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Abstract

The influenceof barometricpressurechangesanddynamicpressureloadon
seismicrecordsis investigatedwith numericalmodelsfor theGeodynamicObser-
vatoryMoxa(MOX). Thenumericalmodelis basedonthefinite-element-method
(FEM). Thegeometryof themodelis derivedfrom thetopographyin thevicinity
of theobservatory. It canbe shown that barometricpressure,dynamicpressure
andthegeometryof thestationvicinity havealargeinfluenceonthenoiselevel of
seismologicaldata.Thetilt producedby dynamicpressureloadscausedby wind
cansignificantly influencethe quality of seismicrecords. The resultsobtained
from themodelarein goodagreementwith observeddata.

1 Introduction

Interpretationof longperiodseismograms(andgravity records)aremainly limited by
noisedueto barometricpressure(BEAUDUIN et al., 1996;ZÜRN & WIDMER, 1995).
Enhancementsof the signal to noiseratio canbe achieved i. e. by regressionmeth-
ods(EXSS & ZÜRN, 2002;ZÜRN & NEUMANN, 2002)or numericalmodelsof the
involvedphysicalprocesses.Significantenhancementscanbe expectedfor thehori-
zontalcomponentsof seismometers.This canbe very useful in the frequency range
0.01mHz to 10mHzwherechangesin atmosphericpressureareamajorsourceof the
noise.This frequency rangeis alsotherangeof theearth‘sfreeoscillation.Changesin
barometricpressureanddynamicpressure(wind) leadto strainat theearth’s surface.
Thisstraincancausesignificanttilts (strain-tilt-coupling)atthelocationsof seismome-
tersor othergeodynamicalobservationinstruments(ZÜRN & NEUMANN, 2002),thus
addingsignals(noise)to therecords.Theprocessof strain-tilt-couplingis understood

�
E-Mail: kfischer@geo.uni-jena.de, Phone+493641948664,Fax+493641948662

1



in principlebut therealcouplingin a non-uniformenvironmentcanbevery complex.
In additonnumericalmodelsarethe only way to quantify the physicalprocessesof
strain-tilt-couplingin realisticenvironments.

This paperfocuseson thenumericalmodelingof suchprocessesat thelocationof
the GeodynamicObservatory Moxa (MOX), Germany. The observatory is equipped
(besidesother instruments)with two horizontalstrainmeters(north-southand east-
west, each25 m long), a laserstrainmeter(forming a triangle with the two other
strainmeters),a STS-1anda STS-2seismometer, anda superconductinggravimeter
(SGCD-034). Thestrainmetersandseismometersarelocatedin a 94 m long gallery.
The numericalmodelconcentrateson quantifyingthe tilt at the locationof thesein-
strumentscausedby barometricpressureandwind.

Knowledgeof the physicalprocessesand relationsimprovesour understanding
of observablephenomenarelatedto barometricpressurein geodynamicalrecordings.
Empirical relationsbetweenthemodeledchangesin pressureandcalculatedtilts can
yield standardproceduresto correct for barometricnoise in the relevant frequency
band.

2 The FEM-Model

Thenatureof theobservednoisein seismologicaldatais investigatedwith anumerical
modelof the vicinity of theGeodynamicObservatoryMoxa with thefinite-element-
method(FEM). The model (Fig. 1) hasan overall dimensionof 1600m � 1600m
in the horizontaldirectionsandextendsto a depthof 250 m below the top surface.
The geometryof the model reflectsthe local topographyaroundthe station,which
is locatedin a narrow valley. The entranceof the gallery is marked with a circle
in figure1. Thegalleryextends60 m perpendicularto thevalley axis in aneast-west
directioninto amountain.Thenthegalleryturnssouthwardsandextendsanother34m
further into themountain.Theflank of thevalley rises30 m in heightwith a slopeof
20.8

�
. The gallery is includedasvoid spacein the model. The finestmeshsizeof

themodelis about0.5m at thegalleryandthecoarsestmeshsizeabout50 m at large
distancesfrom theobservatory. Themodeledelasticmaterialhasa Young’s modulus
of 76.53GPa, a Poisson’s rationof 0.25anda densityof 2710kg

�
m3. Theboundary

conditionsof theFEM-modelrestrictthemotionsof elementnodesat theedgesof the
model:

� No motionperpendicularto theedgeat thenorthern,southernandeasternedge.

� No motionin theverticaldirectionat thebottomsurfaceof themodel.

� Elasticforcesrestrictthemotionof thenodesat thewesternedgeof themodel.
Theseforcessimulatethecrustalmaterialof thewesternhalf of thevalley which
is not includedin themodel.
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Figure 1: The FEM-modelof the GeodynamicStationMoxa and its vicinity. The
locationof the gallery entranceis marked with a circle. Only the easternpart of the
valley is includedin themodel.

To investigatetheinfluenceof changesin barometricpressurethemodelis loadedwith
threeloadcases:

1. A homogeneouspressureof 100hPaon thetopsurfacesof themodel.

2. A pressureof 10hPaontheflanksof thehill simulatingthedynamicpressureof
thewind.

3. Case1 and2 simultaneously.

Theobtainedresultsfor thedeformationaredirectly proportionalto themagnitudeof
theappliedpressure.This is theresultof thepureelasticrheologywhich satisfiesthe
principleof superposition.

3 Results

The obtainedstrainandtilt at the surfaceof the modelareshown in figures2 and3
respectively. It is clearly seenthat the geometryof the north-southextendingvalley
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influencesthedirectionandmagnitudeof thedeformationsignificantly. Thedeforma-
tion decreasesrapidlywith depth:Strainandtilt arelargestonthesurfaceof themodel
andespeciallyat theflanksof thehill andvanishin adepthof about50 m.

More importantthanthedeformationat thesurfaceis thedeformationat theloca-
tionsof theseismometerandstrainmeterswithin thegallery. Table1 summarizesthe
strainat thelocationof thestrainmetersandthetilt at thelocationof theseismometer.

3.1 Strain

Thestrainvariesfrom 1� 010� 9 to 5� 710� 9 dependingondirectionandloadcase.The
strain is abouta factorof 4 higher in the north-southdirectionthanin the east-west
direction for the load caseof homogeneouspressure.The dynamicpressureof the
wind load leadsto the sameamountof strain in both components.The calculated
strainsaresmallerthan the resolutionof the strainmeters.This is confirmedby the
observed strainrecordswhich show no obviously correlationof the noiselevel with
changesin barometricpressure.

3.2 Tilt

Thetilt at the locationof theseismometershows a morecomplex patternthanthere-
sultsfor thestrainatthestrainmeterposition.Thehighestvaluesoccurin theeast-west
directionin contrastto the resultsfor thestrain. Thesevaluesare2 – 3 timeshigher
than the onesfor the north-southdirection. The largestdifferenceshows up in the
load-casewith dynamicpressureloadingonly. Therecordsof thehorizontalcompo-
nentsof theSTS-1seismometerin Moxa alsoshow high noiselevel in thefrequency
rangeof 0.01– 10mHzonwindy days(EXSS& ZÜRN, 2002).Theresultsof EXSS&
ZÜRN (2002)yield thatthenoiselevel of thenorth-southcomponentcorrelatesbetter
with atmosphericpressurethantheeast-westcomponent.This supportsthemodeled
differencein tilt. Thestrongdependenceof thenoiselevel on wind speedis alsoseen
in recordsof a boreholetiltmeter in front of the observatory (locatedin a depthof
50 m), which measuresthe tilt directly andnot the displacementinducedby the tilt.
Thissupportsthemodeleddifferenceof theloadcaseswith andwithout wind.

Table1: Calculatedstrainε andtilt φ atthelocationof thestrainmeterandseismometer
in thegalleryof theGeodynamicObservatoryMoxa.

εNS � 10� 9	 εEW � 10� 9	 φNS � 10� 9 	 φEW � 10� 9	
barometricpressure 
 4� 2 
 1� 0 17� 3 34� 8
dynamicwind load 
 1� 5 
 1� 4 3� 7 10� 1
pressure� wind 
 5� 7 
 2� 3 21� 0 44� 9
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Figure2: Strainatthemodelsurfacefor theeast-west(left) andnorth-southcomponent
(right).
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Figure3: Tilt at themodelsurfacefor theeast-west(left) andnorth-southcomponent
(right).
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4 Conclusions

The resultsobtainedfrom the preliminarynumericalmodelarequalitatively in good
agreementwith theobservedtilt andstrainat theGeodynamicObservatoryMoxa. Es-
pecially thehighervaluesin theeast-westdirectionof thetilt fit very goodto theob-
serveddifferencesof thecorrelationof noiselevel andatmosphericpressureby EXSS

& ZÜRN (2002). The high influenceof the dynamicpressureload (wind) is clearly
seenin themodelandin therecordsof theseismometers,strainmeters,andborehole
tiltmeter. Thequantitative relationshipbetweenbarometricanddynamicpressureand
theinducedtilts andstrainshasnotbeenexplicitly evaluatedyet. Thiswill bedonefor
anenhancedmodel,which is in preparation.It canbeexpectedthata revisedmodel
canreproducenot only theobservationsqualitatively but alsoprovidesa quantitative
relationshipbetweenpressureandwind variationsandobservednoisein seismological
andin othergeodynamicalrecords.Theexpectedquantitative resultswill give phys-
ical explanationsfor thecouplingbetweenbarometricanddynamicpressureandthe
induceddeformations.
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