
IntroductionIntroduction

In any probabilistic seismic hazard assessment an important role is played by the seismicity rates. This is confirmed by the wide and
controversial discussions about the procedures for their determination: �Gutenberg and Richter distribution� vs �independent rates in
every magnitude class�; size of binned magnitude class; the fitting algorithm to use (least squares or maximum likelihood); and so on.
In 2004 a new probabilistic seismic hazard map of Italy, named MPS04 (MPS04 Working Group, 2004), was released adopting a logic tree
approach for exploring the alternative epistemic choices (Fig. 1). For seismogenic zonation (ZS9, MPS04 Working Group, 2004) (Fig. 2)
and catalogue (CPTI04; CPTI04 Working Group, 2004) no alternative models were explored.

MethodMethod

In MPS04, for 8 branches out of 16 seismicity rates are determined according to GR distribution (2
alternative time interval completenesses and 4 different strong motion attenuation relationships).
For each branch, fixing b-value to 1, two alternatives for a-value determination were selected:

i)  fixing the a-value as cumulative number of activity rates (green test);
ii) evaluating the a-value in each source zones with the least squares method to fit activity rates
(red test).

The first case (green test) involves a redistribution of earthquakes in the magnitude classes
compared to MPS04; the second one (red test) produces a new a-value, meaning a different
cumulative number of earthquakes.

Figure 3 shows a comparison among three different GR distribution fitting procedures of the same
activity rates: MPS04, green test approach, red test approach. Two sources zones where the b-
value in MPS04 was respectively less than 1 and greater than 1 were presented.

Figures 3. Frequency-magnitude distribution according to MPS04 (blue dots for AR rates and blue squares and
blue line for GR rates) and the two tests above.

Two alternative procedures were used for computing seismicity rates: activity rates for each binned magnitude class and Gutenberg-
Richter (1944) distribution (GR). In the branches where GR distribution was adopted, the corresponding b-value was evaluated for each
source zone; the outcome was between 0.63 and 2.01.
Gutenberg and Richter (1944) law defines an empirical relationship between frequency and magnitude of earthquakes as

Log N (M) = a � b M
where N is the cumulative number of earthquakes of magnitude ≥ M and a and b are constants. Gutenberg and Richter themselves (1944)
define b-value equal to 1 on a worldwide scale and for large volumes. Nowadays the b-value estimation at different scales is subject of
many scientific works, as it reflects a physical meaning. Assuming b-value fixed equal to 1 implies considering self-similar seismic process
(equal characteristics for small and large events; e.g. Legrand, 2002; Main, 2000; Pacheco et al., 1992).
A large number of papers pointed out the spatio-temporal b-value variability; such variability is related to the tectonic regimes of the
region by many authors (e.g. Schorlemmer et al., 2005; Bayrak et al., 2002; Lopez-Casado et al., 1995).

In this work it was evaluated the effect and the significance of setting the b-value to 1 on the results of seismic hazard assessment with
respect to MPS04 choices.

Processing mapsProcessing maps

Figure 1. Logic tree adopted in MPS04.

The effect of setting the b-value to 1 on seismic hazard
assessment was evaluated through the re-processing of the
whole logic tree for assessment of two new seismic hazard maps
(Fig. 4, green test, and Fig. 8, red test) and comparing them
with MPS04 (Fig. 6).
All maps represent PGA with 10% probability of exceedance in
50 years for hard ground sites.

Figures 5 and 7 show differences between median value in
MPS04 and two tests, while figures from 9 to 14 show
differences between 84° percentile and median values and
between median and 16° percentile values for each map.

Generally the first approach (green test, a-value determined as
cumulative number of activity rates) results in wider changes
respect to the second approach (red test, a-value evaluated in
each source zone with the least squares method to fit individual
rates).

Anyway the differences between MPS04 and the two test are
included in the range -0.019 and +0.152 g (corresponding to a
maximum variation of 55% with respect to the value in MPS04)
and obviously the difference distribution corresponds to the
source zones drawing.
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ConclusionsConclusions

In order to evaluate the effect of fixing b-value to 1 on probabilistic seismic hazard assessment, two new hazard maps were
computed, adopting two different approaches to fit original seismicity rates. The results were compared with reference Italian
seismic hazard map (MPS04; MPS Working Group, 2004).

The general remarks are:

� fixing b-value to 1 implies significant variation both to seismic hazard and energy balance in every source zone with respect to the
approach adopted in MPS04;

� considering single grid point, the variations can be more or less significant, but a general increase of uncertainty is observed;

� the weighting of logic tree branches can determine a smoothing of variation in median values with respect to single branch values.

Figure 2. Seismogenic zonation ZS9.

Energy release balanceEnergy release balance

Different seismicity rates implies different amount of released energy. Energy balance for MPS04 and the
two tests were evaluated, both for historical and statistical completeness, in 100 years time period,
through magnitude-energy relation (Gutenberg and Richter, 1956):

                 Log10 E(joule) = 4.8 + 1.5 Ms

In order to understand how different options influence the results, 2 grid points were selected and
analysed, both with respect to single branches of the logic tree and to percentiles.
In figures 15 and 16, for a single grid point, the values of every single branch are reported with
dots. The X axis is the PGA value, the Y axis is the relative weight of the branches. The lines
represent the percentiles for MPS04 and the two tests. The first case (Fig. 15) is relative to a
source zone where the b-value in MPS04 is greater than 1 (ZS 915). The red test shows a
different distribution of single points, but the median is quite similar to the MPS04 estimate. On
the contrary the green test shows a wider dispersion of single points and higher values; this
implies a higher median estimate and a greater uncertainty.
The second case (Fig. 16) is relative to a source zone where the b-value in MPS04 is less than 1
(ZS 927).
For green and red tests the values for single branches are similar and lower than  MPS04 estimate
and the median results approximately 10% lower. Both tests highlight that the uncertainty
increases.
As the GR branches in the adopted logic tree approach have a minor weight than AR ones (40% vs
60%), we think that the median map smoothes the impact of fixed b-value.

Figure 15. Single branch values in ZS915. Figure 16. Single branch values in ZS927.

Figure 4. Green test: median map Figure 8. Red test: median mapFigure 6. MPS04: median map

Figure 5. Differences between
MPS04 and green test

Figure 7. Differences
between MPS04 and red test

Figure 9. Green test:
84° perc. - 50° perc.

Figure 13.  Red test:
84° perc. � 50° perc.

Figure 10. Green test:
50° perc. -16°perc.

Figure 14. Red test:
50° perc.  - 16°perc. map

Figure 12. MPS04:
50° perc. - 16° perc.

Figure 11. MPS04: 84°perc.
� 50° perc.

Table 2 shows the energy release for each source zone
and for the two different time interval completenesses
adopted in the logic tree. The b-value used in MPS04 is
reported too. Comparing the sums for the maps it is
possible remark that the cumulative energy decreases in
both tests and in the red one is more significant.
Comparing the energy in each zone with the b-value in
MPS04, the trend shows energy decrease if b-value was
less than 1; energy increase if the b-value was greater
than 1.

Only 7 source zones out of 36 had b<1 but their
contribution is more than 50% to the total energy,
explaining the main differences in the maps produced in
the tests.

Table 2. Energy release (value x 1013 joule) in each seismogenic
zone for historical and statistical completeness in MPS04, green

test and red test in a 100 years period.
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Figure 17. MPS04 single branch
map

Figure 18. Green test: single
branch map

Figure 19. Red test: single branch
map

Figure 20. Differences between
MPS04 and green test

Figure 21. Differences between
MPS04 and red test

b > 1 b < 1

As a further analysis a single branch was examined. We selected the branch
named 911 in the logic tree in figure 1.

Figures 17-19 show the maps relative to the single branch in MPS04 vs green
and red tests. Figures 20 and 21 represent the differences between MPS04
and the two tests. It is possible to observe that such differences (as absolute
values) are more remarkable compared to previous analyses based on
weighted medians. In these cases differences range between -0.084 and
+0.108 g (still corresponding to a maximum variation of 55%).
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