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SUPPLEMENTARY   MATERIAL 

 

 
Text T1: SeisComP3 processing steps for automated detection 
and location of seismic events  
The SeisComP3 (SC3) monitoring software was used for the initial automated detection and location 
of seismic events in offline mode. We adopted to large extents the configuration used by the Swiss 
Seismological Service for local-to-regional event detections. This procedure is partly described in 
Diehl et al. (2013) and in Diehl et al. (2017). This configuration proved reliable to detect and locate 
local-to-regional seismicity. For the AARC configuration, we set up SC3 to be able to locate events 
with M~2. The smaller local events (with M<2) were not our main target, so we set up the SC3 
associator and locator in order to optimise the balance between “real” well-located events (that we did 
not want to miss even a single one) and “false” events (that we wanted to minimise in number). The 
basic processing steps and their corresponding configuration parameters are summarized in the 
following list. 

1. Automatic phase picking: The automatic picking module of SC3 (scautopick) was applied to 
the vertical component of day-long miniseed files of each station included in the AlpArray 
data set. The scautopick module performed the phase picking in two steps: 
(i) Trigger-mode: We first applied a simple short-term to long-term (STA/LTA) trigger 
algorithm to the waveform to get the approximate arrival of a phase. We applied a 4th order 
Butterworth bandpass filter (frequency range: 5-20 Hz), suitable to detect P phases of local to 
regional earthquakes. The STA/LTA algorithm used a short-time window of 1.0 s and a long-
time window of 30 s and a trigger threshold of 6. The trigger was disabled once the STA/LTA 
value falls below a value of 1.5. All parameters are well established and tested by routine 
earthquake detection of the Swiss Seismological Service (SED). 
(ii) To overcome the typical delay of STA/LTA triggers and to increase the precision of the 
phase arrival time, we applied a secondary post-picker in a time window around the initial 
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STA/LTA trigger. As post picker, we used the Baer & Kradolfer (BK) picker (Baer & 
Kradolfer 1987), which is the standard post-picker used by the SED and which has proved to 
provide stable and precise onset times in many applications (e.g. Diehl et al. 2009). In 
addition, it is computationally efficient. The BK picker is applied in a time window starting 20 
s prior to the STA/LTA trigger and ends 5 s after the STA/LTA trigger. The -20 s pre-trigger 
time is used to find potential first arrivals P phases missed by the less sensitive STA/LTA 
algorithm. This can happen, for instance, if the STA/LTA algorithm triggers at the S rather 
than the P wave due to low signal-to-noise ratio (SNR) of the waveform. The BK picker is 
applied to a slightly different frequency band (2nd order (to avoid phase delays) bandpass in 
range 5-30 Hz). The trigger parameters of the BK algorithm are thrshl1=10 and thrshl2=20 
(see Baer & Kradolfer 1987 for details) All BK parameters were adopted from the settings 
used by the SED for automated earthquake detection. 
The BK pick is considered as the final automatic pick returned by the scautopick module. In 
addition, the scautopick module already measures the peak amplitude in a fixed time window, 
which can later be used for the calculation of the MLv magnitude. All picks derived from the 
day-long waveform files of all stations are collected and sorted by their arrival time and 
aggregated in day-long XML pick files. 

2. Event detection and preliminary location: The SC3 module scautoloc is applied to the day-
long pick files derived in the previous step. To ensure optimal detection for local to regional 
seismicity, we used a detection grid in scautoloc, which was modified for the AlpArray study 
region. Event nucleation is triggered if a minimum of 10 phases was available. This number 
was chosen as a compromise between detection rate and avoiding too many “fake” detections. 
Once the scautoloc module declares a detection, it performs a preliminary automatic location 
using the locsat location algorithm in combination with the ISAPEI91 global earth model. This 
results a first automatic origin (including the basic hypocenter parameters and associated phase 
arrivals) of the potential earthquake. All origins determined by the scautoloc module are 
aggregated in day-long XML preliminary origin files (POF). 

3. Refinement of automatic hypocenter location: The preliminary origins derived by the 
scautoloc module are refined/improved by the post-locator module screloc. This module uses 
the NonLinLoc (NLL, Lomax 2000) algorithm in combination with a 1-D model of the greater 
Alpine region (Diehl et al. 2009). NLL is applied using the Equal-Differential-Time (EDT) 
algorithm, which identifies (and down-weights) potential erroneous automatic picks and 
therefore provides usually more reliable automatic locations (see main text for details). To 
avoid memory issues and ensure efficient processing of the many hundreds of origins we 
restricted the NLL relocation to the closest 30 stations of the preliminary origin solution. The 
screloc module is applied to every preliminary origin POF XML file derived in the previous 
step. All relocated origins are then aggregated in day-long XML relocated origin files (ROF). 

4. Magnitude estimation: For all origins included in the POF and ROF XML files, the module 
scmag computes a local magnitude (MLv). For this, the corresponding amplitudes derived by 
the scautopick module are used. Magnitude information is added to the POF and ROF XML 
files. 

5. Location quality estimation and event merging: In a final processing step, all origins 
included in the day-long POF and ROF XML files are merged by the SC3 module scevent. 
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Based on different criteria (origin time, hypocenter location, overlap in associated arrival-time 
picks), this module merges all the different origins to so-called “events”. An “event” therefore 
includes many possible origins of different quality. To select the “best” origin of an event, the 
scevent module calculates an event-quality score for each origin (see text T2 for details). The 
origin with the highest score value (considering POF as well as ROF) will be the preferred 
origin of the corresponding event. Another dedicated module will add the corresponding 
location-quality score to the origins. The combined information of all events are aggregated in 
day-long event XML files (including all associated origins, magnitudes, and location-quality 
scores). 

6. Import to SC3 database: Finally, we import the all the day-long event XML files to a SC3 
(PostgreSQL) database via the SC3 module scdb. Once imported to the database, we can apply 
targeted SQL database queries to extract information as well as using FDSN web-services for 
downstream analysis. In addition, we can use the SC3 database for convenient manual review 
and quality-control of the automatic solutions using SC3’s graphical user interfaces such as the 
scolv application.   
 

Text T2: Event-Score definition 
The SeisComP3 (SC3) software is divided into several modules. To automatically estimate the 
location quality, the Swiss Seismological Service (SED) developed a location-quality score, which 
can be used as a plugin for SC3’s scevent module. The scevent module decides, which of the many 
origins associated to an event should be preferred. The standard parameters used for this decision are, 
for instance, agency (preference list), author (preference list), number of picks (the more the better), 
RMS (the lower the better), etc., in a sequence defined in the scevent configuration. 

However, many of these parameters (like the number of picks) are often not sufficient for a realistic 
quality assessment of automatic hypocenter locations. For example, the origin associated with the 
highest number of picks usually includes many erroneous automatic picks at distant stations with low 
signal-to-noise ratios and therefore represents not the best location quality. To prevent false alerts due 
to gross mis-locations as much as possible, the SED introduced a more sophisticated event-location 
parameter, which combines different location quality parameters into a continuous quality-score 
value. The location parameters used to calculate this score value for the AlpArray Research Seismicity 
Catalogue (AARSC) are: 

• qx: Distribution of the 75-percentile pick residual of the location (details below). 

• mdi: Minimum distance in kilometres (epicentral distance to closest observing station). The 
parameter cmdi describes the critical mdi value. Locations with mdi>cmdi are considered very 
unreliable, expressed by a “penalised” score. cmdi used for AARSC: 50 km. 

• gap: Azimuthal gap of location (in degree). The parameter cgap describes the critical gap value. 
Automatic locations with gap > cgap are considered very unreliable, expressed by a “penalised” 
score. cgap used for AARSC: 310 degree. 
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• rms: RMS (root-mean-square of arrival-time residuals) of location (in seconds). The parameter 
crms describes the critical rms value. Locations with rms > crms are considered very unreliable, 
expressed by a “penalised” score. crms used for AARSC: 0.8 s. 

• nob: Number of arrivals used for location. The parameter cnob describes the critical nob value. 
Automatic locations with nob > cnob are considered very unreliable, expressed by a “penalised” 
score. cnob used for AARSC: 7. 

The value qx corresponds to the 75-percentile pick residual of the location. To derive qx, we extract 
all residuals (absolute values) associated with arrivals used for the location. We then sort the nob-
number of extracted absolute residuals values (ascending order) and determine the 75-percentile pick 
and the corresponding residual of this pick, which corresponds to qx. In addition, we define "critical 
values" for mdi, gap, rms, nob. The critical values are defined as cmdi, cgap, crms, cnob (see list 
above for details). Does any of the parameters (mdi, gap, rms, nob) exceed/fall below these critical 
values, the score will be significantly reduced (“penalised”). Finally, the score value is calculated as 
follow: 
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The k, l, m, n constant exponents control the shape of the single terms. nob is the number of picks 
used for the location.  The larger the parameters k, l, m, n, the more “step-wise” the shape of the 
penalty function (for the AARSC we used: k=8, l=5, m=5, n=5).  Also note that the score value is 
negative, a “higher score” is therefore “less negative” and closer to zero. 
 
Text T3: Event-Filtering 
As pointed out in the main paper, to produce a highly consistent seismic catalog we needed to add an 
Event Filtering stage prior any repicking stage (step 2 – Fig. 2 main text). This was necessary to avoid 
fake or poorly locatable events to alter our statistic. Examples of these events are shown in Fig. S6. 

To face such problem, we follow the procedure of extracting the possible valid events from the SC3 
pool without removing surely and clear events. The eventscore parameter is the only statistically 
derived information for our filtering procedure. The additional deterministic filtering parameters 
adopted are: 

• Magnitude: the SC3 Mlv magnitude associated to the event 

• Latitude and Longitude: epicentral coordinates of the event 

• Closeratio: the amount of observation from SC3 against the number of available stations inside a 
nominal epicentral radius of the event 

Our designed filter is composed of these steps: 

FILTER 0: 
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• Epicenter location (the event must be located within black-contour line in Fig.1, the GAR 
boundary),  

• Magnitude (MLv>=2.0, exception: those events were kept when SC3 allocated a default 
magnitude) 

FILTER 1: 

a. Step 1 (1.1) EventScoreFiltering_1: We divide all the SC3 events in 2 chunks based on 
their eventscore < -200 and >= -200 

b. Step 2 (1.2) SmallMagnitudeRecovery_1: We aim to recover small magnitude events that 
could still be in the possible wrong list from 1.1. 
MAG <= 2.5 && CLOSERATIO 80km >= 0.4 

c. Step 3 (1.3) LigurianSeaRecovery_1: We aim to recover the Ligurian Sea Sequence that 
could still be in the possible wronglist from 1.1 due to the lack of close station 
observations. MAG >= 3.0 && LAT <= 44 && LON <= 10 

FILTER 2: 

d. Step 1 (2.1) EventScoreFiltering_2: This time we divide the list >= -200 from 1.1 into 2 
chunks >=-2 and -200 < x < -2 

e. Step 2 (2.2) GetAllGoodEvents: This time we collect all the events with 
CLOSERATIO 80km >= 0.5 

f. Step 3 (2.3) SC3blindnessRecovery: We aim to recover medium to big magnitude events 
that could still be in the possible wrong list from 2.1 and that has low close-ratio value 
due to some SC3-blindness CLOSERATIO 80km >= 0.2 && (SC3 picks 0-300km 
>=30 || CLOSERATIO 300km >= 0.5) 

g. Step 4 (2.4) SmallMagnitudeRecovery_2: We aim to recover small magnitude events that 
could still be in the possible wrong list from 1.1. 
MAG <= 2.5 && CLOSERATIO 80km >= 0.4 

h. Step 5 (2.5) LigurianSeaRecovery_2: We aim to recover the Ligurian Sea Sequence that 
could still be in the possible wrong list from 2.1 due to the lack of close station 
observations. MAG >= 3.0 && LAT <= 44 && LON <= 10 
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Figure S1. Major national and local permanent networks distribution operating in the GAR. Black 
triangles represent the permanent seismometer stations. In separated transparent colour the borders 
associated with outermost stations belonging to the national network-code(s) of competence. 
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Figure S2. Examples of seismic-bulletin report reports for the period January 1st, 2016 to December 
31st, 2019 from RESIF (France) in red, SED (Switzerland)in green, and INGV (Italy) in blue. 
Obviously, the differences in the reported seismicity requires tedious cleaning to avoid double event 
reports, hypocentre mis-locations and magnitude mis-matches between the networks. 
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Figure S3: Data availability collected in our database for each station for the years 2016 through 
2019 (only vertical component is shown here). It is calculated as percentage of number of daily files 
available over the whole year. This is an optimistic estimate: a more precise measurement would be 
the sum of each single gap in each daily file for the time period. We choose this faster calculation to 
have a quick quantitative estimate of the whole network simultaneous data availability. 
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Figure S4: Median curves of the power spectral densities of the vertical component of (a) the 
permanent broadband stations and (b) the Z3 temporary broadband stations from 2016 to 2019. Each 
line represents a single station. Thick grey lines correspond to the new high-noise model and new 
low-noise model and the magenta thick line is the AlpArray noise level requirement (Molinari et al. 
2016; Hetenyi et al. 2018). 
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Figure S5. SeisComP3 preliminary seismicity catalogue. Map of the 39,603 events detected by SC3 
processing between 2016-2019. 6,516 events are inside the GAR. The events with hypocentre depth 
larger than 100 km are fixed to the 100 km depth line. 
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Figure S6. Examples of 4 successful detection of fake events listed in the SC3 preliminary catalogue 
(Fig. S5). Examples (a), (b) and (c) are caused by association of observations of various kinds of 
wavelets (of seismic or aseismic sources) that correspond to a distant hypothetical source and thus 
lead to large magnitude over-estimations. In example (d) instead, the mis-association is probably the 
result of picking a mixture of at least two different events that occurred nearly at the same time but in 
different locations. Such and other case-scenarios for “fake event reports” are detected and removed 
during step 2 of the main workflow (Fig. 2). 
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Figure S7. Real data example of ADAPT multi-picking stage. (a) The waveform overview showing the 
predicted arrival, already the final ADAPT-P1, and the original SeisComp-3 arrival detection that we 
used to create our automatic catalogue. The grey band around the ADAPT-P1 represent the 
observation error. (b) First time-slice picking. Although here we display a fixed time window, each 
picking algorithm is using different windows separately. (c) Second time-slice picking. As in (b) here 
the different pickers are seeing the same phase. (d) At the end of the multi-picking – multi-slicing 
stage, during the evaluation stage, we consider only the stations with a first-phase arrival that shows: 
6 or more valid observations, 4 or 5 valid observations with at least one observation for each picker 
(either in the first or second window slice). At this triage stage, we apply a jack-knife approach to 
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discriminate between consistent observations and outliers. The picking algorithms used are the 
Akaike Information Criteria (AIC), a Higher-Order-Statistic (HOS, skewness), the Baer-Kradolfer 
picker (BK), and the Filter-Picker (FP). Note that in this example the AIC picker is detecting the 
secondary phase arrival during the first slice picking and subsequently this arrival time pick is 
correctly recognised as outlier during the triage-section. The final ADAPT pick-time observation is 
defined as the median of all remaining valid observations, and the error associated is defined from 
the earliest to the latest valid pick. 
 
 

 

 

Figure S8. JHD-VELEST comparison between step 4 and step 6 (Fig. 2). In panel (a) on the x-axis 
are shown the differences in azimuthal GAP between steps 6 and 4 (negative value means GAP 
reduction in step 6), and on the y-axis are shown the differences in number of observations between 
steps 6 and 4 (higher values means increase in number of observations). From the two panels we 
clearly see the improvement between the first and second rounds of ADAPT-JHD-VELEST by having 
more observations and a GAP reduction after the 2nd round (upper left green quadrant) while we 
have fewer worsening cases. An additional consideration is about the stability of our procedure that 
leads to fewer changes for higher magnitude events (both in number of observations and in azimuthal 
gap). Well Locatable (WL), Poorly Locatable (PL), and Very-Poorly Locatable (VPL) events may 
encounter classification changes between steps 4 and 6. Warmer colours represent a worsening in the 
classification (i.e., WL to PL), while cold colours represent improvements in classifications (i.e., PL 
to WL). See main text for the event-classification definitions. In panel (b) are shown schematic 
examples of improvements between step 4 (1st round ADAPT-JHD-VELEST) and step 6 (2nd round 
ADAPT-JHD-VELEST).  A PL event (red star) with few observations and higher GAP, could be 
improved to a WL due to increased number of observations and to GAP improvements. As well as a 
WL event (green star) could be improved in terms of GAP coverage between the 2 subsequent rounds. 
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Figure S9.  Comparison between event KP201908091601 epicentral locations and station 
observations as a result of step 6 (red) and of step 7 (blue): the in-map zoom highlights the reasoning 
why such an input PL is re-classified to WL, and that is because of a significant reduction in GAP that 
previously was >180 and now is <180 degree. The three black lines starting from the step 6 epicentre 
(red star) indicated the removed three observations that were identified as outliers. 
 

 



15 
 

 
Figure S10: Shift test error assessment results. The three panels show the residual distributions for 
longitude (a), latitude (b) and depth (c) parameters of the well-locatable (WL) hypocentre locations. 
Such distributions are obtained comparing the outcome of step 7 with the relocated shift test origins. 
The red dashed line in all panels represent the bounds inside which the 95% of residual are 
contained. Due to the complexity of the region investigated and because of our more conservative 
approach, we declare the WL epicentral and hypocentral uncertainties to be +/-0.7 km and +/- 2.0 km 
respectively. 
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Figure S11: Event locations RMS distribution. In light-blue, the histogram referred to the AARSC 
events locations after step 7. In grey, the histogram referred to the SC3 locations after step 1 for the 
same events. There is a noticeable increase in quality of the final hypocentre locations, as also 
documented considering the results of Fig. S10. 
 
 
 
 

 
Figure S12: Stations magnitude residuals distributions. In (a) the distribution between the original 
station observations and the final relative event’s magnitude. The red dashed line represents the 2 
Median Absolute Deviation (MAD) of the distribution and will be used as our final filtering threshold. 
In (b) the distribution between the previously filtered station observations and the final relative 
event’s magnitude. The red dashed line represents the MAD of the distribution and thus our final 
magnitude calculation error assessment. In (c) the distributions of events MAD. The red dashed line 
represents the 95% quantile values of the distribution. Such a value is also used as a threshold to 
define magnitude class A events (see main text, sect 3.6). 
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Figure S13: Epicentral map of the M3+ events from the 11 national catalogues paired with the 
AARSC for the time period 2016 - 2019. The brown circles represent the epicentre locations of the 
bulletins’ events matched with the AARSC events (epicentres marked by blue crosses). The red circles 
indicate the locations of the 8 M3+ events reported by national bulletins that could not be matched 
with an AARSC event. The red crosses indicate the locations of the 16 M3+ events in the AARSC that 
could not be matched with events from national bulletins. For detailed explanations of these 
occurrences see text T4 and main text. 
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Text T4: Event mismatches 
After pairing the AARSC catalogue with the national seismic-bulletins for the same time-period, we 
claim to be regionally consistent with their report down to magnitude 3. Because of heterogeneities 
between the workflows, we see 8 exceptions: 
Two events belonging to a seismic swarm (Florence, Dec.2019) reported in the INGV catalogue are 
not found in the AARSC. Such swarm events denote the only cases where the fully automated 
processing fails because of wrong identification and association of observations to individual events 
by SC3. Further processing (Fig. 2) may only clean the reported events from wrongly associated 
observations but it may not recover events missed by SC3 due to wrong observations associations. 
The correct association of observations to individual events during a swarm activity requires careful 
evaluation by hand of observations with similar arrival times. 

- A landslide event in Switzerland reported as such by both SED and INGV observatories (Fig. 
S13) was missing from our SC3-PC. This event refers to the main landslide (three million 
cubic meter) event of the Piz Cengalo crisis in the canton of the Grisons (Walter et al. 2020). 
In general, landslides or mass movement induced seismic signals lack impulsive onsets and 
therefore locations with observations obtained with standard picking approaches usually give 
only very rough locations even with manual re-picking. Indeed, most of the recorded energy 
belongs to surface waves, and therefore first-arrival automatic picks may fail in detecting the 
correct initial emergent signal (Küperkoch et al. 2012; Diehl et al. 2012). Overall, with only 4 
picks within 50 km epicentre distance the SC3 system didn’t produce a valid location for the 
event. This explains the missing report of the landslide already in SC3-PC (step 1, Fig. 2).  

- Two events from the Croatian catalogue are missing in AARSC. The first M3+ event reported 
by the Croatian national observatory occurred the 15th January 2017. Although activity was 
originally detected, due to only few low-quality observations, SC3 was not able to relocate it 
and subsequently, the event was removed from the preliminary event list during processing 
step 1 (see Fig. 2). The second M3+ event occurred on 12th December 2019 near the southern 
limits of the AlpArray seismic network, shortly after the temporary stations in the region had 
been dismantled. Thus, the number of observations for this event was too small to meet the 
SC3 criteria to report an event. 

- One event from the RESIF (France) catalogue that was missing already after in the SC3-PC 
(step 1, Fig. 2). The event (12th December, 2018) is located off-shore of the eastern coast-line 
of Corsica, at the edge of our study-area with not enough automatic picks and high-noise 
waveforms.  

- Two events from the Hungarian bulletin ML 3+ remained unpaired. One (18th February 2016) 
was not detected by SC3 at step 1, the second (13th December 2019) was deleted after many 
poor-quality observations were removed during step 7.  The first event occurred before the 
AASN was fully operational and the second event occurred after most temporary stations of 
the AASN were already removed. The heterogeneous station distributions of permanent 
networks in the area led to relatively poor quality of the waveforms and resulted in the SC3 
system to classify the event location unreliable. 

The AARSC contains all events that were reported by the individual observatories catalogues as M3+ 
with the above-mentioned exceptions where nearly all of the events (7 out of 8) weren’t reported in 
the SC3-PC (step 1). We ultimately process 6 of these exceptions by going through a manual repick 
and subsequent locations: the RESIF event (showing a magnitude of 2.7 MLv), the second event 
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missing from the Croatian catalogue, the landslide observed by both SED and INGV agencies, the 
second event missing from the Hungarian catalogue and all the mismatched INGV events. 
The two main reasons for these failures are (i) temporarily and locally poor station coverage during the 4-years 
due to stations not operating leading to a low number and poor-quality observations for the quality 
system filtering and (ii) intrinsic limitation of event detection and arrival time pick association of SC3 
(2 events were missed for this reason). The latter case often happens during a seismic swarm where 
automatic detection of closely spaced and timed events is still a great challenge, with seismic signal 
usually hidden in previous earthquake’s coda. Even mass-movement event detection (e.g., landslide) 
can be difficult due to the lack of a clear, impulsive arrival. As for the former case (in total 6 events 
were missed for that reason), a possible way could be to improve the station network in such areas. 

 

 

 

 

Figure S14: (a) The epicentral map of the additional 16 AARSC MLv 3+ events that are not present 
in the relative national catalogue. (b-c-d) Examples of 3 well-locatable reported as green squares in 
panel (a). All of these events clearly show the wave-trail of both P- and S- waves. The epicentres label 
in panel (a) indicates the corresponding section panel of the event. 
 



20 
 

 

Figure S15: Epicentres distribution of the EPOS-EMSC catalogue (www.seismicportal.eu, last 
accessed 27th January 2022). In orange circles represent the EMSC bulletin for the time period 2016-
2019, while black crosses represent the “long-term” seismicity of the area reported still by EMSC for 
the time period 1998-2015. This figure shows the consistency and representativeness of the EMSC 
short-term catalogue related to the EMSC long-term seismicity for the GAR, as the main active fault-
system are illuminated. Because of the similarity between the AARSC and the EPOS-EMSC short-term 
catalogue, we can also claim that the procedures to obtain the AARSC are robust and consistent for 
the entire region analysis.  
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Figure S16: Events magnitudes comparison between the AARSC and single national and local 
agencies. (a) BGR (Germany), (b) CEC (Croatia), (c) KRSZO (Hungary), (d) RESIF (France) and (e) 
ZAMG (Austria). This figure compares only events that could be paired between the individual agency 
catalogues and the AARSC. For each panel we provide the principal statistical information to 
quantitatively describe the differences among the different magnitude scaling. Unfortunately for 
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ASCR (Czech Republic) and ESISAS (Slovakia) no meaningful statistics are available due to only 3 
and 1 M3+ event pairs respectively.  
 

 

 
Figure S17: Map showing the AARSC epicentres distribution in four tectonically different regions: 
the Alpine foreland (light blue circles), the Alps (red circles), the northern Dinaridies (golden circles) 
and the Apennines (green circles). The respective frequency-magnitude distributions are analysed in 
Fig. S18 
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Figure S18: Frequency-magnitude distributions (FMD) of the AARSC 2016-2019 divided in the 4 
sub-regions of Fig. S17. In the upper panels of each subregion are shown the Lilliefors tests 
(Lilliefors 1969, Hermann & Marzocchi 2020) for the magnitude of completeness (Mc) determination 
(a-c-e-g). The significance level α used for null hypothesis testing is highlighted in red in panels (a-c-
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e-g) and it divides the possible interval values for the exponentiality fit. The lower panels of each 
quadrants report the actual discrete (black squares) and cumulative (orange squares) FMD of the 
different subregions (b-d-f-h). For the FMDs we report the analysis 3 well-based algorithm for Mc 
and a/b-values estimation: LF (Lilliefors 1969; Hermann & Marzocchi 2020), MBASS (Amorese 
2007) and MBS (Cao & Gao 2002; Woessner & Wiemer 2005). For the Alpine-Foreland subregion, 
the MBASS algorithm produced no results, as it fails in detecting a stable Mc and therefore proper 
a/b values. See main text for other details. 
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