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We use 576 earthquakes of magnitude, M w , 3.3 to 6.8 that occurred within the region 33 • N-42.5 • N, 19 • E-30 • E in the time period 1969 to 2007 to investigate the stability of the relation between moment magnitude, M w , and local magnitude, M L , for earthquakes in Greece and the surrounding regions. We compare M w to M L as reported in the monthly bulletins of the National Observatory of Athens (NOA) and to M L as reported in the bulletins of the Seismological Station of the Aristotle University of Thessaloniki. All earthquakes have been analyzed through regional or teleseismic waveform inversion, to obtain M w , and have measured maximum trace amplitudes on the Wood-Anderson seismograph in Athens, which has been in operation since 1964. We show that the Athens Wood-Anderson seismograph performance has changed through time, affecting the computed by NOA M L by at least 0.1

Introduction

The wide use of the local magnitude (M L ) scale continues nowadays despite the introduction of other more robust magnitude scales (i.e., the M w scale) and the progressive abolition of the analog Wood-Anderson instruments in which the original M L scale was developed [START_REF] Richter | An instrumental earthquake magnitude scale[END_REF]. Today, seismologists continue to measure the "maximum trace amplitude" but on synthetic Wood-Anderson waveforms. Among the reasons for the continuous use of M L , despite the changes in metrology in the digital era, are the ensuring of continuity in seismicity catalogs and the importance of M L in engineering practice, as many buildings have resonant frequencies near 1 Hz, close to that of a Wood-Anderson seismograph. On the other hand, M w is widely recognized as the best single measure of the size of an earthquake. It is therefore of great importance to continue using both scales and to calibrate accurately one against the other.

The goal of this study was to compare M w values derived from regional or teleseismic waveform inversion and M L values reported by the two longest operating seismological institutes in Greece, the Geodynamic Institute of the National Observatory of Athens (NOA) and the Seismological Station of the Aristotle University of Thessaloniki (SS-AUTH). Until few years ago, moment magnitudes for earthquakes in Greece were available, on a routine basis, for moderateto-large magnitude events (usually for M w > 5.5) mainly through the Harvard centroid moment tensor (CMT) solutions. During the past decade, several groups started computing routinely moment tensors of earthquakes in the Mediterranean and thus in Greece, facilitating this type of studies. Firstly, we present a brief review of M L computation methods followed by these two Greek seismological centers during the last four decades. Then, we show our results from the comparison of M w -M L values that have been reported for earthquakes in Greece and its surroundings since 1969 up to 2007, which is a benchmark year for the reported M L 's in Greece. At the end of 2007, four seismological networks in Greece were unified to form the Hellenic Unified Seismological Network, and the reported M L 's are based on simulated Wood-Anderson waveforms. A comparison of these magnitudes with those reported so far will be the subject of a future work.

Background on M L computation in Greece

Computation of M L in the Geodynamic

Institute of NOA in Athens M L estimates have been reported by the Geodynamic Institute of the NOA for earthquakes in Greece and its surroundings since 1964 based on the maximum trace amplitudes on the two horizontal components of the Wood-Anderson (WA) seismograph in Athens (station ATH).

For the period 1964 up to November 2007, NOA has been using the [START_REF] Richter | An instrumental earthquake magnitude scale[END_REF][START_REF] Richter | A study of the 2 December 2002 (M5.5) Vartholomio (western Peloponnese, Greece) earthquake and of its largest aftershocks[END_REF] nomogram, applicable to the strongly attenuating crust of southern California, i.e., the calibration function (-LogA o ), to calculate M L 's for earthquakes in Greece. These magnitudes and trace amplitudes are reported in the monthly bulletins. It should be noted, however, that in the online earthquake catalog of NOA (http://www.gein.noa.gr/services/cat.html), magnitude is always characterized as M L , even though for some smaller magnitude events the actual reported magnitude is a duration magnitude (M D ), calibrated against M L . This can be easily detected from the NOA bulletins (no WA amplitudes or M L values are reported for smaller events). M D is in some cases reported for larger magnitude events, as well because of amplitude clipping at the Athens WA seismograph.

Since November 2007 up to present, NOA has been computing M L from synthetic WA seismograms that are derived from appropriate transformation of digital waveforms recorded on an STS-2 instrument collocated to the original Athens WA in station ATH. In this case, the [START_REF] Hutton | The M L scale in southern California[END_REF] relation is used to scale amplitudes with distance.

Computation of M L at the Seismological Station of AUTH network

The Seismological Network of the Aristotle University of Thessaloniki has been in full operation since January 1981. Initially, the network consisted of 12 stations in northern Greece, equipped with three component short-period S13 Teledyne-Geotech seismometers. This was the network configuration when the network was calibrated for magnitude calculation [START_REF] Kiratzi | Magnitude scales for earthquakes in the broader Aegean area[END_REF]. No Wood-Anderson seismograph was ever installed in Thessaloniki. Thus, the calibration of the network for magnitudes was performed against the M L magnitude calculated from the Athens WA seismograph using the appropriate calibration function [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF] applicable to Greece. These calibrated M L 's [START_REF] Kiratzi | Magnitude scales for earthquakes in the broader Aegean area[END_REF] were based on the total signal duration [START_REF] Kiratzi | Local Richter magnitude and total signal duration in Greece[END_REF] and the ground amplitudes [START_REF] Kiratzi | Magnitude determination from ground amplitudes recorded by shortperiod seismographs in Greece[END_REF]. SS-AUTH started reporting M L for earthquakes in Greece and the neighboring region in July 1985.

In practice, for the period July 1985 up to August 2006 in the bulletins of the Seismological Station of the Aristotle University of Thessaloniki, the reported magnitudes (equivalent to M L ) were calculated using the following empirical relations:

(a) Calculated from the ground amplitudes (α, inferred from the maximum trace amplitudes recorded on the vertical component)

For distances ≤ 10 km (Scordilis 1985):

M L = log α + 2.736 + C s (1)
For distances 10 km < ≤ 100 km (Scordilis 1985):

M L = log α+1.199×log + 1.268 + C s (2)
For distances >100 km [START_REF] Kiratzi | Magnitude scales for earthquakes in the broader Aegean area[END_REF][START_REF] Kiratzi | Local Richter magnitude and total signal duration in Greece[END_REF]:

M L = log α + 2.32 × log R -1.07 + C s for 3.0 ≤ M L ≤ 6.0 (3) 
where α (in microns) is the ground amplitude corresponding to the maximum peakto-peak trace amplitude, Δ is the epicentral distance, in kilometers, R is the hypocentral distance, in kilometers (in practice, Δ has been used instead of R in SS-AUTH computations), and C s appropriate station corrections. (b) Calculated from signal duration (dur) For distances ≤100 km (Scordilis 1985):

M L = 2.14×log(dur)+0.0038×Δ + C s (4)
For distances >100 km [START_REF] Kiratzi | Magnitude scales for earthquakes in the broader Aegean area[END_REF][START_REF] Kiratzi | Local Richter magnitude and total signal duration in Greece[END_REF]:

M L = 1.97 × log(dur) + 0.0012 × Δ + C s for 3.0 ≤ M L ≤ 6.0 (5)
where dur is the signal duration, in seconds, from the P onset till the point where the peak-to-peak amplitude drops and remains below 2 mm on the paper recordings, Δ is the epicentral distance, in kilometers, and C s appropriate station corrections. The final M L reported in SS-AUTH bulletins is the mean of all individual computations [(number of M L computations from amptitudes + number of M L computations from durations) / total number of computations)].

For the period September 2006 to 31 July 2008, M L was calculated from synthetic Wood-Anderson amplitudes using an unpublished empirical relation which was developed at SS-AUTH (Scordilis E., personal communication). This formula was calibrated against the M L values of NOA reported on the online catalogue, thus against M D values for smaller magnitude events.

For the period 01 August 2008-present, M L is being calculated from synthetic Wood-Anderson seismograms using the relation of [START_REF] Hutton | The M L scale in southern California[END_REF], and the amplitude is the arithmetic mean in the two horizontal components.

Summarizing the above, we draw the following conclusions for M L values reported by the two largest seismological institutes in Greece.

1. NOA has been reporting M L since 1964 using the calibration function of [START_REF] Richter | An instrumental earthquake magnitude scale[END_REF][START_REF] Richter | A study of the 2 December 2002 (M5.5) Vartholomio (western Peloponnese, Greece) earthquake and of its largest aftershocks[END_REF]. To the best of our knowledge, until the end of November 2007, there has not been a known change in the computation method of M L from this institute, and therefore, its catalog is expected to be homogeneous for magnitude. We point out, however, that M L values should be extracted from the monthly bulletins and not from the online catalog of the institute where M L is mixed with M D for smaller magnitude events and, in more rare cases, for larger magnitude events as well. It must also be noted that [START_REF] Richter | A study of the 2 December 2002 (M5.5) Vartholomio (western Peloponnese, Greece) earthquake and of its largest aftershocks[END_REF] distance correction factors used by NOA were proposed for southern California and are not optima for use in Greece due to differences in attenuation of seismic waves between the two regions. For this reason, [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF] used the original amplitudes from the WA seismograph in ATH station (data for the period 1966 to 1980) and calculated calibration functions (-LogA o ) applicable to Greece, proposing the formulae:

M L = logA + 2.00Log(R/100)
for strong (M L > 3.7) events ( 6)

M L = logA + 1.58Log(R/100)
for moderate (M L ≤ 3.7) events (7)

where A (in microns) is the mean of the maximum zero-to-peak trace amplitude readings at the horizontal components of the Wood-Anderson seismograph and R is the hypocentral distance, in kilometers. These equations predict that the attenuation of amplitudes with distance in Greece is less compared to southern California (for example for an earthquake at an epicentral distance of 500 km, the nomogram of Richter predicts -LogA o = 4.5, while [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF] predict -LogA o = 4.25). The above formulae have never been adopted in the routine analysis in NOA; thus, the reported M L magnitudes were overestimated for R > 200 km (see Fig. 6 in [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF]. 2. The magnitude values reported in SS-AUTH bulletins until the end of July 2008 are M L equivalent (calibrated against the M L of NOA using the calibration functions of [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF]. The computation method of the reported magnitudes has undergone significant changes which occurred in parallel to the upgrade of SS-AUTH network during the last 4 years. Its original short-period (S13) seismometers were gradually replaced by modern broadband instruments (mainly CMG-3ESP) and new stations were added to the network.

Data sources

Our dataset consists of 576 events, of the period 1969-2007, within the region 33 The distribution of epicenters within the study area is shown in Fig. 1, and the basic source parameters of these events are listed in Table 1.

Figure 2a shows the number of the reported M w values per year, and presumably after 2003, there is an impressive increase in the number of available data. This increase refers to smaller magnitude events as can be concluded from (Fig. 2b) where the mean M w per year is shown. M w values were collected from the published literature. For the earthquakes with M w from various sources, for this specific work, we preferred to retrieve M w from the Harvard Global CMT database (http://www.globalcmt.org/CMTsearch. html). We did that because CMT methods, in principle, should give a better estimate of M o than the body wave methods because they use longer periods, which are a more stable indicator of moment. We also searched the moment tensor database of NOA (http://bbnet.gein.noa.gr/MT.htm) and the web page of the European-Mediterranean Seismological Institute (http://www.emsc-csem.org) where other institutes have been reporting fast moment tensors, and thus M w values, during the last few years. Our final dataset includes also M w estimates from moment tensor calculations performed by SS-AUTH [START_REF] Roumelioti | Time domain moment tensors of earthquakes in the broader Aegean Sea for the years 2006-2007: the database of the Aristotle University of Thessaloniki. J Geodyn[END_REF]), the Swiss Seismological Survey (ETHZ), the Italian National Institute for Geophysics and Volcanology, the Kandilli Observatory (KOERI) of Turkey, and the University of Patras Seismological Laboratory. Moment tensor solutions from the latter four institutes are considered as published on the web page of the European-Mediterranean Seismological Institute.

It must be noted that we chose to calibrate M L against M w since the latter has been repeatedly proven to be the most robust magnitude determination (e.g., [START_REF] Pasyanos | Towards real-time determination of regional moment tensors[END_REF]. For events used in this study, independent M w computations from different sources exhibit consistency, with differences between them (if any) being of the order of 0.1 (e.g., Roumelioti et al. 2008a, b). Thus, although various computation methods from various institutes may lead to slightly different M w estimates, the effect is not significant to distort the M L -M w comparisons presented herein.

The performance of the Wood-Anderson seismograph in ATH station through time

During the gathering of our data, we noticed that after some point in time, the reported amplitude for the east-west component (A e ) is systematically much larger than the amplitude reported for the north-south component (A n ). To further investigate and quantify this first observation, we plotted the A e /A n ratio versus time and the results are shown in Fig. 3. The ratio of the two amplitudes appears to be rather stable on average for the first 154 points of our dataset. In fact, A n appears to be systematically larger than A e on average (A e /A n is less than unity and approximately equal to 0.95 ± 0.26). After the 155th point, which corresponds to an intermediate-depth event of M w = 5.4 that occurred on April 26, 1996 in southeastern Aegean, A e becomes systematically larger than A n , while scatter increases significantly. On average, A e is 1.7 ± 0.5 times larger. It is thus obvious that in the end of 1995-beginning of 1996, there was a change in the operation of the Athens To investigate how the change in A e /A n ratio may have affected M L reported in NOA bulletins, we recalculated M L using [START_REF] Richter | An instrumental earthquake magnitude scale[END_REF][START_REF] Richter | A study of the 2 December 2002 (M5.5) Vartholomio (western Peloponnese, Greece) earthquake and of its largest aftershocks[END_REF] 4c,d. In each plot, we have also drawn the 1:1 line (continuous line) and the least-squares fit to the data (dashed line). In the first two subplots of Fig. 4, the difference between the computed values and those reported by NOA appears to be almost constant throughout the entire magnitude range for both components. Assuming a slope of 1.0 for the least-squares fit line and if we consider the NS component solely in M L calculation (Fig. 4a), M L values reported by NOA after 1996 appear underestimated by 0.12 magnitude units on average. In the opposite case, where we consider the EW component solely (Fig. 4b), M L values reported by NOA after 1996 appear overestimated by 0.07 magnitude units on average. The difference in larger magnitude events is smoothed out when we look at the entire dataset (Fig. 4c,d), while it is still evident in smaller magnitude ranges (<5.0-5.5). This is due to the fact that most of the larger events of the dataset are dated before 1996 (see Fig. 2) when the Athens WA presented a more "stable" operation, while the vast majority of smaller magnitude events occurred within the last few years.

A question arising is which of the two components of the Athens WA is more reliable after 1996, if not none. We tried to resolve this issue by comparing M L , computed independently for each one of the horizontal Athens WA components, to M w . Since the parallelism between the two compared magnitudes has never been shown for smaller magnitude events in Greece, we performed this comparison for only larger magnitude earthquakes (M w ≥ 5.0). The comparisons for the two WA components are shown in Fig. 5. In each subplot, we have also drawn the least-squares fit (continuous line) and the best-fit line assuming a slope of zero (dashed line). For the NS component (Fig. 5a), M w appears to be systematically larger by ∼0.41 magnitude units, and this difference is practically constant throughout the entire time range. In the EW component plot (Fig. 5b) and at first glance, there is a trend with time, which, however, is attributed to a "break" around point 155 (April 1996) of the dataset (note: number of points is the same as in previous plots, although points that correspond to events with M w < 5.0 are not shown). Prior to 1996, M w -M L is ∼0.45 (as has been previously noted by Kiratzi 1984; [START_REF] Papazachos | Seismic activity along the Saronikos-Corinth-Patras gulfs. April 1975 Bulletin of the National Observatory of Athens Papazachos BC[END_REF][START_REF] Margaris | Moment-magnitude relations based on strong-motion records in Greece[END_REF][START_REF] Papazachos | Uncertainties in the estimation of earthquake magnitudes in Greece[END_REF], and from then on, it becomes ∼0.23 (best fit, zero slope lines are also presented separately for the two time intervals in Fig. 5d).

Based on the above results, we draw the conclusion that since late 1995-early 1996, the performance of the Athens WA has significantly changed and this change has mostly affected the Events are numbered chronologically as in Table 1. Note that ratio appears to be rather stable (close to 1) for the first 154 points, and there is an increase after the 155th point (April 1996). A e becomes systematically larger than A n , while scatter increases significantly. On average, A e is 1.7 ± 0.5 times larger EW component of the instrument, although a very small effect (small deviation of the best-fit line from zero slope line) is also evident for the NS component as well. This means that after 1996, M L reported in NOA bulletins is overestimated, on average, by ∼0.1 magnitude units, since the effect on the two horizontal components is averaged out when the arithmetic mean of the two amplitudes is used.

M w -M L comparison

5.1 Comparison of M w with M L of NOA In Fig. 6a, we compare M w (Table 1, from waveform modeling) with M L values as reported in NOA bulletins. The comparison shows a gradual increase in the difference between the two magnitudes from ∼0.1 (at M w = 3.5) to ∼0.4 for the largest magnitude events of the dataset. The agreement in small magnitude ranges is not real but is due to the overestimation of M L in NOA since 1996. In Fig. 6b, we show an analog comparison between the two magnitudes, although in this case, M L values for events that occurred after April 1996 have been recalculated using the amplitude recorded on the north-south component solely and the calibration function of Richter (1935,1958). From this plot, we conclude that M L is smaller than M w throughout the entire examined magnitude range and by an almost constant amount of 0.29 (assuming a slope of 1.0).

The value of the practically constant difference between M w and M L in Greece for the time period 1969-2007 depends on the adopted calibration function for M L computation. We concluded this dependence by recalculating M L based on the WA amplitudes in station ATH using (a) the calibration function of [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF] applicable to Greece which gives M w = M L + 0.42 and (b) the calibration function of Hutton and Boore (1987) which has been recently adopted for synthetic M L computation by most Greek seismological centers in 2008, which gives M w = M L + 0.38. In all three tested relations (the third one being the calibration function of Richter mentioned in the previous paragraph for which the constant difference was calculated at 0.29), M w -M L differences were plotted against distance and no significant dependence was found (slope of least squares fit lines <0.001).

The major question about the linear increase in the difference between the two compared magnitudes is whether this difference is due to physical properties of the earthquake sources (e.g., low stress drop of earthquakes in the Aegean) or to As can be concluded from Fig. 6a, most recent data fall closer to the 1:1 equality line, and this observation favors the consolidated opinion that the Athens WA was not functioning properly.

Nevertheless, the number of most recent events is relatively small to draw safe conclusions.

Comparison of M w with M L of SS-AUTH

In Fig. 7a, we compare M w values with available (after July 1985) M L values reported in the monthly bulletins of SS-AUTH. Overall, the two magnitudes correlate relatively well with an almost constant difference of ∼0.17 throughout the entire magnitude range. Once more, M L appears to be smaller than M w . In Fig. 7b, we have plotted the M w -M L(AUTH) quantity versus event number to show possible chronological changes in the difference between the two magnitudes. In fact, such changes appear more than once within the time frame covered by our data. For the first 200-220 events of the dataset the M w -M L(AUTH) quantity is around 0.5, which is in agreement with the results of [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF]. Around point 220 (in the beginning of 2003), the difference between the two magnitudes slightly decreases to ∼0. Event numbers are assigned in chronological order as in Table 1. Best-fit lines of zero slopes are depicted as thin continuous lines for discrete intervals M L computation code of SS-AUTH. As a result (Fig. 7b), the catalog that one could derive from the SS-AUTH bulletins is not homogeneous in terms of M L magnitude, and therefore, it should not be correlated to any other magnitude, as it is.

Conclusions

We have compared M w computed from regional or teleseismic waveform analysis to M L reported by Greek seismological centers for 576 events of M w = 3.3 to 6.8, which occurred in the broader area of Greece from 1969 to 2007. The major comparison is against M L reported by NOA since all M L calibrations performed in Greece are based on M L calculated from the maximum trace amplitudes recorded on the Wood-Anderson seismograph operated in Athens (station ATH).

We also studied the performance of the WA seismograph in Athens and found that in the end of 1995-beginning of 1996, the EW component of the instrument started recording much larger amplitudes compared to the NS component. This resulted in a systematic overestimation of M L by at least 0.1 magnitude units (assuming that the NS component remained unaffected, which is not strictly true based on Fig. 5a) compared to computations before 1995. Taking into account the change in the operation of the Athens WA after 1996, we composed a hybrid catalog which includes original M L values reported by NOA before 1996 and recalculated values using the NS Athens WA component solely after 1996. We compared these values to M w and concluded an almost constant difference between the two magnitudes throughout the entire examined magnitude range, with M L being systematically smaller than M w . The difference ranges from 0.29 to 0.42 and depends on the calibration function used to compute M L . Summarizing, assuming that the equality of M w to M L [START_REF] Heaton | Estimating ground motions using recorded accelerograms[END_REF]) does hold in Greece, to convert the reported local magnitude by NOA, M L(NOA) to M W for data prior to late 2007, one should use: M w = M L(NOA) + 0.19 using both WA components and if the [START_REF] Richter | An instrumental earthquake magnitude scale[END_REF][START_REF] Richter | A study of the 2 December 2002 (M5.5) Vartholomio (western Peloponnese, Greece) earthquake and of its largest aftershocks[END_REF] The M w -M L difference vanishes after the abolition of the Athens WA in late 2007 when NOA started calculating M L from synthetic WA amplitudes. This observation verifies previous studies (e.g., [START_REF] Kiratzi | Magnitude scales for earthquakes in Greece[END_REF][START_REF] Margaris | Moment-magnitude relations based on strong-motion records in Greece[END_REF] that attributed the M w -M L to improper operation of the Athens WA rather than to physical properties of the earthquake sources in Greece.

Regarding the M L reported in SS-AUTH bulletins, its computation procedure has undergone significant changes through time, and thus, the corresponding catalog is not homogeneous in terms of magnitude. The SS-AUTH M L catalog could be converted to equivalent M w using the following constant corrections: We hope that this work will clarify magnitude calculations in Greece and enhance similar studies for other regions as well.

  relation and A e and A n independently and plotted the computed values against M L reported by NOA [M L(NOA) ]. The results, for data after April 26 1996 [M L(An,Ae)recent ], are presented in Fig. 4a, b, while corresponding plots for the entire dataset [M L(An,Ae)all ] are shown in Fig.
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 2 Fig. 2 a Number of events (M w values) per year used to calibrate M w against M L in Greece and b mean M w of these events per year. Note the increase after 2003 in the number of available data (a) and that this increase refers to smaller magnitude events (b)

Fig. 3

 3 Fig. 3 Ratio of the maximum recorded amplitudes on the two horizontal components of the Athens Wood-Anderson instrument (A e /A n ) versus event number.Events are numbered chronologically as in Table1. Note that ratio appears to be rather stable (close to 1) for the first 154 points, and there is an increase after the 155th point(April 1996). A e becomes systematically larger than A n , while scatter increases significantly. On average, A e is 1.7 ± 0.5 times larger
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 4 Fig. 4 M L computed for each one of the two horizontal components of the Athens Wood-Anderson instrument independently: a M L for the NS component and for events that occurred after April 1996 (see text for the choice of date), b M L for the EW component and for events that occurred after April 1996, c M L for the NS component and for the entire dataset (including events before April

Fig. 5

 5 Fig.5M w -M L versus event number for events with M w ≥ 5.0 from Table1: a when M L is computed from the maximum recorded amplitude on the NS component of the Athens Wood-Anderson instrument and b when M L is computed from the corresponding amplitude on the EW component. Least-square fits (continuous lines) and bestfit lines assuming a slope of zero (dashed lines) are also shown. Note that for the NS component M w appears to be systematically larger by ∼0.41 magnitude units and this difference is constant throughout the entire time range. For the EW component prior to 1996, M w -M L is ∼0.45, and from then on, it becomes ∼0.23

Fig. 6

 6 Fig. 6 M w versus M L of NOA: a M L values are exactly as reported in NOA bulletins. Squares correspond to data gathered within the first 6 months of 2008. b M L values are the originally reported in NOA bulletins until April 1996 and from then on recalculated using the maximum trace amplitude of the NS component of the Athens WA solely. The 1:1 equality line (thick continuous), least-squares fit (dashed), and best-fit line of slope 1.0 (thin continuous) are also depicted

  4 and during the years 2004-2005 drops around the value of 0.1. Then, a gradual decrease begins until February of 2007 when one can see a clear step of the difference, which ends up being negative by ∼0.39 magnitude units. These changes in time could be attributed to infrequent calibrations of the short-period instruments operated by SS-AUTH. The abrupt changes (after event 292-01/2004 and after event 487-02/2007) are due to changes of the instrument responses in the

Fig. 7 a

 7 Fig. 7 a M w versus M L(AUTH) as reported in monthly SS-AUTH bulletins. The 1:1 equality line (thick continuous), least-squares fit (dashed), and best-fit line of slope 1.0 (thin continuous) are also depicted. b Difference between M w and M L(AUTH) versus time (depicted as event number).Event numbers are assigned in chronological order as in Table1. Best-fit lines of zero slopes are depicted as thin continuous lines for discrete intervals

  calibration functions are used (M w = M L(NOA) + 0.29 using the NS component only); M w = M L(NOA) + 0.38 if the Hutton and Boore (1987) calibration functions are used; M w = M L(NOA) + 0.42 if the Kiratzi and Papazachos 1984 calibration functions are used, which are applicable to Greece. Thus, to convert the original M L catalog of NOA to equivalent M w (for events before November 2007), one should first choose the most appropriate calibration function (at this point, all aforementioned calibration functions are in use by different institutes and researchers in Greece) and then use the corresponding conversion factor.

  July 1985-end of 2002: M w = M L(AUTH) +0.50; January 2003-end 2003: M w = M L(AUTH) + 0.41; January 2004-end of 2005: M w = M L(AUTH) + 0.13; January 2006-end of 2005: no constant correction can be used; January 2007-end of 2007: M w = M L(AUTH) -0.39.

  

Table 1

 1 Source parameters of the 576 earthquakes used in the present study to calibrate M w against M L(NOA) reported by the National Observatory of Athens (NOA) trace amplitude values were taken from the monthly bulletins of NOA. Other source parameters (epicenter coordinates, focal depth) were taken either from event-specific references, if available, or from the monthly bulletins of NOA and SS-AUTH. Maximum trace amplitudes on the Athens WA instrument are also shown for the NS (An) and the EW (Ae) component. The last column of the Table includes the reference for each M w value WA. Information about technician's intervention in late 1995 was not verified by the directorship of NOA. Therefore, we are not in the position to explain this change.

	and M L(THE) reported by the Seismological Station of
	Thessaloniki University (SS-AUTH)

Table 2

 2 Source parameters of the 44 earthquakes used in the present study to check M w against M L in Greece after January 2008, i.e., after the abolition of the Athens Wood-Anderson seismograph Synthetic maximum trace amplitudes at station ATH are also shown for the NS (A n ) and the EW (A e ) component. The last column of the table includes the reference for each M w value SS-AUTH Seismological Station-Aristotle University of Thessaloniki (http://seismology.geo.auth.gr), NOA National Observatory of Athens (http://bbnet.gein.noa.gr) expect to see it disappearing after December 2007, i.e., the date after which the Athens WA stopped being the basis for M L computation in Greece and only synthetic WA amplitudes are used in the procedure. In Fig.6a, we have superimposed more recent data (after December 2007, solid square symbol). Moment magnitudes have been taken from fast MT computations of either NOA or SS-AUTH and M L values from the online manual solutions database of NOA (http://orfeus.gein.noa. gr/cgi-bin/mandbsearch.pl). Source parameters for the 2008 events are summarized in Table2.

	Date	Time	Lat	Lon	Depth	M w	A n	A e	Dist	M L(NOA)	Reference
			(deg)	(deg)	(km)	(mm)	(mm)		(km)		
		2:29:04	38.08	20.25	7.0	3.9	0.7	0.5	303.0	3.8	NOA
		15:16:53	37.67	23.61	20.0	4.2	72.0	102.0	49.1	4.6	NOA
		20:25:11	38.05	21.94	27.0	4.5	29.6	38.3	158.2	4.9	NOA
		22:15:38	38.05	21.97	25.0	4.4	38.0	49.5	156.3	5.0	NOA
		15:46:11	39.07	19.72	16.0	3.7	0.2	0.3	345.8	3.6	NOA
		10:09:23	36.41	21.64	41.0	6.6	288.5	301.3	236.7	6.2	NOA
		12:08:56	36.22	21.8	38.0	6.1	83.3	229.8	261.5	6.1	NOA
		23:15:40	36.08	21.72	22.0	5.1	16.0	18.3	262.6	5.1	NOA
		18:27:06	36.19	21.74	25.0	6.1	141.0	100.0	266.3	6.1	NOA
		4:57:48	37.76	21.02	24.0	4.7	4.7	4.8	235.8	4.4	NOA
		10:46:10	36.01	21.67	5.0	5.2	13.9	17.7	286.6	5.2	NOA
		16:10:39	36.15	21.86	15.0	4.7	8.4	9.0	272.1	4.9	NOA
		4:54:37	36.02	21.78	11.0	4.6	6.5	5.0	280.5	4.7	NOA
		0:07:08	35.27	26.17	22.0	4.2	0.6	0.6	378.3	4.1	SS-AUTH
		7:01:09	37.88	26.81	22.0	4.2	1.4	1.9	268.7	4.1	SS-AUTH
		9:28:25	38.42	21.98	10.0	3.8	0.7	1.2	158.2	3.3	SS-AUTH
		5:41:38	36.05	21.77	12.0	4.4	3.2	2.1	265.8	4.3	NOA
		16:11:37	36.16	27.4	21.0	4.4	1.8	2.1	383.6	4.7	NOA
		16:14:42	36.16	27.41	22.0	4.5	2.2	2.2	384.2	4.7	NOA
		0:16:20	34.77	25.31	50.0	5.6	6.2	5.6	359.4	5.1	NOA
		8:01:41	37.72	27.03	20.0	4.4	2.0	1.9	282.9	4.3	NOA
		20:48:01	37.78	27.01	15.0	3.6	0.3	0.2	281.0	3.3	SS-AUTH
		14:19:34	39.35	24.05	32.0	3.5	1.8	1.6	155.5	3.6	SS-AUTH
		2:10:28	38.33	20.45	16.0	3.9	0.8	0.7	289.6	3.9	NOA
		18:12:41	38.23	20.42	16.0	4.3	2.3	1.8	292.5	4.3	NOA
		12:25:30	37.98	21.48	25.0	6.4	1010.0	713.0	193.8	6.5	NOA
		16:10:09	38.01	21.54	26.0	3.9	2.4	2.5	194.3	3.9	NOA
		21:10:25	38.01	21.57	27.0	3.6	0.7	0.6	188.3	3.3	NOA
		3:15:36	38.02	21.51	25.0	3.7	1.0	1.4	185.8	3.6	NOA
		1:58:45	37.69	22.7	83.0	4.9	3.1	4.0	88.8	5.1	NOA
		20:59:44	38.73	22.88	21.0	4.2	23.7	22.9	111.8	4.5	NOA
		5:18:57	38.04	21.57	14.0	4.1	4.8	4.1	190.4	4.2	NOA
		13:40:11	39.35	20.85	55.0	4.4	1.3	1.8	295.1	4.1	NOA
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