
Reply to: `Comment on \Geodetic investigation of the13 May 1995 Kozani { Grevena (Greece) earthquake"by Clarke et al.' by Meyer et al.P. J. Clarke,1 D. Paradissis,2 P. Briole,3 P. C. England,1 B. E. Parsons,1H. Billiris,2 G. Veis2 and J.-C. Ruegg3In our paper [Clarke et al., 1997], we sought a sim-ple model to explain horizontal geodetic displacementsobtained using a combination of triangulation and GPSobservations, which show a high degree of coherencethroughout the network. We inverted the displace-ments and obtained a single-dislocation model that isconsistent with much of the tectonic and seismologicalinformation reported elsewhere [Pavlides et al., 1995;Hatzfeld et al., 1995; Meyer et al., 1996; Hatzfeld et al.,1997]. Meyer et al. [1997] criticise our paper on twomain grounds: (1) that we have inconsistently used tec-tonic data to arrive at our conclusions, and (2) that ourconclusion is incorrect because it disagrees with someof the tectonic and SAR observations.The �rst criticism is based on a misinterpretation ofour paper: Meyer et al. [1997] state that we used theirobservations of the fault scarp to �x the position of thefault. Our inversion used only the GPS{triangulationrelative site displacements, without any a priori con-straints, to obtain a source mechanism which we showedto be consistent with the CMT fault plane solutionand areal extent of the aftershock distribution [Hatzfeldet al., 1997]. At no point did we use any observations ofthe fault scarp, either those of Meyer et al. [1997] or ourown, as constraints. Meyer et al. [1997] also object toour statement that surface breaks could not be used tolocate the fault plane a priori. We adhere to this viewbecause the 2{4-cm scarps described by Meyer et al.[1997] are insigni�cant compared both with the slip atdepth (�1 m) and with surface breaks associated withsimilar magnitude earthquakes elsewhere [e.g. the 1981Gulf of Korinthos earthquakes, Jackson et al., 1982].Meyer et al. [1997] comment, at greater length thanwe could [Clarke et al., 1997, p. 709] on the discrep-ancy between our solution from the horizontal surfacedisplacements and that obtained from SAR interferome-try. We agree with them that there are signi�cant di�er-ences, but disagree with them in their implicit assump-tion that the SAR interferometry is necessarily correctand the GPS{triangulation solution incorrect. We em-phasise that the critical displacement di�erences dis-cussed in our paper and below are large (100 { 200 mm)1Department of Earth Sciences, University of Oxford, U.K.2Higher Geodesy Laboratory, National Technical University ofAthens, Greece.3Institut de Physique du Globe de Paris, France. 1
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2compared with the uncertainty in relative positioning ofthe initial triangulation (30 { 50 mm, equivalent to anangular uncertainty of 2 p.p.m. over 20 km).The principal di�erence between the fault modelsproposed by Clarke et al. [1997] and Meyer et al. [1996]lies in the position of the western end of the rupture(Fig. 1). The two studies agree with each other andwith the seismological evidence [Hatzfeld et al., 1997]as to the dip, down-dip extent and eastern termina-tion of the rupture, and as to the slip vector of theearthquake. The positions of the ends of the ruptureare constrained, in the GPS{triangulation solution, bythe characteristic \toeing-in" displayed by the horizon-tal displacements shown by Clarke et al. [1997] (Fig. 2,see also Fig. 2 in this paper). Our best-�tting solution(47 mm r.m.s. mis�t) yielded a fault length of 27 kmbut slightly shorter faults (down to c. 20 km) can be ac-commodated by the horizontal displacement data withonly a slight increase in mis�t (51 mm r.m.s.). How-ever, the 22-fault model of Meyer et al. [1996], withr.m.s. mis�t to our observations of 64 mm, has largesystematic residual displacements near the ends of therupture (Fig. 2). Synthetic experiments show that ourconclusion is una�ected by possible scale errors in theoriginal triangulation. Figure 1.Figure 2.Meyer et al. [1996] give no quantitative estimate ofthe mis�t between the observed SAR interferometricfringes and those predicted by their 22-segment model.We note, however, that any such quantity would notcast light on the discrepancy between their model andthat of Clarke et al. [1997], because the SAR data arelargely incoherent at the western end of the fault andthus provide little constraint on displacement in the lo-cality where our horizontal displacements disagree withthe conclusions of Meyer et al. [1996].We do not regard it as improbable, as Meyer et al.[1997] apparently do, that the geodetically-determinedscalar moment of an earthquake should exceed that de-termined seismically. We point out that several othergeodetic studies, including those using SAR interferom-etry or shorter-term geodetic observations [e.g. Steinand Barrientos , 1985; Briole et al., 1986; Lundgrenet al., 1993; Bernard et al., 1997], have revealed excessesof geodetic scalar moment over seismic scalar moment.We thus do not accept the conclusion of Meyer et al.[1997] that the GPS{triangulation solution is incor-rect, or \blind". The di�erences between the GPS{triangulation and SAR interferometric models arise pri-marily in the region where the horizontal displacementdata are self-consistent but the SAR data have poor co-herence. We prefer to accept that there is an importantdiscrepancy between the results of two methods usingdi�erent types of data | each of which has limitations| and hope that pointing out this discrepancy mayeventually lead to an improved understanding, both ofthe methods and of the distribution of strain before,during and after earthquakes.
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5Figure CaptionsFigure 1. (a) Surface projection (dotted rectangle) andscarp location (heavy ticked line) of the single fault seg-ment obtained by Clarke et al. [1997], compared withthe mainshock location (grey star) and aftershock loca-tions (black dots) [Hatzfeld et al., 1997].(b) As (a) for the 22-segment fault model ofMeyer et al.[1996], scarp locations not shown for clarity.Figure 1. (a) Surface projection (dotted rectangle) and scarp location (heavy ticked line) of the single faultsegment obtained by Clarke et al. [1997], compared with the mainshock location (grey star) and aftershocklocations (black dots) [Hatzfeld et al., 1997].(b) As (a) for the 22-segment fault model of Meyer et al. [1996], scarp locations not shown for clarity.Figure 2. Horizontal site displacements observed by Clarke et al. [1997] (black arrows) and horizontal displace-ments predicted by the model of Meyer et al. [1996] (grey arrows). Note the large systematic di�erences betweenthe actual displacements and those predicted by the SAR model beyond the eastern and western ends of therupture determined by GPS{triangulation (solid circles).Figure 2. Horizontal site displacements observed by Clarke et al. [1997] (black arrows) and horizontal displace-ments predicted by the model of Meyer et al. [1996] (grey arrows). Note the large systematic di�erences betweenthe actual displacements and those predicted by the SAR model beyond the eastern and western ends of therupture determined by GPS{triangulation (solid circles).
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Figure 2. Horizontal site displacements observed by Clarke et al. [1997] (black arrows) and horizontal displace-ments predicted by the model of Meyer et al. [1996] (grey arrows). Note the large systematic di�erences betweenthe actual displacements and those predicted by the SAR model beyond the eastern and western ends of therupture determined by GPS{triangulation (solid circles).Figure 2. Horizontal site displacements observed by Clarke et al. [1997] (black arrows) and horizontal displace-ments predicted by the model of Meyer et al. [1996] (grey arrows). Note the large systematic di�erences betweenthe actual displacements and those predicted by the SAR model beyond the eastern and western ends of therupture determined by GPS{triangulation (solid circles).




