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Outline

• Prepare your data
• data download & cleaning
• station distribution, data continuity

• Run your workflow
• picking & association: window length, time residual, number of station ...
• location: velocity model, distance weight, WDCT/C

• Check your result
• number, location, time, magnitude 
• compare with a reference, check whether physically interpretable 
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Obspy MassDownloader

https://github.com/Yijian
Zhou/Seismic-Data-
Preparation/blob/master/
down_fdsn_mass.py
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https://github.com/YijianZhou/Seismic-Data-Preparation/blob/master/down_fdsn_mass.py


Check path structure
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Check data

• One miniseed file may contains multiple traces!
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Merge traces and reorganize paths
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Merge traces and reorganize paths
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Fit input 
data as 
required by 
the software, 
instead of 
modifying 
the source 
code!



Data gap: short gap
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Data gap: long gap

sliding-window-based algorithms 
need to check long gaps
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Missed channel & single-channel
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Missed channel & single-channel
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Data segmentation → glitches

Raw

1-20 Hz filter
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Data glitches
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Data glitches
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Data glitches
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Data glitches
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Data glitches should be identified by AI
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BB + SM + 
Single-channel
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All stations 
given to me

Selected 
based on 
location and 
continuity



Outline

• Prepare your data
• data download & cleaning
• station distribution, data continuity

• Run your workflow
• picking & association: window length, time residual, number of 

station ...
• location: velocity model, distance weight, WDCT/C

• Check your result
• number, location, time, magnitude 
• compare with a reference, check whether physically interpretable 
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Expected behavior of an USER

• Users need to
• know the algorithm → whether it’s suitable for you
• know the meaning of params → the default params do not always work
• fit the inputs as required, do NOT modify the source code

• Developers need to 
• make the algorithm general enough
• make the input parameters intuitive, stable, and simple 
• balance the flexibility (less requirements on the input and more confusing 

for the users) and stability
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Station distribution

inter-sta dist <10 km
great azimuthal coverage 
max dist ~25 km → S-P <4s

credit to 
Lihua Fang
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# 1. picker params

self.win_sta    = [0.8,0.4,1.]  # win for STA: det, p, s

self.win_lta    = [6. ,2., 2.]  # win for LTA: det, p, s

self.win_kurt   = [5.,1.]       # win for kurtosis: long & short

self.trig_thres = 12. # threshold to trig picker (by energy)

self.p_win      = [.5,1.]       # search win for P 

self.s_win      = 10. # search win for S 

self.pca_win    = 1. # win_len for PCA filter

self.pca_range  = [0.,2.]       # time range to apply PCA filter

self.fd_thres   = 2.5 # min value of dominant frequency

self.snr_ratio_thres = 10 # max value of SNR ratio after peak rm

self.amp_ratio_thres = [10,2] # max value of amp ratio for P/P_tail & S

self.amp_win    = [1.,4.]       # time win to get S amplitude

self.det_gap    = 5. # time gap between detections

self.to_prep    = True # whether to preprocess the raw data

self.freq_band  = [1,20]        # frequency band 

PAL config: Picking
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PAL config: Picking
Suitable for most cases
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PAL config: Picking
Set according to the station distribution
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One special case: dense & 
large-N network

Usually you don’t need to tune 
picking params, because typical 
inter-station distance >5 km

credit to 
Lin Jiang
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PAL config: Association

# 2. assoc params

self.min_sta   = 4 # min num of sta to assoc

self.ot_dev    = 2. # max time deviation for ot assoc

self.max_res   = 1.5 # max P res for loc assoc

self.max_drop = 1 # max num of drop of each pick

self.xy_margin = 0.1 # xy (lateral) range inferred from sta loc

self.xy_grid   = 0.02 # xy (lateral) grid size (in degree)

self.z_grids   = range(2,20,3) # z (dep) grids (in km)

self.vp        = 5.9 # averaged P velocity
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PAL config: Association

# 2. assoc params

self.min_sta   = 4 # min num of sta to assoc

self.ot_dev    = 2. # max time deviation for ot assoc

self.max_res   = 1.5 # max P res for loc assoc

self.max_drop = 1 # max num of drop of each pick

self.xy_margin = 0.1 # xy (lateral) range inferred from sta loc

self.xy_grid   = 0.02 # xy (lateral) grid size (in degree)

self.z_grids   = range(2,20,3) # z (dep) grids (in km)

self.vp        = 5.9 # averaged P velocity

29

Suitable for most cases



PAL config: Association

# 2. assoc params

self.min_sta = 4 # min num of sta to assoc

self.ot_dev = 2. # max time deviation for ot assoc

self.max_res   = 1.5 # max P res for loc assoc

self.max_drop = 1 # max num of drop of each pick

self.xy_margin = 0.1 # xy (lateral) range inferred from sta loc

self.xy_grid   = 0.02 # xy (lateral) grid size (in degree)

self.z_grids   = range(2,20,3) # z (dep) grids (in km)

self.vp        = 5.9 # averaged P velocity
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Set according to the station distribution



Run hypoInverse

• Station file
• same as PAL, just copy into input/

• Velocity model
• in CRE format, which supports station elevation
• set ref_ele & grd_ele, make necessary correction

• Location parameters
• weighting by distance
• weighting by residual

31



Klein, 2014

ground elevation
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# geo ref

self.lat_code = 'N'

self.lon_code = 'W'

self.ref_ele = 2.5 # ref ele for CRE mod (max sta ele)

self.grd_ele = 1.5 # typical station elevation

# loc params

self.num_workers = 10

self.ztr_rng = np.arange(0,20,1)

self.p_wht = 0 # weight code index

self.s_wht = 1

self.rms_wht = '4 0.3 1 3'

self.dist_init = '1 60 1 2'

self.dist_wht = '4 40 1 3'

self.wht_code = '1 0.6 0.3 0.2'

self.pmod = 'input/velo_p_eg.cre'

self.smod = [None, 'input/velo_s_eg.cre'][0]

self.pos = 1.73 # provide smod or pos



Write CRE velocity model

CRE Interfaces

0.0
6.5
17.0
33.0

34



35

# geo ref

self.lat_code = 'N'

self.lon_code = 'W'

self.ref_ele = 2.5 # ref ele for CRE mod (max sta ele)

self.grd_ele = 1.5 # typical station elevation

# loc params

self.num_workers = 10

self.ztr_rng = np.arange(0,20,1)

self.p_wht = 0 # weight code index

self.s_wht = 1

self.rms_wht = '4 0.3 1 3'

self.dist_init = '1 60 1 2'

self.dist_wht = '4 40 1 3'

self.wht_code = '1 0.6 0.3 0.2'

self.pmod = 'input/velo_p_eg.cre'

self.smod = [None, 'input/velo_s_eg.cre'][0]

self.pos = 1.73 # provide smod or pos

• initial distance weight 
for lateral location: use 
all stations <120 km

• use near-source 
stations (<40 km) to 
constrain depth in 
later iterations 



Weighting scheme

• Distance weighting
• <min_dist: full weight
• >max_dist: zero weight
• min_dist~max_dist: cos taper

• Residual weighting
• <min_res: full weight
• >max_res: zero weight
• min_res~max_res: cos taper

Klein, 2014
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Ding, Zhou et al., EQS 2023
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Ding, Zhou et al., EQS 2023
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Ding, Zhou et al., 
EQS 2023
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Ding, 
Zhou et 
al., EQS 
2023



Tuning velocity model

• Find available models and check their consistency
• best: from active source (direct observation)
• good: ambient noise tomography (independent result)
• else: Velest, TomoDD ... (similar data & coupled with location)

• Avoid sudden jump between layers
• if so, you will see depth concentration

• See if too many “airquakes” appear
• if so, make shallow layers higher velocity

• A good velocity model usually gives small number (<10%) of bad-
located events (needs trial and error, sadly) 
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Run hypoDD

• Station file

• Phase file (_full.pha)
• event line: ot, lat, lon, 

dep, mag, evid
• phase line: net.sta, tp, ts

• Location parameters
• ph2dt.inp
• hypoDD.inp

Please read 
this document!
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https://github.com/YijianZhou/Hypo-Interface-Py

https://github.com/YijianZhou/Hypo-Interface-Py


Run hypoDD
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CC measurement of differential travel time

0. Detect on det_ot
on stacked CC trace

1. Pick ts by CC
tts = ts – det_ot

2. Travel time difference
dt_s = tts – temp_tts

template event - temp
newly detected event - det

Note 2. picking error does not 
effect the dt measurement.
ts and temp_tts share the same 
error

Note 1. error in det_ot does 
not matters.
For multi-stations:
[dt_s] = [ts –det_ot] – temp_tts,
where det_ot is to be relocated
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Zhou et al., 
SRL 2021
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Zhou et al., 
SRL 2021



Waldhauser & 
Ellsworth, BSSA 2000

Weighting scheme 

• Combination of dt.ct & dt.cc

• catalog-based dtime: dt.ct
• wider spread
• low resolution

• CC-based dtime: dt.cc
• small interevent distance
• high resolution
• need correlated waveform
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Waldhauser, 
2001
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Waldhauser, 2001

Weighting scheme 
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Understand hypoDD screen output
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Window is important in CC

• P wave: relatively clear arrival

• S wave: large amplitude, more stable

• Test on 2021 Shimian sequence
• p_win = [0.5, 2.] & [0., 2.] → ~24% |Δdt_p| >0.05s
• p_chn = [Z] & [E,N,Z] → ~16% |Δdt_p| >0.05s
• as a comparison, S wave in win & chn test all <4%

• Conclusion 
• p_win starts before P; use Z-channel for dt_p measurement 
• s_win > p_win; dt_s should have higher weights
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Outline

• Prepare your data
• data download & cleaning
• station distribution, data continuity

• Run your workflow
• picking & association: window length, time residual, number of station ...
• location: velocity model, distance weight, WDCT/C

• Check your result
• number, location, time, magnitude 
• compare with a reference, check whether physically interpretable 
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credit to 
Lin Jiang
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Check the numbers during (re)location 

• HypoInverse
• number of bad-located events (should be <10%)
• *calculate average location error for paper writing 

• HypoDD
• number of dropped events (should be <10-15% if dt.ct, <20-25% if dt.cc)
• in the screen output, no * appears, and DX/Y/Z/T should always decrease
• *calculate average relocation error for paper writing

• Empirically, location uncertainties mainly comes from velocity 
model and distance weighting. Different location results may 
have similar mathematical location error
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Check the ratio of associated picks

60

credit to Hongyang Ding
• Usually >80% PhaseNet picks should come in P&S pairs
• If >10% P&S pairs associated, data quality should be okay, 

and event detection should be accurate enough 











Interpretation of seismicity distribution

• Alignment with fault traces & surface rupture (if available)

• If it reveals unmapped fault, can topography give a hint?

• Continental strike-slip faults are usually near vertical, but not 
always (you do see cases where seismicity distributes “off fault”)

•→ use focal mechanism solution to support your interpretation

• Remove possible artifacts before interpreting depth distribution

• Draw surface traces first, then make fault-normal profiles: 
measure fault dip on a 1:1-scale plot!

65



66

Zhou et al., 
SRL 2021
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Summary

• Prepare your data
• data download & cleaning
• station distribution, data continuity

• Run your workflow
• picking & association: window length, time residual, number of station ...
• location: velocity model, distance weight, WDCT/C

• Check your result
• number, location, time, magnitude 
• compare with a reference, check whether physically interpretable 
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