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Key-observation, scientific question 

□ EFFECT: mis-labeling of S-wave as 
P-wave


□ EFFECT: increase uncertainties in 
seismic event location


□ How can we improve event 
location including uncertainties 
on P-wave classification?
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tial for the DAS recordings to reach a higher resolution espe-
cially if gauge length can be reduced to 1 m , which is already
feasible with the next generation of fibre interrogators. How-
ever, also in this case, picking procedures, established for a
network of vertical components, do not perform with profit,
when applied to horizontal recordings.

Figure A2. (a) Vertical recordings of the geophones along the DAS segment 48. Vertical green and violet bars indicate manual and automatic
picking of P waves. Panel (b) is the same as (a) but for the oriented horizontal component. (c) DAS recordings along segment 48. Symbols
are as in panel (a). (d) Relative P-wave delay times from the first P pick for the three sets of waves displayed in (a) grey diamonds, (b) grey
circles and (c) a red line and black dots.
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□ Automatic picking of P-wave on horizontal components 
(both DAS and geophones) can easily fail




TEST-CASE and REFERENCE SOLUTION

□ Induced seismic event in 
Brady geothermal field 
(Porotomo experiment)


□ DATA and METHODS

□ DATA: (0) Manually picked P- and 

S-wave on geophones vs 
Automatic picks on (1) Geophones 
and (2) co-located DAS 


□ METHOD: Monte Carlo event 
location in a homogeneous rock 
volume (6 physical parameters + 
2 hyper-parameters for scaling 
data uncertainties)
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Figure 1. PoroTomo experiment map: fibre cable used for DAS (coloured line; colours indicate average azimuth of the segments), numbers
indicate segments described in the text; nodal stations; faults (grey lines), warm ground (yellow areas); fumaroles (black diamonds) and mud
volcanoes (open diamonds). A red arrow indicates the direction of an incoming P wave for the Mw 4.3 Hawthorne earthquake.

subsidence has been observed in the past (Ali et al., 2016).
In the PoroTomo area, close to the locations of several in-
jection wells, water circulation models suggest that almost
horizontal water flow at shallow depth should occur from
the northwest toward the southern portion of the geother-
mal field. The PoroTomo experiment tested different tech-
nologies and different tools for the analysis of the ground
deformation of the Brady geothermal field during a prede-
fined sequence of human activities at the geothermal wells
(e.g. repeated injections). All geophysical data recorded and
collected during PoroTomo experiment can be found on the
Geothermal Data Repository (GDR) repository (Feigl and
PoroTomo Team, 2016), together with information on the
geothermal operations. Among others, data from the Poro-
Tomo experiment have been used for comparison of cata-
logs of microseismicity and pumping records on a daily ba-
sis (Cardiff et al., 2018), detection of microseismic events
through template matching applied to DAS data (Li and
Zhan, 2018), active seismic tomography (Parker et al., 2018),
comparison of DAS and geophone data for regional seismic

waves (Wang et al., 2018) and evaluation of beam-forming
potential in DAS data (van den Ende and Ampuero, 2021).

2 Data and methods

We make use of DAS recordings acquired during March 2016
in the framework of the PoroTomo experiment (Feigl and
PoroTomo Team, 2017). The optical fibre cable was deployed
with a zig-zag geometry composed of 71 contiguous seg-
ments; on average, the length of individual segments was
on the order of 150 m. Relevant segments used in the next
sections are numbered in Fig. 1. Acquisition gauge length is
fixed to 10 m, with channel sampling every 1 m (Wang et al.,
2018).

2.1 Subsurface mapping

For the subsurface mapping tasks, described in Sect. 3.1,
we use one channel every gauge length (10 m) and discard
the channels too close (10 m) to the bending point of the
cable (as done in Wang et al., 2018). Given the segment
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TEST-CASE and REFERENCE SOLUTION

□ Precise (reference) 
location

□ DATA: Manually picked P- 

and S-wave on geophones

4407.2

4408.0

4408.8

328.0 328.8 329.6

(a) Nodal, manual

4407.2

4408.0

4408.8

328.0 328.8 329.6

(b) Nodal, automatic

4407.2

4408.0

4408.8

328.0 328.8 329.6

(c) DAS, automatic time−delay (s)

0.00 0.06 0.12 0.18 0.24 0.30

4407.2

4408.0

4408.8

328.0 328.8 329.6

(a) Nodal, manual

4407.2

4408.0

4408.8

328.0 328.8 329.6

(b) Nodal, automatic

4407.2

4408.0

4408.8

328.0 328.8 329.6

(c) DAS, automatic time−delay (s)

0.00 0.06 0.12 0.18 0.24 0.30

CLOUD OF POINTS: 
all sampled (potential) 
epicentres

GEOPHONE (not used)

FIBER OPTIC CABLE

GEOPHONE (used)



TEST-CASE and REFERENCE SOLUTION

EFFECT OF MIS-LABELLED P-PHASES
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TENTATIVE SOLUTIONS

□Outlier vs “standard” data 

□ A fraction of the data could be outliers

□ Based on: F. Tilmann et al. GJI 2021


□ Probabilistic P- and S- wave classification

□ Each data-point can probabilistically be a P- or S-phase

□ (NEW)


□ Trans-D data-space exploration

□ Data variance changes for portions of the fibre optic cable

□ Based on: N. Piana Agostinetti et al. JGR 2021



(1) Hypothesis: data-points are all P-wave picks

(2) Hypothesis: some data-points do not follow a standard error 

statistics and can be labeled as outliers 

(3) Based on: Tilmann et al. (2021) "Another look at the treatment of 

data uncertainty in Markov chain Monte Carlo inversion and other 
probabilistic methods”


KEY-POINT: data-points are not deterministically defined as 
“outliers" or “standard" data, only the fraction of outliers/standard 
data can be defined

OUTLIERS vs “standard” DATA: theory
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Take-home message: 

It seems to work with "messy" 
data (no clear separation in 
two classes, P and S)

OUTLIERS vs “standard” DATA:  results

FRACTION OF OUTLIERS DECREASES WITH DATA QUALITY
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(1) Hypthesis: each data-point can be a P-phase pick or a S-phase pick 
(i.e. can belong to the P CLASS or S CLASS)


(2) Observation: Ps phases are also present in the data

(3) Based on: standard McMC including TWO CLASSES (i.e. one more 

parameter per data-point, need 10x longer chains with respect to the 
standard McMC solution)


KEY-POINTS: data-point are not deterministically defined as “P" or 
“S" data, but we will compute a PPD of their CLASSES


P- and S- phases classification: theory

STARTING DISTRIBUTION for 
CLASS parameters (random)
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P- and S- phases classification:  results
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(1) Hypothesis: data-points are all P-wave picks

(2) Method: where hypotheses are violated, data variance is increased 

to down-weight data importance

(3) Based on: Piana Agostinetti et al. (2021) Exploration of Data Space 

Through Trans-Dimensional Sampling: A Case Study of 4D Seismics


KEY-POINTS: We can map out "partitions" of data which are un-
consistent with our working hypothesis. Covariance matrix is used to 
down-weight such data-points.


TRANS-D data-space exploration: theory
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TRANS-D data-space exploration:  results
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CONCLUSIONS

□Outlier vs “standard” data 

□Work well on geophone data, where two classes are 

NOT so well defined 

□ Probabilistic P- and S- wave classification

□Work well on DAS data, where two classes of data 

can be easily separated

□ Trans-D data-space exploration

□ DAS: Correctly maps out areas where data do NOT 

support hypotheses (here, the existence of one P 
CLASS only)


