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LAYMAN’S ABSTRACT 
 
 

 
The possibility that a moderate earthquake may be followed by a larger one 

(foreshock probability) increases the hazard in its immediate vicinity for a short time by 
an order of magnitude or more.  Similarly, damaging aftershocks often occur after large 
events.  Yet previously, these fluctuations in hazard have not been included in the New 
Zealand seismic hazard model. 

 
We combine the current average background New Zealand seismic hazard model 

with a new model for foreshock probability and an established model of aftershock 
probability to create a dynamic seismic hazard model for New Zealand.  This model 
calculates the chances of a damaging earthquake with peak ground acceleration over 
0.05g, and changes daily to reflect the increased or decreased hazards depending on 
recent events.  

 
We develop a method to test these ground motion forecasts against 40 years of 

strong motion observations in New Zealand.  The standard background model 
underestimates the hazard at 0.05g level for the time period and locations in the dataset 
by a factor of two.  The new dynamic seismic hazard model provides a closer match to 
the strong motion records, but with some overestimation (factor of three) of hazard on 
days of high probability and underestimation (factor of six) on days of low probability 
forecasts. 
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TECHNICAL ABSTRACT 
 

 
A new dynamic seismic hazard model for New Zealand is created to add the 

effects of short-term hazard fluctuations due to earthquake triggering to the current 
Poissonian probability from the national probabilistic seismic hazard model.   

 
Prospective foreshock probability decay is modeled as a function of origin time 

and epicentral distance from the potential foreshock, and the magnitude difference 
between foreshock-mainshock pairs.  We calculate the probability of an initial earthquake 
(a foreshock) being followed by a mainshock in New Zealand, considering the 
parameters of elapsed time and distance and magnitude differences between foreshock 
and mainshock. We use non-aftershock events between 1964 and 2003, with magnitude ≥ 
3.8 and shallower than 40 km, separating the catalogue into events within and outside the 
Taupo Volcanic Zone (TVZ). We provide a model for the probability P’ that at time t 
after a potential foreshock of magnitude Mfs, and at distance r, a mainshock with 
magnitude Mfs+δM will occur:  

P’(t,r,δM) = P(t=1,r=10,δM=0) * 10(-B*δM) * 1/(t+ct)texp * 10rexp/(r+cr)rexp 
 
We find (1) foreshock probabilities are independent of foreshock magnitude, (2) 

foreshock probabilities decrease with increasing inter-event time with texp significantly 
larger than one (2.5±0.5 (TVZ) and 1.7±0.2 elsewhere), (3) foreshock probabilities 
decrease with increasing epicentral distance with rexp of 2.6±0.2 (non-TVZ) and 
3.66±0.2 (TVZ) and (4) the mainshock magnitude distribution follows the Gutenberg-
Richter relationship with a significantly higher than normal b-value (B=1.4±0.1 (Non-
TVZ) and 1.8±0.2 (TVZ)). 

 
The behaviour of these foreshock probabilities with time and distance differs from 

the behaviour of aftershock probabilities as modeled by previous workers, suggesting that 
there may be a different triggering mechanism for foreshocks than for aftershocks. 

 
Combining a previous, similar foreshock model with a generic aftershock model, 

fluctuating daily hazard maps for New Zealand are calculated, showing the regional 
probability distribution for peak ground accelerations of 0.05g or more being observed. 

 
A methodology has been developed to test these ground motion forecasts against 

40 years of strong motion observations in New Zealand.  The Poissonian model 
underestimates the hazard at 0.05g level for the time period and locations in the dataset 
by a factor of two.  The new dynamic seismic hazard model provides a closer match to 
the strong motion records, but with some overestimation (factor of three) of hazard on 
days of high probability and underestimation (factor of six) on days of low probability 
forecasts. 
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Abstract 

The possibility that a moderate earthquake may be followed by a larger one (foreshock probability) 

increases the hazard in its immediate vicinity for a short time by an order of magnitude or more.  Thus, 

foreshock probabilities are of interest for time dependent seismic hazard forecasts. We calculate the 

probability of an initial earthquake (a foreshock) being followed by a mainshock in New Zealand, 

considering the parameters of elapsed time and distance and magnitude differences between foreshock and 

mainshock. We use non-aftershock events between 1964 and 2003, with magnitude ≥ 3.8 and shallower 

than 40 km, separating the catalogue into events within and outside the Taupo Volcanic Zone (TVZ). We 

provide a model for the probability P’ that at time t after a potential foreshock of magnitude Mfs, and at 

distance r, a mainshock with magnitude Mfs+δM will occur:  

P’(t,r,δM) = P(t=1,r=10,δM=0) * 10(-B*δM) * 1/(t+ct)texp * 10rexp/(r+cr)rexp 

We find (1) foreshock probabilities are independent of foreshock magnitude, (2) foreshock probabilities 

decrease with increasing inter-event time with texp significantly larger than one (2.5±0.5 (TVZ) and 

1.7±0.2 elsewhere), (3) foreshock probabilities decrease with increasing epicentral distance with rexp of 

2.6±0.2 (non-TVZ) and 3.66±0.2 (TVZ) and (4) the mainshock magnitude distribution follows the 
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Gutenberg-Richter relationship with a significantly higher than normal b-value (B=1.4±0.1 (Non-TVZ) and 

1.8±0.2 (TVZ)). 

The behaviour of these foreshock probabilities with time and distance differs from the behaviour of 

aftershock probabilities as modeled by previous workers, suggesting that there may be a different triggering 

mechanism for foreshocks than for aftershocks. 
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Introduction 

Located on a plate boundary with complex tectonic setting, New Zealand experiences frequent moderate 

sized earthquakes (Fig. 1a). As the analysis of “linked events” (e.g. foreshocks-mainshocks-aftershocks, 

stress triggering) is of increasing interest for the development of time dependent seismic hazard forecasting 

methodologies, this paper addresses the questions of how the probabilities for future larger events vary with 

increasing time and distance from the potential foreshock, as well as probability dependence on foreshock 

magnitude and magnitude differences between foreshock and mainshock. We develop equations that allow 

calculation of the probability for a mainshock of a certain magnitude at a certain time after, and distance 

from, a potential foreshock.  We show that the rates of decay of foreshock probability with time and space 

are more rapid in New Zealand than in other regions of the world. 

 

Previous Studies 

Jones (1985) was the first author to investigate prospective foreshock probabilities, i.e. the probability that 

an event might be followed by an equal or larger event within a certain time and space window. Jones 

studied the Southern Californian catalogue and found that 6±0.5% of M ≥ 3 events are followed by an 

equal or larger event within 5 days and 30 km, i.e. qualify as foreshocks.  

Applying Jones’ empirical technique, Savage and DePolo (1993) obtained similar results for Eastern 

California and Western Nevada. With slightly changed windows of 5 days and 10 km search radius they 

found the same 6% chance for a M≥3 event to be followed by an equal or larger one in the Nevada region. 

For the volcanic Mammoth/Mono region the probabilities reach 10%.  

Reasenberg (1999) used a time window of 10 days and an epicentral search radius of 75 km for the 

analysis of global foreshock probabilities in two worldwide catalogues. He observed worldwide 

probabilities that are about twice as high as the Californian values from Jones’ generic model. He also 

found a significant dependency of foreshock probabilities on the mainshock’s focal mechanism, thrust 

earthquakes being the most frequent to have foreshocks. 

Ogata et al. (1994) and Maeda (1996) considered relationships between foreshock clusters and 

significantly larger mainshocks as a function of magnitude, temporal and spatial distribution in the cluster. 
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Jones et al. (1999) suggested and tested the hypothesis that foreshocks might be mainshocks whose 

aftershocks happen to be big and therefore could be modeled and predicted using aftershock relationships. 

The authors concluded that no separate mechanism is needed to explain foreshock-mainshock sequences. 

However, for the analysed Italian catalogue (1975-1996), the fraction of earthquakes that triggered larger 

events (6%) was only half of the prediction based on aftershock rates (11%). Similarly, for the Southern 

Californian catalogue the aftershock rates predict 10.5% of events with larger earthquakes following them, 

while the actual foreshock probability is only 6%. 

Felzer et al. (2004) analysed the global CMT and NEIC catalogues as well as the local Californian 

CNSS catalogue to argue that one single physical triggering mechanism can explain the occurrence of 

foreshocks, aftershocks and multiplets, i.e. clusters of earthquakes are the result of an initial earthquake 

triggering subsequent ones, and the magnitude of the triggering earthquake is independent of the magnitude 

of the triggered events. They found that the number of foreshock and multiplets observations is a fixed 

fraction of the number of aftershock observations as estimated by the Gutenberg-Richter relationship with 

b=1. The Gutenberg-Richter relation (1944) is given by log10(N) = a-bM, where N is the cumulative 

number of earthquakes equal to or greater than magnitude M and the productivity rate a and slope b are 

constants. 

The two most recent foreshock probability studies of New Zealand data were carried out by (1) Savage 

and Rupp (2000) who applied Jones’ and Savage and DePolo’s methodology (with windows of 5 days and 

30 km) and obtained average foreshock probabilities for M ≥ 5 earthquakes of 4.5±0.4% and (2) Merrifield 

et al. (2004) who used the same windows and analysed regional differences in foreshock probability for M 

≥ 4 events. Merrifield et al. (2004) found that the Taupo Volcanic Zone (TVZ) shows a significantly higher 

foreshock probability (9.6±1.7%) than the rest of New Zealand (6.3±0.47%).  The TVZ, sometimes called 

the Central Volcanic Region, is a region of high heat flow and volcanism that is interpreted as back-arc 

extension that represents the southern end of the Lau-Havre Trough (e.g., Stern et al. (2006)) (Fig.1a). 

 

Data & Methodology 

The foreshock probabilities are calculated from the M≥3.8 and shallower than 40 km non-aftershock events 

between 1964 and 2003 from the New Zealand earthquake catalogue available from the GeoNet websites 
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(www.geonet.org.nz).  According to Smith (1981) the catalogue is complete to magnitude 4.0; referring to 

Figure 1b, which shows the frequency magnitude plot for M≥3, we feel comfortable using all events with 

M≥3.8. 

Declustering the catalogue is a necessary step as otherwise pairs from within aftershock sequences 

could match the searching criteria and artificially increase the foreshock probability values considerably 

(e.g. Jones (1985)). We use the Gardner & Knopoff (1974) algorithm with time and distance windows 

modified for New Zealand, as published by Savage and Rupp (2000). The algorithm applies simple, 

magnitude-dependent windows in time and space to remove aftershocks from the catalogue.  The catalogue 

is examined in chronological order, and after each event, any further event of smaller magnitude within the 

appropriate distance and time window is removed from the catalogue.  Equal or larger events will be left in 

the catalogue, and will begin their own search windows.  

Examining the declustered catalogue in chronological order, we count all earthquakes that have been 

followed by an equal or bigger one on the first day, on the second, on the third, etc., to the 5th day, and 

within 10 km epicentral distance, 10-20 km, and so on to 40-50 km. We do not treat multiple foreshock 

sequences separately, so we include a maximum of one foreshock per mainshock. 

We modify the probability calculations first proposed by Jones (1985) by using the beta distribution 

(e.g. Mendenhall et al. (1994)).  This distribution is useful in statistical analyses because it avoids zero 

probability values when no observations are made.  If N is the number of earthquakes tested (potential 

foreshocks) and n is the number of events that qualified as foreshocks, we calculate the foreshock 

probability as: 

 
P =  (α+n)/(α+β+N)  

 
where α=0.05 and β=0.95. This choice of parameters guarantees a positive minimum value in the case of 

n=0, and, for n>0, calculates probabilities P that agree to at least three decimal places with 

straightforwardly calculated probabilities P*=n/N. The standard deviation σ is given by  

 
σ = (((α+n)*(β-n+N))/((α+β+N)2*(α+β+N+1)))0.5
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We analyse the foreshock probabilities as a function of (1) foreshock magnitude – testing only potential 

foreshocks of a certain magnitude bin at a time and comparing the results for different foreshock magnitude 

bins, (2) mainshock magnitude – what are the chances for same sized mainshocks, 0.1 magnitude units 

larger, 0.2, etc. up to 2.0 units of magnitudes between foreshock and mainshock,  (3) time between 

foreshock and mainshock – testing how the probabilities decrease with increasing time on a daily basis and 

(4) epicentral distance between foreshock and mainshock – testing how much more likely events follow in 

the direct vicinity of the foreshock compared to greater distances. 

Because Merrifield et al. (2004) find differences in foreshock probabilities between seismicity in the 

TVZ and outside, we treat the subcatalogue of potential foreshocks located in the TVZ separately. We 

define earthquakes to be in the TVZ if their epicenters lie in the triangle between (longitude/latitude) points 

(175.85 / -37.0), (175.55 / -39.29), and (177.4 / -37.5). 

To allow for enough events for statistical analysis, we bin the data in several ways.  In time, we 

consider integer days after the foreshock time. We start the count at the exact foreshock time (e.g., if the 

event occurred at 09:13 UT on day 247, the first time interval ends at 09:12:59 on day 248).  In space, we 

consider rings of 10 km radius.  To account for the fact that the area increases with the radius of the ring, 

we consider spatial probabilities in terms of the number of events per unit area.  In magnitude, we consider 

bins of 0.1 magnitude unit. We display the foreshock probabilities as a function of time and epicentral 

distance in the middle of each bin and as a function of mainshock magnitude at the edge of the bin (tenth of 

units of magnitude) (Figures 3-5).   

We fit the data points using nonlinear regression (software from www.graphpad.com) for a least squares 

fit to equations that have been used in previous foreshock calculations.  We use the Gutenberg-Richter 

relation (1944) for the mainshock magnitude dependence, the modified Omori law (Utsu (1995)) for 

temporal decay, and consider spatial decay as a power law decay. Two sets of parameters are determined, 

applicable for TVZ and non-TVZ seismicity. 

 

Results 

The initial catalogue had 13,087 events, reduced to 3474 when the aftershocks were removed. In the 

remaining, declustered catalogue, 187 are located in the TVZ, 42 of which are identified as foreshocks. Out 
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of the 3287 events outside the TVZ, 222 are followed by bigger events close in time and space. This 

translates into an overall 6.7±0.4% foreshock probability for non-TVZ events, which is a close 

reproduction of Merrifield et al.’s (2004) results, and a 22±3% probability for TVZ events, which is about 

twice the value that Merrifield et al. (2004) determined. The difference can be explained by the different 

definitions of TVZ seismicity used in the two studies: we cut the New Zealand catalogue into two parts, the 

TVZ subcatalogue and the rest of the country. To reduce boundary effects, we only require the foreshock to 

be situated within the borders of the TVZ. We then search for all events in the New Zealand earthquake 

catalogue that fulfill the foreshock-mainshock search criteria. Merrifield et al. (2004) analyse the New 

Zealand earthquake catalogue by using a lattice of 0.1 degree spacing and for each knot searching for 

foreshock-mainshock pairs within a circle of 100 km radius. As the TVZ is only about up to 50 km wide 

and 250 km long, nearly all lattice points within that area are assigned probability values dominated by 

outside TVZ activity, smearing the high values from within the zone.  

 
Foreshock magnitude dependence 

The analysis of foreshock probabilities for different foreshock magnitude bins shows no significant 

differences for smaller or larger initial events (Tables 1 and 2).  Note that the bins are not used to determine 

whether an event is a foreshock.  Mainshocks are still required to have magnitude equal or higher than the 

“true” foreshock. E.g., bin 4.0 includes foreshocks of magnitudes 3.8 to 4.2, but a magnitude 4.1 event is 

only considered a foreshock to a magnitude 4.1 or higher event. 

 
Mainshock magnitude dependence 

Plotted on a logarithmic scale the cumulative observed probabilities for different magnitude differences 

show a remarkably linear decay up to magnitude differences of 1.8 units (Non-TVZ) and 1 unit (TVZ) 

(above there is not enough data to consider the change of slope to be significant) (Fig. 2). The linear decay 

suggests that the magnitude distribution of foreshock-mainshock pairs may be similar to the Gutenberg-

Richter relation (1944): log10(N) = a-bM, where N is the cumulative number of earthquakes equal to or 

greater than magnitude M and the productivity rate a and slope b are constants. Accordingly, the data can 

be fitted through a function of the type: 

 
P’(δmag) = 10A-B*(Mfs+δmag)
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where δmag is the difference in magnitude between the foreshock and the subsequent mainshock. A can be 

calculated by taking the observed probability for δmag=0, i.e. the probability for same sized mainshocks 

within 5 days and 50km radius, which has been calculated from the catalogue (0.019 for Non-TVZ and 

0.075 for TVZ). For simplicity reasons it is assumed to have no errors. Substitution gives the model 

equation:  

 
P’(δmag) = A*10-B*δmag

 
The fit function therefore depends on the parameter B only, which is related to the b-value from the 

Gutenberg-Richter relationship but is not equivalent. The nonlinear regression optimises the fit for 

B(TVZ)=1.8±0.2 and B(Non-TVZ)=1.4±0.1. Figures 3a and 3b show data and models on a linear scale in 

probability and in a non-cumulative sense, with their 95% confidence bands for Non-TVZ and TVZ, 

respectively. For example, the point at (0.1, 0.011) on the Non-TVZ plot means that 1.1% of the foreshock 

events were followed by mainshocks with 0.1 units of magnitude larger than the foreshock.  

 

Distance dependence 

Plotting the probability data against epicentral distance shows a decay of probabilities with increasing 

distance whose shape suggests a decay dominated by 1/r (Figures 4a and 4b). Here the probability shown is 

the probability per unit area (i.e., the proportion of events divided by the area of the ring) that an event will 

be followed within 5 days by an equal or larger event within the specified distance ring. The character of 

the fit function is 

 

P’(r)=a/(r+cr)rexp

 

with a being a scaling factor to take into account the probability measured in the distance bin closest to the 

foreshock: a=P(r=10)*10rexp. The least square fit was minimized for cr(TVZ)=5.007±0.005 and 

rexp(TVZ)=3.66±0.02, cr(Non-TVZ)=4.9±0.1 and  rexp(NonTVZ)=2.6±0.2 (see Figures 4a and 4b). 

The same exponents (within the error bars) were determined when the data was broken into smaller 

subsets with different magnitude ranges and fitted for separate exponents (For example, considering only 
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potential foreshock events between magnitudes 4 and 5, or between 4.5 and 5, etc), so it appears to be a 

robust parameter (Tormann (2005)). 

 
Time dependence 

Foreshock probabilities decay rapidly with time (Figures 5a and 5b). We fit the data to the modified Omori 

law (Utsu et al. (1995))  

 
P’(t) = d/(t+ct)texp

 
where d is the scaling factor to approximate the initial probabilities that are observed for the first day 

d=P(t=1), t is the time since the potential foreshock in days and ct is a constant that avoids a singularity for 

t=0. 

The data can be modeled by the fit function with ct(TVZ)=0.5±0.03, texp(TVZ)=2.5±0.5, 

ct(NonTVZ)=0.51±0.03, and texp(NonTVZ)=1.7±0.2 as shown in Figures 5a and 5b. 

 

Discussion & evaluation 

Foreshock magnitude independence 

As in previous studies (e.g. Jones (1985)) we conclude that foreshock probabilities are independent of the 

foreshock magnitude, i.e. a M=4.0 earthquake is as likely to be a foreshock as a M=6.0 event. 

 
Mainshock magnitude dependence 

The B-values of 1.8 for the TVZ and 1.4 for the rest of New Zealand are somewhat unexpected: they are 

significantly higher than the b-value from the Gutenberg-Richter relationship for New Zealand, which is 

about 1.1 (Figure 1b). The B-values found in this study are also more than twice the values found in 

previous studies in California and Nevada, where B of 0.73 and 0.72 were determined, respectively (Jones 

(1985), Savage & DePolo (1993)). However, as seen for the volcanic Mammoth/Mono region (0.89) 

compared to the non-volcanic Nevada region (0.72) (Savage and DePolo (1993)), we find a higher B-value 

for the Taupo Volcanic Zone than for the rest of New Zealand. In the TVZ a high occurrence of earthquake 

swarms of small to moderate magnitudes is observed while the region does not feature faults capable of 
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producing very large events. This explains the steeper slope of the magnitude frequency distribution, i.e. a 

higher b-value in the TVZ.  

 
Distance dependence 

Decay of foreshock probability with distance was not determined directly in the studies of Jones (1985) and 

Savage & DePolo (1993), but examining their plots suggests the vast majority of foreshocks occur within 1 

or 5 km of the mainshock location, respectively. In Jones’ plot, the decay with distance appears to be 

slightly slower than the temporal decay, (i.e., the exponent in the distance dependence appears smaller than 

the exponent in the temporal dependence) while in Savage & DePolo’s plots the spatial decay is faster than 

the temporal one, as we see for the New Zealand data in this study.  

Abercrombie et al. (1996), suggested that foreshocks in California occur in a larger volume around 

mainshocks than expected from the size of the mainshock “preparation zone”, i.e. the critical slip distance 

over which laboratory studies of frictional sliding observe pre-seismic slip before unstable dynamic failure. 

Felzer et al. (2004) used earthquakes M≥2.2 in California that have been followed by a larger one 

within two days and found that, up to about 10 km distance from the mainshock, foreshock incidences 

decrease roughly as a power-law decay. At greater distances the foreshock incidences become erratic, and 

observed seismicity is dominated by background seismicity.  

Analysing foreshock sequences in Japan, Ogata et al. (1994), found an approximate inverse power law 

of foreshock intensity (i.e. expected number of events per unit area) decreasing with distance from the 

mainshock with exponent of 1.32 for 1 ≤ r ≤ 35 km. 

 

Thus, different regions may yield different distance decay parameters.  The stronger localisation in the 

TVZ compared to the rest of New Zealand may be caused by the high seismic attenuation in the TVZ (e.g. 

Salmon et al. (2002), Eberhart-Phillips and McVerry (2003)). If the mainshocks are caused by dynamic 

triggering from the foreshocks (e.g., Anderson et al. (1994), Jaumé (1999)), then the higher attenuation 

would likely limit the triggering to shorter distances than in the rest of the country.  

Dynamic stress changes associated with propagating waves from earthquakes are expected to fall off 

slightly less rapidly than 1/r2 (Anderson et al. (1994)), while static stress changes in an infinite medium fall 

off as 1/r3 (Stein et al. (1992)).  Thus, our results for the TVZ could be consistent with either dynamic or 
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static stress triggering, with attenuation providing the rest of the variation.  However, the results for the rest 

of New Zealand suggest that dynamic stress triggering is more likely.  For simplicity, we prefer to consider 

that the same mechanism, dynamic stress triggering, occurs in both regions, but with the influence of 

attenuation making a stronger falloff. 

 
Time dependence 

The exponents of 2.5±0.5 for the TVZ and 1.7±0.2 for non-TVZ as determined for the time decay in this 

study are unexpected, since previous studies that looked into foreshock probability decay over time after an 

event find that probability behaviour is similar to the frequency decay of an aftershock sequence, modeled 

by a modified Omori’s law 1/(t+c)p (Utsu et al. (1995)) where c is small and p very close to one. Jones 

(1985) and Savage and DePolo (1993) determined p for Southern Californian and Western Nevada’s 

foreshock probabilities, and obtained values of 0.9 and 1.0, respectively.  Possible explanations for this 

difference are a regional variation in parameters. 

According to Eberhart-Phillips (1998), New Zealand aftershock probabilities do not show a different 

falloff behaviour compared to other regions in the world. She analysed 17 New Zealand aftershock 

sequences and although the parameter values varied greatly between the individual sequences, the median 

values turned out to be very similar to the generic California values as determined by Reasenberg and Jones 

(1989). Of special interest for comparison with this foreshock probability analysis are the parameters b 

from the Gutenberg-Richter equation, found to be 0.91 in California and 0.98 in New Zealand, and the 

temporal decay parameter p from the modified Omori’s law, found to be 1.08 in California and 1.05 in New 

Zealand. 

The finding that New Zealand’s foreshock probabilities do not follow this generic law, at least not with 

the generally observed decay exponent, suggests that possibly foreshocks are not just mainshocks whose 

aftershocks happen to be bigger, i.e. the proposed single triggering mechanism for foreshocks, multiplets 

and aftershocks (Felzer et al. (2004)) cannot explain the New Zealand data. 

 
Model equations 

Jones (1985) analysed the Southern Californian foreshock data for mainshock magnitude distribution and 

time differences between foreshock and mainshock and described her findings in an equation which 
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calculates the probability P(Mms,t) that a mainshock of M≥Mms will occur within one hour after time t in 

hours after an earthquake of M=Mfs as 

 
P(Mms,t)=A*10B*(Mms-Mfs)*(t+1)-p

 
She determined A=0.016, B=-0.75, and p=0.9. 

 

Savage and DePolo (1993) modelled the data with the same equation as introduced by Jones (1985) and 

obtain the best fit for A=0.012 (Nevada), A=0.019 (Mammoth/Mono), B=-0.72 (Nevada), B=-0.89 

(Mammoth/Mono) and p=1.0 for both regions. 

We analyse New Zealand foreshock probabilities and find equations to model their decay behaviour 

with magnitude difference, time and distance. Multiplying the three separate equations gives a model that 

calculates the probability P’ that at time t after an event and distance r from the potential foreshock a 

mainshock with magnitude Mfs+δmag will occur as: 

 
P’(t,r,δmag)=P(t=1,r=10,δmag=0)*10-B*δmag*1/(t+ct)texp*10rexp/(r+cr)rexp

 
with two parameter sets for the TVZ and the rest of New Zealand (Table 3). 

 

Conclusion 

Temporal, spatial and magnitude dependent analysis of New Zealand foreshock probability data shows 

unexpected decay properties that do not agree with the idea of foreshocks and aftershocks being results of 

the same triggering mechanism. 
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Tables 

Foreshock bin Total prob (%) Max prob (%) Total number 

All 0.22±0.03 0.12±0.02 187 

4.0  0.24±0.04 0.14±0.03 122 

4.5  0.21±0.06 0.08±0.04 48 

5.0 0.20±0.1 0.20±0.1 11 

5.5 0.01±0.04 0.01±0.04 4 

6.0 0.03±0.09 0.03±0.09 1 

 
Table 1: Foreshock probability values observed for different foreshock magnitude bins (TVZ). 

Magnitude bin 4.0 includes magnitudes 3.8 to 4.2, bin 4.5 includes 4.3 to 4.7, etc. “Total prob” 

refers to the total foreshock probability observed within five days and 50 kilometers. “Max 

prob” is the highest probability observed within the single time and distance bins (which is 

always on the first day after and within 10km of the potential foreshock). 

 

 

 

 

 

 

 

 

Foreshock bin Total prob Max prob Total number 

All 0.067±0.004 0.021±0.002 3287 

4.0 0.068±0.006 0.017±0.003 2100 

4.5 0.071±0.009 0.027±0.006 787 

5.0 0.05±0.01 0.03±0.01 289 

5.5 0.09±0.03 0.03±0.01 75 

 A20



6.0 0.05±0.05 0.05±0.05 20 

 
Table 2: Foreshock probability values observed for different foreshock magnitude bins (Non-TVZ). 

Magnitude bin 4.0 includes magnitudes 3.8 to 4.2, bin 4.5 includes 4.3 to 4.7, etc. “Total prob” 

refers to the total foreshock probability observed within five days and 50 kilometers. “Max 

prob” is the highest probability observed within the single time and distance bins (which is 

always on the first day after and within 10km of the potential foreshock).  

 

 

 

 

 

 

 

 

 

 TVZ NonTVZ 

P 0.0375 0.0049 

B 1.8±0.2 1.4±0.1 

CT 0.5±0.03 0.51±0.03 

CR 5.007±0.005 4.9±0.1 

Texp 2.5±0.5 1.7±0.2 

Rexp 3.66±0.02 2.6±0.2 

 
Table 3: Foreshock probability model parameters as determined in this study for the TVZ seismicity and 

the rest of New Zealand 
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Figures 

 

Fig.1a: New Zealand plate tectonic setting: 

 Subducting Pacific Plate under the Australian Plate (Hikurangi Subduction Zone)   

in the North, subducting Australian Plate under the Pacific Plate (Fiordland Subduction Zone) in 

the South. 

The Alpine Fault (South Island) accommodates most of the strike slip motion and is capable of 

producing large earthquakes. The Taupo Volcanic Zone (TVZ) on the North Island is an 

extensional geothermally active volcanic area with frequent small to moderate earthquake swarms. 

The dots represent the recorded New Zealand seismicity (GeoNet catalogue) between 1964 and 

2003 for magnitudes equal to or greater M=3.8 
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Fig.1b: Frequency magnitude distribution of New Zealand seismicity data between 1964 and 2003, depth 

≤ 40km. The slope has been manually fit. 
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Fig. 2: Cumulative foreshock probabilities with increasing magnitude differences between foreshock and 

mainshock, for TVZ and Non-TVZ. 
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Fig.3a: Foreshock probability dependence on magnitude differences between foreshock and mainshock 

(Non-TVZ). The model is a least square fit to the data, using the fit function with a B-value of 

1.4±0.1. The dotted line is the 95% confidence for the fit. 
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Fig.3b: Foreshock probability dependence on magnitude differences between foreshock and mainshock 

(TVZ). The model is a least square fit to the data, using the fit function with a B-value of 1.8±0.2. 

The dotted line is the 95% confidence for the fit. 
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Fig.4a: Foreshock probability dependence on distance between foreshock and mainshock (Non-TVZ). The 

model is the least square fit to the data, using the fit function with an exponent of 2.6±0.2. The 

dotted line is the 95% confidence band for the fit. 
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Fig.4b: Foreshock probability dependence on distance between foreshock and mainshock (TVZ). The 

model is the least square fit to the data, using the fit function with an exponent of 3.66±0.03. The 

dotted line (nearly too narrow to see) is the 95% confidence band for the fit. 
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Fig.5a: Foreshock probability dependence on time differences between foreshock and mainshock (Non-

TVZ). The model is the least square fit to the data, using the fit function with an exponent of 

1.7±0.2. The dotted line is the 95% confidence band for the fit. 
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Fig.5b: Foreshock probability dependence on time differences between foreshock and mainshock (TVZ). 

The model is the least square fit to the data, using the fit function with an exponent of 2.5±0.5. 

The dotted line is the 95% confidence band for the fit. 
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Foreshock Magnitude Dependence (non TVZ)
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Foreshock Magnitude Dependence (TVZ)
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Foreshock Probabilities (Non-TVZ)
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Spatial Foreshock Probability Decay
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«¬Q ã S°¯ M��LM�Þ"$#: ¢ ö ¥=¤ ¦ ó�±Jó è QJz�Ø�Þ=S
òQ ã S°¯ Ý � Ý Ù;!#$ ¢ ö óc¤ ¦³²µ´µ´�è QJz�ØL:AS

ó�Å¨ÇCÆ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î�e Á�Ã ÇZÌ�Ë?Æ Ã¨× Ç ¿ Ë Á Òûê#:�ØKêUÎ�ÒïÆ Ã ÓÖÞuÙ¨ØL$�Ó}Æ�Ñ�Ì ¿(Á Ë�Æ¬�U¯Cê�ØL$�Ò�Æ�É Ã Ì7Å Á Ê7Î/Ä Á
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Þ"$#M�ØL:/Î�ÒïÆ Ã Ó£$ Ý :A<^ØL$/Ó,ÆZÑ�Ì ¿(Á Ë{Æ�Ò�Æ ×�Ã É�Ä Â Ó¨Ç«ÇZÉ × Å^Ä�ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�Ç�Ø
���Î����� �0�]�9�A�p�3�¿�B�Í�0�®�#�]�p�1Ï
ó�Å}Ç/È}Ë Á ÕwÆ�Õ,É�Ð�É%Ä7É�ÇZÌCÇZÌcÄ7É�Ò�Æ�ÄcÇZÓæÕ�ÑÖÇZÍ Â Æ�Ä7É Á�Ã Ù¨ØLz ËLÇ ¿ Ç�ËiÄ Á Ä7Å¨ÇÚÄ Á Ä7Æ�Ð Ã�Â ÒfÕeÇ�Ë Á�¿ Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î�ÌÇ�N�È5ÇZÊuÄcÇZÓ´Æ Ã Ñ^Ï�Å¨Ç�Ë7ÇÚÉ Ã Ä7Å¨ÇÚÆ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎÐe Á�Ã Ç�Ø â ÄfÏ Á�Â Ð�Ó Ã¨Á ÄfÕeÇ/ËLÉ × Å^Ä`Ä7Å¨Ç�Ë7Ç ¿(Á Ë7Ç�ã-Ä Á Æ�È,È,Ð%ÑÄ7Å}ÉÛÌUÈ}Ë Á Õ,Æ�Õ,ÉÛÐ�É%ÄSÑÔÄ Á ÇZÆ�Ê?Å × ËLÉ�Ó}È Á É Ã ÄfÏ{É%Ä7Å}É Ã Ä7Å}Æ�Ä�Ë7Ç × É Á�Ã Øæó{Å}Æ�ÄUÏ Á�Â ÐÛÓ ÁIå Ç�Ë7ÇZÌcÄ7É�Ò/Æ�ÄcÇäÆ Ã ÓÊ?Å}Æ Ã¨× Ç«Ä7Å¨Ç«Ä Á Ä7Æ�Ð Ã^Â ÒfÕ5Ç�Ë Á�¿ Ç�N�È5ÇZÊuÄcÇZÓ3Ç å Ç Ã Ä7Ì�Ø â Ã ÌcÄcÇZÆ�Ó$ã�Ä7Å¨Ç«È}Ë Á Õ,Æ�ÕwÉ�Ð�É%ÄpÑ å Æ�Ð Â Ç Ã Ç�ÇZÓ}ÌsÄ Á ÕeÇÌ7Ò Á^Á Ä7Å¨ÇZÓ ÁIå Ç�Ë[Ä7Å¨ÇXÆ ¿ ÄcÇ�ËLÌ7Å Á Ê7ÎiÆ�Ë7ÇZÆ�Ø Ý '*)ih"j='(Ô�Õ1'�) Ö '*);5 k+l9l�m Ú Þ"MAÛ¨Õ,Æ�ÌcÇZÓUÅ}É�Ì�Ì7Ò Á�Á Ä7Å}É Ã}×{Á�ÃÄ7Å¨Ç Á Õ,ÌcÇ�Ë å Æ�Ä7É Á�ÃíÁ�¿ Æ ó1 ø Ó¨ÇZÊ�Æ�Ñ Á�¿ Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î ¿ ËLÇZÍ Â Ç Ã ÊuÑ�Ó}É�ÌcÄcËLÉ�Õ Â Ä7É Á�ÃU¿(Á Ë]Ä7Å¨ÇiÞ"!#!#:i.·Æ Ã Ó¨Ç�ËLÌÇZÆ�Ë7Ä7Å,Í Â Æ�Î�Ç�Ø�CÜÌ Ã¨Á Ì7É�Ò�É�ÐÛÆ�ËiÇ�N¨Æ�Ò�É Ã Æ�Ä7É Á�Ã ¿(Á ËÚÆ&>�Ç�ÏÑ@5ÇZÆ�Ð�Æ Ã Ó Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î Ì7ÇZÍ Â Ç Ã ÊuÇäÅ}Æ�ÌÕ5Ç�Ç Ã Ó Á�Ã Ç�ã â Â Ì7Ç ) ß ) / h"j=2 +Rß '*)Oh"'(Ô1Ò¥h Ë7ÇZÌ Â Ð%Ä ¿ Ë Á Ò Ä7Å}ÇiÏ Á ËLÐ�Ó}Ï{É�Ó¨Ç"Ê�Æ�Ä7Æ�Ð Á�×�Â Ç Á�¿ Æ Ã¨Á ËLÒ�Æ�ÐÓ}ÉÛÌcÄcËLÉ%Õ Â Ä7É Á�Ã Æ�Ð Á�Ã¨× Ä7Å¨Ç`È}Ë?É Ã Ê�É%È,Æ�Ð5ÆON�ÇZÌ Á�¿ Ä7Å¨Ç`Ä7Å¨ÇiÆ ¿ ÄcÇ�Ë?Ì7Å Á Ê7Î£e Á�Ã ÇUÊ�É%ËLÊ Â Ò�Ì7ÊuËLÉ%ÕwÉ Ã¨× ÇZÐ�Ð�É%È,Ì7Ç�Ø
C Ã ÇZÐ�Ð�É%È,Ì7Ç"Ê�Æ Ã ÕeÇ Á�Ã Ð%ÑP�}ÄcÄcÇZÓ Á�Ã ÊuÇiÄ7Å¨Ç ¿(Â Ð�ÐAÌcÇZÍ Â Ç Ã ÊuÇUÅ}Æ�Ì�Õ5Ç�Ç ÃäÁ ÕwÌcÇ�Ë å ÇZÓ$ã5Ì Áí¿áÁ Ë ¿(Á Ë7ÇZÊ�Æ�ÌcÄÈ Â Ë7È Á ÌcÇZÌ]Ä7Å¨Ç`Æ�Ë7ÇZÆ/Ë7ÇZÓ Â ÊuÇZÌ{Ä Á Æ�Ê�É�ËLÊ�Ð%Ç Á�¿ Ä7Å¨Ç`ÌcÇZÆ�Ë?ÊLÅäËLÆ�Ó}É Â ÌZØ(C�Ê�Ê Á ËLÓ,É Ã¨× Ð%Ñ�ã}Ä7Å}Ç`Ì7Ò Á�Á Ä7Å}É Ã¨×Ê�Æ Ã Õ5Ç�È5Ç�Ë ¿(Á ËLÒ�ÇZÓ�Õ�Ñ�Æ£: K Ó}ÉÛÒ�Ç Ã Ì7É Á�Ã Æ�Ð Ã}Á ËLÒ�Æ�Ð
Ó}É�Ì7ÄcËLÉ%Õ Â Ä7É Á�Ã Ø?T©ÇZÊ�Æ Â ÌcÇ/Ä7Å}Ç�ÌcÇZÆ�ËLÊLÅ ËLÆ�Ó}É Â ÌÅ}Æ�ÓäÉ Ã É%Ä7ÉÛÆ�Ð�Ð%Ñ�Õ5Ç�Ç Ã Ó}ÇZÌ7É ×�Ã ÇZÓîÄ Á Ó¨Ç�ËLÉ å Ç ¿áÁ ËLÇZÌ7Å Á Ê7ÎîÈ}Ë Á ÕwÆ�Õ,É�Ð�É%Ä7É�ÇZÌ©Æ Ã ÓõÄ7Å¨Ç�Ë7Ç ¿(Á Ë7ÇfË7ÇZÒ Á�å ÇZÓ�Æ ÃÇ�N�ÄcË7ÇZÒ�Ð%ÑäÅ}É × ÅäÈeÇ�Ë?ÊuÇ Ã Ä7Æ × Ç Á�¿ Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î�Ì�ãxÐ�É�Î�ÇZÐ%Ñ3Ç å Ç ÃÖÃ¨Á�Ã©K Ë7ÇZÐ�Æ�ÄcÇZÓ�Ç å Ç Ã Ä7ÌCÉ Ã Ì Á Ò�ÇUÊ�Æ�ÌcÇZÌ�ãÏ©Ç©Æ�ÌLÌ Â Ò�ÇsÄ7Å}Æ�Ä·Ä7Å}ÇZÌcÇ©Æ�ËLÇZÆ�ÌAÏ{ÉÛÐ�Ð�Õ5ÇsÐ�Æ�Ë × ÇhÇ Ã¨Á�Â¨× ÅfÄ Á Ê�Æ�È}Ä Â Ë7Çw!#!�ØL!�� Á�¿ Ä7Å¨Ç©Æ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎ�Ì-Ä7Å}Æ�ÄÏ{ÉÛÐ�Ð ¿(Á Ð�Ð Á Ï ÆîÒ�Æ�É Ã Ì7Å Á ÊLÎwØ`ó Á Ê�Æ�Ð�Ê Â ÐÛÆ�ÄcÇ�Ä7Å¨Ç�Ì7Ò Á�Á Ä7Å}É Ã¨×í¿ Æ�ÊuÄ Á Ë ¿áÁ Ë"Æ × ËLÉÛÓ�ÊuÇZÐÛÐ
Æ�Ä"Ó}É�ÌcÄ7Æ Ã ÊuÇ
¡ ôÓ« ¿ Ë Á Ò Ä7Å}ÇUÒ/Æ�É Ã Ì7Å Á Ê7Îeã$Ï{Å¨Ç�ËLÇD« É�ÌÜÄ7Å¨ÇUËLÆ�Ó,É Â Ì Á�¿ Ä7Å¨Ç�Æ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎÔe Á�Ã Ç�ãAÄ7Å¨Ç Ã¨Á ËLÒ�Æ�ÐÓ}ÉÛÌcÄcËLÉ%Õ Â Ä7É Á�Ã É�Ì"Æ ×�× Ë7Ç × Æ�ÄcÇZÓ ÁIå Ç�ËiÄ7Å}ÇÚÆ�Ë7ÇZÆ Á�¿ Ä7Å¨Ç × ËLÉ�Ó´ÊuÇZÐ�Ð9Ø3ó�Å¨Ç¬� Ã Æ�Ð[ÌcÈ,Æ�Ä7ÉÛÆ�Ð[Ì7Ò Á�Á Ä7Å}É Ã¨×¿ßÂ}Ã ÊuÄ7É Á�Ã Ä7Å}Ç Ã É�Ì-W
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Ù ¯ «ê�� Ý QJz�ØjÙ�S

ó{Å¨ÇXÓ¨Ç-� Ã É%Ä7É Á�Ã`Á�¿ Ù É Ã Ê�Ð Â Ó¨ÇZÌ0!#!�ØL!�� Á�¿ Ä7Å¨Ç Ã}Á ËLÒ�Æ�Ð�Ó}É�ÌcÄcË?É%Õ Â Ä7É Á�Ã Øxó�Å¨ÇXÉ Ã ÄcÇ × ËLÆ�Ð ûÝ ¥ÔÞ ç 1 ëÿ³ß × ¡É�Ì�ÇZÍ Â Æ�ÐxÄ Á�Á�Ã Ç�Ø
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	ÜÆBeZÆ�ËLÓUC Ã Æ�Ð�Ñ�Ì7ÉÛÌQ ¤ ��	ECyS{Ï©Æ�Ì¿�}Ë?ÌcÄÜÓ}Ç å ÇZÐ Á È5ÇZÓäÉ Ã Æ Ã Ó ¿(Á Ë?VXÆ�Ð�É ¿(Á Ë KÃ É�Æ Ã Ç Ã}× É Ã Ç�Ç�ËLÌfÆ�ÌiÆ Ä7É�Ò�ÇíÉ Ã Ó¨Ç�È5Ç Ã Ó¨Ç Ã Ä"Ò�ÇZÆ�Ì Â Ë7Ç Á�¿ ÇZÆ�ËLÄ7Å}Í Â Æ�Î�ÇíÅ}ÆBeZÆ�Ë?ÓæÆ�ÄUÊuÇ�Ë7Ä7Æ�É Ã Ì7É%ÄcÇZÌZØ.AÆ�ÄcÇ�Ë`Ä7Å}Ç�ÌcÄ7Æ Ã Ó}Æ�ËLÓ,É�ÌcÇZÓÖÒ�Ç�Ä7Å Á Ó Á Ð Á�× Ñ�Ï]Æ�Ì`Æ�È}È,ÐÛÉ%ÇZÓ�Ä Á >{Ç�Ï @eÇZÆ�Ð�Æ Ã ÓxØ¬C Ã Ç�Ï × Ç Ã Ç�ËLÆ�Ä7É Á�ÃÁ�¿1¤ ��	¿C ÌcÄ7Æ�Ë7Ä7ÌÜÄ Á É Ã Ê Á ËLÈ Á Ë?Æ�ÄcÇ`Ä7É�Ò�ÇUÓ¨Ç�È5Ç Ã Ó¨Ç Ã ÊuÇ`Õ�ÑõÉ Ã Ê�Ð Â Ó,É Ã¨× Å}ÆBeZÆ�ËLÓÔÓ Â Ç`Ä Áí¿áÁ Ë7ÇZÌLÅ Á ÊLÎÆ Ã ÓîÆ ¿ ÄcÇ�Ë?Ì7Å Á Ê7ÎîÄcËLÉ ×�× Ç�Ë?É Ã¨× Ø
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�� � [ Òg^ ����� ^ � Ò��
d Á Ë"Å,É × Å}Ð%ÑîÉ Ã Ó Â ÌcÄcËLÉ�Æ�ÐÛÉ�ÌcÇZÓ3Ì Á Ê�É%Ç�Ä7É%ÇZÌÜÇZÆ�Ë7Ä7Å}Í Â Æ�Î�Ç�Ó}Æ�Ò�Æ × Ç�É�ÌÜÆ å Ç�ËLÑ Ê Á ÌcÄ7Ð%Ñ Ã Æ�Ä Â ËLÆ�Ð-Å}ÆBeZÆ�ËLÓ$Ø
vsÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌCÊ�Æ Â ÌcÇ�Ä7Å¨ÇUÓ¨ÇZÌcÄcË Â ÊuÄ7É Á�Ã�Á�¿ Õ Â É�Ð�Ó}É Ã}× Ì�Æ Ã Ó�ÄcËLÆ Ã ÌcÈ Á Ë7Ä7Æ�Ä7É Á�Ã Ì7Ñ�ÌcÄcÇZÒ/ÌÜÆ�Ì«Ï©ÇZÐ�Ð�Æ�ÌÕ Â Ì7É Ã ÇZÌ7ÌAÉ Ã ÄcÇ�ËLË Â È}Ä7É Á�Ã Ø â Ã Ò Á ÌcÄ·Ò/Æif Á Ë-ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ-È5Ç Á È,Ð%Ç × Ç�Ä�É Ã f Â Ë7ÇZÓ Á Ë-Î�ÉÛÐ�Ð%ÇZÓ$ãZÇZÌ7ÈeÇZÊ�ÉÛÆ�Ð�Ð%ÑÉ Ã Ð%ÇZÌLÌCÓ¨Ç å ÇZÐ Á È5ÇZÓÔÊ Á�Â}Ã ÄcË?É%ÇZÌ«Ï{É%Ä7Å Ã¨Á Õ Â ÉÛÐ�Ó}É Ã¨× ËLÇ ×�Â Ð�Æ�Ä7É Á�Ã ÌZØ ¤ Ë Á ÕwÆ�Õ,É�Ð�É�Ì7Ä7É�Ê`ÌcÇZÉÛÌ7Ò�É�ÊfÅ}ÆBeZÆ�ËLÓÆ Ã Æ�Ð�Ñ�Ì7ÉÛÌwQ ¤ ��	¿CÂS·É�Ì-Ä7Å¨Ç©Õ,Æ�Ì7É�Ì Á�Ã Ï{Å,É�ÊLÅfÇ Ã¨× É Ã Ç�Ç�Ë?Ì-Ó}Ç å ÇZÐ Á È�Ì7Æ ¿ Ç�ÄSÑUÌcÄ7Æ Ã Ó}Æ�ËLÓ,Ì·Ä7Å,Æ�Ä-Õ Â É�Ð�Ó}É Ã¨× ÌÃ Ç�ÇZÓõÄ Á�¿(Â Ð¥�,ÐeÄ Á Å Á È5Ç ¿ßÂ Ð�Ð%Ñ�Ï�É%Ä7Å}ÌcÄ7Æ Ã ÓíÇZÆ�Ë7Ä7Å,Í Â Æ�Î�ÇZÌZØ

¤ ��	¿CïÇZÌcÄ7ÉÛÒ�Æ�ÄcÇZÌ�Ä7Å¨ÇîÈ,Ë Á Õ,Æ�Õ,É�ÐÛÉ%ÄSÑ ¿(Á Ë�Ç�N¨ÊuÇ�ÇZÓ}É Ã¨×Öå Æ�ËLÉ Á�Â Ì × Ë Á�Â}Ã Ó Ò Á Ä7É Á�Ã Ð%Ç å ÇZÐ�Ì�Æ�Ä/ÆÌ7É�ÄcÇ Q Á ËíÆ × ËLÉ�Ó Á�¿ Ì7É%ÄcÇZÌÈSiÏ{É%Ä7Å}É Ã Æ�ÊuÇ�Ë7Ä7Æ�É Ã Ä7É�Ò�ÇîÈ5Ç�ËLÉ Á Ó × É å Ç Ã Æ�Ð�Ð�È Á Ì7Ì7É�Õ,Ð%ÇíÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ�Øó·ËLÆ�Ó}É%Ä7É Á�Ã Æ�ÐeÈ}Ë Á Õ,Æ�Õ,ÉÛÐ�É�ÌcÄ7É�Ê{ÌcÇZÉ�Ì7Ò�ÉÛÊ�Å}ÆBeZÆ�Ë?ÓîÆ Ã Æ�Ð%Ñ�Ì7É�Ì]É�Ì]Ä7É�Ò�Ç K É Ã Ó¨Ç�È5Ç Ã Ó¨Ç Ã Ä�Ø â Ä�Æ�Ì7Ì Â Ò�ÇZÌ]ËLÆ�ÄcÇZÌÁ�¿ ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�Ç Á Ê�Ê Â Ë7Ë7Ç Ã ÊuÇZÌ Á�Ã Î Ã¨Á Ï Ãi¿ Æ Â Ð�Ä7ÌwQßÆ Ã Ó Á � K;¿ Æ Â Ð%Ä S·Ä7Å}Æ�Ä
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>�Ç�N�Ä�Ä7Å¨Ç"µ K;å Æ�Ð Â Ç"ÉÛÌ©Ê�Æ�ÐÛÊ Â Ð�Æ�ÄcÇZÓ ¿(Á ËXÄ7Å¨ÇCÇ Ã Ä7É%Ë7ÇCÊ�Æ�Ä7Æ�Ð Á�×�Â Ç�ã ¿áÁ Ð�Ð Á Ï{É Ã}× Æ�Ò�ÆON¨É�Ò Â Ò Ð�É%Î�ÇZÐ�É KÅ Á�Á ÓÚÒ�Ç�Ä7Å Á Ó ¿áÁ Ë©Ä7Å¨ÇÜÄ7Å¨Ë7Ç�ÇÜÌcÇ�Ä7Ì Á�¿ Ì7Ò Á�Á Ä7Å¨ÇZÓ¿y K;å Æ�Ð Â ÇZÌ�Ø[ó{Å}É�Ì&µ K;å Æ�Ð Â Ç�Ê�Æ Ã Õ5Ç¸� Ã Æ�Ð�Ð%Ñ Â ÌcÇZÓÄ Á Ì Á Ð å ÇiÄ7Å¨Ç�2 Â ÄcÇ Ã ÕeÇ�Ë ×BKDC É�Ê?ÅaÄcÇ�ËCÓ}É�Ì7ÄcËLÉ%Õ Â Ä7É Á�Ã3¿áÁ ËÜÄ7Å¨Ç Ã^Â ÒfÕ5Ç�Ë Á�¿ Ç å Ç Ã Ä7Ì«Ï{É%Ä7ÅÀ{ � Ù/È5Ç�ËÑ�ÇZÆ�Ë"W
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d Ë Á ÒûÄ7Å¨Ç�ËLÇ�ã}É Ã ÊuË7ÇZÒ�Ç Ã Ä7Æ�Ð5ËLÆ�ÄcÇZÌ w Â=Ã ¡ Á�¿ Ò�Æ ×�Ã É%Ä Â Ó¨Ç�{ Æ�Ë7Ç"Ê�Æ�Ð�Ê Â Ð�Æ�ÄcÇZÓ ¿(Á Ë�ÇZÆ�Ê?Å Ý Ø�ÞCÉ Ã©KÊuË7ÇZÒ�Ç Ã Ä Á�¿ Ò�Æ ×�Ã É%Ä Â Ó¨Ç ¿ Ë Á ÒÅ{ü¯�z��L:#zñQ(Ï{Å,É�ÊLÅ�É�Ì[Ä7Å¨Ç�Ì7Ò�Æ�Ð�Ð�ÇZÌcÄ[Ò�Æ ×�Ã É%Ä Â Ó¨Ç]Ä7Å¨Ç�Æ�ÄcÄcÇ Ã^Â Æ�Ä7É Á�ÃÒ Á Ó¨ÇZÐeÊ�Æ Ã Å}Æ Ã Ó}Ð%Ç{Ë7ÇZÐ�É�Æ�Õ,Ð�Ñ¢S-Ä Á Ä7Å¨Ç«Ð�Æ�Ë × ÇZÌcÄ]Ê Á�Ã Ì7ÉÛÓ¨Ç�Ë7ÇZÓ/Ò/Æ ×�Ã É%Ä Â Ó¨Ç ¿áÁ Ë©Ä7Å}Æ�ÄXÌcÇZÉ�ÌLÒ Á ÄcÇZÊuÄ Á�Ã É�Ê

e Á�Ã Ç�Øó{Å¨ÇÜÐ Á Ï©ÇZÌcÄ�Ó}É�ÌcÄcË?É%Õ Â ÄcÇZÓ�Ì7ÇZÉ�Ì7Ò�É�Ê�É�ÄSÑ�ËLÆ�ÄcÇZÌ]Ä7Å,Æ�Ä]Ê�Æ Ã Õ5ÇÜÓ¨Ç�ÄcÇZÊuÄcÇZÓîÏ{É%Ä7ÅÚÄ7Å}É�Ì]Ò�Ç�Ä7Å Á ÓíÏ{É%Ä7Å
! Ý � ÊuÇ�Ë7Ä7Æ�É Ã ÄSÑ/É Ã Ä7Å¨Ç�ê�ê"Ñ�ÇZÆ�Ë©Ê Á Ò�ÈwÐ%Ç�ÄcÇ Ã ÇZÌ7ÌsÈ5Ç�ËLÉ Á Ó ¿áÁ Ër{ � ÙiÆ�Ë7Ç�Æ�È,È}Ë Á N¨É�Ò�Æ�ÄcÇZÐ�ÑD$ ¢ Þ Ý � ¦Ç å Ç Ã Ä7Ì{È5Ç�Ë�Ñ�ÇZÆ�ËÜÈ5Ç�Ë Ý ��Þ´³ÂN Ý ��Þ´³ × ËLÉ�Ó ÊuÇZÐ�Ð9Ø¼2ÜË?É�ÓîÊuÇZÐ�Ð�ÌXÄ7Å,Æ�Ä�È}Ë Á Ó Â ÊuÇCËLÆ�ÄcÇZÌ�Ð Á Ï©Ç�Ë{Ä7Å,Æ Ã Ä7Å}Æ�ÄÆ�Ë7ÇfÆ�Ì7Ì7É ×�Ã ÇZÓõÄ7Å}É�ÌXÒ�É Ã É�Ò Â Ò ËLÆ�ÄcÇªQpè j / ) å½/F6Bl ';j ä�åsZ 5 k+l9l�l ? z#!L@ÎS?Ø

T]Æ�ÌcÇZÓ Á�Ã Ä7Å}É�ÌCÓ Â Æ�Ð
É Ã È Â Ä Á�¿ ÊLÅ}Æ�Ë?Æ�ÊuÄcÇ�ËLÉ�ÌcÄ7É�Ê�ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ Á�Ã Î Ã¨Á Ï Ã Ì Á�Â ËLÊuÇZÌ`Æ Ã ÓÖÓ}É�Ì KÄcËLÉ�Õ Â ÄcÇZÓUÌcÇZÉ�Ì7Ò/É�Ê�É%ÄSÑ�ã�Ä7Å}Ç]Å,ÆBeZÆ�ËLÓ�Æ Ã Æ�Ð%Ñ�Ì7É�Ì�É�Ì�Ê�Æ�Ð�Ê Â ÐÛÆ�ÄcÇZÓ�Æ�Ê�Ê Á ËLÓ}É Ã}× Ä Á Ä7Å}Ç]Ì7Ä7Æ Ã Ó}Æ�ËLÓ�Ò�Ç�Ä7Å Á Ó KÁ Ð Á�× ÑîÓ¨ÇZÌLÊuËLÉ%Õ5ÇZÓ3Æ�Õ ÁIå Ç�Ø
ó{Å¨Ç Ã Ç�Ï�Æ�ÄcÄcÇ Ã�Â Æ�Ä7É Á�Ã Ò Á Ó}ÇZÐ Â ÌcÇZÓ ¿(Á ËxÄ7Å}É�Ì$Å,ÆBeZÆ�ËLÓ"Æ Ã Æ�Ð%Ñ�Ì7É�Ì5Ï]Æ�ÌAÓ}Ç å ÇZÐ Á È5ÇZÓ«Õ^Ñ ° GM± '*)i)=o

'�j ä�åsZ 5 k�l�l�l ? :#!L@;Ø â ÄfÆ�Ê�Ê Á�Â}Ã Ä7Ì ¿(Á Ë`Ä7Å¨Ç/Ó,É��eÇ�Ë?É Ã¨× ÄcÇZÊuÄ Á�Ã É�Ê�ÄpÑ^È5ÇZÌ Á�¿ ÇZÆ�ËLÄ7Å}Í Â Æ�Î�ÇZÌfÉ Ã >�Ç�Ï
@eÇZÆ�ÐÛÆ Ã Ó£QßÉ9ØjÇ�Ø
ÊuË Â ÌcÄ7Æ�Ð;ã�Ì Â Õ$Ó Â ÊuÄ7É Á�Ã É Ã ÄcÇ�Ë ¿ Æ�ÊuÇ�Æ Ã Ó�Ó}É%È}ÈwÉ Ã¨× Ì7ÐÛÆ�Õ�S·Æ Ã ÓUÄ7Å¨ÇZÉ%Ë
ËLÆ Ã}× Ç Á�¿ ÊuÇ Ã ÄcË Á É�ÓÓ¨Ç�È,Ä7Å}Ì�Ø d Á Ë]ÊuË Â ÌcÄ7Æ�Ð,Ç å Ç Ã Ä7Ì�ã�Ä7Å¨ÇÜÆ�ÄcÄcÇ Ã^Â Æ�Ä7É Á�Ã ÈwÆ�ËLÆ�Ò�Ç�ÄcÇ�ËLÌ©Ó}É��5Ç�Ë ¿(Á Ë©Ó}É%�eÇ�Ë7Ç Ã Ä[ÄpÑ^È5ÇZÌ Á�¿$¿ Æ Â Ð%Ä
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Ë Â È}Ä Â ËLÇ~QßÉ9ØjÇ�Ø�Ì7ÄcËLÉ%Î�Ç K Ì7Ð�É�Èxã Ã¨Á Ë?Ò�Æ�Ð9ã Á ÕwÐ�É�Í Â Ç t Ë7Ç å Ç�ËLÌcÇiÆ Ã ÓäË7Ç å Ç�ËLÌcÇiS?Ø«ó�Å¨ÇiÆ�ÄcÄcÇ Ã^Â Æ�Ä7É Á�Ã Ò Á Ó}ÇZÐÏ©Æ�ÌCÊ�Æ�Ð�Ê Â Ð�Æ�ÄcÇZÓ ¿áÁ ËCÄ7Å¨ËLÇ�ÇiÌ7É�ÄcÇUÊ�ÐÛÆ�Ì7ÌcÇZÌÜÕ,Æ�ÌcÇZÓ Á�Ã Ä7Å¨Ç�Ó¨Ç-� Ã É%Ä7É Á�Ã É Ã Ä7Å}Ç>�Ç�ÏF@eÇZÆ�Ð�Æ Ã ÓÔÐ Á Æ�Ó KÉ Ã¨× Ê Á Ó¨Ç ¿ Ë Á Ò Þ"!#!#:�Øõó Á Æ�Ê�Ê Á�Â}Ã Ä ¿(Á Ë`Ä7Å}Ç�ËLÆ�È,É�ÓÖÆ�ÄcÄcÇ Ã�Â Æ�Ä7É Á�Ã´Á�¿ Å}É × Å K;¿ Ë7ÇZÍ Â Ç Ã ÊuÑ�Ò Á Ä7É Á�Ã ÌÄ7Å¨Ë Á�Â¨× Å3Ä7Å¨Çfó�Æy@�ã}Æ Ã Ç�N�ÄcË?Æ�ÄcÇ�ËLÒûÏ]Æ�Ì�É Ã Ê�Ð Â Ó¨ÇZÓ$Ø
.AÉ�Ò/É%ÄcÇZÓfÓ,Æ�Ä7Æ ¿ Ë Á Òu>{Ç�Ï�@eÇZÆ�ÐÛÆ Ã Ó£Q ¿ Ë Á Òãz�Þ]Ç å Ç Ã Ä7Ì Á�¿ Ò�Æ ×�Ã É%Ä Â Ó¨ÇZÌ�z�Ø Ý $«Ä Á <^ØL:�ê«Õ5Ç�ÄpÏsÇ�Ç ÃÞ"!#M#MUÆ Ã ÓÔÞ"!#!PÙ¨ã,ÆiÄ Á Ä7Æ�Ð Á�¿ Ù;M�ÞCÌcÄcË Á�Ã}× Ò Á Ä7É Á�Ã ËLÇZÊ Á ËLÓ}Ì]Ï©Ç�Ë7ÇCÆ å Æ�É�Ð�Æ�Õ,Ð%Ç�ã�Ê Á�å Ç�Ë?É Ã¨× ÆiËLÆ Ã¨× Ç Á�¿Å Á ËLÉ¥e Á�Ã Ä7Æ�Ð$Ì Á�Â ËLÊuÇ K Ä ÁBK ÌLÉ%ÄcÇ"Ó}É�ÌcÄ7Æ Ã ÊuÇZÌ ¿ Ë Á Ò Þ�Þ«Î�Ò Ä Á zA<�êUÎ�Ò Æ Ã ÓîÊuÇ Ã ÄcË Á É�ÓîÓ¨Ç�È}Ä7Å,ÌsÕ5Ç�ÄpÏsÇ�Ç ÃÙCÎ�Ò�Æ Ã ÓîÞuÙ;!CÎ�Ò~S·Ë7ÇZÍ Â É%Ë7ÇZÓUÄ7Å}Ç Â ÌcÇ Á�¿ Ì Á Ò�Ç ÁIå Ç�ËLÌcÇZÆ�Ì©Æ�ÄcÄcÇ Ã^Â Æ�Ä7É Á�Ã Ò Á Ó¨ÇZÐÛÌ
Æ�Ì[Õ,Æ�ÌcÇ�Ò Á Ó¨ÇZÐÛÌÄ Á Õ5Ç��}ÄcÄcÇZÓ�Ä Á >�Ç�Ï¦@5ÇZÆ�Ð�Æ Ã Ó�Ó}Æ�Ä7Æ�Ø(C Ë7ÇZÌLÉ�Ó Â Æ�Ð�Æ Ã Æ�Ð%Ñ�Ì7É�Ì ¿(Á ËsÓ,Æ�Ä7Æ å Ç�ËLÌ Â ÌhÄ7Å¨Ç ¿(Á Ë7ÇZÊ�Æ�ÌcÄ7Ì ¿ Ë Á ÒÄ7Å¨Ç å Æ�ËLÉ Á�Â Ì]Õ,Æ�ÌcÇCÒ Á Ó¨ÇZÐ�Ì]Ï]Æ�Ì]Ä7Å¨ÇCÕ,Æ�Ì7ÉÛÌsÄ Á Ê Á�Ã ÌcÄcËLÆ�É Ã Ì Á Ò�Ç Á�¿ Ä7Å¨ÇZÉ�ËXÈ,Æ�ËLÆ�Ò�Ç�ÄcÇ�ËLÌXÆ Ã ÓîÆ�Ð�Ð Á ÏÁ Ä7Å¨Ç�ËLÌÜÄ Á Õ5Ç_�}ÄcÄcÇZÓ�ÇZÌcÈ5ÇZÊ�É�Æ�Ð�Ð%Ñ3Ä Á Ä7Å¨ÇD>{Ç�Ï @eÇZÆ�Ð�Æ Ã ÓäÓ}Æ�Ä7Æ�ØCóXÏ Á Ò Á Ó}ÇZÐ�Ì ¿(Á Ëy>{Ç�Ï @eÇZÆ�Ð�Æ Ã ÓÓ}Æ�Ä7ÆiÏsÇ�Ë7ÇÂ�}ÄcÄcÇZÓxã Á�Ã Ç ¿(Á ËXÊuË Â ÌcÄ7Æ�ÐeÇZÆ�Ë7Ä7Å,Í Â Æ�Î�ÇZÌXÆ Ã Ó Á�Ã Ç ¿(Á ËXÌ Â Õ$Ó Â ÊuÄ7É Á�Ã e Á�Ã ÇCÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ�Ø
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Ï{Å¨Ç�Ë7Ç�{ ÉÛÌ�Ä7Å}ÇUÒ Á Ò�Ç Ã Ä"Ò/Æ ×�Ã É%Ä Â Ó¨Ç�ã ¡ É�ÌÜÄ7Å¨Ç�Ì7Å Á Ë7ÄcÇZÌcÄ"Ó,É�ÌcÄ7Æ Ã ÊuÇUÉ Ã Î�Ò Õ5Ç�ÄSÏ©Ç�Ç Ã Ì7É�ÄcÇÆ Ã ÓÖÌ Á�Â ËLÊuÇ�ã ¡´É x � É�Ì«Ä7Å¨Ç�Ð�Ç Ã¨× Ä7ÅÖÉ Ã Î�Ò Á�¿ Ä7Å¨Ç�ÈwÆ�Ë7Ä Á�¿ Ä7Å¨Ç�Ì Á�Â ËLÊuÇ K Ä ÁBK Ì7É%ÄcÇ/È,Æ�Ä7ÅÔÄ7Å}Æ�Ä`Ð�É�ÇZÌÜÉ ÃÄ7Å¨Ç å�Á Ð�Ê�Æ Ã É�Êye Á�Ã ÇPQßÅ}É × Å¨Ç�Ë�Æ�ÄcÄcÇ Ã^Â Æ�Ä7É Á�Ã S?ãBÊ"y ¯ õ"Þ ¿(Á Ë Ã¨Á Ë?Ò�Æ�ÐAÒ�ÇZÊ?Å}Æ Ã É�ÌLÒûÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ�ãÝäÁ Ä7Å}Ç�Ë7Ï{É�ÌcÇ�ãSÊ?«Ñ¯ Ý �Lz ¿(Á ËUË7Ç å Ç�ËLÌcÇ tIÁ Õ,ÐÛÉ�Í Â ÇíÒ�ÇZÊ?Å}Æ Ã É�ÌLÒ�Ì�ã�Þ ¿áÁ ËUË7Ç å Ç�Ë?ÌcÇîÒ�ÇZÊLÅ}Æ Ã É�Ì7Ò�Ì�ã ÝÁ Ä7Å¨Ç�Ë7Ï{É�Ì7Ç�ã�Î G É�Ì]Ä7Å¨Ç`Å^Ñ�È Á ÊuÇ Ã ÄcÇ�Ë{Ó¨Ç�È}Ä7Å$ã ÕjÏ ¯ Þ ¿áÁ Ë{Ì Â Õ$Ó Â ÊuÄ7É Á�Ã É Ã ÄcÇ�Ë ¿ Æ�ÊuÇ"ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ�ã ÝÁ Ä7Å¨Ç�Ë7Ï{É�Ì7Ç�ã}Æ Ã Ó½Ð Õ ¯ Þ ¿(Á Ë{Ó¨Ç�Ç�È Ì7ÐÛÆ�ÕõÇZÆ�Ë7Ä7Å}Í Â Æ�Î�ÇZÌ�ã Ý�Á Ä7Å¨Ç�Ë7Ï{É�Ì7Ç�Ø
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Æ Á Ð�Ê�Æ Ã É�Ê¬@ Á�Ã Ç�Ø â Ã Ä7Å¨Ç/� Á�Â Ä7Å â Ì7Ð�Æ Ã ÓäÄ7Å¨ÇDC�Ð%ÈwÉ Ã Ç ¿ Æ Â Ð%Ä«Ó}É�Ì7È,Ð�ÆZÑ�Ì�Ä7Å¨Ç�Å}É × Å¨ÇZÌcÄ«Å}ÆBeZÆ�ËLÓ�Ï{É�Ä7ÅÝ ØL$ × Ç�N�È5ÇZÊuÄcÇZÓUÄ Á ÕeÇ Á Õ,ÌcÇ�Ë å ÇZÓ$Ø-ó{Å¨Ç©Ð Á Ï©ÇZÌcÄ å Æ�Ð Â ÇZÌ ¿(Á Ë�Ä7Å¨Ç©Ï{Å Á Ð%Ç Á�¿ >�Ç�Ï{@5ÇZÆ�Ð�Æ Ã ÓiÆ�Ë7Ç ¿áÁ�Â}Ã ÓÉ Ã > Á Ë7Ä7Å}Ð�Æ Ã ÓxØ d Á Ë�Ä7Å¨Ç�� Á�Â Ä7Å â Ì7ÐÛÆ Ã ÓîÄ7Å¨ÇiÒ�É Ã É�Ò Â Ò Å}ÆBeZÆ�Ë?Ó É�Ì{ÇZÌcÄ7É�Ò�Æ�ÄcÇZÓ�É Ã Ì Á�Â Ä7Å¨ÇZÆ�ÌcÄcÇ�Ë Ã� Á�Â Ä7Å}Ð�Æ Ã Ó$Ø â Ã Ä7Å¨ÇZÌcÇ]Ë7Ç × É Á�Ã Ì�Ä7Å}Ç]Å,ÆBeZÆ�ËLÓ�Ò�É × Å^Ä�ÕeÇ Â}Ã Ó}Ç�Ë7ÇZÌcÄ7É�Ò�Æ�ÄcÇZÓUÓ Â ÇsÄ Á ÌcÇZÉÛÌ7Ò�É�Ê�É%ÄpÑ"ËLÆ�ÄcÇZÌÕeÇZÐ Á ÏñÄ7Å¨Ç`ÌLÒ�Æ�Ð�Ð%ÇZÌcÄ å Æ�Ð Â ÇZÌXÄ7Å,Æ�Ä{Ê�Æ Ã Õ5Ç«Ë7ÇZÌ Á Ð å ÇZÓ Ï{É%Ä7Å3Ä7Å¨Ç"Ò�Ç�Ä7Å Á Ó Ó¨ÇZÌ7ÊuËLÉ%Õ5ÇZÓ3Æ�Õ Á�å Ç�Ø
T©Ñ Ê�Æ�Ð�Ê Â Ð�Æ�Ä7É Ã}× Ä7Å¨ÇÚÅ,ÆBeZÆ�ËLÓ Â ÌLÉ Ã¨× Æ å Ç�ËLÆ × Ç3Ä7É�Ò�Ç K É Ã Ó}Ç�ÈeÇ Ã Ó¨Ç Ã ÄCÇZÆ�ËLÄ7Å}Í Â Æ�Î�Ç Á Ê�Ê Â Ë7Ë7Ç Ã ÊuÇËLÆ�ÄcÇZÌ ¿(Á Ë�ÇZÆ�ÊLÅ ¿ Æ Â Ð%ÄXÌ Á�Â ËLÊuÇ�ã Ã¨Á Æ�ÄcÄcÇ Ã Ä7É Á�Ã É�Ì]ÈwÆ�É�ÓíÄ Á Î Ã}Á Ï{Ð%ÇZÓ × Ç Á�¿ Ä7Å¨Ç«Ä7É�Ò�Ç"Ì7É Ã ÊuÇ«Ä7Å¨Ç"Ð�Æ�Ì7ÄÇ å Ç Ã Ä]Ë Â È,Ä Â Ë7ÇZÓíÆ ¿ Æ Â Ð%Ä�ã¨Æ Ã ÓÚÄ7Å¨Ç�Ë7Ç ¿(Á Ë7Ç«Ä7Å¨ÇCÒ Á Ó¨ÇZÐwÓ Á ÇZÌ Ã¨Á Ä]Ê Á�Ã Ì7É�Ó}Ç�Ë©Ä7ÉÛÒ�Ç K Ó¨Ç�È5Ç Ã Ó¨Ç Ã ÄhÈ}Ë ÁBKÊuÇZÌ7ÌcÇZÌ�Ø[ó�Å,É�Ì
É�Ì�Ï{Å^ÑUÄ7Å¨Ç{Ò Á Ó¨ÇZÐ¨É�Ì[Ì Á Ò�Ç�Ä7É�Ò�ÇZÌhË7Ç ¿ Ç�ËLË7ÇZÓ�Ä Á Æ�ÌhÄ7Å¨Ç ¤-Á É�Ì7Ì Á�Ã É�Æ Ã ÌcÇZÉ�ÌLÒ�É�ÊXÅ}ÆBeZÆ�ËLÓÒ Á Ó}ÇZÐ9ã¨Æ�Ì{É%Ä�Æ�Ì7Ì Â Ò�ÇZÌ�ÆUÄ7É�Ò�Ç K É Ã Ó¨Ç�È5Ç Ã Ó¨Ç Ã Ä ¤-Á É�Ì7Ì Á�Ã Ò Á Ó¨ÇZÐ Á�¿ ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�Ç Á Ê�Ê Â ËLË7Ç Ã ÊuÇ�Ø

�"×Ö Øo�`e $�\�$h ¿$&�D\�$&�¿^ �Äa
hÚÙÜÛnØ � $ a}Ø � � [ _ \�$ �
ó�É�Ò�Ç K Ó¨Ç�È5Ç Ã Ó}Ç Ã ÄxÈ,Ë Á Õ,Æ�Õ,É�ÐÛÉ�ÌcÄ7É�Ê
ÌcÇZÉÛÌ7Ò�É�ÊsÅ}ÆBeZÆ�ËLÓUÆ Ã Æ�Ð%Ñ�Ì7É�Ì-Å}Æ�Ì�Å}Æ�ÓUÐ�É�Ò�É�ÄcÇZÓ`Æ�È}È,ÐÛÉ�Ê�Æ�Ä7É Á�Ã É Ã Ä7Å}ÇÏ Á ËLÐÛÓäÄ Á Ó}Æ�ÄcÇ�ØUó�Å¨ÇD�}Ë?ÌcÄÜÒ Á Ó¨ÇZÐ-Ë7ÇZÆ�Ó}Ñ Ä Á Õ5Ç Â ÌcÇZÓÖÉ Ã Ë7ÇZÆ�Ð�Ä7É�Ò�Ç£QßÆ�ÄCÄ7Å¨Ç�Ò Á Ò�Ç Ã Ä"Ð�É�Ò/É%ÄcÇZÓÄ Á V]Æ�Ð�É ¿(Á Ë Ã ÉÛÆ;S
Ï]Æ�Ì{Ó¨Ç å ÇZÐ Á ÈeÇZÓõÕ^ÑÀº '*)Oh-j=' 6f¸ '�) l '*)�5 k�l�l9m ? Þ"MJ@;Øó�Å¨ÇÜÒ Á Ó}ÇZÐwÊ�Æ�Ð�Ð�ÇZÓ3��ó¸v ¤ QßÌ7Å Á Ë7Ä©ÄcÇ�ËLÒ ÇZÆ�Ë7Ä7Å}Í Â Æ�Î�Ç«È}Ë Á ÕwÆ�Õ,É�Ð�É%Ä7É�ÇZÌ S-Ê Á Ò`ÕwÉ Ã ÇZÌsÄcËLÆ�Ó}É%Ä7É Á�Ã Æ�ÐÐ Á�Ã¨× ÄcÇ�ËLÒ Õ,Æ�ÊLÎ × Ë Á�Â}Ã ÓõÅ}ÆBeZÆ�Ë?ÓîÆ Ã Æ�Ð%Ñ�Ì7É�Ì]Õ,Æ�ÌcÇZÓ Á�Ãõ× Ç Á Ð Á�× É�Ê�Æ�ÐAÓ,Æ�Ä7Æ�Æ Ã ÓõÅ}É�Ì7Ä Á ËLÉ�ÊÜÌcÇZÉ�Ì7Ò�ÉÛÊ�É%ÄSÑÏ{É%Ä7Å Ì7Å Á Ë7Ä`ÄcÇ�ËLÒôÒ Á Ó¨ÇZÐ�Ì Á�¿ Ó}É��5Ç�Ë7Ç Ã ÄfÊ Á Ò�È,Ð%Ç�N¨É%ÄSÑ�Ø â Ã Ä7Å¨ÇíÌ7Ä7Æ�Ä7É�ÌcÄ7É�Ê�Æ�ÐsÆ Ã Æ�Ð%Ñ�Ì7É�Ì�º '�)Oh-j=' 6 ,
¸ '�) l '*) Ó Á ÇZÌ Ã}Á Ä·Ó}É�Ì7Ä7É Ã¨×�Â É�ÌLÅ«ÕeÇ�ÄpÏsÇ�Ç Ãf¿(Á Ë7ÇZÌ7Å Á Ê7Î�Ì�Æ Ã Ó`Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î�Ì�Æ�Ì�Å¨ÇhÄcË7ÇZÆ�Ä7Ì�Æ ¿áÁ Ë7ÇZÌLÅ Á ÊLÎÄ Á Õ5Ç]ÆCÒ�Æ�É Ã ÌLÅ Á ÊLÎ"Ï{Å Á Ì7Ç©Æ ¿ ÄcÇ�ËLÌ7Å Á Ê7ÎUÅ}Æ�È}È5Ç Ã Ì·Ä Á Õ5Ç©ÕwÉ ×�× Ç�ËZØ�v å Ç�Ë7ÑiÌ7É Ã¨× Ð%ÇsÇ å Ç Ã Ä�ã�É Ã Ê�Ð Â Ó}É Ã¨×Ä7Å Á ÌcÇ�É Ã Æ Ã Æ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎiÌcÇZÍ Â Ç Ã ÊuÇ�ã�É�Ì
Ê Á�Ã Ì7ÉÛÓ¨Ç�Ë7ÇZÓUÄ Á Õ5ÇXÆ"Ò�Æ�É Ã Ì7Å Á Ê7ÎfÆ Ã ÓUÄ7Å¨Ç ¿(Â Ð�Ð�Æ ¿ ÄcÇ�ËLÌLÅ Á ÊLÎÈ}Ë Á Õ,Æ�Õ,ÉÛÐ�É%ÄSÑ�Ò Á Ó¨ÇZÐ5É�ÌXÆ�È,È,Ð�É%ÇZÓ$Ø�ó�Å¨ÇCÊ�Æ�Ð�Ê Â Ð�Æ�Ä7É Á�Ã Ä7Å¨Ç�Ë7Ç ¿(Á Ë7Ç"Æ�Ð�Ð Á Ï{Ì ¿(Á Ë�Ò Á Ë7ÇCÄ7Å}Æ Ã3Á�Ã ÇCÇ å Ç Ã ÄÊ Á�Ã ÄcËLÉ�Õ Â Ä7É Ã¨× Ä Á Ä7Å}ÇíÆ ¿ ÄcÇ�ËLÌ7Å Á Ê7Î´Å}ÆBeZÆ�ËLÓçÆ�Ä Á�Ã ÇíÐ Á Ê�Æ�Ä7É Á�Ã ã-Õ Â ÄfÉ%Ä Á�Ã Ð%Ñ ÌLÅ Á Ï{ÌfÄ7Å¨ÇîÅ}É × Å}ÇZÌcÄËLÆ�ÄcÇ"È}Ë Á Ó Â ÊuÇZÓíÕ�ÑîÆ Ã Ñ Á�¿ Ä7Å¨Ç"Ç å Ç Ã Ä7Ì�Ø

 ÜÇ�ÈeÇ Ã Ó}É Ã¨×UÁ�Ã Ä7Å¨ÇfÉ Ã¨¿(Á ËLÒ�Æ�Ä7É Á�Ã Æ å Æ�É�ÐÛÆ�Õ,Ð%Ç�ãfº '*)Oh-j=' 6f¸ '�) l '*) Å}Æ�ÌXÄ7Å¨ËLÇ�Ç`Ó}É��5Ç�Ë7Ç Ã Ä�Æ ¿ ÄcÇ�Ë KÌ7Å Á Ê7Î3Ò Á Ó}ÇZÐ�Ì]Ä7Å}Æ�Ä{É Ã ÊuË7ÇZÆ�ÌcÇ"É Ã Ê Á Ò�ÈwÐ%Ç�N�É�ÄSÑîÆ Ã Ó3È5Ç�Ë ¿(Á ËLÒ�Æ Ã ÊuÇñQßÌcÇ�ÇDV]Å}Æ�È}ÄcÇ�Ë�Ù¨ØjÙ�S?Øó�Å¨Ç ÌLÉ�Ò�È,Ð%ÇZÌ7Ä Á�Ã ÇäÉÛÌ/Æ × Ç Ã Ç�ËLÉ�ÊäÒ Á Ó}ÇZÐ{Æ ¿ ÄcÇ�Ë¿E ' ä h"' 6f¸ '�) l ä76;:^Ý 2 6 '*h#5�6�798�7 Æ Ã Ó
6�7�77>Þ? Ù;:L@;ã ? Ù;zL@XÄ7Å}Æ�Ä Á�Ã Ð%Ñ´Ê Á�Ã Ì7É�Ó¨Ç�Ë?ÌfÄ7Å}Ç3Ò/Æ ×�Ã É%Ä Â Ó¨Ç Á�¿ Ä7Å}ÇõÒ�Æ�É Ã Ì7Å Á ÊLÎ Ä Á ÇZÌcÄ7É�Ò�Æ�ÄcÇîÄ7Å}ÇÇ�N�È5ÇZÊuÄcÇZÓ/Æ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎ�ËLÆ�ÄcÇ�Ø¶	{Ç Â ÌcÇZÌ
Ä7Å,É�Ì Á�Ã Ç{ÉÛÒ�Ò�ÇZÓ}É�Æ�ÄcÇZÐ�ÑiÆ ¿ ÄcÇ�ËhÄ7Å¨Ç�Ç å Ç Ã Ä�ã�Ï{Å¨Ç Ã/Ã¨Á ÄsÒ Â ÊLÅ
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É Ã}¿áÁ ËLÒ/Æ�Ä7É Á�Ã É�ÌXÆ å Æ�É�Ð�Æ�ÕwÐ%ÇCÑ�Ç�Ä�Øâ ¿ Ä7Å¨Ç Á Õ,ÌcÇ�Ë å ÇZÓ/ÇZÆ�Ë7Ä7Å,Í Â Æ�Î�Ç«È}Ë Á Ó Â ÊuÇZÌsÆiÌ Â0ß Ê�É�Ç Ã Ä Ã^Â ÒfÕ5Ç�Ë Á�¿ Æ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎ�Ì�ã}ÆiÌcÇZÍ Â Ç Ã ÊuÇ KÌcÈ5ÇZÊ�É¥�wÊÜÒ Á Ó¨ÇZÐ$ÉÛÌXÊ�Æ�Ð�Ê Â Ð�Æ�ÄcÇZÓîÏ�Å}É�ÊLÅ Â ÌcÇZÌ]Ä7Å¨Ç`ÆUÈ Á ÌcÄcÇ�ËLÉ Á ËLÉeÈ,Æ�ËLÆ�Ò�Ç�ÄcÇ�Ë å Æ�Ð Â ÇZÌ]ÇZÌcÄ7É�Ò�Æ�ÄcÇZÓ ¿áÁ ËÄ7Å¨ÇfÌcÇZÍ Â Ç Ã ÊuÇ`Æ�Ä{Æ × É å Ç Ã Ä7É�Ò�Ç�Ø
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ó{Å¨ÇhÒ Á ÌcÄ-Ê Á Ò�È,Ð%Ç�N"Ò Á Ó¨ÇZÐ^Ê�Æ Ã Õ5Ç[Æ�È}È,ÐÛÉ%ÇZÓ"É ¿ Ä7Å¨ÇsÆ ¿ ÄcÇ�ËLÌ7Å Á ÊLÎ"ÌcÇZÍ Â Ç Ã ÊuÇsÓ¨Ç å ÇZÐ Á È,ÌAÆ�Ì7É ×�Ã É¥� KÊ�Æ Ã Ä·ÌcÈwÆ�Ä7É�Æ�ÐaÅ¨Ç�ÄcÇ�Ë Á�× Ç Ã ÇZÉ%ÄSÑ�Ø
ó�Å,É�Ì$Ò Á ÌcÄ-Ê Á Ò�È,Ð%Ç�N5ãPÌ7È,Æ�Ä7É�Æ�Ð�Ð%ÑÜÅ¨Ç�ÄcÇ�Ë Á�× Ç Ã Ç Á�Â Ì·Ò Á Ó¨ÇZÐ�Ê�Æ�ÐÛÊ Â Ð�Æ�ÄcÇZÌÉ%Ä7Ì�È,Æ�ËLÆ�Ò�Ç�ÄcÇ�ËLÌ Á�Ã ÇZÆ�ÊLÅ Ã¨Á Ó¨Ç Á�¿ Ä7Å¨Ç × ËLÉ�ÓîÊ ÁIå Ç�ËLÉ Ã¨× Ä7Å¨Ç"Æ ¿ ÄcÇ�Ë?Ì7Å Á Ê7Îªe Á�Ã Ç`É Ã Ó¨Ç�È5Ç Ã Ó¨Ç Ã Ä7Ð%Ñ�Øó{Å¨ÇõÒ Á Ó¨ÇZÐ�É�Ì�Ó¨ÇZÌLÉ ×�Ã ÇZÓ ¿(Á Ë�Ë7ÇZÆ�Ð K Ä7ÉÛÒ�ÇõÆ Ã Æ�Ð%Ñ�Ì7É�Ì�ã©Æ Ã Ó Ï{ÉÛÐ�Ð©ÕeÇõÒ/Æ�Ó¨Ç Æ å Æ�É�Ð�Æ�ÕwÐ%Ç Á�Ã Ä7Å¨ÇÉ Ã ÄcÇ�Ë Ã Ç�Ä Á�Ã ÊuÇ/Ä7Å¨ÇUÄcÇZÌcÄ7É Ã¨× È,Å,Æ�ÌcÇ�É�Ì«Ê Á Ò�È,Ð%Ç�ÄcÇZÓ$Ø¬â Ã ÇUÇ�N¨Æ�Ò�È,Ð%Ç�Ò�Æ�È ÉÛÌCÌ7Å Á Ï Ã É Ã d É × ØRM�ØjÙ
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Qsº '*)ih-ji' 6f¸ '*) l '*)~'�j ä�åsZ 5 k�l�l9m S ? Þ=<L@
�" � Øo�`e $ \�$h ¿$&�D\�$&�¿^ �Äa
hÚÙ ` _ % ] $ ) k $ �g�d� �D\ Û Ù   ���`_ ^

c ^xbD\Dc�ëÂcíìãbD\ _¿� `�î Yrï�ï [
ó�Å¨Ç]Ï Á ËLÎiÈ,Ë7ÇZÌcÇ Ã ÄcÇZÓ�É Ã Ä7Å}É�Ì�Ä7Å}ÇZÌ7É�Ì
É�Ì
Ä7Å}Ç�Ê Á�Ã Ä7É Ã�Â Æ�Ä7É Á�Ã�Á�¿ Æ«ËLÇZÌcÇZÆ�ËLÊLÅ/È}Ë Á fcÇZÊuÄ[Ä7Å}Æ�Ä â Ê�Æ�Ë7ËLÉ�ÇZÓÁ�Â ÄiÓ Â ËLÉ Ã¨× ÒfÑ�ÌcÄ Â Ó}É%ÇZÌ ¿(Á ËUÆ/2ÜË?Æ�Ó Â Æ�ÄcÇð ÜÉ�È,Ð Á Ò�ÆäÉ Ã : Ý�Ý ê�Ø QFE ¨ : 2 åHñ QßÒfÑ Õ,É%ËLÄ7Å Ã Æ�Ò�ÇiS?ã
k+l�l9m ? Ù�<=@ÎSió{Å¨ÇîÉ Ã ÄcÇ Ã Ä7É Á�Ã É Ã Ä7Å}Æ�Ä�Ì7Ä Â Ó¨Ñ�Ï]Æ�Ì�ÆU�}Ë?ÌcÄ�ÌcÄcÇ�È Ä Á Ï]Æ�ËLÓ}Ì�É Ã Ê Á Ë7È Á ËLÆ�Ä7É Ã¨× Ì7Å Á ËLÄÄcÇ�ËLÒ Å,ÆBeZÆ�ËLÓºÉ Ã¨¿áÁ Ë?Ò�Æ�Ä7É Á�Ã É Ã Ä Á Ä7Å¨ÇÔ>ÜÆ�Ä7É Á�Ã Æ�Ð"ò�ÇZÉ�Ì7Ò/É�Êó	ÜÆBeZÆ�ËLÓ�� Á Ó¨ÇZÐ ¿(Á Ëª>{Ç�Ï @eÇZÆ�Ð�Æ Ã Ó
Qpè j / ) å½/H6;l 5 k�l�l9k ? z#$L@ÎS?Ø

d É ×�Â Ë7Ç¿M�ØLz*W&ô`õ&öL÷ùø�úfû�ú×÷ùüJý`üLþ�ÿ�þ����×þ�������þ���	�þ��áöJý�
�ý`ú��	 ý`û���ûM÷Wþ�����÷��Lþ�ý����¤ÿ������������\ú���ø���� ÷`ú�� ��öL÷!�" öJý�
�ý`ú�$#´ö��\ú��
��÷Wúáôùô&%Bø�'rô)(�()*+� ú×þ�'ùö!���

â Â ÌcÇZÓ Ä7Å¨Ç °X'*)i) /-, ' åH: '�j ä�åsZ 5 k�l�l >»? ê#:L@ d Á Ë7ÇZÌ7Å Á ÊLÎ ¤ Ë Á Õ,Æ�Õ,É�ÐÛÉ%ÄSÑ{� Á Ó¨ÇZÐ ¿(Á Ë£>{Ç�Ï
@eÇZÆ�Ð�Æ Ã ÓíÄ Á Æ Â¨× Ò�Ç Ã ÄXÄ7Å¨ÇCÌcÇZÉ�ÌLÒ�É�Ê�Õ,Æ�Ê7Î × Ë Á�Â}Ã ÓîÅ,ÆBeZÆ�ËLÓ × É å Ç Ã Õ�Ñäè j / ) åÎ/F6;l Ò¥h >ÜÆ�Ä7É Á�Ã Æ�Ð;ò�ÇZÉÛÌ KÒ�É�Ê!	�ÆBeZÆ�Ë?Ó�� Á Ó¨ÇZÐ9Ø â Ã3Á�Ã Ç K Ó}Æ�ÑîÅ}ÆBeZÆ�ËLÓõÒ�Æ�ÈwÌ â Ì7Å Á Ï©ÇZÓîÄ7Å¨Ç ¿(Á Ë7ÇZÌ7Å Á Ê7Î3Å}ÆBeZÆ�ËLÓõÉÛÒ�È,Æ�ÊuÄ ¿áÁ ËÌ7Ò�Æ�Ð�Ð[Æ�ËLÇZÆ�ÌfÆ�Ë Á�Â,Ã Ó Æ�Ð�ÐhÇ å Ç Ã Ä7ÌiÑ Á�Â}Ã¨× Ç�ËfÄ7Å}Æ Ã � å Ç/Ó}Æ�Ñ�Ì�Øõó{Å¨Ç�ÄSÏ Á Ç�N¨Æ�Ò�È,Ð�ÇZÌ`É Ã d É × ØPM�ØLzÓ¨ÇZÒ Á�Ã ÌcÄcË?Æ�ÄcÇ�Ä7Å¨Ç�Ç�.5ÇZÊuÄ�Ø]â Ã Ä7Å¨Ç�Ð%Ç ¿ Ä[Å,Æ Ã Ó�Ì7É�Ó¨Ç�ÉÛÌ�Ä7Å¨Ç Á�Ã Ç{Ó,ÆZÑ�Æ�È}È5ÇZÆ�ËLÆ Ã ÊuÇ Á�¿ Ä7Å¨Ç¸>ÜÆ�Ä7É Á�Ã Æ�Ð
ò�ÇZÉ�Ì7Ò�ÉÛÊ¿	ÜÆBeZÆ�ËLÓÍ� Á Ó¨ÇZÐ9ã©Ì7Å Á Ï�É Ã¨× Ä7Å¨Ç Ì7Ä7Æ�Ä7É�ÊîÈ}Ë Á ÕwÆ�Õ,É�Ð�É%ÄpÑ ¿(Á Ë/Æ × Ë Á�Â}Ã Ó Ò Á Ä7É Á�Ã Á�¿CÝ Ø Ý z ×ÕeÇZÉ Ã¨× Ç�N�ÊuÇ�ÇZÓ}ÇZÓ$Ø�ó�Å¨ÇiÒ�Æ�È Á�Ã Ä7Å¨Ç`ËLÉ × ÅaÄÜÅ}Æ Ã ÓõÌ7ÉÛÓ¨Ç`Ì7Å Á Ï{Ì�Ä7Å}ÇfÅ}ÆBeZÆ�ËLÓ�Ó}É�Ì7ÄcËLÉ%Õ Â Ä7É Á�ÃÚ¿(Á Ë¿:#:
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C Â¨× : Ý�Ý ê�Ä7Æ�Î�É Ã}× Ä7Å¨Ç ¿(Á Ë7ÇZÌ7Å Á Ê7ÎíÄcËLÉ ×�× Ç�ËLÉ Ã¨× Æ�ÌcÈ5ÇZÊuÄ{É Ã Ä Á Æ�Ê�Ê Á�Â}Ã Ä�Ø
/10�0 Î�É32 × Æ54�ÌcÇ�Ë?É%ÇZÌ 076 498;:ZÌ9:õÓ�<�É�Ð%Ñ Ò=<�ÈwÌUÈ}Ë 0 Ó�>�?�:A@CB�DE498;:½ FDG2�<7HJI3?óòG:AI3K9H=IL?n	F<BeA<5M�@
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Subduction Slab (5.4)
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Residuals of strong motion data from median value of the

McVerry attenuation model
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Residuals of strong motion data from the median of the

McVerry attenuation model

(data that has not been used to derive the model)
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Observation versus Poissonian and total

forecasts on all sites
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W 4X< W�Y[Z WL\ W F5< WL\ W3W Q WL\ W3W <>U W]\ WCW FL< WL\ W3WCW3^

_ WL\ W3W F _ W]\ WCW < _ WL\ W3WCWE` _ WL\ W3W3WCa _ W]\ WCW3W U
< W 4bF W�Y[Z WL\ W3W3a WL\ W3W < a WL\ W3W <>F W]\ WCW3W3W F WL\ W3W <cF

_ WL\ W3W F _ W]\ WCW3W3a _ WL\ W3WCW3d _ W]\ WCW3WCWE` _ W]\ WCW3W3d
F W 47N W�Y[Z WL\ W3WE` WL\ W3W F5< WL\ W3W <>U W]\ WCW <>F WL\ W3WCW3^

_ WL\ W3W < _ W]\ WCW3W3a _ WL\ W3WCWE` _ WL\ W3W3WCd _ W]\ WCW3W U
N W 4@Q W�Y[Z W]\ WCW FL< WL\ W3WCW3d W]\ WCW3WCW F W]\ WCW3W N WL\ W3WCW3^

_ WL\ W3W3WCa _ W]\ WCW3W Q _ WL\ W3W3WCWE` _ WL\ W3W3W N _ W]\ WCW3W U
Q W 4bU W�Y[Z W]\ WCW < a WL\ W3W < a WL\ W3W FL< W]\ WCW FVQ WL\ W3WCW3^

_ WL\ W3W3WCa _ W]\ WCW3W3a _ WL\ W3WCW3a _ WL\ W3W3WC^ _ W]\ WCW3W U
a�P f _UN Ü n7Á<úfeEg�hbiXj7kEgmlon�p3hbgcq[r�qEsutuswvbsxiXjzy{g�h|r�tut]y{g�hbiPj7kCgml}n�~�r�su�Ej7kCgml}n�pEr�swhbj����|gc�3��� ���]�
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W 4P< W�YEZ WL\ W3W QEU a WL\ W3W <cUmQ WL\ W3W3W NCF W]\ WCW3WCd F W]\ WCW3W NEF

_ W]\ WCW <3< a _ WL\ W3WCW3dCa _ WL\ W3WCW NL< _ WL\ W3W3W Q3Q _ W]\ WCW3W NL<
< W 47F W�Y[Z WL\ W3W < a Q WL\ W3WCW3d F WL\ W3W3WCd F W]\ WCW3WCW F W]\ WCW3W3W F

_ W]\ WCW3WE` U _ WL\ W3WCW QCQ _ WL\ W3WCW Q3Q _ WL\ W3W3WCWE` _ W]\ WCW3WCWE`
F W 4@N W�Y[Z WL\ W3W F5<�Q WL\ W3W <cFVN WL\ W3W3WCd F W]\ WCW3W NCF W]\ WCW3W3W F

_ W]\ WCW3W3a < _ WL\ W3WCW3d < _ WL\ W3WCW Q3Q _ WL\ W3W3W NL< _ W]\ WCW3WCWE`
N W 4�Q W�Y[Z WL\ W3W <cF3N WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3WCW F W]\ WCW3W3d F

_ W]\ WCW3W3d < _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3WCWE` _ W]\ WCW3W Q3Q
Q W 47U W�Y[Z WL\ W3WCW3W F WL\ W3WCW NCF WL\ W3W3W NCF W]\ WCW3WC^ N W]\ WCW3W3d F

_ W]\ WCW3W3W[` _ WL\ W3WCW N]< _ WL\ W3WCW NL< _ WL\ W3W3W UVN _ W]\ WCW3W Q3Q
a�P f _UN Ü n ÚSú�eEg�hbiXj7kEgmlon�p3hbgcqEr�qEsutuswvbsuiPj y�g�h�y�g�hbiXj7kEgmlon�r��[��~�r�su�Ej7kCgml}n�g�y&vbkCi|jbr�~Ji�~�r��c�Eswvb�E�Ci����|gc�3��� ���]�
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W 4P< W�Y[Z WL\ W3W Q WL\ W3WCW3W F WL\ W3WCW N WL\ W3WCW N WL\ W3W3W N

_ WL\ W3W < _ W]\ WCW3W3W[` _ W]\ WCW3W N _ WL\ W3WCW N _ WL\ W3WCW N
< W 47F W�Y[Z W]\ WCW <>F W]\ WCW3W N WL\ W3WCW3W F WL\ W3W3WCW F WL\ W3W3W N

_ WL\ W3W3WCd _ W]\ WCW3W N _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3WCW N
F W 4@N W�Y[Z W]\ WCW < a WL\ W3WCW3W F WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3WCW F

_ WL\ W3W3WCa _ W]\ WCW3W3W[` _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3WCWE`
N W 4�Q W�Y[Z W]\ WCW3W3W F W]\ WCW3W N WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3WCW F

_ W]\ WCW3WCWE` _ W]\ WCW3W N _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3WCWE`
Q W 47U W�Y[Z W]\ WCW3W3W F W]\ WCW3W3d WL\ W3WCW N WL\ W3WCW3^ W]\ WCW3WCW F

_ W]\ WCW3WCWE` _ W]\ WCW3W Q _ W]\ WCW3W N _ WL\ W3WCW U _ WL\ W3W3WCWE`
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W 4X< W�Y[Z WL\ W3W Q WL\ W3WCW3^ WL\ W3WCW N WL\ W3W <>F W]\ WCW3W N

_ WL\ W3W < _ W]\ WCW3W U _ WL\ W3WCW N _ WL\ W3WCW3d _ WL\ W3W3W N
< W 4bF W�Y[Z W]\ WCW <>F WL\ W3WCW3W F WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3WCd

_ WL\ W3W3WCd _ W]\ WCW3W3W[` _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3W Q
F W 47N W�Y[Z W]\ WCW <>F WL\ W3WCW N WL\ W3WCW N WL\ W3W3W N W]\ WCW3W N

_ WL\ W3W3WCd _ W]\ WCW3W N _ WL\ W3WCW N _ WL\ W3WCW N _ WL\ W3W3W N
N W 4@Q W�Y[Z W]\ WCW3W N WL\ W3WCW3W F WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3WCW F

_ WL\ W3W3W N _ W]\ WCW3W3W[` _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3WCWE`
Q W 4bU W�Y[Z W]\ WCW3WCd WL\ W3WCW3W F WL\ W3WCW3W F WL\ W3W3WCW F W]\ WCW3W N

_ WL\ W3W3W Q _ W]\ WCW3W3W[` _ WL\ W3WCW3W[` _ WL\ W3WCW3WE` _ WL\ W3W3W N
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W 4P< W�Y[Z W]\ WCW F3U WL\ W3WCW N WL\ W3W3W N W]\ WCW3W3W F WL\ W3WCW3W F

_ W]\ WCW3WC^ _ WL\ W3WCW N _ WL\ W3WCW N _ W]\ WCW3WCWE` _ W]\ WCW3W3W[`
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Strike-slip (5.3)
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Oblique (5.4)
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Reverse (5.4)
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Subduction Slab (5.4)
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Oblique (5.5)
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Strike-Slip (5.5)
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Subduction Slab (5.5)
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Strike-Slip (5.6)
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Subduction Slab (5.6)
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Reverse (5.7)
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Subduction Slab (5.7)
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Reverse (5.8)
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Strike-Slip (5.8)
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Reverse (5.9)
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Subduction Slab (6.0)
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Strike-Slip (6.2)
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Subduction Slab (6.2)
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Strike-Slip (6.3)
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Subduction Slab (6.3)
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Oblique (6.4)
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Normal TVZ (6.5)
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Reverse (6.5)
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Reverse (6.8)
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Strike-Slip (6.8)
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Reverse (7.2)
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