An XML format for cyclone analyses and forecasts

Beth Ebert, CAWCR/BOM
Zoltan Toth and Mike Charles, EMC/NCEP
Gil Ross, Met Office

1 Summary

The Sixth WMO International Workshop on Tropicaldiynes recommended that all tropical
cyclone-related Numerical Weather Prediction (NVgR)ducts, including full set of ensemble
forecasts, be made available to all operational resdarch users in real-time. Meanwhile, the
THORPEX Interactive Grand Global Ensemble (TIGGE)j¢ct is developing plans for the
Global Interactive Forecast System (GIFS) for e time dissemination of ensemble data and
products in support of high impact weather predictiNo generally used encoding, however,
exists for the exchange of tropical cyclone reladath, as the various producing centers use a
variety of formats.

To facilitate easy exchange of information, a staddormat to represent analyzed and forecast
data for tropical and extra-tropical cyclones isgmsed. The new format, called Cyclone XML
(CXML) is descriptive and human-legible, making etaisy for all human users and most
automated applications to read. CXML is defineditscan carry data from observations and
analyses, manual and NWP forecasts, multiple cedand multiple forecasts (ensembles). In
its current version, it can include all informatioanveyed in other existing formats, while its
flexibility and extensibility makes it simple to @dew kinds of data as needed. CXML is not
envisioned as a replacement for the WMO standarémBland CREX formats used in oper-
ational centers, but as a simple alternative.

The adoption of CXML as a standard format will nmly benefit the tropical cyclone
community in general, but also the THORPEX commumittheir effort in establishing GIFS
for the improved prediction of high-impact weatharldwide. Moreover, the use of CXML will
further the immediate goals of the THORPEX Padffgzan Regional Campaign (Sept. 2008-
March 2009, T-PARC), designed to study the lifeeyof tropical and extratropical cyclones
over the northern Pacific.

A copy of this proposal, the CXML schema, and samghta files can be found online at
http://www.bom.gov.au/bmrc/projects/ THORPEX/CXMLdiex.html Scripts for CXML read-
ing and writing will be added to this site as thegzome available.

2 Motivation

Observationally based analysis and subjective amdenical forecast information on tropical

cyclones is routinely produced by National Hydrotdteological Centers (NHMCs), a number
of Regional Specialized Meteorological Centers (RS) Tropical Cyclone Warning Centers
(TCWCs), and other Numerical Weather Prediction (Wtenters and forecast agencies.
Currently the different producing centers use aetarof formats to convey tropical cyclone

related information.
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At the recent WMO International Workshop on Tropi€gclones (IWTC-VI; HKO 2006), the
tropical cyclone research and operational comnesiitecommended the improved sharing of
information within these communities:

The WMO should take all necessary action to:

— improve the communication between operational esnand facilitate the
dissemination of all tropical cyclone-related NWPRoqucts, such as the
deterministic and ensemble forecasts (includinguleset of ensemble runs),

— make them available to all RSMCs, TCWCs and rebeasdn real-time.

WMO should investigate the most appropriate wayactieve this goal:

— coordinate with the NWP and major operational @nt(RSMCs and
TCWOCs) in order to define a set of resolvable ttaptyclone characteristics
to be provided and timely disseminated by the NWRtres through the GTS
(e.g. centre location, minimum sea level pressomax wind, wind radii by
guadrants, etc...) and define the appropriate stdisdat format,

— and/or find a WMO-sponsored dedicated referencé&redrimilarly to what
has been done with the Severe Weather Informati@mtr€ for the
dissemination of the analysis and forecast prodisdsed by the main
operational centres) able to host and maintaimglesiglobal data base of the
tropical cyclone forecasts originating from thefeliént NWP centres.

Meanwhile, the THORPEX community is preparing plémsthe development of the Global
Interactive Forecast System (GIFS 2007), which nisudti-center ensemble based NWP system
for improvements in the prediction of high impaatather events. GIFS will be based on real
time access to and processing of forecast dataupeod at different NWP and Regional
Specialized Meteorological Centers (RSMCs). The oopng THORPEX Pacific-Asian
Regional Campaign (T-PARC) during 2008-2009 (THORRPIO7), with its focus on tropical
cyclogenesis, landfall, recurvature, extra-tropidaansitioning, and extra-tropical storm
development and propagation, present an opporttoritguick advances in the next year or two.
The confluence and importance of these activitias vecognized by the TC community in the
following high-priority recommendation:

IWTC-VI considers that the tropical cyclone communshould engage and
cooperate with the THORPEX activities of relevatwéhe tropics, especially the
THORPEX Pacific Asian Regional Campaign (T-PARCY ahe THORPEX
Interactive Grand Global Ensemble/Global InteractiForecast System
(TIGGE/GIFS), which aims in particular to develogngric probabilistic forecast
products from a global archive of ensemble forecasginating from a number
of NWP centres.

If both the tropical cyclone and the THORPEX comitiaa decide to capture this unique
opportunity to work together, tropical cyclone foasting may become the proving ground for
testing new GIFS procedures and techniques desitmedentually improve all high impact

weather forecasts. The current document constitatéisst step in such a collaboration by
recognizing the need, and making a recommendatiothé adoption of a unified format for the
exchange of tropical (and extra-tropical transiteomd fully extra-tropical) storm related data.
The efficient exchange of ensemble and other tebpigclone forecast information among all
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interested and participating parties (such as NHNR®MCs, NWP centers, etc) is essential for
the improved services the tropical cyclone and Gi&@munities envision.

After reviewing currently used formats for tropiaaiclone related information, we make the
case that eXtensible Markup Language (XML) is ijestiited for cyclone related data exchange.
XML is an internet standard and is used to conwbgraypes of meteorological information.

We present a new format (CXML), designed speciffced convey tropical (and other) storm
related analysis and forecast information. An ovewof related technical tools is given, while
Appendix 1 outlines a proposed schedule that Wdlnaat least some of the goals to be achieved
by T-PARC, contributing to the goals of and bemaditboth the tropical cyclone and THORPEX
communities.

3 Formats for exchanging tropical cyclone data

Within WMO the standard formats for exchange opital cyclone data are BUFR and CREX,
both table-based formats that require decodingveoét to interpret the data. In 2003 the BUFR
template was extended to include forecasts fronerebke prediction systems (ECMWF 2007).
It provides information on storm position, centpaiessure, 10m wind speed, and location of
maximum wind. Currently ECMWF and JMA use the egtmh BUFR format to encode TC
forecasts from their NWP EPS systems, and it haa beminated for use by the Asian Regional
Committee of THORPEX.

In the early 1990s the WMO recommended a 1-lineftaat for sharing critical observed TC
information. NCEP refers to this format at "TCaVistatistics". An example for Katrina from 29
August 2005 is:

NHC 12L KATRINA 20050829 0000 272N 0891W 335 046 09 04 1006 0649 72 037 0371
0334 0278 0334 D 0204 0185 0139 0185 72 410N 815W 0 167 0167 0093 0167

It includes the forecast office, ATCF ID (12L), sto name, date, position, minimum MSLP,
max winds (m/s), direction of storm movement, spekedtorm movement, value of last closed
isobar, radius of last closed isobar, and inforamatn the radii of 34-kt winds in each storm
guadrant. This text format is used by NCEP's Gé@perations and Tropical Prediction Center
(TPC), the Joint Typhoon Warning Center (JTWC), @entral Pacific Hurricane Center, and
the Met Office.

For forecast data the TPC and JTWC use an Automiatgalcal Cyclone Format (ATCF) text
format that includes all of the information in th€ vital statistics, plus additional data on radii
at which certain wind speeds are exceeded in qotgjreea state, eye diameter, and radius of
maximum wind (ATCF 2006, 2007). A sample GFDL moideecast for Hurricane Katrina is:

AL, 12, 2005082900, 03, GFDT, 0, 270N, 889W, 135, 9 10, XX, 34, NEQ, 276, 342, 172, 252,
AL, 12, 2005082900, 03, GFDT, 0, 270N, 889W, 135, 9 10, XX, 50, NEQ, 113, 112, 82, 90,
AL, 12, 2005082900, 03, GFDT, 0, 270N, 889W, 135, 9 10, XX, 64, NEQ, 78, 68, 63, 69,

There are pros and cons associated with each ohlibee formats. The BUFR format is the
officially endorsed format of WMO, and can handlasemble forecasts. However, the
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requirement for a decoder to read the data makediffitult for users outside of large
meteorological centers. The text formats are mas#yeread but are still somewhat cryptic, and
neither of them is currently able to represent ete forecasts.

Recent years have seen an increase in the usebo$emaces and service-oriented architectures
to deliver information using clear and unambigualescription languages. The eXtensible
Markup Language (XML) is a widely used human-legitgxt format that encloses data within
self-describing tags. XML has become an interremtddrd in recent years. We believe XML is
ideally suited for representing cyclone data beeanfsits descriptive nature. Sample TC data
written in XML might look something like:

<cyclone>
<name>Katrina</name>
<basin>North Atlantic</basin>
<fix type="forecast" time="2005-08-29T00:06:00Z>
<latitude units="deg N">27.0</latitude>
<longitude units="deg E">-88.9</longitude>
<maxWindSpeed units="kt">135.</maxWindSpeed>
<minimumPressure units="hPa">910.</minimumPressur e>
<ffix>
<fix type="forecast" time="2005-08-29T00:12:00Z>
<latitude units="deg N">27.1</latitude>
<longitude units="deg E">-87.8</longitude>
<maxWindSpeed units="kt">130.</maxWindSpeed>
<minimumPressure units="hPa">915.</minimumPressur e>
<ffix>
</cyclone>

Although XML is more verbose than the previouslgadissed text formats, the meaning of each
datum is quite clear. Its general structure israEfiby a separate online schema, which is used to
validate (check) each data file for structural abgious data errors. Data encoded in XML is
easily interpreted by many internet applicationgkimg it ideal to support interoperability
between meteorological and other agencies.

4 XML in meteorology

XML is increasingly being used in a variety of n@tdogical applications, most commonly to
represent metadata and warnings. At an officialleWwMO has created a Core Metadata Profile
that has been tested for use with TAFs and METARBIQO CBS IPET-MI 2007). The WMO
Core Metadata Profile has also been successfullg as an interface to a relational database
within the ACSYS and CIiC programs (Miville 2003).

An application of XML for warnings is the Commoneiling Protocol (CAP), developed by the
OASIS Emergency Management Technical Committee;aasimple but general format for
exchanging all-hazard emergency alerts and puldimiwgs over all kinds of networks" (OASIS
EMTC, 2005). CAP acts as a wrapper for more detaiiéormation which may itself be in XML,
such as warnings issued in Emergency Data Exchzamgguage (EDXL) (OASIS EMTC, 2006),
or written as plain language, or sometimes givea esference to a web location (URI). XML
applications have been developed to hold warnirggs severe weather including tropical
cyclones (lannella 2006; Swat al. 2006). In fact, simple TC advisories and warniags now
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issued in XML format by both the NWS National Haeme Center and the Hong Kong
Observatory (NHC 2007, Wing 2006).

The development of appropriate schemas for metegica! data (as opposed to metadata and
warnings) in XML has been recommended at WMO mgstim recent years (Sanders 2002,
Kellett 2005, Thomas 2006). This issue will be tak by a newly formed WMO Expert Team
on Assessment of Data Representation Systems (ERSADwhich is tasked to assess
advantages and disadvantages, including implicgtioh different data representation systems
(e.g. BUFR, CREX, XML, NetCDF, HDF) for use in retine operational international
exchanges between NHMCs and in transmission ofnmdtion to users outside the NHMCs
(Pierre Kerherve, personal communication). It iscgpated that the ET-ADRS will consider the
guestions of a standard approach for data repaggemt for example based on the ISO 191**
series of geographic standards set by the Openp@gaisConsortium, which includes the XML-
based Geography Markup Language (GML).

The National Weather Service developed a Digitalaifer Markup Language (DWML) to
support the exchange of National Digital Forecaatabase (NDFD) data, and with enough
flexibility to accommodate other environmental scie applications. For example, DWML has
been extended to Weather Markup Language (WxMLihbyAustralian Bureau of Meteorology
to accommodate the exchange of nowcast data (Th2@@&s Eberet al. 2007).

5 CXML - a cyclone format based on XML

After agreeing that it would be a good idea to stigate the representation of cyclone data using
an XML format, we did an exhaustive web and e-reaélrch. We found nothing online that was
suitable for cyclone data, and none of the manye#gpve consulted was aware of any such
format (although many expressed interest in usmeML format for TCs). We also consulted
the project manager of the WMO Information SystBrayid Thomas, to ask whether WMO had
guidelines for the use of XML in meteorological alatepresentation. At this stage we were
informed of the mandate of the soon-to-be-formedMPRS (see Section 3), and encouraged to
go ahead with our own development.

The name of the proposed XML format for cyclone€yslone XML (CXML). In the interest of
simplicity we opted for a relatively simple XML forat. Future development of CXML in a
GML framework is considered in Appendix 5. The CXMhata model (Fig. 1) incorporates a
variety of information describing the position amdensity of one or more detected and/or
forecast cyclones. A key feature of CXML is thatgindata elements are optional, allowing the
representation of data to be as simple or as cdrepsive as required.

The header consists of metadata describing thecsifr the cyclone data. It also gives the
current (valid) time of the data, to which the gsa (history) and/or forecast (future state) are
referenced. It will link to more complete metadftathe data producer, which may be written in
accordance with the WMO Core Metadata Profile.

The data section contains information about onenore cyclones (disturbances), over one or

more time periods (fixes). Its content is basedhat of the ATCF and BUFR formats for TC
data exchange (see Section 2), as well as suggedtiom members of the tropical cyclone
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community. For example, cyclone phase informatiea heen included (Hart 2003). Note that
the extensibility of XML makes it easy to includgd&tional features in the future.

Sample files in Appendix 2 show what TC analyses fanecasts encoded in CXML might look
like. The schema describing the structure andioslships of the data is given in Appendix 3,
and Appendix 4 gives a table of recommended data. kppendix 5 considers possible future
modifications to CXML to make it compliant with GML

KEY:
zero or one (none required)
zero or more (none required)
1.x one or more required
(no symbol) exactly one required (default)

CXML 0.1
0..*

1 *
header " data
T
[ type
| member
(continued) pe(tqrb
origin
0.* ;
" disturbance
ID
Y
0.1 cycloneName 0-1 jocallD 0.1 objectiveTechnique 1.* fix
hour
0.1 cycloneNumber 0.1} hasin source
T

(continued)

Figure 1. Data model for CXML. The data elements siiown in bold font, where italicized data eleradmve
attributes of units (required) and precision (opih. The plain text in the lower portion of thexis list additional
attributes with those printed in italics being riegd. The symbols to the upper left of each boxidag: the
requirements for each element. Details for the éieadd fix segments are given on the following page
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name

domain

modelResolution

dataResolution

productionStatus

numMembers

Fig. 1 (continued) Data model for header segment.

perturbationMethod
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header
applicationType
product
0.x model
generatingApplication
0.1 ensemble
productionCenter 0.1 subCenter
0.1 morelnfo
0.1 moreMetadata
0.1 .
baseTime
creationTime
name
0.1 .
spatialReferenceSystem
0..1 .
radius




L fix

hour
source
validTime
latitude
longitude
0 accuracy
0.. subRegion
0. positionCodeNumber
0.. satelliteName
for satellite fix
0.. satelliteSensor
0. fixSite
0.. flightLevel
Q. navAccuracy for aircraft fix
0.. missionNumber
0.. latform )
p for radar fix
latitude
0.. RADOBcode
longitude
0.. radarSitePosition
0. WMOidentifier
0. distanceToNearestData for synoptic fix
l *|
" cycloneData
biasCorrected

(continued)

Fig. 1 (continued) Data model for fix.
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shape

orientation

diameter

shortAxis

wallCloudThickness

percentWallObserved

dataTnumber
L= cycloneData 0.1
. —> modelExpectedTnumber
biasCorrected
0..1
0 patternTnumber
= development
finalTnumber
0.. systemDepth
0.1 .
ongoingChange
0.. category
currentintensity
0..
Dvorak
pastChange
0. spiralOverlay
changePeriod
0.. eye
speed
directionToward
0.. stormMotion
0.1
speedAccuracy
0.1
directionAccuracy
0.. cyclonePhase
|
|
|
(continued)

Fig. 1 (continued) Data model for the cyclone datgment: cyclone characteristics.
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stormRelThkSymmetry

thermalWindUpper

thermalWindLower




cycloneData

biasCorrected

: pressure
o1 speed
—> minimumPressure 0.1
accuracy 0.1
averagingPeriod
ressure
0.3 lastClosedIsobar P 0.1 accuracy
0.1 di
radius 0.. latitude
0.1 ) i
maximumwind
0.. .
longitude
speed g
0.1 0.1 radius
0.1 averagingPeriod
— maxFlightLevelwind sector
0.1
accuracy 0
= gusts
0.1
directionToward 0
- gustAvgPeriod
0.1 ]
bearing
0.1
range
. 1.17 radius
0.. windContours L. windSpeed
| sector

(continued)

Fig. 1 (continued) Data model for the cyclone dastgment: pressure and winds.
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0..1
1 cycloneData templinsideEye
biasCorrected 0
~ tempOutsideEye
|
|
0..1 .
dewpointTemperature
0.1 ¢ ‘
emperature 0.1 intensity
seaSurfaceTemperature
0.1 0.1 accuracy
accuracy
0.. maximumPrecipitation 0.. latitude
height
o longitude
0.1 accuracy
0.1 0.1 recipitationType
—> maximumWaveHeight precip P
0.1 latitude
0.1 longitude
0 1% 1.17 radius
= seaContours —>  waveHeight
sector
1 * 0.1
0.. fixedRadii “>{ fixedRadius pressure
0.1 . .

Fig. 1 (continued) Data model for the cyclone datgment: temperature, precipitation, and seas.

6 Tools for working with XML

Working with data in XML format is facilitated byumerous freely available libraries written in
various languages. Table 1 lists web sites fronthvinoutines for parsing (reading) and writing
XML files can be downloaded, as well as proprietoftware that includes XML capability.

Reading from XML files is done using a "parser"”,iethextracts the data. Writing a parser is
quite difficult, so it is much simpler to use omerh Table 1 that has been developed and tested
by experts. Since XML is just text, writing dataXiML format can be done fairly easily using
most languages. Some of the libraries in Tablesd affer XML-writing routines.
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Tablel. Librariesfor working with XML

L anguage Library URL
Fortran XM_L-Fortran http://xml-fortran.sourceforge.net/
Project
C++ Xerxes http://xerces.apache.org/xerces-c/
C (interfaces to C++’Expat http://expat.sourceforge.net/
Perl, Python,
Tcl, .NET, Java, C#)Libxml2 http://xmlsoft.org/
Python Dave's Page |http://www.rexx.com/~dkuhlman/#pyxmlfaq
Perl Xerxes http://xerces.apache.org/xerces-p/
(several) http:{/|ava-source.net/open-source/xmI-user-lntmfa
toolkits
Java Xerces http://xerces.apache.org/xerces-j/
. http://www.unidata.ucar.edu/software/idv/docs/javed
Unidata ,
ucar/unidata/xml/package-summary.html
IDL Provided with application
Matlab Provided with application
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Appendix 1: Suggested timeline for tropical cyclone products
GIFS

1) TIGGE/GIFS WG agrees on what tropical cyclongpperties (e.g., geographical position,
intensity, etc) will be shared from ensemble fostgaand in what format (e.g., GML, special
form of XML format — Dec 2007). Share plans witbgical cyclone user community,
incorporate feedback into final plan on data conéea format (Feb 2008).

2) Each global ensemble producing center identgestion and other agreed upon
properties of tropical cyclones in their high regimn control and ensemble member forecasts
(May 2008)

3) Each providing center posts tropical cyclonadatreal time in agreed upon format on
their ftp server to allow access by other centatsthe general user community during and after
T-PARC (July 2008).

4) Set up Beta test version of common web interfacaccessing tropical cyclone data
from all providing centers (Dec 2008).

5) Each producing center archives or arrangeshfontchiving of their operational tropical
cyclone forecast data (June 2009). Points 1-5fgadtISGE Phase-2 plans and requirements for
tropical cyclone data.

6) Develop methods to combine and statisticallyromp tropical cyclone forecast data
originating from various sources (initial toolbogwtlopment, Dec 2009).

7) Develop procedures to support enhanced GIFSntelface for tropical cyclone
forecasting: (a) request derived tropical cyclorapct via common web interface; (b) generate
products using tools from the toolbox; (c) providguested information to users (web display of
data, product, or services, Dec 2010). Points @r2ptete the GIFS-Product stage for tropical
cyclone forecasting.
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Appendix 2: Sample CXML files

The same cyclone data is encoded here as if defiged analyzed data, a manual forecast, a
NWP model, and an ensemble prediction system. Fexity only one disturbance (cyclone),

and one fix (data corresponding to a particulaejigre shown. Normally data corresponding to
several fixes would be given. In the case of a @l®WVP model or EPS there may be several

disturbances.

The headers shown in these examples contain esdseretiadata along with a reference to more
complete metadata resident elsewhere. Many ofldmests in header segment and most of the
elements in the data segment are optional, allowiegCXML files to be brief or extensive as

the application requires.

1. Tropical cyclone analysis

<?xml version="1.0" encoding="UTF-8"?>

<cxml xmins:xsi="http://www.w3.0rg/2001/XMLSchema-i
xsi:schemal ocation="http://www.bom.gov.au/bmrc/proj
http://lwww.bom.gov.au/bmrc/projects/ THORPEX/CXML/cx

<header>
<product>Cyclone Analysis</product>
<generatingApplication>
<applicationType>Manual hurricane analysis</appl
</generatingApplication>
<productionCenter>NWS
<subCenter>National Hurricane Center</subCenter>
</productionCenter>
<morelnfo>http://www.nhc.noaa.gov/</morelnfo>
<moreMetadata>http://www.nhc.noaa.gov/TCanal/meta
<baseTime>2007-07-25T12:00:00Z</baseTime>
<creationTime>2007-07-25T15:42:00</creationTime>
</header>

<data type="analysis">
<disturbance ID="2007072518 134N_1102E">
<cycloneName>George</cycloneName>
<cycloneNumber>1</cycloneNumber>
<locallD>NHCO0001</locallD>
<basin>Southern Hemisphere</basin>
<fix hour="0">
<validTime>2007-07-25T12:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<accuracy units="deg">0.3</accuracy>
<cycloneData biasCorrected="false">
<development>tropical cyclone</development>
<category>2</category>
<Dvorak>
<finalTnumber>3.0</finalTnumber>
<currentintensity>3.0</currentintensity>
<pastChange>D1.0</pastChange>
<changePeriod units="h">24</changePeriod>
</Dvorak>
<eye>
<shape>circular</shape>
<diameter units="km">35.</diameter>
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</eye>

<minimumPressure>
<pressure units="hPa" precision="1.">989.</pr essure>
<accuracy units="hPa">0.5</accuracy>

</minimumPressure>

<maximumWind>
<speed units="m/s" precision="0.2">49.8</spee d>
<averagingPeriod units="min">10.</averagingPe riod>
<latitude units="deg N">13.24</latitude>
<longitude units="deg E">110.13</longitude>
<radius units="km">25.2</radius>
<accuracy units="m/s">2.</accuracy>

</maximumWind>

<maxSeas units="m">40.</maxSeas>

<windContours>
<windSpeed units="kt">34

<radius sector="AAA" units="km">235.</radius >
<radius sector="NEQ" units="km">200.</radius >
<radius sector="SEQ" units="km">243.</radius >
<radius sector="SWQ" units="km">301.</radius >
<radius sector="NWQ" units="km">228.</radius >
</windSpeed>
<windSpeed units="kt">50
<radius sector="NEQ" units="km">159.</radius >
<radius sector="SEQ" units="km">138.</radius >
<radius sector="SWQ" units="km">121.</radius >
<radius sector="NWQ" units="km">107.</radius >
</windSpeed>
<windSpeed units="kt">63
<radius sector="AAA" units="km">64.</radius>
</windSpeed>
</windContours>
<seaContours>
<waveHeight units="m">10
<radius sector="AAA" units="km">200.</radius >
</waveHeight>
<waveHeight units="m">20
<radius sector="AAA" units="km">120.</radius >
</waveHeight>
</seaContours>
</cycloneData>
<[fix>
</disturbance>
</data>

</cxml>

2. Tropical cyclone forecast

The metadata specifies the source of the fore€hstdata content is essentially the same as
above, but the <data> tag now specifies type="@stdnstead of type="analysis".

<?xml version="1.0" encoding="UTF-8"?>

<cxml xmins:xsi="http://www.w3.0rg/2001/XMLSchema-i nstance"
xsi:schemal ocation="http://www.bom.gov.au/bmrc/proj ects/ THORPEX/CXML
http://iwww.bom.gov.au/bmrc/projects/ THORPEX/CXML/cx ml.0.1.xsd">

<header>

<product>Cyclone Forecast</product>
<generatingApplication>
<applicationType>Subjective hurricane forecast</ applicationType>
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</generatingApplication>
<productionCenter>NWS
<subCenter>National Hurricane Center</subCenter>
</productionCenter>
<morelnfo>http://www.nhc.noaa.gov/</morelnfo>
<moreMetadata>http://www.nhc.noaa.gov/TCfcst/meta data.html</moreMetadata>
<baseTime>2007-07-25T12:00:00Z</baseTime>
<creationTime>2007-07-25T15:42:00</creationTime>
</header>

<data type="forecast">
<disturbance ID="2007072518_134N_1102E">

<cycloneName>George</cycloneName>

<cycloneNumber>1</cycloneNumber>

<locallD>NHC0001</locallD>

<basin>Southern Hemisphere</basin>

<objectiveTechnique>BLND</objectiveTechnique>

<fix hour="6">
<validTime>2007-07-25T18:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<cycloneData biasCorrected="true">

(etc...)

</cycloneData>
</fix>
</disturbance>
</data>
</cxml>

3. Tropical cyclone forecast from NWP

This data is similar to the manual forecast abbwé the header now includes information about
the model. The forecast data includes an (optioadlbreviated analysis segment (<fix
hour="0">) and cyclone phase information derivemhrfrupper level fields.

<?xml version="1.0" encoding="UTF-8"?>

<cxml xmins:xsi="http://www.w3.0rg/2001/XMLSchema-i nstance”
xsi:schemalocation="http://www.bom.gov.au/bmrc/proj ects/ THORPEX/CXML
http://www.bom.gov.au/bmrc/projects/ THORPEX/CXML/cx ml.0.1.xsd">

<header>

<product>Cyclone Forecast</product>
<generatingApplication>
<applicationType>Global spectral model</applicat ionType>
<model>
<name>ECMWF</name>
<domain>global</domain>
<modelResolution>T799</modelResolution>
<dataResolution units="degrees">0.25</dataResol ution>
</model>
</generatingApplication>
<productionCenter>ECMWF
<subCenter>Operations Division</subCenter>
</productionCenter>
<morelnfo>http://www.ecmwf.int/</morelnfo>
<moreMetadata>http://www.ecmwf.int/ifs/metadata.h tml</moreMetadata>
<baseTime>2007-07-25T12:00:00Z</baseTime>
<creationTime>2007-07-25T15:42:00</creationTime>
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</header>

<data type="forecast">
<disturbance ID="2007072518 134N_1102E">
<cycloneName>George</cycloneName>
<cycloneNumber>1</cycloneNumber>
<locallD>IFS0001</locallD>
<basin>Southern Hemisphere</basin>
<fix hour="0">
<validTime>2007-07-25T12:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<cycloneData biasCorrected="false">
<development>tropical cyclone</development>
<minimumPressure>
<pressure units="hPa" precision="1.">989.</pr
<accuracy units="hPa">0.5</accuracy>
</minimumPressure>
<maximumWind>
<speed units="m/s" precision="0.2">49.8</spee
<averagingPeriod units="min">10.</averagingPe
<radius units="km">25.2</radius>
</maximumWind>
</cycloneData>
<[fix>
<fix hour="6">
<validTime>2007-07-25T18:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<cycloneData biasCorrected="true">

(etc...)

<cyclonePhase>
<stormRelThkSymmetry units="hPa">50.</stormRe
<thermalWindLower units="m/s">50.</thermalWin
<thermalWindUpper units="m/s">-250.</thermalW

</cyclonePhase>

</cycloneData>
<[fix>
</disturbance>
</data>
</cxml>

4. Ensemble TC forecast from NWP

The main changes from the NWP forecast above

essure>

d>
riod>

IThkSymmetry>
dLower>
indUpper>

aanitlusion in the header of metadata

about the ensemble, and the <data> tag now spedhieg this is an ensemble forecast with
attributes giving the ensemble member number amtlinpation status. Information on storm
maximum precipitation has been added to the fotet=a.

<?xml version="1.0" encoding="UTF-8"?>

<cxml xmins:xsi="http://www.w3.0rg/2001/XMLSchema-i
xsi:schemal ocation="http://www.bom.gov.au/bmrc/proj
http://www.bom.gov.au/bmrc/projects/ THORPEX/CXML/cx

<header>
<product>Cyclone Forecast</product>
<generatingApplication>
<applicationType>Global ensemble prediction syst
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<model>
<name>ECMWF</name>
<domain>global</domain>
<modelResolution>T399</modelResolution>
<dataResolution units="degrees">0.5</dataResolu tion>
</model>
<ensemble>
<numMembers>51</numMembers>
<perturbationMethod>SVD</perturbationMethod>
</ensemble>
</generatingApplication>
<productionCenter>ECMWF
<subCenter>Operations Division</subCenter>

</productionCenter>
<morelnfo>http://www.ecmwf.int/about/eps.html</mo relnfo>
<moreMetadata>http://www.ecmwf.int/about/eps/meta data.html</moreMetadata>

<baseTime>2007-07-25T12:00:00Z</baseTime>
<creationTime>2007-07-25T15:42:00</creationTime>
</header>

<data type="ensembleForecast" member="0" perturb=" control">
<disturbance ID="2007072518 134N_1102E">
<cycloneName>George</cycloneName>
<cycloneNumber>1</cycloneNumber>
<locallD>EPS0001</locallD>
<basin>Southern Hemisphere</basin>
<fix hour="0">
<validTime>2007-07-25T12:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<cycloneData biasCorrected="true">
<development>tropical cyclone</development>
<minimumPressure>
<pressure units="hPa" precision="1.">989.</pr essure>
<accuracy units="hPa">0.5</accuracy>
</minimumPressure>
<maximumWind>
<speed units="m/s" precision="0.2">49.8</spee d>
<averagingPeriod units="min">10.</averagingPe riod>
<radius units="km">25.2</radius>
</maximumWind>
</cycloneData>
<[fix>
<fix hour="6">
<validTime>2007-07-25T18:00:00Z</validTime>
<latitude units="deg N">13.2</latitude>
<longitude units="deg E">110.0</longitude>
<cycloneData biasCorrected="false">

(etc.)
<maxPrecip>
<intensity units="mm/h">68.</intensity>
<latitude units="deg N">13.05</latitude>
<longitude units="deg E">110.25</longitude>
<precipType>rain</precipType>
</maxPrecip>
</cycloneData>
<[fix>
</disturbance>
</data>
</cxml>
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Appendix 3: CXML schema

The schema gives the structure and "rules” foQK®IL files, and is still being finalized. In
particular it does not yet contain information be ¥WMO Core Metadata Profile, and further
utilization of GML syntax may be desirable.

The schema can be viewed on the CXML web page
http://www.bom.gov.au/bmrc/projects/ THORPEX/CXMLdiex.html

Basic information on XML file structure and XML saimas is available on the W3Schools page
http://www.w3schools.com/default.asp
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Appendix 4. Recommended data units in CXML

Although not enforced by the CXML schema, it isoenended that the units of measurement
in CXML files adhere to the following standardsaitow ease of recognition and conversion.
Following ISO 31 Sl units should be used where tal; and preferred abbreviations are
indicated.

Table 5.1. Units of length

Full name of units Text abbreviation(s)
meter m

kilometer km

mile (non-Sl) mi

nautical mile (non-Sl) nm

Table 5.2. Units of time

Full name of units Text abbreviation(s)
second S

minute min

hour h

day d

Table 5.3. Units of speed

Full name of units Text abbreviation(s)
meters per second m/s (preferred), m s-1
kilometers per hour km/h (preferred), km h-1
miles per hour (non-Sl) mi/h (preferred), mi h-1

nautical miles per hour (knots) (non-Sl but | kt (preferred), kn
accepted for use in Sl)

Table 5.4. Units of geographical position (latitiade longitude)

Full name of units Text abbreviation(s)

degrees deg (longitudes between -180 to 180, positive
east of the Greenwich meridian; latitudes
between -90 and 90, positive north of the

Equator)
degrees north deg N
degrees south deg S
degrees east deg E
degrees west deg W
Table 5.5. Units of pressure
Full name of units Text abbreviation(s)
Pascal Pa
hectopascal (millibar) hPa (preferred), mb

Table 5.6. Units of direction and angle
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Full name of units

Text abbreviation(s)

degrees clockwise from true north deg true
gradians (100 of 90 degree angle) grad
radians rad

Table 5.7. Units of precipitation rate

Full name of units

Text abbreviation(s)

millimeters per hour

mm/h (preferred), mm h-1

millimeters per day

mm/d (preferred), mm d-1

meters per hour

m/h (preferred), m h-1

meters per day

m/d (preferred), m d-1

inches per hour (non-Sl)

in/h (preferred), in h-1

inches per day (non-Sl)

in/d (preferred), in d-1
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Appendix 5: Future compliance with Geography Markup
Language (GML)

GML has evolved extensively in the last decadecimime a widely used XML format whenever
geographic information is required (OGC 2007). Bseethe exchange of cyclone data with
some non-meteorological clients, and anticipatirggsjble recommendations of the WMO
Expert Team on the Assessment of Data Represant8iystems, it may be desirable in the
future to develop a version of CXML that makes tgease of GML syntax and constructs.

A meteorological example of a GML application i tlimate Science Markup Language
(CSML) described by Woolf and Lowe (2007). AnotlieiMarineXML, which applies CSML,
and by extension GML, to the description of maiia¢a (UNESCO 2007). The Met Office has
recently begun to investigate GML as a technolaygkeospatial data interoperability, both for
its own use and for communication with externatmis (Met Office 2006a, 2006b).

We are aware of ongoing development of a schemadsting features (ISO 19141) that can be
represented in GML (WMO 2005). This may be an appabe way to represent data associated
with cyclones.

It is possible using XSLT (EXtensible Stylesheehg§q@age Transformations) to transform data
files from CXML into GML. Users wishing to make useGML constructs could employ such a
conversion as a preprocessing step. Alternatielgeparate version of CXML may be devel-
oped as a GML application, meaning that it makesafsGML syntax where appropriate, and
XML otherwise. The example below, modified frone thecond example in Appendix 2, shows
what a GML version of cyclone data might look like.

<?xml version="1.0" encoding="UTF-8"?>

<cxml xmins:xsi="http://www.w3.0rg/2001/XMLSchema-i nstance"
xmins:gml="http://www.opengis.net/gml
xsi:schemal ocation="http://www.bom.gov.au/bmrc/proj ects/ THORPEX/CXML
http://www.bom.gov.au/bmrc/projects/ THORPEX/CXML/cx ml.0.1.xsd">

<header>

<product>Cyclone Forecast</product>
<generatingApplication>
<applicationType>Manual hurricane forecast</appl icationType>
</generatingApplication>
<productionCenter>NWS
<subCenter>National Hurricane Center</subCenter>
</productionCenter>
<morelnfo>http://www.nhc.noaa.gov/</morelnfo>
<moreMetadata>http://www.nhc.noaa.gov/TCfcst/meta data.html</moreMetadata>
<baseTime>
<gml:validTime>
<gml:Timelnstant>
<gml:timePosition>2007-07-25T12:00:00Z</gml:ti mePosition>
</gml:Timelnstant>
</gml:validTime>
</baseTime>
<creationTime>
<gml:validTime>
<gml:Timelnstant>
<gml:timePosition>2007-07-25T12:00:00Z</gml:ti mePosition>
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</gml:Timelnstant>
</gml:validTime>
</creationTime>
</header>

<data type="forecast">
<disturbance ID="2007072518 134N_1102E">
<cycloneName>George</cycloneName>
<cycloneNumber>1</cycloneNumber>
<locallD>NHCO0001</locallD>
<basin>Indian Ocean</basin>
<objectiveTechnique>BLND</objectiveTechnique>
<fix hour="6">
<validTime>
<gml:Timelnstant gml:id="t">
<gml:timePosition>2007-07-25T18:00:00Z</gml:t
</gml:Timelnstant>
</validTime>
<position>
<gml:point gml:id="p" srsName="urn:ogc:def:crs
<gml:pos>-110.2,13.4</gml:pos>
</gml:point>
<position>
<cycloneData biasCorrected="TRUE">
<development>tropical cyclone</development>
<minimumPressure>
<pressure uom ="hPa" precision="1.">989.</pre
<accuracy uom ="hPa">0.5</accuracy>
</minimumPressure>
<maxWind>
<gml:speed uom="m/s">49.8</gml:speed>
<gml:point gml:id="p" srsName="urn:ogc:def:cr
<gml:pos>-110.13,13.24</gml:pos>
</gml:point>
<radius uom="km">25.2</radius>
</maxWind>
<lastClosedlIsobar>
<pressure uom="hPa">1002.3</pressure>
<radius uom="km">600.</radius>
</lastClosedIsobar>
<stormMotion>
<gml:angle uom ="degrees">210.</gml:angle>
<gml:speed uom="m/s">50.</gml:speed>
</stormMotion>
<maxSeas uom="m">40.</maxSeas>
<windContours>
<windSpeed>
<gml:speed uom="kt">34</gml:speed>
<geometry srsName="urn:ogc:def:crs:EPSG:6
<gml:polygonMember>
<gml:Polygon>
<gml:outerBoundaryls>
<gml:LinearRing>
<gml:coordinates>
-110.2,15.4
-111.3,14.7
-112.7,13.4
-111.7,11.6
-110.2,10.4
-109.7,12.2
-109.0, 13.4
-109.8, 14.3
</gml:coordinates>
</gml:LinearRing>
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</gml:outerBoundaryls>
</gml:Polygon>
</gml:polygonMember>
</geometry>
</windSpeed>
<windSpeed>
<gml:speed uom="kt">50</gml:speed>
<geometry srsName="urn:ogc:def.crs:EPSG:6
<gml:polygonMember>
<gml:Polygon>
<gml:outerBoundaryls>
<gml:LinearRing>
<gml:coordinates>
-110.2,14.4
-111.0,13.8
-111.7,13.4
-111.2,12.3
-110.2,11.6
-109.9, 12.2
-109.5,13.4
-109.8, 13.8
</gml:coordinates>
</gml:LinearRing>
</gml:outerBoundaryls>
</gml:Polygon>
</gml:polygonMember>
</geometry>
</windSpeed>
<windSpeed>
<gml:speed uom="kt">63</gml:speed>
<radius uom="km">64.</radius>
</windSpeed>
</windContours>
<seaContours>
<waveHeight uom="m">10
<radius uom="km">200.</radius>
</waveHeight>
<waveHeight uom="m">20
<radius uom="km">120.</radius>
</waveHeight>
</seaContours>
</cycloneData>
<[fix>
</disturbance>
</data>
</cxml>
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