id=57222
http://docs.opengeospatial.org/is/15-018r2/15-018r2.html
http://docs.opengeospatial.org/is/14-111r6/14-111r6.html
http://docs.opengeospatial.org/is/16-032r2/16-032r2.html
http://docs.opengeospatial.org/bp/14-003/14-003.html


WaterML-WQ

• Defined in UML

• Implemented in XML

…. lots of the spec deals with UML and XML mechanics 
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Water Quality package dependencies
ISO 19109:2005 Application Schema

+ General Feature Model

(from ISO 19109 Application Schema)

«requirementsClass»

WQ_Measurement

+ WQ_Measurement

«requirementsClass»

WQ_MeasurementTimeSeriesTVPObserv ation

+ WQ_MeasurementTimeSeriesTVPObservation

«requirementsClass»

WQ_MeasurementTimeseriesTVP

+ WQ_MeasurementTimeSeriesTVP

«requirementsClass»

WQ_Observ ation

+ WQ_PropertyType

«requirementsClass»

measurement

+ OM_Measurement

(from Observation schema)

«RequirementsClass»

Measurement (TVP) Timeseries

+ MeasurementPointMetadata

+ MeasurementTimeseriesMetadata

+ MeasurementTimeseriesTVP

+ MeasureTimeValuePair

(from WaterML2.0)

«RequirementsClass»

Measurement Timeseries (TVP) Observ ation

+ MeasurementTimeseriesTVPObservation

(from WaterML2.0)

ISO 19103:2005 Schema Language

+ Basic Types

(from ISO 19103 Conceptual Schema 

Language)

«requirementsClass»

observ ation

+ NamedValue

+ ObservationContext

+ OM_Observation

+ OM_Process

(from Observation schema)

O&M requirements

WaterML 2 requirements

WaterQuality requirements

Legend

«import»



WQ classes as sub-types of O&M and WaterML 2
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«FeatureType»

measurement::

OM_Measurement

«FeatureType»

observation::OM_Observation

+ parameter  :NamedValue [0..*]

+ phenomenonTime  :TM_Object

+ resultQuality  :DQ_Element [0..*]

+ resultTime  :TM_Instant

+ validTime  :TM_Period [0..1]

constraints

{observedProperty shall be a phenomenon associated with the feature of interest}

{procedure shall be suitable for observedProperty}

{result type shall be suitable for observedProperty}

{a parameter.name shall not appear more than once}

Units of Measure::Measure

{root}

+ value  :Number

+ convert(UnitOfMeasure*)  :Measure

«metaclass»

General Feature Model::

GF_PropertyType

{root}

«FeatureType»

coverageObservation::

OM_DiscreteCoverageObservation

«FeatureType»

Timeseries Observation::

TimeseriesObservation

«FeatureType»

Timeseries (TVP) Observation::

TimeseriesTVPObservation

«Type»

Measurement (TVP) Timeseries::

MeasurementTimeseriesTVP

Timeseries

«FeatureType»

Interleaved (TVP) Timeseries::

TimeseriesTVP

TimeValuePair

«Type»

Measurement (TVP) Timeseries::

MeasureTimeValuePair

+ value  :Measure

«FeatureType»

WQ_Measurement::

WQ_Measurement

«FeatureType»

WQ_MeasurementTimeSeriesTVPObservation::

WQ_MeasurementTimeSeriesTVPObservation

«FeatureType»

WQ_MeasurementTimeseriesTVP::

WQ_MeasurementTimeSeriesTVP

«metaclass»

WQ_Observation::

WQ_PropertyType

O&M Classes

WaterML 2 Classes

Water Quality Classes

Legend
+result

+collection

0..*CoverageFunction

+element

0..*

+result

Range

Phenomenon

+observedProperty

1



Requirements Classes (option 1)
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Requirements Classes (option 2)
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Water Quality observable property vocabulary

1. Observable property model as a formal ontology based on 
• OGC O&M v1.0 (Cox, 2007) 

• QUDT v1.1 (Hodgson and Keller, 2011)

2. Content from various Australian and international projects

3. Analytes linked to Chemical Entities of Biological Interest (ChEBI) ontology
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Simons, B.A, Yu, J. and Cox, S.J.D., (2013) Water Quality vocabularies for the Bioregional Assessment Framework. 
Water for a Healthy Country Flagship Report series ISSN: 1835-095X



Healthy Headwaters Terms
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cas_rn
number

Number
of tests Units_used

ANGDTS 
Code ANGDTS Description

WDTF 
Parameter

chemical 
name ADWG name

IUPAC 
name Group Comments

EC

267621

us/cm 
(256639), 

ms/cm 
(10948), 

mg/L (25)

EC

ease at which conduction current 
can be caused to flow through 
material in 
microSiemens/centimetre

ElectricalCo
nductivityA
t25C_uScm

Electrical 
Conductivity

Conductivit
y

us/cs and ms/cm could all be 
MicroSiemens/cm, 
but temperature of measurement 
not recorded

PH
104367 pH units pH

negative logarithm of hydrogen 
ion concentration in ph units

WaterpH_p
H

pH pH

pH, 
alkalinity, 
acidity

16887-
00-6

90358
mg/L 

(90357), 
mg/kg (1)

16887-
00-6

concentration of chloride as Cl in 
milligrams/litre

Chloride Chloride Chloride Anion Halide

TDS

89918 mg/L TDS

the portion of total solids that 
passes through filter and 
deemed to have been dissolved 
in sample in milligrams/litre

Total 
Dissolved 
Solids

Total 
Dissolved 
Solids Salinity Silica + Total Anions + Total Cations

TOTALAL
KALINITY

89142 mg/L ALKT

concentration in milligrams/litre 
CaCO3 of titratable bases using a 
methyl-orange endpoint of about 
pH 4.3 

Total 
Alkalinity (as 
CaCO3)

pH, 
alkalinity, 
acidity

HARDNE
SS_CACO
3

88044 mg/L HARD

the ability of water to precipitate 
soap and is sum of calcium and 
magnesium concentrations as 
milligrams/litre CaCO3

Hardness (as 
CaCO3)

Hardness (as 
calcium 
carbonate)

Hardness 
(as calcium 
carbonate)

TDI
87949 mg/L

Total 
Dissolved 
Ions Salinity Total Anions + Total Cations

SAR 80643 Ratio SAR

ratio of sodium to magnesium 
and calcium and used to assess 
risk of excess sodium in irrigation 
water

Sodium 
Adsorption 
Ratio Salinity

SAR = [Na+] / {([Ca2+] + [Mg2+]) / 
2}1/2

3812-32-
6

72329
mg/L 

(72328), 
%MOL (1)

ALKC
alkalinity ascribed to carbonate 
in milligrams/litre CO3

Carbonate 
Alkalinity (as 
CaCO3)

Carbonat
e

pH, 
alkalinity, 
acidity

NITRATE
68072

mg/L 
(68071), 

mg/kg (1)

14797-
55-8

concentration of nitrate as N in 
milligrams/litre

Nitrate
Nitrate and 
Nitrite

Nitrate and 
Nitrite Anion

7439-89-
6

53215

mg/L 
(53074), 

mg/kg (1), 
ug/L (140)

7439-89-
6

concentration of iron as Fe in 
milligrams/litre

Iron Iron Metal Cation Transition metal



O&M V1 Annex C (cut-down version)

WaterML-WQ |  Simon Cox |  Page 2

class O&M_v 1_AnnexC_Figure6

«GF_PropertyType»

PropertyType

«GF_PropertyType»

ConstrainedPropertyType

+ otherConstraint  :CharacterString [0..*]

+ singleConstraint  :Any [0..*]

+base

1



WQ extension to 
QUDT
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Observable properties vocab

• Originally in CSIRO’s Linked Data Registry

• Now in RVA -
https://demo.vocabs.ardc.edu.au/viewById/907

https://demo.vocabs.ardc.edu.au/viewById/907
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O&M Implementations

20



“Observation” = Act of observation

21 |
https://www.w3.org/TR/vocab-ssn/

Properties = metadata and result for a single observation



Sampling



Sample = result of an Act-of-sampling

A ‘sample’ is a thing or subset which is intended to be 

representative of a larger thing or set …

… created or selected for the purpose of making 

observations to determine the value of one or more 

properties, traits or qualities of the larger thing 

The essential property of a sample is the 'is-sample-

of' relationship with the larger thing.

https://goo.gl/KBvkgW
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SOSA/SSN = RDFS/OWL implementation

Observation Sampling

24
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SOSA/SSN is ‘born linked’

● Link to dependencies description of the Observable Property using a 
persistent URI
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In practice

https://bitbucket.org/terndatateam/ternplotdata-ontology/src/master/corveg/corveg-site.md

corveg-site:site-29099 a plot:Site ;

rdfs:label "Site 29099" ;

plot:floristics <http://linked.data.gov.au/def/corveg-cv/site-sample-floristics/c> ; # “Woody Species And Perennial Herbs”

plot:sampleLevel <http://linked.data.gov.au/def/corveg-cv/site-sample-level/q> ;   # “Quaternary Site”

plot:sampleType <http://linked.data.gov.au/def/corveg-cv/site-sample-type/a> ;   # “square”

plot:siteDescription corveg-site:d-29099-1 ;

dct:identifier "29099"^^corveg-def:site-id,

"618_455029"^^corveg-def:site-number ;

dct:modified "2015-10-20T08:44:07"^^xsd:dateTime ;

locn:Location corveg-location:l-28966 ;

prov:wasGeneratedBy corveg-site:p-287 ;

sosa:hasUltimateFeatureOfInterest <http://linked.data.gov.au/def/corveg-cv/miscellaneous/87> .

corveg-site:d-29099-1 a sosa:ObservationCollection ;

rdfs:label "Site 29099 observation collection." ;

dct:type <http://linked.data.gov.au/def/corveg-cv/ogroup/4> ;   # “sampling-site (description)”

sosa:hasFeatureOfInterest corveg-site:site-29099 ;

sosa:phenomenonTime corveg-site:t1995-10-13-h0-m0-s0 ;

sosa:resultTime "2015-10-20T00:00:00"^^xsd:dateTime ;

sosa:hasMember corveg-site:d-29099-1-1 .

corveg-site:d-29099-1-1 a sosa:Observation ;

rdfs:label "Site 29099 area measurement observation" ;

sosa:hasFeatureOfInterest corveg-site:site-29099 ;

sosa:hasResult [ a data:QuantitativeMeasure ;

data:standard unit:M2 ;

rdf:value 400 ] ;

sosa:observedProperty <http://linked.data.gov.au/def/corveg-cv/op/1> ;   # “area”

sosa:phenomenonTime corveg-site:t1995-10-13-h0-m0-s0 ;

sosa:resultTime "2015-10-20T00:00:00"^^xsd:dateTime ;

sosa:usedProcedure <http://linked.data.gov.au/def/corveg-cv/common-method/s> .   # “Site Layout Method”

corveg-site:t1995-10-13-h0-m0-s0 a time:Instant ;

time:inXSDDateTime "1995-10-13T00:00:00"^^xsd:dateTime .

URIs for terms

Standard resource 
types

Links between related 
resources

Small datatype 
vocabulary
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https://bitbucket.org/terndatateam/ternplotdata-ontology/src/master/corveg/corveg-site.md
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Vocabularies and ontologies for WQ observable properties

● ChEBI (OBO, 2008-2022)

● QUDT (2014-2022)

● NVS P01, S06 (~2000-2022)

○ PUV Ontology (BODC/CSIRO, 2021)

● I-ADOPT (RDA, 2021)
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Chemical Entities of 
Biological Interest 
(ChEBI)

● database of molecular entities
● focused on 'small' chemical

compounds
● Part of OBO foundry 

e.g. http://purl.obolibrary.org/obo/CHEBI_16134

http://purl.obolibrary.org/obo/CHEBI_16134
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QUDT – Quantities Units Dimensions & Types

● http://www.qudt.org/

http://www.qudt.org/
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QUDT Quantity Kinds

Concentration
http://qudt.org/vocab/quantitykind/Concentration

http://qudt.org/vocab/quantitykind/Concentration
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QUDT Units

kg/m3

http://qudt.org/vocab/unit/KiloGM-PER-M3

http://qudt.org/vocab/unit/KiloGM-PER-M3


Units of measurement

Also

• UCUM

• OM

• UDUNITS

• …

Mapping service 
https://units-of-measurement.org/kg.m-3

https://units-of-measurement.org/kg.m-3
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NERC Vocabulary Service

Ocean data vocabularies
https://vocab.nerc.ac.uk/search_nvs/

https://vocab.nerc.ac.uk/search_nvs/
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S06 - Parameter names

https://vocab.nerc.ac.uk/collection/S06/current/

Basic observable properties 

100s entries

https://vocab.nerc.ac.uk/collection/S06/current/
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P01 - Parameter names

https://vocab.nerc.ac.uk/collection/P01/current/

Highly detailed, includes method with observable 
property
~40,000 entries

https://vocab.nerc.ac.uk/collection/P01/current/
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Requesting changes, new terms

https://github.com/nvs-vocabs/P01/issues

https://github.com/nvs-vocabs/P01/issues
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P01 Semantic Model
https://github.com/nvs-vocabs/P01/blob/master/P01_wheel.pdf

https://github.com/nvs-vocabs/P01/blob/master/P01_wheel.pdf
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PUV Ontology
https://w3id.org/env/puv

https://w3id.org/env/puv
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PUV view coming soon



Cox    |  ESIP  |   February 2022

I-ADOPT

https://rd-alliance.org/group/interoperable-
descriptions-observable-property-terminology-wg-
i-adopt-wg/outcomes

https://rd-alliance.org/group/interoperable-descriptions-observable-property-terminology-wg-i-adopt-wg/outcomes
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IADOPT

● Model

● Example
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https://people.csiro.au/c/s/simon-cox

https://people.csiro.au/c/s/simon-cox


Thank you!

Workshop Series on Water Quality Monitoring – Opening Workshop

WEATHER CLIMATE WATER


