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Annex 2 to Recommendation 10 (CBS-Ext.(2014))

GUIDELINES ON WMO DATA MODELLING FOR WMO CODES

The text of the Guidelines on Data Modelling for WMO Codes will be published only in English.

GUIDELINES ON DATA MODELLING FOR WMO CODES
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1 INTRODUCTION
1.1 Context

The word codes is used in many different contexts within the work of the WMO. There are lists of
values named “code lists,” and multi-page documents that describe “code forms” (binary and
alphanumeric) for data interchange. The matter is further complicated by the term “source code”
for computer software. The title of this document refers to “WMO codes,” and it is intended to have
two meanings. First, this document explains the strategies applied to create data models for a
handful of important Traditional Alphanumeric Codes (TAC). Second, this document explains
strategies that can be used as data modellers create entirely new data representations.

1.2 History

In July 2011, the WMO’s Commission for Basic Systems’ Management Group (CBS-MG) created
the Task Team on Aviation XML (TT-AvXML) at its twelfth meeting. TT-AvXML was “to harmonize
with ICAO an XML representation of weather data that could be used within the aviation
community.” In accordance with its terms of reference, the team chose a data modelling approach
that would “allow consistency with the emerging WMO data model...and allow consistent evolution
alongside other WMO data representations...”

It was urgent for TT-AvXML to produce specifications of Geography Markup Language
(GML)/eXtensible Markup Language (XML) schemas for the encoding of four key TAC forms.
These code forms were METAR, SPECI, TAF, and SIGMET. ICAO needed these schemas to
support Amendment 76 to ICAO Annex 3 — Meteorological Service for International Air Navigation.
Specifically, Amendment 76 enabled "States in a position to do so" to disseminate these products
"formatted in accordance with a globally interoperable information exchange model" that would
"use extensible markup language (XML)/geography markup language (GML)."

Rather than create XML schemas directly, TT-AvXML chose to follow industry best practices and
first create its data model within Unified Modelling Language (UML) and then generate XML
schemas automatically using a defined set of rules. The Task Team also chose to establish a
codes registry to host authoritative terms from WMO technical regulations as web-accessible
resources that could be referenced from within these new data products.

1.3 Data Modelling and WMO Governance

The WMO has played a strong role in codifying weather, water, and climate concepts and
procedures as well as developing data representations. This work has enabled the WMO to
successfully facilitate the free and unrestricted exchange of products and services in real-time and
near-real time with strong governance for decades. The code tables that form the underpinning of
the WMO'’s Table-Driven Code Forms (TDCF; e.g., GRIB and BUFR) have been called the WMQO’s
“crown jewels.” Decades of expert effort have established authoritative terminologies that describe
phenomena in these domains.

The data models described herein have been built upon many of these same concepts. The
generic classes presented here are intended to be useful across the regimes governed by the
WMO and other regimes. While the WMO governs the classes contained in these data models,
many useful definitions are imported from various reference models governed by the International
Organization for Standardization (ISO) Technical Committee 211 (TC211). Developers have drawn
inspiration from WMO TDCFs for much of this work.
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14 Overview

This document is intended to guide people who want to create data representations. Most of the
examples used here come from the four TAC that were modelled in AvXML. We offer these
models as examples of best practice. Moreover, we hope that many readers will learn and
understand more readily because they are familiar with TAC. Sections 2 and 3 introduce the
METCE and OPM models, respectively. These are foundational tools for WMO data modelling.
Section 4 provides substantial detail about the data modelling process. This includes an important
discussion about the various properties of the Observation and Measurements model and how it
can be applied to WMO domains. Section 5 introduces the WMO Codes Registry, another useful
tool for WMO data modellers. Annexes A through G document METCE, OPM, and IWXXM in
considerable detail. The reader should note that the information available in Annexes A through G
is also available online. Moreover, the online versions are superior to the print versions. These
annexes contain context diagrams and descriptive tables. Annex H documents the techniques
used to create XML schemas from the AvXML model.

1.5 Reference standards
The following data models have all been useful in modelling WMO codes:

ISO 8601, Data elements and interchange formats — Information interchange — Representation of
dates and times

ISO 19109:2005, Geographic information — Rules for application schema

ISO 19136:2007, Geographic information — Geography Markup Language (GML)
ISO/TS 19139:2007, Geographic information — Metadata — XML schema implementation
ISO 19156:2011, Geographic information — Observations and measurements

ISO/IEC 19757-3:2006 Information technology — Document Schema Definition Language (DSDL) —
Part 3: Rule-based validation — Schematron

OGCI/IS 10-025r1 Observations and measurements v2.0 — XML implementation

OGCI/IS 08-094r1 SWE Common Data Model

W3C XMLName, Namespaces in XML. W3C Recommendation (14 January 1999)

W3C XMLSchema-1, XML Schema Part 1: Structures. W3C Recommendation (2 May 2001)
W3C XMLSchema-2, XML Schema Part 2: Datatypes. W3C Recommendation (2 May 2001)

W3C XML, Extensible Markup Language (XML) 1.0 (Second Edition). W3C Recommendation
(6 October 2000)

W3C XLink, XML Linking Language (XLink) Version 1.1. W3C Recommendation (6 May 2010)

1.6 Special role of the Observations and Measurements Model in WMO Data
Modelling

WMO data models are built on the foundation provided by ISO 19156:2011 "Geographic
information — Observations and measurements" (O&M). O&M models many useful concepts and
organises them into classes that complement and support the development of WMO codes. As the
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originator of this ISO standard, the Open Geospatial Consortium (OGC) has published a "sister
document" named Topic 20: Observations and Measurements. OGC Topic 20 contains much of
the information of ISO 19156:2011, supplemental material, and an XML implementation.

By far, the portion of O&M that is most relevant to modelling WMO codes is the class named
OM_Observation.

OM_Observation is remarkably well suited to the representation of WMO codes. Despite its name,
O&M supports both observations and forecasts of weather, water, and climate. The
OM_Observation class provides a framework to describe the event of an observation or
measurement. In O&M, an observation is defined as an event that results in an estimation of the
value (the result) of a property (the observed property) of some entity (the feature of interest)
using a specified procedure. OM_Observation also provides a mechanism to capture quality
information about the result and arbitrary parameters concerning the observation event.
OM_Observation includes three different time attributes. The phenomenon time is the time that
the result applies to the property of the feature of interest. The result time is the time when the
result became available. The valid time is the period during which the result is intended to be
used.

OM_Observation allows one to describe arbitrarily complex procedures. It can describe the
measurement of air temperature using a particular type of thermometer, and it can describe
intensive numerical simulations. Many forms of observations are represented using WMO code
forms. O&M provides a framework that can support them all.

Note: Some of the terminology (in particular, result time, phenomenon time, valid time) established
in O&M differs from and conflicts with terminology previously established in WMO publications.
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2 MODELE POUR L’ECHANGE DES INFORMATIONS SUR
LE TEMPS, LE CLIMATE ET L’EAU (METCE)

The Modéle pour I'Echange des Informations sur le Temps, le Climate et 'Eau (METCE) is a
Logical Data Model (LDM) that was developed to work within the O&M framework and support
WMO domains. In English, METCE may also be known as the "METeorological Community
Exchange" model. The classes and concepts found in METCE will be especially useful to those
who are developing data models for pre-existing Traditional Alphanumeric Codes (TAC) and
Table-Driven Code Forms (TDCF). METCE will serve equally well developing new data
representations.

2.1 Purpose and use of METCE

METCE provides an information framework that will be useful when applying O&M to the task of
modelling WMO codes. It contains three parts.

The first part of METCE is a series of definitions of observation/forecast types. In this context, the
word type refers explicitly to the optional type sub-element defined in the OGC project document
named “Observations and Measurements — XML Implementation” (OMXML; OGC 10-025r1).
These types are defined authoritatively by the WMO Registry (http://codes.wmo.int). An initial set
of types has been defined, at this writing, and they are described below.

The second part of METCE is a data model for certain meteorological phenomena. Version 1.1
(namespace http://def.wmo.int/metce/2013) of METCE currently contains a limited number of
features (e.g. volcano and tropical cyclone) that were required to model METAR, SPECI, TAF, and
SIGMET. There are many other features, however, that can be modelled in this way. They will
likely be added as a part of subsequent releases.

The third part of METCE includes a data model for procedures. This is a concrete implementation
of the OM_Process class found in O&M.

The METCE application schema will typically be imported to provide a baseline conceptual model
framework upon which community-specific application schema can be built.

2.2 Observation/Forecast Types Defined in METCE

The UML data model for METCE (See Annex A, below.) clearly illustrates the structure and
intended uses for the observation/forecast types. The types are named metce:Sampling-
Observation, metce:ComplexSamplingMeasurement, and metce:SamplingCoverageMeasurement.
All three types are specialisations of O&M. All three are formed by limiting options for om:result,
om:featureOflinterest, and/or om:process.

221 ComplexSamplingMeasurement

ComplexSamplingMeasurement (a subclass of OM_ComplexObservation) should be used when a
single observation event evaluates multiple parameters. Examples include a set of measurements
taken by instruments mounted on a tower and a forecast of rainfall and wind speed at an
aerodrome. It imposes the following three constraints: 1) the result (om:result) is a Record, as
defined in ISO 19103; 2) the feature of interest (om:featureOfinterest) belongs to the class
SF_SpatialSamplingFeature, as defined in O&M, or to a subclass of SF_SpatialSamplingFeature;
and 3) the procedure (om:procedure) belongs to the class Process, as defined in METCE, or to a
subclass of Process. The OM_ComplexObservation is used because the result of this class is a
group of measures, provided as a Record. Again, this matches many WMO application domains
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where multiple phenomena are measured or forecast simultaneously as a single observation
event.

222 SamplingCoverageMeasurement

SamplingCoverageMeasurement (a subclass of OM_DiscreteCoverageObservation) should be
used when the observation/forecast event evaluates parameters that vary over space and/or time.
Examples include sea surface temperatures from a drifting buoy and a forecast grid from a
Numerical Weather Prediction (NWP) system. It imposes the following three constraints: 1) the
result (om:result) is a discrete coverage (CV_DiscreteCoverage), as defined in ISO 19123; 2) the
feature of interest (om:featureOfInterest) belongs to the class SF_SpatialSamplingFeature, as
defined in O&M, or to a subclass of SF_SpatialSamplingFeature; and 3) the procedure
(om:procedure) belongs to the class Process, as defined in METCE, or to a subclass of Process.

223 SamplingObservation

SamplingObservation (a subclass of OM_Observation) provides a general purpose
observation/forecast type. It imposes only two constraints: 1) the feature of interest (om:
featureOfinterest) belongs to the class SF_SpatialSamplingFeature, as defined in O&M, or to a
subclass of SF_SpatialSamplingFeature; and 2) the procedure (om:procedure) belongs to the
class Process, as defined in METCE, or to a subclass of Process. SamplingObservation is
especially well suited to applications where the result of the observation/forecast (om:result) is not
a number. E.g., IWXXM uses this observation/forecast type to model the aviation product named
SIGMET. A SIGMET warns pilots of dangerous weather conditions over specific regions of
airspace and spans of time. Of course, SamplingObservation can also support numerical
observations/forecasts, i.e., a river gage reading.

224 Notes on observation/forecast types

Developers who want to use these various METCE types will need to choose among them. For
those observations and forecasts where the result is expected to vary over space and time,
SamplingCoverageMeasurement is the only suitable option. If the result is confined to a single
point in space and a single moment in time, then SamplingObservation and ComplexSampling-
Measurement are possibilities. One should choose between these two types by considering the
number of parameters that will be evaluated. ComplexSamplingMeasurement records multiple
parameters in a Record. SamplingObservation imposes no constraints on the results, making it the
most flexible (least constrained).

It is notable that all three METCE observation/forecast types require the feature of interest to be a
member of the class SF_SpatialSamplingFeature or a subclass of SF_SpatialSamplingFeature.
SF_SpatialSamplingFeature is especially well-suited to the domains of interest to the WMO.
Measurements from a set of instruments mounted at a fixed point on the earth’s surface can be
modelled with a combination of SF_SpatialSamplingFeature and GM_Point. Observations from a
moving platform, i.e. an aircraft or ship or weather balloon, can be modelled with a combination of
SF_SpatialSamplingFeature and GM_Curve. In these cases, we generally seek information about
large expanses of atmosphere or ocean, but our observations sample a small fraction of the
domain.

There are use cases, however, in the WMO domains of interest where the notion of sampling is not
appropriate. A weather service may issue a warning for some form of severe weather that applies
to an entire geopolitical region. The basin-average precipitation accumulation could be observed,
analysed, or forecast over a river basin. In these cases, it may not be appropriate to model the
feature of interest (om:featureOfinterest) with the class SF_SpatialSamplingFeature. In these
instances, the METCE types will not be useful. Rather, the data modeller should use the
appropriate GFl_Feature from O&M. These are modelled in XML with the class gml:
AbstractFeature.
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23 Data Model for Meteorological Phenomena

The Data Model for Meteorological Phenomena includes features that play a significant role on
meteorology (e.g., volcanoes and tropical cyclones). The phenomena listed in version 1.1 of
METCE (namespace http://def.wmo.int/metce/2013) are taken from WMO No. 306 Vol 1.2 FM 94
BUFR code-table 0 08 011 “Meteorological Feature.” Code table 0 08 011 includes items such as
cold front at the surface, jet stream, mountain wave, and sandstorm. Some or all of these features
may be added to the Data Model for Meteorological Phenomena in future releases.

2.4 Data Model for Procedures

The Data Model for Procedures provides a concrete implementation of the abstract OM_Process
class (from O&M). The model provides a reference to supporting documentation about the
observation/forecast. Typically, this will be a URL that points to a web page that contains
documentation. The Data Model for Procedures also contains a number of parameters that
describe the measuring process. These include the resolution and the measuring interval of the
measurement. Other parameters can be defined and recorded through a soft typing method.

The concept of measuring interval is useful in cases where the smallest and/or largest reported
values are determined by some prior agreement or regulation. E.g., aviation regulations (Annex 3
to the Convention on International Aviation) impose a measurement interval of 0 — 10 km on
visibilities in the METAR, SPECI, and TAF codes. It is likely that the instruments used to make the
measurements can accurately measure visibilities greater than 10 km. Regulation, however,
restricts the reported values.

25 Location of class definitions and context diagrams for METCE

The authoritative version of the METCE is maintained within IWXXM as an online resource at the
following URL: http://wis.wmo.int/AvXML/AvXML-1.1/index.htm. An abridged version of the METCE
class diagrams and context diagrams are provided in Annex A.


http://def.wmo.int/metce/2013
http://wis.wmo.int/AvXML/AvXML-1.1/index.htm
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3 OBSERVABLE PROPERTY MODEL

The Observable Property Model (OPM) was developed within the OGC Sensor Web Enablement
Standards Working Group & INSPIRE Thematic Working Groups. By agreement between OGC
and WMO, OPM is governed by WMO.

Data modellers can use OPM to aggregate observed physical properties into composite properties
(CompositeObservableProperty). OPM also provides the tools needed to explicitly describe any
qualifications or constraints imposed upon these physical properties. Finally, OPM allows each
physical property to be qualified according to its specific observation context. E.g. within a METAR,
the property wind speed is formally defined as the mean wind speed within the 10-minute period
preceding the observation.

OPM is not used within the ICAO Meteorological Information Exchange Model (IWXXM). The
schema validation needs and strict regulation practices led to a hard-typing approach for IWXXM.
OPM is included in this distribution to support the development of other application schemas.

3.1 Purpose and use of OPM
OPM supports two functions--aggregation and constraint.
3.11 Parameter aggregation and CompositeObservableProperty

OPM defines a CompositeObservableProperty class that supports the aggregation of observed
physical properties into composites. A data publisher may need to use the OPM, if the observation
results in the evaluation of multiple parameters, to define each of those individual parameters.

Note that in the case of class Process, there is no constraint on the number of occurrences of a
given parameter name. However, recommended practice indicates the use of an instance of Class
CompositeObservableProperty where a set of observable properties are to be specified.

3.1.2 Parameter qualification and QualifiedObservableProperty

OPM also defines a QualifiedObservableProperty that supports spatial aggregations, temporal
aggregations, statistical functions, and constraints. (Those who are familiar with GRIB2 encoding
may note a similarity between OPM’s QualifiedObservableProperty and the concept of “average,
accumulation, extreme values or other statistically processed values” found in some Product
Definition Templates.)

A data publisher may need to use the OPM to explicitly define any qualification or constraint
applied to the observed property. Examples include explicitly declaring the averaging period of a
wind observation, representing precipitation accumulation over a period of time, and representing
maximum/minimum temperatures.

3.2 Location of class definitions and context diagrams for OPM

The authoritative version of the OPM is maintained within AvXML as an online resource at the
following URL: http://wis.wmo.int/AvXML/AvXML-1.1/index.htm. An abridged version of the OPM
class diagrams and context diagrams are provided in Annex B.


http://wis.wmo.int/AvXML/AvXML-1.1/index.htm
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4 DEVELOPMENT OF NEW DATA REPRESENTATIONS
WITH METCE AND OPM

As stated above, O&M provides a data modelling framework that can support most, if not all, WMO
code forms. Moreover, the tools provided by METCE and OPM further support these efforts. WMO
data generally fall into three broad categories, i.e., observations, analyses, and forecasts. In this
section, we will provide concrete suggestions on applying O&M, METCE, and OPM to these three
categories.

Data modellers who are developing new representations of WMO codes are encouraged to build
their model first in UML, and then use automated techniques to create one or more data
representations. The use of an abstract data model combined with a software implementation of
the data representation provides a great deal of flexibility to organisations. These tools enable a
quicker response when technologies evolve. E.g., TT_AvXML chose to use the commercial data
modelling tool named Enterprise Architect to build its UML models. (Reference to names of firms
and commercial products and process does not imply their endorsement by WMO, and any failure
to mention a firm, commercial product or process is not a sign of disapproval.) Then, TT_AvXML
used a software package named Fullmoon to convert the UML into XML schemas. If there were a
need for other representations (say, JSON), additional software techniques would be able to
generate those new representations from that same UML model.

Data modellers who are developing new representations of WMO codes are also encouraged to
maximise use of the WMO Registry, described below, when formulating their data representations.
The WMO Registry provides a web-enabled link to the large number of well-defined physical
quantities. The combination of OPM and the registry should serve the needs of most WMO data
modellers.

4.1 UML notation

UML notation is used freely throughout the annexes of this document, and it may be somewhat
unfamiliar to the reader. Figures 1, 2, and 3 are offered here as a much abbreviated introduction to
UML class diagrams with a focus on the constructs used elsewhere in this document. See
Chapter 3 of UML Distilled (Fowler 2004) for a more thorough introduction to the topic.
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class UML Notation 1 //‘

We begin by noting that all classes have properties. These properties can be described as either affributes or associations.
The two diagrams below both show a class with two properties.

Class1

+ Property1
+ Property?

Property1

Class1

Property2

The attributes described within a class normally include additional information about data types and multiplicity. (Multiplicity
is sometimes called cardinality.)

In the class, below, Property1 can occur only once, Property2 can occur one or more times, Property3 can occur zero or

more times, Property4 must occur three times, and Property5 can occur zero or one times.

Class1

Property1 :int
Property2 :boolean [1.."]
Property3 :char [0..”]
Property4 :float [3]
Property5 :double [0..1]

+ o+ o+ o+ o+

Figure 1: UML classes and properties

class UML Notation 2//‘

Associations can include names, roles, and multipliciies. The association below is undirected.

Class1

+Role1

Association name

+Role2

Class2

Directed associations are quite common in WMO data models. In the example below Class1 includes an optional

property named Class2.

Class1

Directed Association name

Class2

Figure 2: UML associations
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class UML Notation 3

The diagram below shows composition. Classl is composed of Attributel as well as Class2 and Class3. Thus,
Attribute2 and Attribute3 are also part of Class1.

Class1
+ Attribute1 :int

Class2 Class3
+ Attribute2 :int + Attribute3 :int

The diagram below shows generalisation. Class2 is a generalisation of Class1, and it will include all three
attributes.

Class1

Attribute1 :int
Attribute2 :int

T

Class2
Attribute3 :int

+

+

+

Figure 3: UML composites and generalisations

4.2 Overall considerations

As stated previously, O&M is well-suited to most data modelling tasks for WMO codes. One of the
three O&M types defined in METCE will also be useful in most of these applications. The data
modeller should consider the following points when planning his/her strategy:

The three METCE types named metce:SamplingObservation, metce:ComplexSampling-
Measurement, and metce:SamplingCoverageMeasurement all require the O&M
property named om:procedure to be of type metce:Process. If metce:Process is not
suitable for the project at hand, then these types should not be used.

The same three METCE types require the O&M property named om:featureOflInterest to be of type
SF_SpatialSamplingFeature. If SF_SpatialSamplingFeature is not suitable, then these
types should not be used.

The METCE type named metce:ComplexSamplingMeasurement requires the om:result to be of
type Record. This enables a single observation/analysis/forecast to contain multiple
physical quantities.

The METCE type named metce:SamplingObservation imposes no constraints on the om:result.
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The METCE type named metce:SamplingCoverageMeasurement requires the O&M property
named om:result to of type CV_DiscreteCoverage.

If one of these three METCE observation types is selected, the O&M element named type should
be set, as follows:

<om:type xlink:href="http://codes.wmo.int/common/observation-type/METCE/2013/
ComplexSamplingMeasurement”>

<om:type xlink:href=http://codes.wmo.int/common/observation-type/METCE/2013/
SamplingCoverageMeasurement>

<om:type xlink:href=http://codes.wmo.int/common/observation-type/METCE/2013/
SamplingObservation>

4.3 The application of O&M properties to WMO data modelling

Much of this section will refer to the various O&M properties depicted in Figure 2 of the O&M
documentation (The basic Observation type). The reader will benefit if a copy of the figure is
available for reference.

431 om:phenomenonTime

O&M defines phenomenonTime as “the time that the result...applies to the property of the feature-
of-interest...” If we are modelling an observation, then this is the time when the physical parameter
was observed. If we are modelling an analysis, then this is the time when the analysis applies to
the “real world.” If we are modelling a forecast, then this is the time when we expect events will
happen. For most earth science applications, we can expect phenomenonTime to be in the past for
observations and analyses, and in the future for forecasts.

Because O&M defines phenomenonTime to be of type TM_Object, it can be either an instant in
time or a span of time. One and only one phenomenonTime must appear in an OM_Observation.

4.3.2 om:resultTime

O&M defines resultTime as “the time when the result became available.” If we are modelling an
observation, then this time may well match the phenomenonTime. If we are modelling an analysis,
then is the time when the analysis process completed. If we are modelling a forecast, then this is
the time when the forecast became available. We can generally expect resultTime to be in the
past.

ResultTime is defined to be of type TM_Instant. Thus, it must be a point in time. One and only one
resultTime must appear in an OM_Observation.

4.3.3 om:validTime
Note: The definition of validTime found in O&M differs considerably from the definitions of concepts
with similar names found in other WMOQO documents. Those who produce data within this

framework should take special care to help their customers interpret all time concepts correctly.

O&M defines validTime as “the time period during which the result is intended to be used.” It goes
on to say that validTime “is commonly required in forecasting applications.”

ValidTime is defined to be of type TM_Period. Thus, it must be a span of time. ValidTime is an
optional attribute. It may be omitted. If present, only one instance may appear.

For most earth science applications, validTime will be omitted from observations and analyses.
This assumes that observations and analyses are useful for indefinite periods of time.


http://codes.wmo.int/common/observation-type/METCE/2013/ComplexSamplingMeasurement
http://codes.wmo.int/common/observation-type/METCE/2013/SamplingCoverageMeasurement
http://codes.wmo.int/common/observation-type/METCE/2013/ComplexSamplingMeasurement
http://codes.wmo.int/common/observation-type/METCE/2013/SamplingObservation
http://codes.wmo.int/common/observation-type/METCE/2013/SamplingObservation
http://codes.wmo.int/common/observation-type/METCE/2013/SamplingCoverageMeasurement
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There are two strategies for validTime that seem appropriate when modelling forecasts. First, we
can set validTime to begin with the resultTime and end with the phenomenonTime. l.e., our
customers should use our forecast while it is still a forecast. In operational environments, a second
strategy may be more useful to customers. We can limit the validTime to a shorter time period that
ends when we expect a newer (and, presumably, better) forecast will be available.

4.3.4 Examples and times

WMO code forms are used to represent a number of different observations. When these
observations are modelled with OM_Observation, their phenomenon time and result time will be
generally be close to each other or identical. When output from a Numerical Weather Prediction
(NWP) is modelled with OM_Observation, the result time will represent the time when the NWP
simulation ended and the output became available, and the phenomenon time will be a time in the
future when the NWP forecast will be valid. When a human generated forecast is modelled with
OM_Observation, the result time will represent the time when the forecast was available for use,
and the phenomenon time will be a time in the future when conditions are forecast to occur.

4.3.5 om:resultQuality

O&M defines resultQuality simply as describing “the quality of the result.” O&M goes on to note
that resultQuality is “instance-specific’ and “complements the description.” Information about “the
quality of all observations using this procedure” should be modelled in om:procedure.
ResultQuality should focus on the quality of the specific observation at hand.

ISO 19157:2011 Geographic Information—Data quality provides a substantial toolset for modelling
data quality. ResultQuality is of type DQ_Element. It may be omitted, and more than one
DQ_Element may appear.

4.3.6 om:procedure

O&M requires that each observation has one and only one property named procedure. Data
modellers have a great deal of flexibility when encoding procedure in an observation. The class
specified for procedure is OM_Process. OM_Process, in turn is abstract, lacking attributes,
operations, associations.

Simple strategies for encoding procedure include the following: 1) encode a text description of the
observing process, 2) encode a text description of a document that describes the observing
process, and 3) encode a URL that points to the description.

As noted above, the three WMO observation types (metce:SamplingObservation, metce:Complex-
SamplingMeasurement, and metce:SamplingCoverageMeasurement) all require that
om:procedure be encoded as metce:Process.

There are other, more complex, strategies available for encoding procedure. ISO 19115-2:2009
“Geographic information—Metadata—~Part 2: Extensions for imagery and gridded data” provides
the following classes that can be useful for modelling the procedure: MI_Instrument,
LE_Processing, and LE_Algorithm. The OGC standard named SensorML includes additional tools.

4.3.7 om:observedProperty

Like procedure, O&M requires that each observation include one and only one instance of
observedProperty. Also like procedure, data modellers have substantial flexibility when
implementing observedProperty. The class specified for observedProperty is GFI_PropertyType.

Data modellers who are implementing new or existing WMO codes are encouraged to maximize
their use of the WMO Registry (See below.) when encoding observedProperty. Many, many
observable properties have been catalogued in WMO tables and manuals. Authoritative, web-
accessible versions of these tables and manuals are hosted within the registry.
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4.3.8 om:featureOfinterest

O&M requires one and only one featureOfinterest, and its type is the general GFI_Feature. For
many earth science applications where the feature being observed is a spatial proxy for a real-
world feature, the class SF_SpatialSamplingFeature will serve nicely to encode featureOfinterest.
As noted above, SF_SpatialSamplingFeature is required for any of the three WMO observation
types defined in METCE (metce:SamplingObservation, metce:ComplexSamplingMeasurement,
and metce:SamplingCoverageMeasurement).

4.3.9 om:result

O&M requires one and only one result, and it may be of any type. In cases where many physical
quantities are observed simultaneously as part of a single observation, the type Record seems
appropriate. The METCE type named metce:ComplexSamplingMeasurement requires that result
be of type Record or a subclass of Record.

4.3.10 om:metadata

The O&M property named metadata is optional. If it is encoded, only one instance may appear,
encoded with the MD_Metadata class found in ISO 19115 “Geographic information—Metadata.”

4.3.11 om:relatedObservation

The O&M property named relatedObservation is optional. It is used to relate one observation to
another observation with an attribute that describes the role one plays in understanding the other.

O&M says that “Some observations depend on other observations to provide context...These
dependencies are stronger than mere spatiotemporal coincidences...”

4.3.12 om:parameter

O&M provides a mechanism for modelling additional properties with a data type called
NamedValue. A NamedValue has two attributes, a generic name called “name” and a “value” of
type Any. This gives a great deal of flexibility to the data modeller. Om:parameter should capture
event-specific and/or contextual parameters.

It is easy to see how named parameters might be useful in representing WMO codes. The
following table was created by considering Product Definition Template (PDT) 4.1 in GRIB2,
Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer at
a point in time. For this illustration, assume we are encoding data for a single point that was
generated by an Ensemble Forecast System (EFS).

parameter.name Data Type GRIB2 Contents Comments
analysis time TM_Instant reference time Not modelled by existing O&M
times.
data cutoff time TM_Instant Hours/minutes after Not modelled by existing O&M
reference time of data | times.
cutoff
ensemble forecast | Code table Type of ensemble Could also be modelled as part
type forecast of om:procedure.
perturbation int Perturbation number
number
ensemble size int Number of forecasts in
ensemble
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4.3.13 om:type

The element om:type does not appear in the ISO 19156 document. It does appear, however, in
OGC’s Topic 20. Thus, it is implemented in the XML schemas. The 2013 version of METCE
defined three observation types. They are described above, and they are documented
authoritatively at http://codes.wmo.int/common/observation-type/METCE/2013. Additional types,
defined by OGC, can be found at http://www.opengis.net/def/observationType/OGC-OM/2.0/.

44 Strong typing versus weak typing

Most data modellers can intuitively appreciate the concepts of “strong” and “weak” typing as they
apply to data representation. For purposes of this discussion, we propose the following two
delineations:

A strongly typed data representation strictly defines the elements that may appear and their data
types.

A weakly typed data representation permits considerable flexibility in both elements and data
types.

These statements are intended to be informative, not definitive. Practitioners can differ in their
evaluation of any given data model. The purpose of this discussion is to inform data modellers of
their options, and to provide examples of appropriate applications of each.

Below, we present a small portion of the ICAO Meteorological Information Exchange Model
(IWXXM) as an example of a strongly typed data representation. IWXXM was intended to
represent a set of four TAC, METAR, SPECI, TAF, and SIGMET. Historically, TACs have been
defined strictly. Typical definitions include element order, units of measure, and numerical
precision. As IWXXM was developed, ICAO representatives made it clear to the data modellers
that the resulting XML schemas should enforce strong data typing. By way of contrast, we will also
present an example that encodes the same information using methods of weak typing.

441 Advantages and disadvantages

Strongly typed data models generally sacrifice flexibility to gain efficiency. If the elements, their
order, and their encoding are well known and understood at the time the data representations are
modelled, strong typing can produce small, predictable messages. Strongly typed data models are
also easier to process since the software only needs to accommodate a limited number of options.
Strong typing was a clear choice for IWXXM since it was based on TACs that had seen little
change in decades.

Data modellers should also consider how data consumers will use the information. E.g., there are
few applications that need a latitude value without an accompanying longitude and coordinate
reference system. Likewise, most consumers who request a wind direction will also need the
associated wind speed. Strong typing strategies help the data modeller “keep things together.”

Conversely, weakly typed data models emphasize flexibility over efficiency. Weak typing strategies
are generally favoured in applications where data consumers choose a set of elements from a list
at the time the data are requested. Data producers and data consumers must expend additional
compute resources to support weakly typed data representations.

The decision on whether to use strong or weak typing in a model is not a single decision. A
decision to use strong typing may apply to a complete model, but often the decision to use strong
or weak typing is made for each element of the model on its merits.

A complete discussion of trade-offs for strong and weak typing is beyond the scope of this
document. There are many other aspects to consider when deciding on whether to use strong or
weak typing. Additional discussion points include (among others): where requirements for the


http://codes.wmo.int/common/observation-type/METCE/2013
http://www.opengis.net/def/observationType/OGC-OM/2.0/
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model are fixed or highly mutable, whether the model will be extended and managed by others,
management of concepts inside vs outside the model (i.e., registries), the importance of verifying
correctness of messages, and others.

442 An example of strong typing
The following fragment of XML schema code is taken from IWXXM:

<complexType name="CloudLayerType">
<sequence>
<element name="amount" type="iwxxm:CloudAmountReportedAtAerodromeType" >
</element>
<element name="base" nillable="true" type="saf:DistanceWithNilReasonType">
<annotation>
<appinfo>
<quantity>
http://codes.wmo.int/common/quantity-kind/heightOfBaseOfCloud
</quantity>
</appinfo>
</annotation>
</element>
<element maxOccurs="1" minOccurs="0" name="cloudType"
type="iwxxm:SigConvectiveCloudTypeType">
</element>
</sequence>
</complexType>
<complexType name="SigConvectiveCloudTypeType">
<annotation>
<appinfo>
<vocabulary>http://codes.wmo.int/49-2/SigConvectiveCloudType</vocabulary>
<extensibility>none</extensibility >
</appinfo>
</annotation>
<complexContent>
<extension base="gml:ReferenceType"/>
</complexContent>
</complexType>
<complexType name="CloudAmountReportedAtAerodromeType">
<annotation>
<appinfo>
<vocabulary> http://codes.wmo.int/49-2/CloudAmountReportedAtAerodrome
</vocabulary>
<extensibility>none</extensibility >
</appinfo>
</annotation>
<complexContent>
<extension base="gml:ReferenceType"/>
</complexContent>
</complexType>

Note that the complex type named CloudLayerType is defined as containing the following three
elements: amount, base, and cloudType. Amount and cloud type are further defined as code lists
with vocabularies. Base is a quantity, and that is defined too. (Note that the WMO Codes Registry,
http://codes.wmao.int, is the source used to define both the quantity named base and the code lists
for cloudType and amount. Later sections of the document will elaborate on the registry and its

use.)


http://codes.wmo.int

284 ABRIDGED FINAL REPORT OF THE EXTRAORDINARY SESSION (2014) OF THE COMMISSION FOR BASIC SYSTEMS

Here is a code fragment that shows an encoded example of cloudLayerType:

<om:result>
<iwxxm:MeteorologicalAerodromeForecastRecord
gml:id="base-fcst-record" cloudAndVisibilityOK="false">
<iwxxm:cloud>
<iwxxm:AerodromeCloudForecast gml:id="acf1">
<iwxxm:layer>
<iwxxm:CloudLayer>
<iwxxm:amount
xlink:href=http://codes.wmo.int/bufr4/codeflag/0-20-008/3
xlink:title="Broken"/>
<iwxxm:base uom="m">600</iwxxm:base>
</iwxxm:CloudLayer>
</iwxxm:layer>
</iwxxm:AerodromeCloudForecast>
</iwxxm:cloud>
</iwxxm:MeteorologicalAerodromeForecastRecord>
</om:result>

Note that CloudLayer is encapsulated within layer, AerodromeCloudForecast, cloud, and
MeteorologicalAerodromeForecastRecord.

443 An example of weak typing

The same cloud layer information could also be modelled using weak typing. We will illustrate this
case by encoding the same broken cloud layer with a base of 600 meters using SWE Data Record.

<om:result xsi:type="swe:DataRecordPropertyType”>
<swe:DataRecord definition="record_weather.xml|"”>
<swe:field name="amount”
<swe:Category definition=http://codes.wmo.int/bufr4/codeflag/0-20-008/>
<swe:value>Broken</swe:value>
</swe:Category>
</swe:field>
<swe:field name="base”
<swe:Quantity
definition=http://codes.wmo.int/common/quantity-kind/heightOfBaseOfCloud>
<swe:uom xlink:href="m"/>
<swe:value>600</swe:value>
</swe:Quantity>
</swe:field>
</swe:DataRecord>
</om:result>

This example only shows the encoding, not a schema. That is because no schemas are explicitly
required beyond the schemas defined for O&M and SWE Common. Om:result is of data type Any,
so the XML shown will validate against the O&M schemas. Note that in this example the cloud
amount and height of cloud base are both defined by making reference to the WMO Codes
Registry.

4.5 Methods for generating data representations from UML

TT_AvXML spent a substantial level of effort developing a repeatable set of “mostly automated”
procedures that successfully generated XML schemas from UML. These procedures were
presented at the first meeting of the WMO’s Inter-Programme Expert Team on Metadata and Data
Representation Development (IPET-MDRD) as Discussion Paper D24. A subsequent paper, D25,
presented information on alternatives to these procedures which were still in development. Both
papers can be downloaded from the IPET-MDRD web page at http://wis.wmo.int/page=IPET-
MDRD-1. Discussion Paper D24 is included in its entirety here as Annex H. Both papers refer to
the process as a “serialization procedure.”


http://codes.wmo.int/bufr4/codeflag/0-20-008/3
http://codes.wmo.int/bufr4/codeflag/0-20-008/
http://codes.wmo.int/common/quantity-kind/heightOfBaseOfCloud
http://wis.wmo.int/page=IPET-MDRD-1
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5 THE WMO REGISTRY AND ITS USE

5.1 Overview of the WMO Registry

The WMO Codes Registry is the mechanism that publishes the authoritative terms required for
WMO AvXML as web-accessible resources. This includes definitions of physical quantities as well
as enumerating the values in code and flag tables.

The registry can be accessed at http://codes.wmo.int. This guide will focus on accessing the
registry with a web browser using HyperText Transfer Protocol (HTTP). HTTP is the default
response. The registry also supports Resource Description Framework (RDF) and Terse RDF
Triple Language (“turtle”; TTL).

The WMO Codes Registry was originally implemented to support the exchange of aviation data in
eXtensible Markup Language (XML; AvXML). AvXML was designed to use authoritative terms from
WMO technical regulation — most notably Manual on Codes (WMOQO306) — as web-accessible
resources.

The registry was originally populated with a small fraction of the entries in WMO306. The WMO
plans to increase the number of entries, but this will take considerable time. Fortunately, strong
naming conventions allow users to anticipate the Universal Resource Identified (URI) for an item
before the registry actually supports it.

The registry has a search feature that allows users to search for entries throughout.

5.2 Parameter references and the WMO Registry

The WMO has defined a wealth of physical quantity kinds in its Table-Driven Code Forms (TDCF).
Experts in the weather, water, and climate disciplines have maintained these code lists under strict
governance for decades, and they continue to maintain them.

Those who wish to refer to the registry when encoding data will generally make appropriate
notations in an XML schema. In the example below, a reference to the registry is encoded with a
<quantity> element within the XML Schema <xs:appinfo>. This fragment is extracted from
http://schemas.wmo.int/iwxxm/1.1/metarSpeci.xsd. Note the strong typing. The XML attribute
airTemperature is explicitly defined.

<element name="airTemperature" type="gml:MeasureType">
<annotation>
<appinfo>
<quantity>http://codes.wmo.int/common/quantity-kind/airTemperature</quantity >
</appinfo>
</annotation>
</element>

The WMO’s Code Table D-2 “Physical quantity kinds” is supported within the registry at
http://codes.wmo.int/common/quantity-kind. This table will support data encoding for a wide variety
of weather elements. Other useful tables include BUFR4 Table B at http://codes.wmo.int/bufr4/b
and GRIB2 Code and Flag tables at http://codes.wmo.int/grib2/codeflag.


http://codes.wmo.int
http://schemas.wmo.int/iwxxm/1.1/metarSpeci.xsd
http://codes.wmo.int/common/quantity-kind
http://codes.wmo.int/bufr4/b
http://codes.wmo.int/grib2/codeflag
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5.3 Code lists and the WMO Registry

The WMO’s TDCFs use a number of code and flag tables. These are also supported within the
registry.

As with physical quantities above, those who wish to refer to these portions of the registry when
encoding data will generally make appropriate notations in their XML schema. In the example
below, a reference to a code table within the registry is encoded with a <vocabulary> element
within the XML Schema <xs:appinfo>. (This fragment is also extracted from
http://schemas.wmo.int/iwxxm/1.1/metarSpeci.xsd.)

<complexType name="RunwayDepositsType">
<annotation>
<appinfo>
<vocabulary>http://codes.wmo.int/bufr4/codeflag/0-20-086</vocabulary>
<extensibility>none</extensibility >
</appinfo>
</annotation>
<complexContent>
<extension base="gml:ReferenceType"/>
</complexContent>
</complexType>

BUFR4 Code Table 0-20-086 is typically used to describe “What's on the runway?” at an
aerodrome. Entries include “wet with water patches,” “dry snow,” “slush,” “ice,” and others.

” o«

Note that the URI encoded within the <vocabulary> element refers to BUFR4 Code Table 0-20-086
as a whole and not to a particular entry within that table. Note also the use of an <extensibility>
element which can take on the values “narrower”, “any”, or “none”. Extensibility of “none” implies
only terms from the specified code list are permitted. Extensibility of "narrower" implies one may
use terms with narrower semantics (some, but not all, of the items on the code list), and

extensibility of "any" implies that the specified code list is simply a recommendation.

The WMO registry is typically also used to support encoding data in documents. The following
XML code fragment indicates slush on the runway. (This fragment is extracted from
http://schemas.wmo.int/examples/1.0/iwxxm/Example%20METAR%20(GML)%20LKKV%2020070
725T12Z.xml.)

<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>

A user who follows the URL to the registry will find the description “damp” in multiple languages.

54 Regional Extensions to the WMO Registry

The WMO Registry can form the foundation of extended tables hosted by other entities. If an
organization needed to use a portion of a table in the registry and add additional values, they
would:

* Host the new table within their own resources:;

* Add the subset of desired entries as references to the WMO Registry;-

* Add additional entries hosted within their own resources.


http://schemas.wmo.int/iwxxm/1.1/metarSpeci.xsd
http://schemas.wmo.int/examples/1.0/iwxxm/Example%20METAR%20
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ANNEX H: METHODS FOR GENERATING DATA
REPRESENTATIONS FROM UNIVERSAL MODELLING
LANGUAGE (UML)

H.1 INTRODUCTION

TT_AvXML spent a substantial level of effort developing a repeatable set of “mostly automated”
procedures that successfully generated XML schemas from UML. These procedures were
presented at the first meeting of the WMO'’s Inter-Programme Expert Team on Metadata and Data
Representation Development (IPET-MDRD) as Discussion Paper D24. A subsequent paper, D25,
presented information on alternatives to these procedures which were still in development. Both
papers can be downloaded from the WMO website. D24 is at http://wis.wmo.int/file=903 and D25 is
at http://wis.wmo.int/file=949.

Discussion Paper D24 of IPET-MDRD-1 follows in its entirety. Both papers refer to the process as
a “serialization procedure.”


http://wis.wmo.int/file=903
http://wis.wmo.int/file=949
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OVERVIEW OF SERIALIZATION PROCEDURE FROM APPLICATION SCHEMA (UML)
TO GML SCHEMA (XML SCHEMA)

INTRODUCTION

1.

TT-AvXML at its first meeting (TT-AvXML-1) considered it essential to have a tool to
automatically transform the AvXML logical data model in UML into the corresponding physical
model in XML to ensure consistency and integrity of the conversion products.

Historically, Enterprise Architect (EA) is being used for the development of the UML model and
FullMoon has been chosen for the automatic transformation of the UML model into XML
schema for AvXML.

For compatibility reasons, EA Version 9 Build 9.3.932 and FullMoon Version 2302 are being
used for the transformation.

PRE-REQUISITES

1.

EA with Solid Ground Toolset from CSIRO". This provides ISO 191xx profiled UML elements to
be used during modelling. This should be installed before development of the GML application
or importing of the respective XMI file into EA.

FullMoon with patches and scripts developed by HKO. These fix a number of bugs, implement
new transformation behaviour® and streamline transformation. An Oracle VirtualBox disk image
containing FullMoon with the patches applied and associated script/software configured on
Ubuntu is available.

Oxygen XML Developer, Apache Tomcat 6.0 and scripts developed by HKO for post-
processing of XSD files generated.

PROCEDURES

1.

Create GML application packages

a) Import ISO TC 211 UML model in XMI format into EA. The latest version can be
downloaded from the ISO/TC211 Harmonized Model Web server®.

b) Develop GML application packages on or import packages in XM| format into EA. Ensure
that the packages complies with the ISO 19100 series Application Schema profile, in
particular the GML stereotypes and tagged values should be appropriately set* (see
Appendix A).

c) Ensure that any class in the model has a dependent association to another model (see
Figure 1). The process of creating these package associations can be automated through
the use of Solid Ground function “Generate Package Dependencies Diagram”. Prior to
using this function any existing package associations of the model should be deleted.

A W N -

See https://wiki.csiro.au/display/solidground/Solid+Ground+Toolset
See Doc (13) of TT-AvXML-3 at http://wis.wmo.int/file=529 for details
See http://www.isotc211.org/hmmg/EArchitect/

Apart from the stereotypes and tagged values, there are also known problems if sequence numbers, directed
associations and aggregations are not properly assigned.


https://wiki.csiro.au/display/solidground/Solid+Ground+Toolset
http://www.isotc211.org/hmmg/EArchitect/
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d) Publish model packages individually in XMI format with options (a) XML Type: UML 1.3
(XMI 1.1) and (b) General options: Export Diagrams, Format XML Output (see Figure 2).

Confirm the code page in XML specifications is “utf-8” (see Figure 3).

n (ovions . =
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§ Z?b seqence FormatXMIOuput:  [¥] Code Page
jects
XMLType [ UML 2.1 (xM12.1) ~ || rEaasepims =, Links write Log: j s
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Transform the GML application packages

a) Copy the exported XMls to the VirtualBox Virtual Machine. Edit the configuration file for the

automation script as necessary.

(Using OPM of AvXML as an example)

+ Copy the exported OPM XMI “wmo-opm.xml” to
“/lhome/user/fullmoon_2302/resources/xmi-samples”

config/properties/fullmoon.properties”

* Execute “cd /home/user/fullmoon_2302; ant deploy-all”

* Uncomment the parts corresponding to OPM in “/home/user/fullmoon_2302/deploy-
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b) Confirm packages are in conformance to the (modified) standards with FullMoon’s
conformance test feature

(Using OPM of AvXML as an example)

* Execute “cd to /home/user/fullmoon_2302/bin; ant —f run.xml init-then-add; ant —f
run.xml test”

+ The package conforms to the standards if output failed=0

c) In hierarchal order
i. Transform the package with FullMoon

(Using OPM of AvXML as an example)

+ Execute “cd to /home/user/fullmoon_2302/bin; ant —f run.xml exec-enc-and-export-then-
Copy”

* The output XSD files are located at “/home/user/Desktop/Schema-local”

ii. Create class map of the transformed output and feed into FullMoon if this package is
required by subsequent packages

(Using OPM of AvXML as an example)

* Copy the XSD files from the virtual machine at “/home/user/Desktop/Schema-local” to
“Drive:/Program Files/Apache Software Foundation/Tomcat 6.0/webapps/fullmoon-
required/wmo/opm”

+ Drag “GenerateFromXSDV4.xsl” to the Oxygen XML Developer
* Modify “target-process” variable to opm
* Modify “classmap-location” path to Tomcat installation directory

* Create a new XSLT scenario if not existed
o XML URL: full path to “start.xml”
o XSL URL: full path to “GenerateFromXSDV4 xsI”
o Transformer: Saxon-HE x.x.x.x

¢ Run the transformation

* Copy “ClassMap_opm.xml” back to virtual machine “/home/user/apache-tomcat-
6.0.36/webapps/fullmoon-required/ClassMaps/WMQO”

iii. Repeat until all packages have been transformed
3. Post-process the resulting XSD files

a) Insert schematron rules into the XSD files
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b) Apply other modifications to the XSD files, including a change of schema locations from
local to global and other documentation changes

(Using OPM of AvXML as an example)

» Copy the directory containing XSD files “/home/user/Desktop/Schema-local” from the
virtual machine to a place accessible by Oxygen XML Developer and renamed it to
“Schema-local-emb-sch”

+ Drag “schematron-mixV2.xsl” to Oxygen XML Developer
* Modify the path under CONFIG variables and point to folder “Schema-local-emb-sch”

* Create a new XSLT scenario if not existed
o XML URL: full path to start.xml
o XSL URL: full path to schematron-mixV2.xsl
o Transformer: Saxon-HE x.x.x.x

¢ Run the transformation

* Repeat with other XSLT documents, viz:

o “schematron-mixV2.xsl” (for injecting schematron and embedded schematron to
xsds)

o “appinfo-doc.xsl” (for injecting vocabulary, extensibility and quantity to
documentation)

o “correct_import.xsl” (for turning local schema to public schema)

o “RemoveOMSub.xsl” (for replacing OMSub classes with “XXX and relevant
components removed” in comment)

o “AddDocumentation.xsl” (for adding “References to WMO and ICAO Tech....”
documentation)

o “self-close-fix.xsl” (for beautifing the empty tag to self-close tag)

RECOMMENDED TEXT

1.

IPET-MDRD noted the procedures described in “Overview of Serialization Procedure from
Application Schema (UML) to GML Schema (XML Schema)” (Doc 24) and asked the
Secretariat to store this so that it was available to those developing future releases of the XML
schemas.
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