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Abstract

QuakeML is a new XML-based data exchange format for
seismology. Adopting the XML standard family, it is de-
signhed for flexibility, extensibility and modularity.

The first release of QuakeML will cover a basic de-
scription of seismic events including picks, arrivals,
amplitudes, magnitudes, origins, focal mechanisms,
and moment tensors. Further extensions are in pro-
gress or planned, e.qg., for macroseismic information,
location probability density functions, slip distributions,
and ground motion information.

As an application of QuakeML, ETH Zurich currently
develops a Python-based seismicity analysis toolkit as
a contribution to CSEP (Collaboratory for the Study of
Earthqguake Predictability).

We follow a collaborative and transparent develop-
ment approach along the lines of the procedures of the
World Wide Web Consortium (W3C). QuakeML currently
IS In working draft status. The standard description will
be subjected to a public Request for Comments (RFC)
process and eventually reach the status of a recom-
mendation. Current collaborators are from ETH, GFZ,
USC, USGS, IRIS DMC, EMSC, ORFEUS, and ISTI.
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Welcome to the QuakeML collaboration website
For downloading the latest documents, please visit our QuakeML website at = www.quakeml.org.

Please visit the tasks pages for an overview of the progress of defining QuakeML and feel free to place your comments there. For more
general suggestions and critique, please use the Openlssues and MissingFeatures pages.
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+ WwaveformStreamID: locationCode and channelCode Ray Buland
+/ RealQuantity, IntegerQuantity, TimeQuantity: add symmetric uncertainty Ray Buland
+/ NodalPlane: preferred nodal plane Ray Buland
' Avis Ray Buland
¥ 4 TensorCartesian, TensorsSpherical: support both types? Ray Buland
# comment: deleting comments Ray Buland
# creationinfo: legacyMame Ray Buland

.f CreationInfo: creatorVersion Fabian Euchner

f CompositeTime and TimeQuantity Ray Buland
¥ 4 criginQuality Ray Buland
# rroductLink Ray Buland
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QuakeML class diagram, version 0.7.3

class QuakeML J

«type» «type» «type» «type» «type» «type» «type»
RealQuantity Comment TimeWindow Phase Wayv eformStreamID CompositeTime OriginQuality
«attribute» «attribute» «attribute» «attribute» «attribute» «attribute» «attribute»
+ value: float + text: string + begin: float + code: string + networkCode: string + vyear: IntegerQuantity [0..1] + associatedPhaseCount: int [0..1]
+ uncertainty: float [0..1] + id: string [0..1] + end: float + stationCode: string + month: IntegerQuantity [0..1] + usedPhaseCount: int[0..1]
+ lowerUncertainty: float [0..1] + creationInfo: Creationinfo [0..1] + reference: datetime + channelCode: string [0..1] + day: IntegerQuantity [0..1] + asociatedStationCount: int [0..1]
+ upperUncertainty: float [0..1] + locationCode: string [0..1] + hour: IntegerQuantity [0..1] + usedStationCount: int[0..1]
+ resourceURI: string [0..1] + minute: IntegerQuantity [0..1] + depthPhaseCount: int [0..1]
+ second: RealQuantity [0..1] + ms: float[0..1]
«type» «type» + differenceToUTC: float[0..1] + azimuthalGap: float [0..1]
«type» EventDescription NodalPlanes «type» + secondaryAzimuthalGap: float [0..1]
IntegerQuantity PrincipalAxes + groundTruthLevel: string [0..1]
Cattribuion «attribute» «attribute» — - + m.ax.imumD.istance: float [0..1]
inty: it [0..1] + type: EventDescriptionType [0..1] no fa g;:a : .c.> aO a1ne[ 1] + tAXI.S: AXI.S medianDistance: float [0..1]
S 7 PEEREIFEmER (- +  pAxis: Axis «attribute» «attribute»

+
+ lowerUncertainty: int[0..1]
+ upperUncertainty: int[0..1]

«type»

Creationinfo

«type»
TimeQuantity

«attribute»
agencylID: string [0..1]

«attribute»

+ value: datetime

+ uncertainty: float[0..1]

+ lowerUncertainty: float [0..1]
+ upperUncertainty: float [0..1]

+
+ agencyURI: string [0..1]

+ author: string [0..1]

+ authorURI: string [0..1]

+ creationTime: datetime [0..1]
+ legacyName: string [0..1]

+ version: string [0..1]

+

creatorVersion: string [0..1]

«type»

+ nAxis: Axis[0..1]

0..*| +pickGroup

NodalPlane
«attribute»
+ strike: RealQuantity e
+ dlip: RealQuantity QuakeML
+ dip: RealQuantity
T+eventParameters
8 «element»
< EventParameters
«attribute»
+ publiclD: string

+ Mrm: RealQuantity
+ Mtt: RealQuantity
+ Mpp: RealQuantity
+ Mrt: RealQuantity
+ Mrp: RealQuantity
+ Mtp: RealQuantity

+ Mxx: RealQuantity

+ Myy: RealQuantity «type»
+ Mzz: RealQuantity Axis
+
¥
¥

Mxy: RealQuantity

Mxz: RealQuantity
Myz: RealQuantity

«attribute»
+ azimuth: RealQuantity

+ plunge: RealQuantity
+ length: RealQuantity

+ publiclD: string

+historyReference
«element» > «element»
History 0.* HistoryReference
«attribute» «attribute»

+ resourcelD: string
action: HistoryReferenceAction
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QuakeML instance

<?xXml version="1.0"7?>
<quakeml>

<eventParameters publicID="smi:local/Catalogue/001">
<event publicID="smi:local/Event/1">
<origin publicID="smi:local/0Origin/1">

<time>

<value>1981-04-19T09:02:10.337</value>

</time>

<longitude>
<value>-117.7743</value>

</longitude>

<latitude>
<value>35.833</value>

</latitude>

QuakePy Python package

fab@desdemona:~/prog/pyprog/quakepy> python
>>> 1mport quakepy as gp

>>> cat = gp.QPCatalog( 'socal.gml' )

>>> print len( cat.eventParameters.events )
14003

>>> cat.cut( minmag='4.0"' )

>>> print len( cat.eventParameters.events )
470

>>2>

cat.writexml( 'socal.4.gml'

<networkMagnitude publicID="smi:local/NetworkMagnitude/1">

<magnitude>
<value>4.8</value>
</magnitude>
</networkMagnitude>
</origin>
</event>

</eventParameters>
</quakeml>
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«element» +amplitudeReference «element» 0.1 +history + author: string [0..1]
AmplitudeReference 0 o PickGroup + time: datetime [0..1]
h + comment: Comment [0..1]
«attribute» «attribute»
+ amplitudelD: string ® + publiclD: string
0.+ 0.* +event «element»
h +focalMechanism FocalMechanism
«element» P
Event 0..* | «attribute»
. + publiclD: string
+pickReference 0.* :att;l?;ltiil»D: - .«.element». + triggeringOriginID: string [0..1]
- . OriginUncertainty + nodalPlanes: NodalPlanes|[0..1]
«element» *+ preferredOrlgln.ID: string [(_)"1] + principalAxes: PrincipalAxes[0..1]
PickReference *+ prefemredMagnitudelD: string [0..1] «attribute» + azimuthalGap: float [0..1]
+ preferredFocalMechanismID: string [0..1] + publiclD: string 0.1 |+ sationPolarityCount: int[0..1]
«attribute» * type:.EyentType 2l . . + maxHorizontalUncertainty: float [0..1] + methodID: string [0..1]
+ pickiD: string *  description: EventDescription [0.7] + minHorizontalUncertainty: float [0..1] + comment: Comment [0..*]
+ comment: Comment [0.."] + azimuthMaxHorizontalUncertainty: float [0..1] + creationinfo: Creationinfo [0..1]
0.* + creationInfo: Creationinfo [0..1] )
+originUncertainty | 1
1 +pick | 0..*
«element» «element» 0.1 +momentTensor
Pick Arrival +origin 0.1
«element»
«attribute» «attribute» «element» MomentTensor
+ publiclD: string + publiclD: string Origin
+ status: PickStatus + pickiD: string «attribute»
+ time: TimeQuantity + phase: Phase «attribute» + derivedOriginID: string
+ waveformlID: WaveformStreamID + timeCorrection: float [0..1] + publiclD: string + momentMagnitudelD: string
+ filterlD: string [0..1] 1 ox|" azimuth: float [0..1] +arival + time: TimeQuantity + triggeringOriginID: string [0..1]
+ methodID: string [0..1] " |+ earthModellD: string [0..1] ———<@ + |atitude: RealQuantity + scalarMoment: RealQuantity [0..1]
+ azimuth: RealQuantity [0..1] + distance: float[0..1] 0.~ + longitude: RealQuantity + tensorCartesian: TensorCartesian [0..1]
+ onset: PickOnset [0..1] + residual: float[0..1] + horizontalUncertainty: float [0..1] + tensorSpherical: TensorSpherical [0..1]
+ phaseHint: Phase [0..1] + weight: float[0..1] + depth: RealQuantity [0..1] + variance: float [0..1]
+ polarity: PickPolarity [0..1] + comment: Comment [0.."] + depthType: OriginDepthType [0..1] + varianceReduction: float[0..1]
+ slowness: RealQuantity [0..1] + creationInfo: Creationinfo [0..1] + referenceSystemID: string [0..1] 1.2 0.1 + doubleCouple: float [0..1]
+ comment: Comment[0.."] + methodID: string [0..1] + clvd: float[0..1]
+ creationinfo: Creationinfo [0..1] + earthModelID: string [0..1] + iso: float[0..1]
+ compositeTime: CompositeTime [0..*] + greensFunctionID: string [0..1]
0..1 + quality: OriginQuality [0..1] + filterlD: string [0..1]
+ type: OriginType [0..1] + bandpassLowFreq: float [0..1]
+ status: OriginStatus[0..1] + bandpassHighFreq: float [0..1]
+ comment: Comment [0..%] + qualityFactor: string [0..1]
+ creationinfo: CreationInfo [0..1] + sourceTimeFunction: SourceTimeFunction [0..1]
0..* | +stationAmplitude 1 0..* +stationMagnitude + dataUsed: DataUsed [0..*]
+ methodID: string [0..1]
«element» «element» 0..1 | + momentTensorMethod: MomentTensorMethod [0..1]
StationAmplitude StationMagnitude + momentTensorStatus: MomentTensorStatus [0..1]
0..* | +networkMagnitude + comment: Comment[0..*]
«attribute» «attribute» v + creationInfo: Creationinfo [0..1]
+ publiclD: string + publiclD: string «element»
+ amplitude: RealQuantity + magnitude: RealQuantity NetworkMagnitude 1
+ period: RealQuantity . |+ stationAmplitudelD: string [0..1]
+ type: string 0.1 0.1+ waveformID: WaveformStream|D [0..1] «attribute» «type»
+ pickiD: string [0..1] + methodID: string [0..1] + publiclD: string SourceTimeFunction
+ waveformID: WaveformStreamID [0..1] + type: string [0..1] + magnitude: RealQuantity
+ filterlD: string [0..1] + comment: Comment [0..¥] + methodID: string [0..1] «attribute»
+ methodID: string [0..1] + creationInfo: CreationInfo [0..1] + stationCount: int [0..1] + type: SourceTimeFunctionType
+ timeWindow: TimeWindow [0..1] + azimuthalGap: float[0..1] + duration: float
+ scalingTime: TimeQuantity [0..1] 1 + type: string [0..1] + riseTime: float[0..1]
+ magnitudeHint: string [0..1] + comment: Comment [0..*] + decayTime: float [0..1]
+ status: AmplitudeStatus[0..1] + creationinfo: CreationInfo [0..1]
+ comment: Comment [0..%]
+ creationInfo: Creationinfo [0..1]
«type»
+magnitudeReference%* DataUsed
«elementy «attribute»
MagnitudeReference + waveType: DataUsedWaveType
+ stationCount: int
«attributey + componentCount: int
) + stationMagnitudelD: string + shortestPeriod: float [0..1]
«enumeration» «enumeration» + residual: float [0..1]
BTCNED OriginStatus + weight: float [0..1]

I «enumy
ARl NS S CEl LS AUTOMATIC_ORIGIN = automatic
2APHOEHON S Cppler i MANUAL_ORIGIN = manual
OISR = Qe LlEE PRELIMINARY = preliminary
CHEMICAL_EXPLOSION = chemical explosion CONFIRMED = confirmed
NUCLEAR_EXPLOSION = nuclear explosion REJECTED = rejected
LANDSLIDE = landslide
DEBRIS_AVALANCHE = debris avalanche
ROCKSLIDE = rockslide «enumeration» «enumeration» «enumeration»
MINE_COLLAPSE = mine collapse «enumeration» MomentTensorMethod MomentTensorStatus AmplitudeStatus
VOLCANIC_ERUPTION = volcanic eruption OriginType
METEOR_IMPACT = meteor impact «enum» «enum» «enum»

PLANE_CRASH = plane crash SEUn? CMT_0 = CMT -general m... CMT_S = standard CMT so... MANUAL_AMPLITUDE = manual
BUILDING_COLLAPSE = building collapse HYPOCENTER = hypocenter CMT_1 = CMT - moment te... CMT_Q = quick CMT solution AUTOMATIC_AMPLITUDE = automatic
SONIC_BOOM = sonic boom CENTROID = centroid CMT_2 = CMT - double-co...
NOT_EXISTING = not existing AMPLITUDE = amplitude TELESEISMIC = teleseismic
NULL = null MACROSEISMIC = macroseismic REGIONAL = regional
OTHER EVENT = other RUPTURE_START = rupture start

_ RUPTURE_END = rupture end

«enumeration» «enumeration» «enumeration»
«enumeration» - PickPolarity SourceTimeFunctionType PickOnset
HistoryReferenceAction «en_u meration»
PickStatus «enumpy «enumy» «enum»

«enum» UP =up BOX_CAR = box car EMERGENT = emergent
ACTION_ADDED = added SEMLD ) DOWN = down TRIANGLE = triangle IMPULSIVE = impulsive
ACTION_MODIFIED = modified AUTOMATIC_PICK = automatic UNDECIDABLE = undecidable TRAPEZOID = trapezoid QUESTIONABLE = questionable
ACTION_DELETED = deleted RN B A = el

«enumeration»
«enumeration» OriginDepthType «enumeration»
DataUsedWav e Type EventDescriptionType
«enum»

«enum» FROM_LOCATION = from location «enum»

BODY_WAVES = body waves FROM_MOMENT_TENSOR_INVERSION = from moment ten... FELT_REPORT = felt report

P_BODY_WAVES = P body waves BROAD_BAND_P_WAVEFORMS = from modeling o... FLINN_ENGDAHL_REGION = Flinn-Engdahl region
LONG_PERIOD_BODY_WAVES = long-period bod... CONSTRAINED_BY_DEPTH_PHASES = constrained by ... LOCAL_TIME = local time

SURFACE_WAVES = surface waves CONSTRAINED_BY_DIRECT_PHASES = constrained by ... TECTONIC_SUMMARY = tectonic summary
INTERMEDIATE_PERIOD_SURFACE_WAVES = intermediate-pe... OPERATOR_ASSIGNED = operator assigned NEAREST_CITIES = nearest cities
LONG_PERIOD_MANTLE_WAVES = long-period man... OTHER_ORIGIN_DEPTH = other REGION_NAME = region name
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