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Managing CHANge to digItal data representationS
Introduction

As the requirements of aviation for meteorological information are still evolving, a mechanism for introducing changes to the existing IWXXM models with minimal disruption is desirable. This paper describes a technique to extend the models as new requirements are identified but not yet formally adopted. This technique can give the ICAO and WMO a mechanism to introduce future changes as a system of extensions to IWXXM (and others models as well). This will allow states “in a position to do so” to use the additional functionality before it is required of all. Furthermore, the extensions would provide a common, organized way to support specialization for those states that need them to support their unique OPMET requirements.
DESCRIPTION

By carefully extending IWXXM, the resulting logical and physical models will naturally adhere closely to the WMO/ICAO standards for meteorological data representation in XML. The extension data, as expressed in XML in the resulting data documents, are readily identifiable. This fact leads to a relatively straightforward process to convert extended IWXXM products to those that are valid with the “baseline” IWXXM XML schemas should it be needed. This process of removing such extensions from the XML documents will be described as well.

For the United States, extending the existing IWXXM logical data models (LDMs) was essential in order to satisfy the requirements of the Federal Aviation Administration’s NextGen modernization program. For this program, the agency required that the OPMET products be in XML with minimal loss of information when using traditional alphanumeric codes (TAC) as a source.

To illustrate this, the US civilian TAF is used as an example since the US filed differences from the Annex 3 technical specifications for this product were minor and straight-forward, namely the inclusion of forecasts of low-level wind shear (LLWS) into the body of the TAF, and an optional statement at the end of the forecast describing limitations to future amendments.

Enterprise Architect (EA) software from Sparx Systems is used by the TT-AvXML to create and manage the IWXXM TAF logical data model. Likewise, the same software is used to create the IWXXM extension to support the filed differences with the ICAO. 

For the US TAF, the filed differences are additions to the ICAO TAF Annex 3 technical specifications.  The LLWS forecast is an addition to the IWXXM TAF MeteorologicalAerodromeForecastRecord with cardinality of [0..1] (Fig 1). Similarly, the amendment limitation statement is an addition to the entire IWXXM TAF record, again with cardinality of [0..1] (Fig 2).Thus, for the IWXXM-US logical data model in EA, the US civilian TAF representation of the filed differences look like this:
[image: ]
Fig 1. LDM extending IWXXM MeteorologicalAerodromeForecastRecord

[image: ]
Fig 2. LDM extending IWXXM TAF

The FeatureType objects in both figures are links to the same features in the IWXXM TAF logical data model. The figures graphically show the additions needed for the US extensions to the US civilian TAF. However, before creating the extended IWXXM schema, it is essential that a new, unique namespace be defined for it. Having a unique namespace will avoid conflicts of similarly named elements when the IWXXM schema is imported. The EA software allows it to be defined as an attribute of the LDM. For the US TAF schema extension to IWXXM, we used ‘iwxxm-us’ as the prefix (or shorthand) name to designate either changed or unique elements that are US extensions to IWXXM. From this logical model, the EA software produces a physical representation as a XML schema. XML documents based on this schema then incorporate the extensions depicted in Figures 1 and 2.
EXAMPLE OF IMPLEMENTATION

Here is an example of a US civilian TAF in TAC form for an airport that contains a forecast of LLWS and a statement indicating to consumers that the TAF cannot be amended until 11Z (highlighted in blue).

    TAF KCVG 230928Z 2309/2412 18007KT 5SM BR SCT030 BKN250
    FM231000 19026G40KT 5SM BR BKN025 WS012/19085KT
                                                      :
                                                      :
    FM240900 20007KT P6SM BKN040
      AMD NOT SKED TIL 231100=

The resulting XML data document is based on the US extension to the IWXXM model and populated with data obtained from the TAC. The root element has the ‘iwxxm-us’ prefix: 
<iwxxm-us:TAF xmlns:iwxxm-us="http://nws.weather.gov/schemas/IWXXM-US/1.0/Release" ….>

The following block of XML encodes the first change group of the TAF which includes the low-level wind shear forecast, highlighted in blue below.

<iwxxm:changeForecast>
<om:OM_Observation gml:id="KCVG-chg-1">
<om:type xlink:href="http://codes.wmo.int/49-2/observation-type/IWXXM/1.0/MeteorologicalAerodromeForecast"/>
<om:phenomenonTime>...</om:phenomenonTime>
<om:resultTime xlink:href="#ti-KCVG-201508230928Z"/>
<om:validTime xlink:href="#Entire-timePeriod-KCVG-201508230900Z-201508241200Z"/>
<om:procedure xlink:href="#process-NWSI10-813"/>
<om:observedProperty xlink:href="http://codes.wmo.int/49-2/observables-property/MeteorologicalAerodromeForecast"/>
<om:featureOfInterest xlink:href="#samplePt-KCVG"/>
<om:result>
<iwxxm-us:MeteorologicalAerodromeForecastRecord changeIndicator="FROM" cloudAndVisibilityOK="false" gml:id="KCVG-cf-1">
<iwxxm:prevailingVisibility uom="m">8046.7</iwxxm:prevailingVisibility>
<iwxxm:surfaceWind>...</iwxxm:surfaceWind>
<iwxxm:weather xlink:href="http://codes.wmo.int/306/4678/BR" xlink:title="Mist"/>
<iwxxm:cloud>...</iwxxm:cloud>
<iwxxm-us:NonConvectiveLowLevelWindShear>
<iwxxm-us:lowLevelWindShearWindDirection uom="deg">190</iwxxm-us:lowLevelWindShearWindDirection>
<iwxxm-us:lowLevelWindShearWindSpeed uom="m/s">43.7</iwxxm-us:lowLevelWindShearWindSpeed>
<iwxxm-us:LayerAboveAerodrome>
<iwxxm-us:upperLimit uom="m">365.8</iwxxm-us:upperLimit>
<iwxxm-us:lowerLimit uom="m">0.0</iwxxm-us:lowerLimit>
</iwxxm-us:LayerAboveAerodrome>
</iwxxm-us:NonConvectiveLowLevelWindShear>
</iwxxm-us:MeteorologicalAerodromeForecastRecord>
</om:result>
</om:OM_Observation>
</iwxxm:changeForecast>

Finally, near the end of the XML US TAF document, the amendment information is encoded.

<iwxxm-us:TAFAmendmentLimitations>
<iwxxm-us:amendableTAFParameter xlink:href="http://nws.weather.gov/codes/NWSI10-813/2012/AmendableTAFParameter/NONE/" xlink:title="No amendments will be issued"/>
<iwxxm-us:periodOfLimitation gml:id="KCVG-AMDMTLimits">
<gml:beginPosition>2015-08-23T09:28:00Z</gml:beginPosition>
<gml:endPosition>2015-08-23T11:00:00Z</gml:endPosition>
</iwxxm-us:periodOfLimitation>
</iwxxm-us:TAFAmendmentLimitations>
</iwxxm-us:TAF>
TECHNIQUE TO REMOVE EXTENSIONS

In creating the extension to IWXXM, the following principles were used:
· When possible, concepts in new extended LDM extended similar concepts in IWXXM
· When a concept in the extended LDM extends an IWXXM concept, it is given an identical name
· Names in the extended LDM that do not extend concepts in IWXXM do not share names in IWXXM

This leads to the following strategy for stripping out XML blocks that extend the IWXXM form, converting the document into an IWXXM document. The strategy is implemented as proto-code

Parse and obtain element names in the IWXXM schema
Parse and obtain element names in the extended IWXXM schema
Parse the XML document to convert to IWXXM form
           Remove the extended IWXXM prefix definition from root element
	For each element in the document, do the following:
                 if the element is part of the extended IWXXM namespace:
                        and if the element is also found in IWXXM namespace, then
                              change the namespace prefix to ‘iwxxm’
                        else:
                              remove the element (and its subsequent children)

The proto-code can be easily implemented in a variety of programming languages such as XSLT, C, python, etc. The algorithm as described above would make the following changes to the XML US TAF and make it compliant with the “baseline” IWXXM TAF schema.

	Original XML text
	Action
	Result

	<iwxxm-us:TAF …..>
	Change NS
	<iwxxm:TAF …..>

	<iwxxm-us:MeteorologicalAerodromeForecastRecord …>
	Change NS
	<iwxxm:MeteorologicalAerodromForecastRecord>

	<iwxxm-us:NonConvectiveLowLeveWindShear ….>
	Remove
	

	<Iwxxm-us:TAFAmendmentLimitations ….>
	Remove
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