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Abstract

Theinfluenceof barometricpressurechangesanddynamicpressurdoadon
seismiaecordss investigatedvith numericaimodelsfor the Geodynami®©bser
vatoryMoxa (MOX). Thenumericaimodelis basednthefinite-element-method
(FEM). Thegeometryof themodelis derived from thetopographyin thevicinity
of the obseratory It canbe shavn thatbarometricpressuregdynamicpressure
andthegeometryof thestationvicinity have alargeinfluenceonthenoiselevel of
seismologicatiata. Thetilt producedby dynamicpressurdoadscausedy wind
cansignificantlyinfluencethe quality of seismicrecords. The resultsobtained
from themodelarein goodagreementvith obsereddata.

1 Introduction

Interpretatiorof long periodseismogramgandgravity records)aremainly limited by
noisedueto barometrigoressuré BEAUDUIN etal., 1996;ZURN & WIDMER, 1995).
Enhancementsf the signalto noiseratio canbe achievedi. e. by regressionmeth-
ods(EXsSs & ZURN, 2002; ZURN & NEUMANN, 2002)or numericalmodelsof the
involved physicalprocessesSignificantenhancementsanbe expectedfor the hori-
zontalcomponent®f seismometersThis canbe very usefulin the frequeng range
0.01mHzto 10 mHz wherechangesn atmospheripressurearea majorsourceof the
noise.Thisfrequeng rangeis alsotherangeof theearth'sfree oscillation. Changesn
barometricpressureanddynamicpressurgwind) leadto strainat the earths surface.
Thisstraincancausesignificanttilts (strain-tilt-coupling)atthelocationsof seismome-
tersor othergeodynamicabbsenationinstrumentfZURN & NEUMANN, 2002),thus
addingsignals(noise)to therecords.The processf strain-tilt-couplingis understood

*E-Mail: kfi scher @eo. uni -jena. de, Phonet493641948664 Fax+493641948662




in principle but the real couplingin a non-uniformernvironmentcanbe very comple.
In additonnumericalmodelsare the only way to quantify the physicalprocessesf
strain-tilt-couplingin realisticervironments.

This paperfocuseson the numericalmodelingof suchprocessesat thelocationof
the GeodynamidObsenatory Moxa (MOX), Germary. The obsenatoryis equipped
(besidesother instruments)with two horizontal strainmetergnorth-southand east-
west, each25 m long), a laser strainmeter(forming a triangle with the two other
strainmeters)a STS-1anda STS-2seismometerand a superconductingravimeter
(SGCD-034). Thestrainmeterandseismometerarelocatedin a 94 m long gallery.
The numericalmodelconcentratesn quantifyingthetilt at the locationof thesein-
strumentgausedy barometrigpressureandwind.

Knowledge of the physical processes&nd relationsimproves our understanding
of obsenable phenomenaelatedto barometricpressuren geodynamicatecordings.
Empirical relationsbetweenthe modeledchangesn pressureandcalculatedilts can
yield standardprocedurego correctfor barometricnoisein the relevant frequeng
band.

2 TheFEM-Modd

Thenatureof theobsenednoisein seismologicatiatais investigatedvith anumerical
modelof the vicinity of the GeodynamidObsenatory Moxa with the finite-element-
method(FEM). The model (Fig. 1) hasan overall dimensionof 1600m x 1600m
in the horizontaldirectionsand extendsto a depthof 250 m below the top surface.
The geometryof the model reflectsthe local topographyaroundthe station, which
is locatedin a narrov valley. The entranceof the gallery is marked with a circle
in figure 1. The gallery extends60 m perpendiculato the valley axisin aneast-west
directioninto amountain.Thenthegalleryturnssouthvardsandextendsanothei34m
furtherinto the mountain. Theflank of the valley rises30 m in heightwith a slopeof
20.8. Thegalleryis includedasvoid spacein the model. The finestmeshsize of
themodelis about0.5m atthe galleryandthe coarsestneshsizeabout50 m atlarge
distancesrom the obsenatory. The modeledelasticmaterialhasa Young's modulus
of 76.53GPa, a Poissors ration of 0.25anda densityof 2710kg/m3. The boundary
conditionsof the FEM-modelrestrictthe motionsof elemeninodesat the edgesf the
model:

¢ No motionperpendiculato theedgeat the northern southerrandeasterredge.
¢ No motionin theverticaldirectionat the bottomsurfaceof the model.

e Elasticforcesrestrictthe motionof the nodesat the westernedgeof the model.
Theseforcessimulatethe crustalmaterialof thewesterrhalf of thevalley which
is notincludedin themodel.
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Figure 1. The FEM-modelof the GeodynamicStationMoxa and its vicinity. The
locationof the gallery entrancdas marked with a circle. Only the easterrpart of the
valley is includedin the model.

To investigateheinfluenceof changesn barometriqoressureéhemodelis loadedwith
threeload cases:

1. A homogeneoupressuref 100hPa onthetop surfacesof the model.

2. A pressuref 10 hPaontheflanksof thehill simulatingthedynamicpressuref
thewind.

3. Casel and2 simultaneously

Theobtainedresultsfor the deformationaredirectly proportionalto the magnitudeof
theappliedpressureThisis theresultof the pureelasticrheologywhich satisfieghe
principle of superposition.

3 Resaults

The obtainedstrainandtilt at the surfaceof the modelare shown in figures2 and3
respectrely. It is clearly seenthatthe geometryof the north-southextendingvalley



influenceghedirectionandmagnitudeof the deformationsignificantly Thedeforma-
tion decreasesapidly with depth:Strainandtilt arelargestonthesurfaceof themodel
andespeciallyat theflanksof the hill andvanishin adepthof about50 m.

More importantthanthe deformationat the surfaceis the deformationat theloca-
tions of the seismometeandstrainmetersvithin the gallery. Table1l summarizeshe
strainatthelocationof the strainmetergandthetilt atthelocationof theseismometer

3.1 Strain

Thestrainvariesfrom 1.010~° to 5.7 10~° dependingn directionandload case The
strainis abouta factorof 4 higherin the north-southdirectionthanin the east-west
directionfor the load caseof homogeneougpressure.The dynamicpressureof the
wind load leadsto the sameamountof strainin both components.The calculated
strainsare smallerthanthe resolutionof the strainmeters.This is confirmedby the
obsened strainrecordswhich shav no obviously correlationof the noiselevel with
changesn barometricpressure.

3.2 Tilt

Thetilt atthelocationof the seismometeshavs a morecomplex patternthanthere-
sultsfor thestrainatthestrainmeteposition. Thehighestvaluesoccurin theeast-west
directionin contrastto the resultsfor the strain. Thesevaluesare2 — 3 timeshigher
thanthe onesfor the north-southdirection. The largestdifferenceshowns up in the
load-casevith dynamicpressurdoadingonly. The recordsof the horizontalcompo-
nentsof the STS-1seismometein Moxa alsoshav high noiselevel in the frequeny
rangeof 0.01—- 10 mHz onwindy days(Exss& ZURN, 2002).Theresultsof EXss &
ZURN (2002)yield thatthe noiselevel of the north-southcomponentorrelatedetter
with atmospherigressurghanthe east-westomponent.This supportshe modeled
differencein tilt. Thestrongdependencef thenoiselevel onwind speeds alsoseen
in recordsof a boreholetiltmeter in front of the obsenatory (locatedin a depth of
50 m), which measureshetilt directly andnot the displacemeninducedby thetilt.
This supportehe modeleddifferenceof theload casesvith andwithout wind.

Tablel: Calculatedstraine andtilt @patthelocationof thestrainmeteandseismometer
in the galleryof the Geodynamidbsenratory Moxa.

ENS[].O*g] sEW[10*9] (pNS[lofg] (pEW[10*9]

barometriqoressure —4.2 -1.0 17.3 34.8
dynamicwind load -15 -14 3.7 10.1
pressure+ wind 57 —-2.3 210 44.9




©

[GREBEISITIEs Y

Vbbb
WNR  BNw B

Figure2: Strainatthemodelsurfacefor theeast-wes(left) andnorth-soutlcomponent
(right).

Figure3: Tilt atthe modelsurfacefor the east-westleft) andnorth-southcomponent
(right).



4 Conclusions

The resultsobtainedfrom the preliminarynumericalmodelare qualitatively in good
agreementvith theobsenedtilt andstrainatthe GeodynamidbsenatoryMoxa. Es-
pecially the highervaluesin the east-westlirectionof thetilt fit very goodto the ob-

seneddifferenceof the correlationof noiselevel andatmospherigpressurdy Exss
& ZURN (2002). The high influenceof the dynamicpressurdoad (wind) is clearly
seenin the modelandin the recordsof the seismometersstrainmetersandborehole
titmeter. The quantitatve relationshipbetweerbarometricanddynamicpressurend
theinducedtilts andstrainshasnotbeenexplicitly evaluatedyet. Thiswill bedonefor

anenhancednodel,which is in preparation.Ilt canbe expectedthat a revisedmodel
canreproducenot only the obsenationsqualitatvely but alsoprovidesa quantitatve

relationshipbetweerpressureandwind variationsandobserednoisein seismological
andin othergeodynamicatecords. The expectedquantitatve resultswill give phys-
ical explanationsfor the coupling betweenbarometricand dynamicpressureandthe

induceddeformations.
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