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ABSTRACT

We constructthe comple, ensemblaveiagedwavenumbeof aninitially planewave
propagatingin 2-D and 3-D weaklyhetepngeneousandommedia.Thevalidity range
of this complex wavenumbehaspractically no restrictionsin the frequencydomain.
Its real part is relatedto the phasevelocity dispesion, wherasits imaginary part
denotesscatteringattenuation. Theselogarithmic wavefieldattributes, obtainedby
combinatiorof the Rytor approximationandthe causalityprinciple, are self-aveaged
guantitiesand allow to describeanytypical, singlerealizationof the wavefield. Typ-
ical wavefieldrealizationsor seismgramsare thosethat are nearly identical to the
mostprobablerealization.\We verify theanalyticalresultswith helpof finite-difference
simulationsn 2-D elasticrandommedia.A statisticalanalysisof the simulatedvave-
field showshow typical realizationsof seismgramscan be identified. The method
agreeswell with numericalresults.

INTRODUCTION

In seismicsand rock physicsthe measuredseismogramsausually consist of the
so-calledprimary wavefield followed by the coda. The primary wavefield is the
wavefieldin thevicinity of thefirst arrivals. Performingan averageover all possible
realizationsof disorderone obtainsthe so-calledcoherentwave (for a recentreview
seeTourin et al., 2000). The codais the long comple tail of the seismogramsand
containamultiple scatteringcontributions(SatoandFehler 1998).

Within the weak wavefield fluctuationregime there exist several approacheso
guantify scatteringattenuation.They includethe meanfieldtheorybasedon the Born
approximatioryielding anestimatorof thecoherentvavefield(Keller, 1964). Thatthe
meanfieldheoryis notadequat¢o describescatteringattenuations well-knovn (Wu,
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1982). Thereis alsothe so-calledtraveltime-correctedneanfieldformalism which

is successfullyappliedto interpretattenuationmeasurementg seismology(Sato
and Fehler 1998). The traveltime-correctedneanfieldformalism however is based
on heuristicassumptions. Strongerwavefield fluctuationsvisible througha longer
and more comple coda indicate that the processof multiple scatteringbecomes
important. Then the radiatve transfertheory and the diffusion approximationare

adequateonceptdo describeaveragedwavefields. In additionnumerousiumerical
studies characterizedthe scattering attenuationin heterogenousstructures(e.g.

Franlel andClayton,1986).

Several pulse propagationtheoriesfor random media already appearedn the
literature. Wenzel(1975) describeghe propagatiorof coherentransientswith per
turbationtheory Beltzer(1989)investigatedhe pulsepropagatiorin heterogeneous
mediabasedon the causalityprinciple. The abose mentionedwavefield approxima-
tionsdescribehewavefieldfor anensemblef mediumsrealizationsThisis because
ensembleaveragedwavefield attributesare used. However, in geophysiconly one
realizationof the heterogenousediumexists. Thentheensembleveragedvavefield
attribute doesonly representhe measuredne provided that it is a self-aseraged
wavefield attribute (Gredeskuland Freilikher, 1990). That is to say it becomes
averagedvhile propagatingnsidetherandommedium.

A pulsepropagatiortheoryvalid for singlerealizationsof 2-D and 3-D random
mediais notavailable. In the caseof 1-D randommediasucha wavefield description
is known as the generalizedO'Doherty-Anstg (ODA) formalism (Shapiro and
Hubral, 1999). It is a suitablewavefield descriptionof the primary wavefield, i.e.,
the wavefield in the vicinity of the first arrival. There are also recentefforts to
generalizethe ODA theory for so-calledlocally layered media, i.e., media with
layeredmicrostructurebut a 3-D heterogeneousiacroscopidackgroundSolnaand
Papanicolaou2000).

Thepurposeof this studyis to presena methodthatallows to describepulseprop-
agationin singlerealizationsof 2-D and3-D randommedia.lt is basedon ensemble-
averagedjogarithmicwavefield attributesderived in the Rytov approximationwhich
is only valid in the weak wavefield fluctuationregime. Miuller and Shapiro(2000)
numericallyshovedthe partial self-areragingof logarithmicwavefield attributesand
constructedhe mediums Greenfunctionfor anincidentplanewave. Here,we fol-
low thesamestratgyy, however usinglogarithmicwavefieldattributesthatadditionally
fulfill the Kramers-Kronigelationsandarevalid in avery broadfrequeng range.
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THEORY

Rytov transformation and the generalizedO'Doherty-Anstey theory

Thebasicmathematicammodelfor scalarwave propagationn heterogeneousediais
the wave equationwith randomcoeficients. In the following, we look for a solution
of theacoustiovave equation

0*u(t,r)
ot?

with u(r,t) asa scalarwavefield (in the following simply denotedby « ). Herewe
definedthe squaredslovnessas

Auft,r) — p*(r) =0 (1)

P = 5(1+20() @
wherec, denoteghe propagatiorvelocity in a homogeneoureferencemedium. The
functionn(r) is a realizationof a stationarystatisticallyisotropicrandomfield with
zeroaverage,i.e., (n(r)) = 0 andis characterizedby a spatialcorrelationfunction
B(r) = (n(r1)n(ry)) thatonly dependsn the differencecoordinater = |r; — ry|.
Later we male use the exponentialcorrelationfunction B(r) = o2 exp(—|r|/a),
whereo?, a denotethevarianceof thefluctuationsandcorrelationlength, respectiely.

We considemow a time-harmoniglanewave propagatingn a 2-D and3-D ran-
dom mediumanddescribethe wavefield insidethe randommediumwith help of the
Rytov transformationusingthe complex exponent¥ = x + ¢, wheretherealpart x
representshe fluctuationsof the logarithmof the amplitudeandtheimaginarypart ¢
representphasdluctuations Omitting thetime dependencexp(—iwt), we write

u(wa I‘) = UO(W7 1‘) exp(X(w, I‘) + i¢(w7 I')) ’ (3)

whereuy, = Agexp(igy) is the wavefield in the homogeneouseferencemedium
(n(r) = 0) with the amplitude A, andthe unwrappedphaseg,. To be more spe-
cific, we assumehatthe initially planewave propagatesertically alongthe z-axis.
Equation(7) canthenbewritten

w(w,z=L,r,) = eKWhrol (4)
wherewe introducedthe comple« wavenumber

K(, L) = (qﬁ(w’fa ) | dule L)) X Lry) o

= QD(LO,L, rL) +ia(w=Larl) ) (6)
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with ¢ anda denotingthe phaseincrementandattenuatiorcoeficient, respectrely.
L is thetravel-distanceandr ;| denotethetransersecoordinateselative to the z-axis.

For 1-D randommedia, Shapiro& Hubral (1999) approximatedhe transmitted
wavefieldwith help of a second-ordeRytov approximation.An essentiapropertyof
their wavefielddescriptionis its propertyto describehe wavefieldin a singlerealiza-
tion of the randommedium. Thatis to say it is an approximationof non-averaged
wavefields. This is possibledueto the useof self-averagedwvavefield attributes. The
latter arequantitiesthatassumeheir ensembleveragedvalueswhenpropagatingn
asinglerealizationof therandommedium.Shapiro& Hubralindeedshovedtheself-
averagingof thephasancrementndtheattenuatiorcoeficient. This stratgy leadsto
thegeneralized'Doherty-Anstg theory Now we adoptthis stratey for the caseof
2-D and3-D randommedia. By analogywith the generalizedDDA formalismin the
1-D casewe usethewavefieldapproximatiorin 2-D and3-D:

u(w, L,r,) ~ el@+iell (7)

Notethatequation7) is expectedo describeéhe (primary)wavefieldin singlerealiza-
tionsof randommedia,sinceits lefthandsideis not subjectedo statisticalaveraging.
Therighthandside containshowever the ensembleveragedwavefield attributes ()

and(«). To keepequation(7) physicallytrue, we requireself-averagingof the quan-
tities o andy. In thefollowing we considerthe approximationsandpropertiesof the
logarithmicwavefield attributes(x) and{¢). The self-averagingof o andy we shav

in section(2.3).

Approximations for the logarithmic wavefield attrib utes

We derive now tractableapproximationdor the wavefield attributes (x) and (¢) in
the weak wavefield fluctuationregime. To do so we note that the wavefield canbe
separatednto a coherentandfluctuating(incoherentpart: u = (u) + u; where(u)
denotedhe ensembleveragedwvavefield. A measuref the wavefield fluctuationsis

theratio
uys

(u)
Thisgives(s?) = }’—t —1, wherel; = (Jul?) isthetotalintensity ; is aconstan{which
is setto unity) if we ignore backscattering.l. = |(u)|* is the coherentintensity
The rangeof weak fluctuationis definedby (¢2) < 1 and meansthat the coherent
intensityis of theorderof thetotal intensity As shovn in Shapiroetal. (1996),these
assumptiongeadto

E =

(8)

() = -0 tOE) (9)
(0) = ¢e—do—03,+O(7) . (10)
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Theseareusefulrelationssinceall quantitieson the righthandsidecanbe obtainedn
the Rytov- and Bourretapproximation. Explicit expressiondor 0>2<x’ 03@, ¢ in 2-D
and3-D mediacanbefoundin Shapiroetal. (1996)andShapiro& Kneib (1993).

It is the purposeof this sectionto construciogarithmicwavefield attributeswhich
satisfythe Kramers-Kronigelationship.Thatmeangheprimarywavefieldin random
mediaobeysthecausalityprinciple. For acomprehensereview of thistopicwe refer
to Beltzer(1989). The Kramers-Kronigequationsllow to reconstructhe attenuation
fromthedispersiorbehaior andviceversasincebothquantitiesarerelatedoy a pair of
Hilbert transformsTo this endit is sufficientto derive a Kramers-Kronigrelationship
for the complex wavenumberK (w) of the planewave response.For our purposeit
is expedientto usetheformulationof the Kramers-Kronigrelationshipof Weaver and
Pao(1981):

o(W) = Bu + 27“’ /O ” % dw + (0) (11)
W) = %/Ooo [goi)w) B SDSI))] w2d_ww/2 +a(0), 12)

whereB = lim,_, a(w)/w.

In thefollowing we dervethescatteringattenuatiorcoeficienta by applyingequation
(12) to the phaseincrement. Let's begin with the Rytov part of the phaseincrement
which is in 3-D randommediagiven by equation(10) in Muller & Shapiro(2000).
Insertingthatinto equation(12) we getafterintegration

0.2

ag(w') = % (13)

Thusthe Rytov partsof equations(9) and (10) are relatedby the Kramers-Kronig
relationship. Now the questionsarises,what doeshappenwith the Bourret part of
equation(10), namely¢., whensubjectedo the Kramers-Kronigrelation? We shaw
thatthis resultsin anadditionalterm«g. To do so,we notethatthe phaseincrement
resultingfrom the Bourretapproximatiorcanbewritten

W' w/2 0
W) = —+ —2/ dr sin(2w'/cor)B(r) . (14)
Co cy Jo
Insertingequation(14) into equation(12) andperformingtheintegrationswe obtain
w/2 0 w/? 0o
ap(w') = 2—2/ B(r)sin®*(w'/er)dr — = | B(r)dr. (15)
Cy JO Cy Jo

Usingtherelationbetweercorrelationfunctionandfluctuationspectrum(seee.g.Ry-
tov etal., 1987),equation(15) becomes

ag(w) = —2rm —/200 dk®(K)k . (16)

w/co
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To summarize,we derived two pairs of wavefield attrioutes, {02, ,—0%,} and
{agL,¢. — ¢o}, eachof themrelatedby (12). Therefore,the causalityprinciple
suggestgo usethe following logarithmicwavefield attributesin 2-D aswell as3-D

randommedia.
(xX) = —(ar+ap)L=—0’, —apl (17)
() = Ge—o—o0sy . (18)

Notethatweusedn equationg13)-(16)the3-D wavefieldattributesandthatequations
(17)and(18) arealsovalid for 2-D randommediaif we skip « in theintegral over dx
anddivide by 7.

Self-areraging of the logarithmic wavefield attrib utes

A self-averagedqguantity tendsto its mathematicakexpectationvalue provided that
thewave hascovereda sufficient large distancansidethe medium. For 2-D and3-D
randommedia,we shaw thatthe attenuatiorcoeficient o« andthe phasencrementy
in the above discusse@pproximationgendto their expectationvaluesfor increasing
travel-distances.n analogyto the 1-D case,we computethe relatve standarddevi-
ationsof the attenuatiorcoeficient and phaseincrement. Using syntheticwavefield
registrationsof finite-differencesimulations(seesection3.1) we computethe relative
standarddeviation of the attenuatiorcoeficient for severaltravel distances.Fig. (1)
displaysthe numericallydetermineds, /a(w,) asa function of L for 6 simulations
(wo Is the centerfrequeng of the input wavelet, see also section3.1). Instead
of consideringthe relatve phaseincrementfluctuations,we computethe relatve
traveltimefluctuations.Thisis anestimateof o,/ ¢ sincet = ¢ /w,. Againwe obsere
thedecreasef therelative standardieviation with increasingravel-distancgFig. 2).

It is clearthatwithin the validity rangeof the Rytov approximation(thatimplies
for finite travel-distancespnly a partial self-averagingcan be reached. That s to
say the probability densitiesof the wavefield attributeshave not yet corvergedto a
o-function what would indicatethat the quantitiesare not ary morerandom. There-
fore, it is expedientto look for the probability densityof the logarithmic wavefield
attributesandto introducethe conceptof typical realizationsof a stochastigrocess.
Typical realizationsare definedto be closeto the most probablerealizationwhich
is definedby the maximumof the probability densityfunction (Lifshits et al., 1988,
andGredeskulandFreilikher, 1990). Now, the partial self-aszeragingmeansthat we
dealwith wavefieldrealizationghataremostlik ely to occurandthereforearetypical
realizations.

It canbe theoreticallyand experimentallyshavn that y and ¢ are normally dis-
tributedrandomvariables(seechapter(2.5) of Rytov etal., 1987). If x is described
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—L_e~(@=n)*/20" (wherey ando arethe meanand

by the probability densityp(z) = —=

standardieviation, respectiely ), thenwe might expectthatthe Rytov transformation
yields log-normaldistributed wavefield amplitudes.Indeed,in section(4.2) we will
numericallyconfirm the log-normalprobability densityof the wavefield amplitudes:
p(x) = —Lo—e~(n==m"/20" With theabove criterion, it is possibleto find thetypical
realizationgrom numericalexperimentdy constructinghe probability densityfunc-
tionsandto comparethemwith the discussedvavefield attributes. The identification

of typical seismogramss explainedin section(3.2).

Relative standard deviation of attenuation coefficient

l.*:

] a=10 sigma=4%
a=40, sigma=4%
a=160, sigma=4%
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1 a=160, sigma=8%

Log(sigma)
de-1
T T
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Figurel: Therelative standarddeviationsof the attenuatiorcoeficientfor a 2-D ex-
ponentiallycorrelatedrandommediumevaluated. For all investigatedatiosof \/a
andstandarddeviationswe canobsere a decreasef the relative standardleviations

with increasingravel-distances.

Acousticand elasticGreen's function for random media

Now, we shav how finite-bandwidthpulsesevolve in time whenpropagatingn ran-

dommedia.In orderto constructhe Greens functionwe have to combinetheresults
for theensemble-geragedog-amplitudeandphasdluctuationsobtainedn equations
(17) and(18). Finally, by integrationover the whole rangeof frequenciesve obtain

thetime-dependertansmissiomesponselueto theinitial planewave:

1y , ,
G, L) = g/_oo dw e oL Tiwbgmiwt (19)
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Thatis what we call the Greens function for randommedia. It is now possibleto
describeseismicpulsesas

1 o -
u(t,L) = %/_oo dw Uy (w) e KE=1) | (20)

wherelU,(w) is the Fouriertransformof theinputsignalug(t).

In orderto obtainexplicit analyticalresultsfor the Greensfunctionin thetime do-
main (thatis to evaluatetheintegralin equation(19)), we have to introducesomesim-
plifications. To do so, we studythe behaior of equationg17) and(18)in the Fraun-
hoferapproximation.Thelatteris characterizethy a large wave parameteiD > 1 so
thatthe meanof phasefluctuationscanbe neglected. The Fraunhoferapproximation
becomesvalid for large travel-distancel.. From the behaior of scatteringattenua-
tion, it turnsout thatfor large travel-distance®nly the low-frequeng component®f
the transmittedpulsesurvive. Thus,with increasingL notonly L/a but also (ka) ™"
effectively increasesTherefore equation(19) canbereducedo:

1 oo .
Gapr(t,L) = 5= [ dweTlowoweilman) (21)

Relative standard deviation of the phase increment
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Figure2: Therelatve standarddeviationsof the phasencrementfor a 2-D exponen-

tially correlatedandommedium.
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whereqy,,, IS givenby
2k
Qow = 27rk2/ dk @ (k) . (22)
0

Evaluatingthentheintegralin (21) yieldsa Gaussiampulse(in 2-D aswell asin 3-D).

Gm(t, L) = \/%6%(tL/co)z 23)

with A = ¢2/(4na) andé = 272 [/ dk k®(x). It is interestingto notethatthe
1/+/L dependencof thepulsein 2-D and3-D is alsoobtainedor 1-D randommedia
(comparewith equation(7.8) in ShapiroandHubral,1999).

A wavefield descriptionin elasticmediashouldbe basedon the elastodynamic
wave equation.Gold (1997)discussedhe generalizationsf the Rytov aswell asthe
Bourretapproximationdo elasticmedia. Underthe assumptiorof weak wavefield
fluctuations,the propagationof elasticwaves shavs the samebehaior as acoustic
waves. The Rytov approximationfor elasticP and S-wavesyields for the comple
exponent¥ in 2-D and3-D randommediathe following equation:

\II?D%‘W = 2(;2) /nv (r') —Zz((l:)) G*P3D(r —¢')dr' | (24)

whereG?P3P is the acousticGreens functionin 2-D/3-D anda, 8 arethe P-andS-
wavenumbersrespectrely. Gold etal. (2000)appliedthe Bourretapproximationn
theDysonequationn orderto obtainthecoherentGreens functionin isotropicelastic
randommedia. Fromthis consideratiorthe coherenphasep, is obtainedandcanbe
usedfor equation(10).

NUMERICAL EXPERIMENTS

FD-modelingin elasticrandom media

Now let us comparethe analyticalGreens functionwith finite-differencesimulation
resultsfor wave propagationn 2-D elastic(isotropic)randommediawith anexponen-
tial correlationfunctionof thevelocity fluctuations For the numericalcomputatiorof

the wavefieldwe usethe so-calledrotated-staggeregrid finite-differenceschemeor

the elastodynamigvave equation(Saengeetal., 2000).

We simulatea planewave propagatingrom the top down to a certaindepth(z-
direction)in a singlerandommediumrealization.The backgroundnediumis charac-
terizedby a P-wave velocity of vp = 3000 m/s,a S-wave velocity of vs = 1850 m/s
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andadensityof p = 2.5 g/cm3. In the actualFD-modelthe randommediumis em-

beddedn a constanbackgroundnediumwith the propertiesdefinedabove. For the

modelingwe needinsteadof velocitiesthe stiffnesstensorcomponents;; = v}jp and

cs5 = vz p anddensity For simplicity, only the stiffnesstensorcomponent;; exhibits

exponentiallycorrelatedfluctuations. We simulatea line-sourceexhibiting only a z-

componentThewaveletis the secondderivative of a Rickerwaveletwith adominant
frequeny of about75 Hz (this corresponds$o a wavelengthof 40 m for the P-wave).

The wavefield is recordedby several recever lines (whereeachline consistsof 146

recevers)which areplacedat severaldepthspositionssuchthatthe meanpropagation
directionof the planewave andtherecever linesareperpendicular

Pulsepropagationin random media

The herepresentedheory of pulsepropagationdependssery muchon the ratio of

wavelengthandcorrelationlength)/a. Thereforewe have to considetthreescenarios,
namely\ < a, A = a and\ > a. We choosdn all simulationghe samenput-wavelet

(Ao = 40 m) andvary the correlationlengths(a; = A\o/4,a2 = Ao, a3 = 4X) The

strengthof the mediumfluctuationsdetermineghe spatialrangeof weak wavefield

fluctuations,where our theory is expectedto work. Reportedstandarddeviations
of the velocity in reseroir geophysicsaares, = 3 — 10%. We simulatethe wave

propagationn randommediawith 8% of standardieviation.

Eachgray'background'in theleft-sidedcolumnof Fig. (4) consistsof 50 traces
(the z-componenbf the wavefield) recordedon a commontravel-distancegatherat
the correspondinglepths24, 224,424,624 and824 m. From the uppermosto the
lowermostseismograms Fig. (4) we clearly obsene thatthe amplitudeaswell as
traveltimefluctuationsof traces- recordedatthe samedepths- increasewith increas-
ing travel-distances. This is physically reasonablesincefor larger travel-distances
therearemoreinteractiongscatteringevents)betweernwavefield andheterogeneities
resultingin a morecomple wavefieldandconsequentlyn morevariablewaveforms
alongthe trans\ersedistancerelative to the main propagatiordirection. Finally, the
thicker blackcurve denotesgheresultof corvolving theanalyticallycomputedGreens
functionwith theinput-waveletw(t).

Our wavefield descriptionis basedupon self-avreragedquantitiesand shouldbe
ableto describethe mostprobableprimary aswell asbe a good approximationfor
primariesin typical seismogramsThatis to say we shouldlook for the probability
densitiesand find thoseseismogramsvhosewavefield attributes coincide with the
maximaof the probability densities. To numericallydemonstratehis, we have to
computethejoint probabilitydensityfunctionof thefirst arrival amplitudesandphases
(traveltimes).Assumingstatisticaindependencef amplitudeA andtraveltimet fluc-



] i
‘W e
061 | ‘f e
\JJ; I ° e .
‘ | N
0.4 y O)
\VJ)
\//‘
027 a=10m
0=8%
0] 0.2 0.4 0.6 0.8
0.8
° H“\‘
0.61 \
] N
° “\‘ \‘\
N /
0.4 | A ~
| \‘\ </ M| /) T\
] /. u@k
Y d
0.21 a=40m N=r/
0=8%
0 0.2 04 0.6 0.8
0.8
0.6
i ‘@“ o o . “/A\\“ -
1 A
\V/ 1=\
0.41 / °”f \“’0 AN
(0 /A /
1 \J) 17\ 7\
\_/ “ H o ", “
/(@)
\ ‘
0.24 a=160m N \&//
6=8%
0 0.2 04 . 06 0.8
normalized time

169

Figure3: Thecontourplotsshav thereconstructegbint probabilitydensitiedor sev-
eraltravel-distances.
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Figure4: Waveformsof the numericalexperimentscomparedwith the theoretically
predictedwavefieldfor o = 8% anda = 10, 40, 160m (from top to bottom).
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tuations,we canwrite the joint probability densityp asp(A, ¢, L) = p(A, L) p(t, L).

A robust estimateof p(A, L) and p(t, L) from the simulateddatacan be obtained
by the maximum-likelihoodmethod. The contourplotsin Fig. (3) displaythe joint

probability function for the travel-distanced. =24, 224,424,624 and824 m. On

the otherhand,the diamondsin Fig. (3) denotethe amplitudeandtraveltime values
aspredictedby our wavefield description. Thefilled diamondseferto the aforesaid
travel-distances.We obsene that for all travel-distanceshesepoints coincidewell

with the maximaof thejoint probabilitydensities.

Now, thegrey seismogram right-sidedcolumnsof Fig. (4) areselectedn such
away thattheiramplitudesandtraveltimesaretypical ones(i.e., situatedn thevicin-
ity of the mostprobableamplitudesandtraveltimesaccordingto the maximaof the
2-D probability densityfunctionsin Fig. (3)). Thatis whatwe call typical seismo-
grams.Of coursetherearevariousseismogramwhich couldbeselectedn thisfash-
ion (10% of the seismogramslisplayedon the left side). The black curvesin Fig.
(4) (right columns)denotethe theoreticallypredictedwavefield basedon the Greens
function. We obsene an goodagreemenbetweertheoryandexperimentfor the pri-
mary arrivals. Comparingeft andright plotsin Fig. (4) clearlydemonstratethatthe
analyticalcurvesgive estimate®f the primarywavefieldsfor typical singletraces.To
summarizewith helpof a statisticalanalysisof therecordedvavefieldswe canverify
ourtheoreticakesults.No matterif A > a or A < a, theour methodis ableto predict
thewavefieldaroundthe primaryarrivals.

CONCLUSIONS

We constructhe comple, ensembleveragedvavenumbeirof aninitially planewave
propagatingn 2-D and 3-D weakly heterogeneousandommedia. Theselogarith-
mic wavefield attributes, obtainedby combinationof the Rytov approximationand
the causalityprinciple, areself-avreragedquantitiesandallow to describeary typical,
singlerealizationof the wavefield. Typical wavefieldrealizationsor seismogramare
thosethat are nearly identicalto the most probablerealization. This approachde-
scribesthe wavefieldin thevicinity of the primaryarrivals. The analyticalresultsare
confirmedwith help of finite-differencesimulationsin 2-D elasticrandommedia. A
statisticalanalysisof the simulatedwavefield shavs how typical realizationsof seis-
mogramscanbeidentified. The proposednethodagreesvell with numericalresults.
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