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Summary
Within the framework of workpackage 6 (WP06) of the RELIEF project, multidisciplinary datasets are integrated for seismic hazard assessment. One of the major components of a seismic hazard analysis is the attenuation model. Presently, no local attenuation model is available for the Marmara Sea region. This deliverable outlines the methodology used in establishing a local attenuation model and shows preliminary results for an attenuation relationship for the Marmara Sea region. The final model will be available during the first half of 2005.

As a part of workpackage 9 (WP09), seismic hazard assessment is performed using probabilistic and deterministic approaches. In the present study we present results from standard propabilistic seismic hazard assessment (PSHA) using poissonian as well as time dependent recurrence models. Two separate probabilistic seismic hazard studies for the region are conducted. One focuses on the effects of differences in source- and attenuation models, where it is shown that the attenuation plays an important role. The other study implements the new seismic catalogue compiled in WP06 (see RELIEF deliverable no. 16) in PSHA using a poissonian recurrence model for the area. Results from the two studies show significant differences in the absolute values, however the distribution is relatively similar for the case of the poissonian models. However, significant differences also exist in the distribution of ground motion values when the poissonian PSHA results are compared with the time dependent models. The work on probabilistic seismic hazard will be continued when a local attenuation model is available.

1. Introduction

The attenuation model for a given region is an important input parameter in a seismic hazard analysis. For the Marmara region, there has until today not been a well established attenuation relationship available, and one of the aims of the RELIEF project is to provide such a model. Section 2 in this deliverable will outline the work that has been done so far to determine an attenuation relation. The work has not been finalized yet, so the description will focus on existing relationships and the methodology used for determining a new relationship.

Another important aspect of the RELIEF project is seismic hazard studies using different approaches. The University of Bergen group has been responsible for both probabilistic seismic hazard studies and deterministic hazard assessment through ground motion simulations for a scenario earthquake. This deliverable will focus on the probabilistic seismic hazard analyses which have been performed, these are outlined in section 3. There is also a considerable effort put into kinematic ground motion modeling in parallel to the standard PSHA presented in this deliverable. The results of the deterministic ground motion modeling based on scenario earthquakes are not discussed here but will be included in deliverables 25 and 26 which are due at the end of the project.

2. Attenuation models
Up till today there has been no local studies of attenuation in the Marmara Sea region. The attenuation is an important parameter is seismic hazard studies and there is thus a need of establishing a relationship for this region. This has been one of the tasks of the RELIEF project. 

Earlier, a number of different attenuation models have been used for the Marmara Sea region, which can all be justified for different arguments. Common for all these models is however that they are used because no better model is available. Atakan et al. (2002) calculate probabilistic seismic hazard for the Marmara Sea region based on four different attenuation models given by Ambraseys et al. (1996), Boore et al. (1997), Campbell (1997) and Sadigh et al. (1997).  The Boore et al. (1997), Campbell (1997) and Sadigh et al. (1997) models are all developed for tectonically similar regions in other places and especially the Sadigh et al. (1997) relationship is argued to be a good estimate for the Marmara Sea area since it is based on shallow crustal earthquakes occurring on strike-slip faults in California which is a good resemblance of the North Anatolian Fault Zone. The Ambraseys et al. (1996) relation is based on earthquake data from Europe and is therefore also valid for use in the Marmara Sea region. In a comparison of these four models to the recordings of the 1999 Izmit earthquake, the Ambraseys et al. (1996) relation is seen to fit the recorded data best (Atakan et al., 2002).

In order to obtain a better attenuation model for the Marmara Sea area, local data have been studied. The database of strong motion data from the Marmara Sea region is too small to perform a normal attenuation study through regression on strong motion recordings. Instead regressions are performed on the background seismicity of the study area, immediately increasing the amount of available data significantly. The method used is described in the literature in papers by, for example, Malagnini and Herrmann (2000), Malagnini, Herrmann and Koch (2000) or Malagnini et al. (2000). A brief outline of the theory will be given in the following.

The regressions are performed assuming a linear predictive relationship describing the ground motion in the study area:

log A(M,r,f)=SOURCE(M,f) + D(r,f) + SITE(f)

Here A(M,r,f) is the recorded maximum ground motion, SOURCE(M,f) is a term determined by the earthquake source, D(r,f) is a term determined by the path from source to receiver and SITE(f) is a site specific term. This relationship assumes that recorded ground motion is a summation of contributions from the source, the path from source to receiver and the recording site.
 Maximum amplitude can be recorded either in the time domain (PGA, PGV, response spectra) or in the frequency domain (Fourier spectra).

We have determined A(M,r,f) in the time domain by applying a narrow band-pass filter to the recorded traces (usually horizontal velocity seismograms) at a number of central frequencies and then using the peak value of the filtered trace as A(M,r,f). In the frequency domain case, the Fourier amplitude spectrum is computed for a time window starting at the S-wave onset, and then the RMS value of the Fourier spectrum for each frequency within the corners of the corresponding filter is computed.

The ground motion observations (in time- or frequency domain) are ordered in a matrix and inverted for the source, path and site terms using the above relationship. In order to limit the number of free parameters in the inversion, two constraints are set up. One is that the sum of all site terms is forced to be zero meaning that any regional site effect, common for all sites, will be reflected in the source term. The other is that the path term at a reference distance rref is forced to be zero, meaning that the source term actually is an excitation term at the distance rref After inverting, the empirical estimates of SOURCE(M,f) and D(r,f) are modelled using Random Vibration Theory (RVT, Cartwright and Longuet-Higgins, 1956), which combines a random, stationary time history with its Fourier amplitude spectrum and duration to predict its peak value in the time domain.

The path term is modelled using the relationship:

10D(ri, rref, f)=[g (rij) / g (rref)] exp[-( f (rij – rref) / Q(f)(] 

where g(r) is the geometrical spreading function, assumed to be piecewise linear, Q(f) is the frequency dependent anelastic attenuation and ( is the shear-wave velocity. The anelastic attenuation Q(f) is assumed to be of the form:

Q(f)= Q0(f/fref)(, where fref is a reference frequency, in this study fref = 1 Hz. 

The forward modelling is performed as trial-and-error modelling where different values of g(r) and Q(f) are tested to see which give the best fit. There is a trade-off between the two quantities that should be taken into account when interpreting the results. One way of dealing with this trade-off is to force a body-wave geometrical spreading (g(r)=1/r) at short distances and a surface wave geometrical spreading (g(r)=1/sqrt(r)) at long distances.

The source term is modelled using the relationship:

10SOURCEj(rref, f)=sj(f) g(rref) exp(-( f rref/Q(f) ()<v(f) exp(-( (0 f)>avg
Here the term g(rref) exp(-( f rref/Q(f) () describes the propagation from the source to the reference distance. <v(f) exp(-( (0 f)>avg describes the regional average site term. This term is affected by v(f) which is a generic site amplification factor relative to hard rock (in this study v(f)=1) and (0 which describes the amplitude decay at high frequencies. sj(f) represents the actual earthquake source and changes with the stress drop, ((. When modeling the source term, the above determined geometrical spreading and anelastic attenuation are used, and (( and (0 are varied in a trial-and-error fashion. Also in this case there is a trade-off between (( and (0 which can be helped by using the fact that small earthquakes are almost unaffected by (( whereas larger earthquakes are mainly affected by ((.

The first application of the method described above to a dataset from the Marmara Sea region was to a dataset consisting of 444 horizontal waveforms from three different networks. As shown in Figure 2.1 the data are not well distributed, and furthermore there is no overlap between the dataset, which are therefore independent. This causes problems in the regressions, and final results will be obtained only after including additional data. The inclusion of a new dataset is in progress and will be finalized during the first half of 2005. Here will be given a presentation of the preliminary results obtained using the limited dataset.

An important requirement for a dataset used for determining attenuation relationships is that the events are well distributed in large magnitude and distance ranges. Plots of magnitude and distance distributions for the present dataset are shown in Figures 2.2 and 2.3. Figure 2.2 shows that we can only be sure of the validity of a final result in the magnitude range 1.5 to 3 (or 1-4 in the best case). Also the covered distance ranges are limited. In Figure 2.3 it is seen that an attenuation relationship based on this dataset will be valid in the distance range ca. 10-70 km.

As mentioned above, duration of the seismic signal is a necessary input for RVT. The durations used in this study are taken as an empirical estimate based on regression of the duration of the waveforms in the dataset. Here the duration is taken as the time window containing 5%-75% of the seismic energy following the S-wave arrival. The empirical durations obtained in this study for a number of frequencies are shown in Figure 2.4. The figure shows that there is a large amount of scatter in the durations, but that the obtained curves are smooth and have realistic values. 

Even though the present dataset is bad, it has been attempted to perform the regressions and model the regression results. The result of modeling the obtained path terms is shown in Figure 2.5. The values used to fit the empirical path terms are Q0=300 and (=0.3. The geometrical spreading function is defined as:
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The Q value obtained is much higher than what is expected for the Marmara Sea region, which is usually considered a high attenuation region. In Figure 2.5 the shown attenuation curves are extended out to 100 km, but due to the data distribution (Figure 2.3) results for distances longer than 70 km should be used with caution.

The result of modeling the empirical excitation terms is shown in Figure 2.6. Values of ((=20 Mpa and (0=0.06 are used in the model. The shapes of the modeled curves give a reasonable fit though it could be better for small magnitudes. The level of the curves, however, does not at all fit data. As seen in Figure 2.2 most events are of a magnitude less than 3.0 whereas the modeling result indicates that several of the events should have a magnitude larger than 4.0. If the level of the curves is to be fitted, an unrealistically large stress-drop is required. 

The empirical site terms are mainly used for checking the stability of the regression result. Due to the inversion constraints, the obtained site terms are deviations from an average site response for the region. The site terms as function of frequency are expected to be smooth curves and we do not expect large deviations from the zero mean. Figure 2.7 shows the site terms obtained in this study. The curves vary between  –1 and 1, which is acceptable, but there is a significant variation as function of frequency warning that instabilities are present in the regression.

Based on the above discussion, we can conclude that even though the used method is proven to work, we cannot use the results obtained at the moment. The reason for the problems is that too few data are available and that the available data are independent, limiting the amount of information even further. 

As mentioned, work is at the moment being done on implementing a new dataset in the regressions. First results indicate that this is sufficient to stabilize the regressions so that we can obtain reliable information about the attenuation in the Marmara region. The final attenuation results will be available during the first half of 2005.

3. Seismic hazard maps
The University of Bergen group has performed two probabilistic seismic hazard studies in the Marmara region. One study is a continuation of the work presented in Atakan et al. (2002) where three different source models (one poissonian and two renewal models) and the four attenuation models mentioned in section 2 are compared. Calculations are performed for the Istanbul area. In this continued work, the area of study is extended to the whole Marmara Sea region, whereas the same catalogue, source models and attenuation models are used. The other study uses a different source zonation, a new earthquake catalogue and two of the attenuation models also used by Atakan et al. (2002) (Ambraseys et al. (1996) and Sadigh et al. (1997)), assuming poissonian earthquake occurrence. These two studies will be described in detail below.

The first study follows the methodology used by Atakan et al. (2002). The probabilistic seismic hazard analysis was performed using 12 different input models, based on a combination of three earthquake source models and four attenuation relations. The three earthquake source models were one based on a standard poissonian assumption (Cornell, 1968) and two based on a renewal model (McGuire, 1993) assuming a ‘characteristic earthquake’ (Schwartz and Coppersmith, 1984; Youngs and Coppersmith, 1985). In the renewal models the time elapsed since the last event is incorporated, recognizing that the stress accumulation and release process on faults is cyclical (McGuire, 1993). In each of these models, four different attenuation relations were applied. These are from Ambraseys et al. (1996), Boore et al. (1997), Campbell (1997) and Sadigh et al. (1997). Results are presented in 12 different maps showing PGA with a 10% probability of exceedance in 50 years for bedrock conditions. The earthquake source area as well as the area used for the computations are shown in Figure 3.1. The computations were performed using the CRISIS99 software (Ordaz, 1999), and the results are contoured and presented without any additional smoothing, except the extrapolations done during the computational procedures. CRISIS99 has the same basic capabilities as the older, more widely used programs, such as the EQRISK (McGuire, 1976) and SEISRISK III (Bender and Perkins, 1987). In addition it is possible to compute the conditional probability of occurrence for a renewal model using the time elapsed since the last occurrence of a ‘characteristic earthquake’. Source geometry can be modeled either as a Poisson or a ‘characteristic earthquake’ process. For the Poissonian assumption, magnitude-frequency relations are smoothly truncated Gutenberg-Richter curves, whereas for the characteristic earthquake assumption, the program assumes a Gaussian distribution of magnitudes. Hazard computations are performed simultaneously for several ground motion measures (for instance, maximum acceleration, velocity and several spectral ordinates). Required attenuation laws are given in the form of tables containing the median values of the ground motion measures as a function of magnitude and focal distance. Spatial integrations are performed using a recursive triangularization algorithm, optimizing the number of calculations (i.e. it integrates with more points for the nearest sources and less points for distant sources).

The earthquake catalogue used is from the International Seismological Centre (ISC) for the modern instrumental part (1964-present) (Figure 3.1a). The historical earthquake catalogue used relies basically on the work of Ambraseys and Finkel (1995) for the period 1500 until 1800. The catalogue compiled by Eyidogan et al. (1991) is used for the 19th century. 

We assumed three earthquake source models (Figure 3.1). In Model 1, we assumed a poissonian earthquake occurrence and used the area sources similar to those previously applied by Erdik et al. (1999) (Figure 3.1b). This is chosen in order to calibrate our results with the previous ones. In Models 2 and 3, we assumed renewal earthquake occurrence and delineated two alternative source zonations, as shown in Figures 3.1c and 3.1d. Model 2 assumes broader source zones in the Marmara Sea, as opposed to the Model 3 where the sources are defined based on the assumption that a narrow fault zone cuts across the three basins in the Marmara Sea (Kuscu et al., 2000). The source zones as well as the earthquake input parameters are similar to those defined in Atakan et al. (2002). A comparison between the four attenuation relations is shown in Figure 3.2. Here it is seen that the Ambraseys et al. (1996) and Sadigh et al. (1997) relations represent high ground motion levels at distances less than 50 km (for more details, see Atakan et al. (2002)).  

The seismic hazard results are presented as peak ground acceleration (PGA in cm/sec2) maps for 10% probability of exceedance in 50 years. Model 1, 2 and 3 results are shown in Figures 3.3, 3.4 and 3.5, respectively. In each figure the four alternative maps based on the four attenuation relations are displayed separately.

In general, the results obtained with the three source models (Models 1, 2 and 3) display significant differences. The results indicate that the highest hazard is obtained using the renewal model for active faults in the area with a poissonian assumption used for the background. The absolute values of ground motion are relatively high in the area south of the Bosphorous strait, reaching 350 cm/sec2 for 10% chance of exceedance in 50 years. Another high hazard is seen in the southwest. In both cases the computed hazard values are influenced by the recurrence history of the large earthquakes. The time elapsed since the last occurrence of a significant earthquake in these zones are relatively high when compared to the other seismic sources. As a consequence of that, the conditional probabilities are increased. The spatial distribution of the peak ground accelerations, on the other hand, vary depending upon the definition of the seismic sources especially in the Marmara Sea. While the faults inland are constrained by the surface ruptures of historical earthquakes, the exact location of the active faults in the offshore areas is still an ongoing debate. The effect of the two alternative interpretations are demonstrated in the computed hazard results based on the Models 2 and 3 (Figures 3.4 and 3.5). 

Comparison between the four attenuations relations applied, indicate that the Ambraseys et al. (1996) relation gives the highest hazard values. On the other hand, hazard results are significantly lower when the Boore et al. (1997) and the Campbell (1997) relations are used. While much of the ongoing debate is focused on the location of the active faults and their distribution in the Marmara Sea, there seems to be less interest on the possible implications of the alternative models of fault behaviour in the computed hazard. In this respect, the results from the present study demonstrate that the seismic hazard potential of the Marmara Sea is not only dependent on the earthquake source models (i.e. fault geometries, their length and location), but also controlled largely by the chosen attenuation relation as well as the earthquake recurrence models. This underlines the importance of the work described in section 2.

In the second probabilistic seismic hazard study performed at the University of Bergen, the same software has been used for the same area to calculate the hazard using an assumption of poissonian earthquake occurrence. What differs here is the catalogue used and the zonation. 

The catalogue is described in detail in RELIEF deliverable no. 16 and will just be shortly described here. The used seismic catalogue covers the instrumental period from 1900-present and is put together by merging a number of different catalogues, using the catalogue from the Kandilli Observatory and Earthquake Reserch Institute (KOERI), Bogazici University, Istanbul, Turkey, as basis. The magnitudes in the catalogue have been unified through a number of regression analysis and conversions. The catalogue is complete for magnitudes larger then 4.5 for the full time span 1900-2003.

A coarse zonation has been made, dividing the region into five zones based on the active tectonic map given by Okay et al. (2000) and the seismicity of the region. The seismic zones are shown in Figure 3.6 together with earthquakes with Mw>5.0 in the catalogue. Zone 1 is the North Anatolian Fault (NAF) passing through the Marmara Sea. From the east we see the Izmit segment that ruptured in 1999. To the west, in the Marmara Sea, we have the North Boundary Fault and the Central Marmara fault, which are the segments that are expected to rupture in the next large earthquake in the region. West of the Marmara Sea is the Ganos fault that ruptured in 1912.

Zone 2 is a zone of lower seismicity than zone 1. This zone contains the faults south of the main NAF in the Marmara Sea, for example the South Boundary Fault. Zone 3 contains the strand of the NAF that run south of the Marmara Sea and continues as the Biga Fault Zone. Zones 4 and 5 are the regions north and south of the Marmara Sea, respectively. Zone 4 has low seismicity whereas some earthquakes are seen in zone 5. 

For each zone, a recurrence relationship has been determined of the form:

log(N)=A-bM

where N is the number of events of magnitude M or higher that are expected to happen in a given time period (here the catalogue duration), A is the number of events with magnitude zero or larger in the time period and b is the b-value describing the proportion of large to small earthquakes for the zone. The A- and b-values for the five zones are listed in Table 3.1.

The hazard calculations are performed using the CRISIS99 software (Ordaz, 1999) as described above for the attenuation relationships of Ambraseys et al. (1996) and Sadigh et al. (1997). Results are shown for a 10% probability of exceedance in Figures 3.7 and 3.8. 

The seismic hazard is maximum in zone 1 which is also the zone we have defined with the highest activity rate and the largest maximum expected magnitude. Also zone 3 has high seismic hazard. Even though zone 2 has a low activity rate and expected maximum magnitude, the hazard in this zone is relatively high since it is placed between two zones that are expected to give high ground motions. Zone 4 has a low activity rate and a small expected maximum magnitude and therefore the hazard in this zone drops relatively fast when moving away from zone 1. On the other hand the hazard is relatively high all over zone 5 since this zone has a high activity rate and maximum expected magnitude. The hazard does, however, decrease when moving away from zone 1 which is expected to contribute to the ground motions in the zone.

Comparing Figures 3.7 and 3.8 shows that the two attenuation models give similar results. As observed above, Ambraseys et al. (1996) in general give higher PGA values, especially in the northern part of the study area whereas the predicted PGAs are nearly identical at the main NAF. This shows that even though the discrepancy between the attenuation models at large distances is small it affects the hazard results much more than the large discrepancies at short distances.

Results from the two poissonian PSHA using different catalogues show significant differences in the absolute values of ground motion, however the distribution is relatively similar in both cases. This underlines the importance of establishing a new and reliable seismic catalogue for the region. Therefore the next planned step in the seismic hazard calculations is to repeat the above calculations using the improved catalogue described in RELIEF deliverable no. 16, also including historical earthquakes (pre-1900). This will be done when the final attenuation model described in section 2 and the final seismic catalogue are ready. These calculations will give an even better estimate of the seismic hazard in the Marmara Sea area due to the use of a local attenuation model. In addition, the new results obtained in workpackage 3 for the individual fault segments will be integrated in the time dependent PSHA. 

4. Concluding remarks
Even though several attenuation relationships can be argued to be valid for the Marmara Sea region, these give different hazard levels when used as input in a probabilistic seismic hazard study. It is therefore necessary to establish a local relationship based on the available data. The available strong motion recordings from the region are limited and therefore regressions are performed on weak motion data. Sufficient data have just been made available recently and therefore the work is still in progress. The final attenuation model is expected to be available before the summer of 2005.

The seismic hazard studies for the Marmara Sea region shows that the city of Istanbul is under a significant hazard of strong ground shaking. Ground motion maps for a 10 % probability of exceedence in 50 years show that ground motion levels as high as 0.4g are possible. These seismic hazard results will be improved when the new data (new catalogue, new local attenuation model, paleoseismological data) are available. These will be integrated in the final stage of the project into a more comprehensive seismic hazard assessment for the region. The results presented in this deliverable should therefore be considered as preliminary.
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	Figure 2.1. Distribution of earthquakes (circles) and recording stations (triangles) used in the study. Blue: Iznik dataset, all events are recorded at one station. Yellow: Mar99 dataset, events recorded at two stations. Red: Marmara dataset, events recorded at many stations. The three dataset do not overlap and are therefore independent.
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	Figure 2.2. Magnitude distribution in the dataset. Magnitudes mainly cover the range 1.5 to 3.
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	Figure 2.3. Distance range covered by data from each individual station (vertical axis). The figure shows that an attenuation relationship based on this dataset will be valid for a distance range of 10-70 km.
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	Figure 2.4. Empirical durations obtained by regressing time windows containing 5%-75% of the seismic energy after the S-wave arrival in the traces. A large amount of scatter is present.
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	Figure 2.5. Result of modeling geometrical spreading and anelastic attenuation. The modeling is described in the text. Colored curves represent the empirical path terms whereas the black curves are the theoretically determined path terms.
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	Figure 2.6. Result of modeling excitation terms. Black curves are empirically determined excitation terms for each individual earthquake. Red lines are the modeled excitation terms.
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	Figure 2.7. Site terms obtained in this study. Each curve represents a station and the curves are centered around 0 as a consequence of the constraints in the regression.
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	Figure 3.1. (a) Spatial distribution of the seismicity in the Marmara Region. The data are from the International Seismological Centre (ISC) database for the instrumental period. (b) The seismic source zonation for Model 1 (Poissonian area sources, similar to the one used in the recent GSHAP study by Erdik et al. (1999)). (c) The seismic sources used in Model 2 (faults as area zones, except for the Izmit and Düzce earthquakes, which are shown as line sources). (d) The seismic sources used in Model 3 (faults are shown as narrow area zones, except for the Izmit and Düzce earthquakes, which are shown as line sources).
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	Figure 3.2. Diagram showing the four attenuation relations used in this study. The Ambraseys et al. (1996) relation is shown as thick solid line. Campbell (1997) is shown as thin solid line. Sadigh et al. (1997) is shown as the thick stippled line. Boore et al. (1997) is shown as thin stippled line.
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	Figure 3.3. Distribution of PGA (in cm/sec2) using Model 1 (Poissonian) with the four different attenuation relations. Upper-left assume the Sadigh et al. (1997), relation. Lower-left assume the Ambraseys et al. (1997) relation. Upper-right assumes Campbell (1997).  Lower-right assumes Boore et al. (1997). Note that the highest PGA values are obtained assuming the Ambraseys et al. (1996) relation.
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	Figure 3.4. Distribution of the PGA (in cm/sec2) using Model 2 (Time dependent with gross zonation) with the four different attenuation relations. Upper-left is using Sadigh et al. (1997) relation. Lower-left is using Ambraseys et al. (1996) relation. Upper-right is using Campbell (1997).  Lower-right is for Boore et al. (1997). Note that the highest PGA values are obtained when using the Ambraseys et al. (1996) relation.
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	Figure 3.5. Distribution of the PGA (in cm/sec2) using Model 3 (Time dependent with fine zonation) with the four different attenuation relations. Upper-left is using Sadigh et al. (1997), relation. Lower-left is using Ambraseys et al. (1996) relation. Upper-right is using Campbell (1997).  Lower-right is for Boore et al. (1997). Note that the highest PGA values are obtained when using the Ambraseys et al. (1996) relation.
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	Figure 3.6. Seismic zonation for the Marmara region together with earthquakes with Mw > 5.0 from the seismic catalogue. The zonation is based on the seismicity and the active tectonic map given by Okay et al. 2000.
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	Figure 3.7. Seismic Hazard map for the Marmara region for 475 year return period. This is equivalent to approximately 10% probability of exceedance in 50 years. Red lines indicate the source zones used in the hazard calculations. The unit for the ground motions is cm/s2. The attenuation relationship by Sadigh et al. (1997) has been used.
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	Figure 3.8. Seismic Hazard map for the Marmara region for 475 year return period. Red lines indicate the source zones used in the hazard calculations. The unit for the ground motions is cm/s2. The attenuation relationship by Ambraseys et al. (1996) has been used.
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	Table 3.1. A- and b-values obtained for the five source zones.
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