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Observations and measurements 
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Observations and measurements 
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• an EVENT whose  
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• THING obtained using a 
specified  
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Observations and measurements 

ISO 19156:2011 ‘Geographic information – Observations and 
measurements’ provides a metamodel for describing the 
context required to interpret the results of an observation. 

OM_Observation: 

• an EVENT whose  

• RESULT is an estimate 
of a value of some  

• PROPERTY of some 

• THING obtained using a 
specified  

• PROCEDURE … 

SF_SamplingFeature

lineage

parameter

SF_SpatialSamplingFeature

shape

ISO 19156:2011

CV_Coverage

ISO 19123:2005
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METCE: a profile of Observations and Measurements 

«FeatureType» 
OM_Observation 

(ISO 19156) 
+result 

«Type» 
Any 

(ISO 19103) 

WMO METCE 

Does the data collected (e.g. the ‘result’) from the Observation event: 

Q 

B. Describe multiple physical properties? 

No 

«FeatureType» 
OM_ComplexObservation 

(ISO 19156) 

«Type» 
Record 

(ISO 19103) 

+result 

B 
Yes 

«FeatureType» 
ComplexSamplingMeasurement 

No 

«FeatureType» 
SamplingObservation 

A. Vary in space and or time? 

«FeatureType» 
OM_DiscreteCoverageObservation 

(ISO 19156) 
+result 

«Type» 
CV_DiscreteCoverage 

(ISO 19123) 

A 
Yes 

«FeatureType» 
SamplingCoverageMeasurement 



6 ET-CDMS, Geneva, 04-07 November 2014 

Common constraints applicable to all METCE types 

WMO METCE 

«FeatureType» 
OM_ComplexObservation 

(ISO 19156) 

«Type» 
Record 

(ISO 19103) 

+result 

«FeatureType» 
ComplexSamplingMeasurement 

«FeatureType» 
Process 

+procedure 

«FeatureType» 
OM_Observation 

(ISO 19156) 

«FeatureType» 
Process 

+procedure 

(ISO 19156) 

«FeatureType» 
GFI_FeatureType 

+featureOfInterest 

(ISO 19156) 

«FeatureType» 
SF_SpatialSamplingFeature 

(ISO 19156) 

+featureOfInterest 

All specialisations of OM_Observation defined in WMO METCE require: 

• association role ‘featureOfInterest’ shall be of type SF_SpatialSamplingFeature 

• association role ‘procedure’ shall be of type Process (from WMO METCE) 
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METCE Process 

WMO METCE 

«FeatureType» 
OM_ComplexObservation 

(ISO 19156) 

«Type» 
Record 

(ISO 19103) 

+result 

«FeatureType» 
ComplexSamplingMeasurement 

«FeatureType» 
Process 

+procedure 

«FeatureType» 
OM_Observation 

(ISO 19156) 

«FeatureType» 
Process 

+procedure 

(ISO 19156) 

«FeatureType» 
GFI_FeatureType 

+featureOfInterest 

(ISO 19156) 

«FeatureType» 
SF_SpatialSamplingFeature 

(ISO 19156) 

+featureOfInterest 

Process (from WMO METCE) provides a concrete implementation of  the 
abstract OM_Process supporting the following requirements: 

1. reference to supporting documentation,  

2. specification of configuration parameters,  

3. specification of the measurement resolution and/or measurement range 
for each measurand. 

 

 



In meteorology, we define a sampling regime that enables us to observe, measure or 
simulate the real-world. Sampling Features (from ISO 19156 ‘Observations and 
measurements’) provide a way to characterise this sampling regime and the 
relationship to the real-world. 
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SamplingFeature as OM_Observation.featureOfInterest 

:ComplexSamplingMeasurement 03839:SF_SamplingPoint 
+featureOfInterest 

:Point 
@srsName “EPSG:4326” 

pos = “50.737 -3.405” 

+shape 

84579:NamedPlace 
name = “Exeter Airport” +sampledFeature 
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Example use of METCE: Met Office DataPoint 

Illustrative example demonstrating how METCE provides a foundation to domain 

specific Application Schema …  

 

 

 

 
 

UK hourly site-specific observations 

• Hourly observations for approximately 140 
locations across the UK 

• Parameters: 

• Air temperature 

• MSLP 

• Wind speed 

• Wind speed (gust) 

• Wind direction 

• Visibility 

• Weather type 

DataPoint Beta 
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Which type of OM_Observation? 

«FeatureType» 
OM_Observation 

(ISO 19156) 
+result 

«Type» 
Any 

(ISO 19103) 

WMO METCE 

Does the data collected (e.g. the ‘result’) from the Observation event: 

«FeatureType» 
OM_ComplexObservation 

(ISO 19156) 

«Type» 
Record 

(ISO 19103) 

+result 

No 

«FeatureType» 
SamplingObservation 

«FeatureType» 
OM_DiscreteCoverageObservation 

(ISO 19156) 
+result 

«Type» 
CV_DiscreteCoverage 

(ISO 19123) 

Yes 

«FeatureType» 
SamplingCoverageMeasurement 

B. Describe multiple physical properties? 

A. Vary in space and or time? 

DataPoint observation results: 

A. _DO NOT_ vary in time or 
space – instantaneous 

observation at fixed 
location; and 

B. _DO_ describe multiple 
physical properties (count = 7) 

… use ComplexSamplingMeasurement 

 

Q A 

 

 
 

UK hourly site-specific observations 

• Hourly observations for approximately 140 
locations across the UK 

• Parameters: 

• Air temperature 

• MSLP 

• Wind speed 

• Wind speed (gust) 

• Wind direction 

• Visibility 

• Weather type 

DataPoint Beta 

«FeatureType» 
ComplexSamplingMeasurement 

Yes 

No 
B 
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Validatable data products: bespoke Records class 

 

 
 

UK hourly site-specific observations 

• Hourly observations for approximately 140 
locations across the UK 

• Parameters: 

• Air temperature 

• MSLP 

• Wind speed 

• Wind speed (gust) 

• Wind direction 

• Visibility 

• Weather type 

DataPoint Beta 

DataPoint 

 

Record 

(ISO 19103) 

 

WeatherObservationRecord 

+airTemperature 
+pressure 
+windSpeed 
+gustSpeed 
+windDirection 
+visibility 
+weatherType 
 

The Record class (from ISO 19103) provides a set of name-value pairs. 

In GML, this can be implemented using SWE DataRecord … 

However, in this example, we require validatable data products. Therefore, we need to 
generate an XML Type for the Record – which is derived from our Application Schema: 
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ICAO Weather eXchange Model (IWXXM) 

IWXXM 

METCE 

O&M 

ICAO Annex 3 / WMO No. 49 II 

Meteorological Service for 
International Air Navigation 

« formalised as » 
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WaterML2 Part 1 – Timeseries; another OM profile 

#10-126r4 
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WaterML2: Specialised Result type (TimeSeries) 
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WaterML2: Time series structures (and more) 

Average in  

succeeding  

interval 

Preceding  

total 

Minimum in  

preceding  

interval 

Maximum in  

preceding  

interval 

Average in  

preceding  

interval 

Instantaneous 

total 
Discontinuous 

Continuous/ 

Instantaneous 
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OGC Change Request #13-123: TimeSeriesML 

To repackage WaterML 2.0: Part 1 as TimeSeriesML and 
place its stewardship and further evolution under the 
guidance of a broader-based working group. 

Other than some of the examples, there is nothing 
hydrology-specific in the Part 1 specification. Rather it 
complements O&M and SWE Common Data Model to 
provide a very functional advance in OGC support for the 
management and distribution of time series data across 
multiple domains. 

TimeSeriesML SWG Charter established Nov 2014 
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Model-driven data exchange standards; XML encoding 

TAF 

METAR/SPECI 
SIGMET 

« 
co

n
fo

rm
s 

to
 »

 

XML Schema 1.0 

Schematron  . 

Validation schema 

and rules 

Validatable 

data products 

******** 

**** 

******* 

********* 

********* 

******** 

** 

******* 

********** 

** 

« 
d

er
iv

ed
 f

ro
m

 »
 

Application Schema 

(aka ‘conceptual model’) 

Technology independent description of 

content and structure of information to be 

exchanged for a given application 

FullMoon 
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WMO and O&M convergence 

 WMO tasked by ICAO to deliver GML application 
schema for aeronautical meteorology data exchange 

 WMO (TT-AvXML) adopt model-driven approach based 
on O&M; new code forms include 

 FM 202-15 Ext. METCE-XML 

 FM 205-15 Ext. IWXXM-XML 



Nominal value-types; regulated set of terms (code-table) 
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*******
* ** 

******* 
********** 
** 

Excerpt from BUFR edition 4 Code- and Flag-tables 

IWXXM METAR/SPECI 

«DataType» 
AerodromeRunwayState 

+ runway : Runway [0..1] 
+ cleared : Boolean [0..1] 
+ contamination : RunwayContamination [0..1] 
+ snowClosure : Boolean [0..1] 
+ depositType : RunwayDeposits [0..1] 
+ depthOfDeposit : DepthOfDeposit [0..1] 
+ brakingAction : BrakingAction [0..1] 
+ frictionCoefficient : FrictionCoefficient [0..1] 

Technical Regulation mandates 

the use of terms only from a 

specified controlled vocabulary 



Design choice: avoid use of «enumeration» entities (fragile) 
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Excerpt from BUFR edition 4 Code- and Flag-tables 

IWXXM METAR/SPECI 

«DataType» 
AerodromeRunwayState 

+ runway : Runway [0..1] 
+ cleared : Boolean [0..1] 
+ contamination : RunwayContamination [0..1] 
+ snowClosure : Boolean [0..1] 
+ depositType : RunwayDeposits [0..1] 
+ depthOfDeposit : DepthOfDeposit [0..1] 
+ brakingAction : BrakingAction [0..1] 
+ frictionCoefficient : FrictionCoefficient [0..1] 

«enumeration» 
RunwayDeposits 

 
+ Clear_and_dry 
+ Damp 
+ Wet_with_water_patches 
+ Rime_and_frost_covered 
+ Dry_snow 
+ Wet_snow 

 



Best practice: use «CodeList» class (external reference) 
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Excerpt from BUFR edition 4 Code- and Flag-tables 

IWXXM METAR/SPECI 

«DataType» 
AerodromeRunwayState 

+ runway : Runway [0..1] 
+ cleared : Boolean [0..1] 
+ contamination : RunwayContamination [0..1] 
+ snowClosure : Boolean [0..1] 
+ depositType : RunwayDeposits [0..1] 
+ depthOfDeposit : DepthOfDeposit [0..1] 
+ brakingAction : BrakingAction [0..1] 
+ frictionCoefficient : FrictionCoefficient [0..1] 

«CodeList» 
RunwayDeposits 

 



Referencing terms using canonical labels 
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«DataType» 
AerodromeRunwayState 

+ runway : Runway [0..1] 
+ cleared : Boolean [0..1] 
+ contamination : RunwayContamination [0..1] 
+ snowClosure : Boolean [0..1] 
+ depositType : RunwayDeposits [0..1] 
+ depthOfDeposit : DepthOfDeposit [0..1] 
+ brakingAction : BrakingAction [0..1] 
+ frictionCoefficient : FrictionCoefficient [0..1] 

<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             Damp 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

Canonical labels don’t work 

well as identifiers as their use 

is error prone … 



Referencing terms using canonical labels 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             DAMP 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

CAPITALISATION? 



Referencing terms using canonical labels 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             Dammp 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

Typographic erors? 



Referencing terms using canonical labels 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             влажный 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

Multilingual content? 



Referencing terms using local identifiers; “code-figure” 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             1 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

“1” what? Because XML is a 

generalised exchange format, 

there are no implied semantics 

like for BUFR and GRIB 



Referencing terms using local identifiers; “code-figure” 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             0-20-086/1 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

Qualifying the code-figure with 

the code-table identifier is still 

fairly meaningless unless 

you’re a BUFR expert! 



Referencing terms using local identifiers; “code-figure” 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             bufr4/codeflag/0-20-086/1 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

Adding context (e.g. BUFR 

edition 4, code- and flag-tables) 

helps – but who’s the 

publishing authority? 



Referencing terms using global identifiers 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType> 

             wmo.int/bufr4/codeflag/0-20-086/1 

        </iwxxm:depositType> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

We want to be sure that this is 

the authoritative version from 

WMO; prefix identifier with 

WMO’s Internet domain name 



Referencing terms using global identifiers; xlink & URN 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType 

             xlink:href=“urn:foo:wmo.int/bufr4/codeflag/0-20-086/1”  

             xlink:title=“Damp”/> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> A URN may be used – but then 

one needs additional 

knowledge to determine how to 

resolve the identifier 

GML requires use of XLINK for 

«CodeList» references; the 

Locator Attribute “href” must 

be a URI 

http://www.w3.org/TR/xlink11/
http://www.ietf.org/rfc/rfc3986.txt


Referencing terms using URIs; an Open Data approach 

31 source: http://5stardata.info/ 

5 ★ Open Data scheme: the degree to which data is (re-)usable 
 

★ ★ ★ ★  use URIs to denote things – so that people can point to your stuff 

Better still – use HTTP URIs 

and let the Internet take the 

strain to resolve the identifier 

to useful information! 

http://5stardata.info/


The WMO Codes Registry service: resolving identifiers 
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<iwxxm:runwayState> 

    <iwxxm:AerodromeRunwayState> 

        <iwxxm:depositType 

             xlink:href=“http://codes.wmo.int/bufr4/codeflag/0-20-086/1”  

             xlink:title=“Damp”/> 

    </iwxxm:AerodromeRunwayState> 

</iwxxm:runwayState> 

“codes” sub-domain prefix 

added to wmo.int Internet 

domain name to enable 

redirection using DNS … 
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The WMO Codes Registry service: resolving identifiers 



Overview of WMO Codes Registry 

 WMO Codes Registry is the Service that resolves these 

HTTP URIs 

 Provides useful information about each identified resource 

or concept (as determined by WMO) – using content 

negotiation to render both human- and machine-readable 

content (HTML, RDF/XML, Turtle & JSON-LD) 

 Newly deployed: September 2013 

 Operated by Met Office  on behalf of WMO  

 Founded on Linked Data principles and RDF 

 Built using open-source Registry software developed by 

UK Government 

 

 

http://codes.wmo.int/
http://www.w3.org/Protocols/rfc2616/rfc2616-sec12.html
http://www.w3.org/Protocols/rfc2616/rfc2616-sec12.html
http://www.w3.org/TR/html-markup/
http://www.w3.org/TR/REC-rdf-syntax/
http://www.w3.org/TR/turtle/
http://www.w3.org/TR/json-ld/
http://www.w3.org/TR/json-ld/
http://www.w3.org/TR/json-ld/
https://github.com/UKGovLD/ukl-registry-poc/wiki
https://github.com/UKGovLD/ukl-registry-poc/wiki
https://github.com/UKGovLD/ukl-registry-poc/wiki


HTTP URIs assigned to code-tables too … 
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IWXXM METAR/SPECI 

«DataType» 
AerodromeRunwayState 

+ runway : Runway [0..1] 
+ cleared : Boolean [0..1] 
+ contamination : RunwayContamination [0..1] 
+ snowClosure : Boolean [0..1] 
+ depositType : RunwayDeposits [0..1] 
+ depthOfDeposit : DepthOfDeposit [0..1] 
+ brakingAction : BrakingAction [0..1] 
+ frictionCoefficient : FrictionCoefficient [0..1] 

«CodeList» 
RunwayDeposits 

 

tagged values: 

vocabulary = “http://codes.wmo.int/bufr4/codeflag/0-20-086” 

extensibility = “none” 

<complexType name="RunwayDepositsType"> 

   <annotation> 

      <appinfo> 

         <vocabulary> 

            http://codes.wmo.int/bufr4/codeflag/0-20-086 

         </vocabulary> 

         <extensibility>none</extensibility> 

      </appinfo> 

      <documentation> 

         Type of deposit on a runway [..snip..] 

      </documentation> 

   </annotation> 

   <complexContent> 

      <extension base="gml:ReferenceType"/> 

   </complexContent> 

</complexType> 

We needed an external 

reference from the model to the 

code-table; “vocabulary” 

tagged value is code-table URI 



HTTP URIs assigned to code-tables too … 
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Each code-table is published 

as a “Register” 



QUESTIONS?  

Next: Linked Data  

38 


