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mo

gra
phy

, Ph
.D. 

the
sis,

 Te
l Av

iv U
nive

rsity
, Isr

ael.
Bae

r, M
. an

d K
rad

olfe
r, U

. (1
997

), A
n a

uto
ma

tic p
has

e p
icke

r fo
r lo

cal 
and

 tele
seis

mic
 eve

nts,
 Bu

ll. S
eism

. So
c. A

m.,
 77

,14
37-

144
5.

Cic
how

icz,
 A. 

(19
93)

, An
 au

tom
atic

 S-p
has

e p
icke

r, B
ull. 

Sei
sm.

 So
c. A

m.,
 83

, 18
0-1

89.
Di S

tefa
no,

 R.,
 Ald

ers
ons

, F.
, Ki

ssli
ng,

 E.,
 Ba

cch
esc

hi, P
., C

hiar
abb

a, C
. an

d G
iard

ini, 
D. (

200
6), 

Aut
om

atic
 sei

smi
c ph

ase
 pic

king
 an

d co
nsis

ting
 ob

ser
vati

on 
erro

r as
ses

sme
nt: 

App
lica

tion
 to 

the
 Ita

lian
 sei

smi
city

, Ge
oph

ys. 
J. In

t., 1
65,

 12
1-1

34.
Die

hl, T
., K

issl
ing,

 E.,
 Hu

sen
, S.

 an
d A

lder
son

s, F
. (2

008
), C

ons
iste

nt p
has

e p
icki

ng 
for 

reg
iona

l tom
ogr

aph
y m

ode
ls: A

ppli
cati

on 
to t

he 
gre

ate
r Al

pine
 reg

ion,
 Ge

oph
ys. 

J. In
t., in

 pre
ss.

Die
hl, T

. (2
008

), 3
-D s

eism
ic v

eloc
ity m

ode
ls o

f th
e A

lpin
e cr

ust 
from

 loc
al e

arth
qua

ke t
om

ogr
aph

y, P
h.D

. th
esis

, ET
H Z

uric
h, N

o. 1
784

0, S
witz

erla
nd.

24
25

26
Tim

e (s)
Z

01500 STA/LTA

t MHA
N

01500 STA/LTA

t MHA
SW1

SW2

SW1
SW2

tS min
1

E 2000
0110

_053
0 - S

tatio
n: D

IX - 
Dist

ance
: 7.3

 km 
- Wo

od-A
nde

rson

tS pre tS pre tS pre
tP obstP obstP obs

tS thr1tS thr1

tS min
1

y MHA

thr 1thr 1

STA/LTA Detector Polarization Detector (Cichowicz, 1993) Autoregressive-AIC Picker S-Pick + Uncertainty

Inpu
t for

 all D
etec

tors
 & P

icke
r: P-

Pick
 (tP

) an
d

obs
       

       
       

       
       

       
       

      P
redi

cted
 S-A

rriva
l (tS

) pre

Information is used for final pick & quality assessment

Information used for dynamic setup of AR-AIC search windows

Top
: Ba

sic 
prin

cipl
e of

 the
 Ma

nne
ken

Pix
 (MP

X) a
lgor

ithm
 of A

lder
son

s (2
004

). It 
com

bine
s a 

sing
le p

icki
ng 

eng
ine 

(Ba
er-K

rad
olfe

r pi
cke

r) w
ith 

an 
aut

om
atic

 qu
ality

 as
ses

sme
nt (

via 
pat

tern
 rec

ogn
ition

). A
uto

ma
tic p

icki
ng a

nd q
uali

ty a
sse

ssm
ent

 hav
e to

 be 
cali

bra
ted

 wit
h a 

set 
of m

anu
ally

 pic
ked

 arr
ival

-tim
es (

refe
ren

ce p
icks

/da
ta).

Lef
t: M

PX 
flow

-ch
art.

 In t
he f

irst 
step

 MP
X h

as t
o be

 cal
ibra

ted
 and

 tes
ted

 wit
h th

e re
fere

nce
 

dat
a. O

n th
e pr

odu
ctio

n m
ode

, the
 cal

ibra
ted

 MP
X is

 app
lied

 to t
he c

om
plet

e w
ave

form
 dat

a 
set.

43
45

47
49

52
54

56
58

Tim
e (s)

ZNE tP obs 2004
0621

_231
0 - S

tatio
n: L

LS -
 Dis

tanc
e: 12

4.1 k
m - 

Erro
r: ± 

0.09
8 s

tS me

110
112

114
118

120
122

Tim
e (s)

ZNE tP obs 2007
0519

_161
9 - S

tatio
n: B

RMO
 - Di

stan
ce: 7

9.9 k
m - 

Erro
r: ± 

0.11
8 stS me tS pre

42
44

46
48

54
56

58
60

ZNE

Tim
e (s)

tP obs 2004
0621

_231
0 - S

tatio
n: L

KBD
 - Di

stan
ce: 1

23.4
 km 

- Err
or: ±

 0.37
2 stS me tS pre

152
153

154
155

158
159

160
161

Tim
e (s)

ZNE tP obs 2005
0114

_075
8 - S

tatio
n: T

RI - 
Dist

ance
: 55.

1 km
 - Er

ror: 
± 0.2

87 s

tS me

tS pre

52
53

54
55

57
58

59
60

Tim
e (s)

STA
/LTA

0.51.0
CF S

tS pre
tS min

2

tS min
1 tS2L

max
2004

0621
_231

0 - S
tatio

n: L
KBD

 -
Dist

ance
: 123

.4 km
 - W

ood
-And

erso
n

Q
UNI-

AICT
UNI-

AIC

}AIC Configuration B

tS AQtSeTtS AT

tSlT

tSeQ
tSlQ

}
Q

UNI-
AICT

UNI-
AIC

AIC Configuration A

tS AQtSeTtS AT tSeQ

T Q

tS pre tS pre
AIC 

Con
figu

ratio
n A

Sn
Sg

t NS
t NE

t SS
t SE

AIC 
Con

figu
ratio

n B

Con
clu

sio
n fr

om
 P-W

ave
 Stu

dy:
Alth

oug
h t

he 
loss

-rat
e o

f th
e a

uto
ma

tic 
app

roa
ch 

is 
mu

ch 
high

er 
(co

mp
are

d to
 ma

nua
l pic

king
), th

e da
ta p

rov
ided

 by 
the

 aut
om

atic
 pic

ker
 is 

of v
ery

 hig
h qu

ality
. As

 dem
ons

trat
ed i

n th
is s

tud
y, th

e la
ck o

f co
nsis

ten
cy i

s 
not

 co
mp

ens
ate

d b
y t

he 
qua

ntity
 of

 th
e a

vail
able

 ar
riva

l-tim
e d

ata
. 

Con
sist

ent
 au

tom
atic

 re-
pick

ing 
of a

rriv
al ti

me
s si

gnif
ican

tly i
mp

rov
es t

he 
res

olut
ion 

and
 the

 reli
abil

ity o
f tom

ogr
aph

ic im
age

s.

Lef
t: R

efle
ctiv

ity s
eism

ogr
am

s fo
r an

 ea
rthq

uak
e o

bse
rve

d a
t tw

o d
iffer

ent
 ep

icen
tral

 
dist

anc
es. 

At 
ver

y lo
cal 

dist
anc

es 
Pg 

and
 Sg

 ph
ase

s a
rriv

e w
ithin

 few
 se

con
ds. 

A 
sed

ime
nta

ry la
yer

 clo
se t

o th
e su

rfac
e ca

n ge
ner

ate
 Sp

 pre
cur

sor
s. A

t lar
ger

 dis
tan

ces
, 

Sn 
is e

xpe
cted

 to 
be 

first
 arr

ivin
g S

-ph
ase

. C
om

par
ed 

to l
ate

r ar
rivin

g S
g a

nd 
Sm

S 
pha

ses
, Sn

 is u
sua

lly w
eak

 in a
mp

litud
e an

d th
ere

fore
 ofte

n m
isse

d.
App

roa
che

s f
or 

aut
om

atic
 S-

pha
se 

pic
kin

g h
ave

 to
 in

clu
de 

reli
abl

e p
has

e-
ide

ntif
icat

ion
 tec

hni
que

s. D
ue t

o th
e ch

ara
cte

r of
 the

 late
r ar

rivi
ng 

S-w
ave

, sin
gle

 
com

pon
ent

 alg
orit

hm
s lik

e th
e B

aer
-Kr

ado
lfer

 pic
ker

 are
 no

t su
ffic

ien
t. R

elia
ble

 
S-p

icki
ng 

can
 on

ly b
e ac

hiv
ed b

y th
e us

e of
 thr

ee-
com

pon
ent

 rec
ord

ing
s an

d th
e 

com
bin

atio
n of

 diff
ere

nt p
icki

ng t
ech

niq
ues

.  
Rig

ht: 
Flo

w-c
har

t of
 the

 pr
opo

sed
 S-

pha
se 

pick
ing 

algo
rith

m. 
A S

TA/
LTA

 an
d a

 
pola

riza
tion

 det
ecto

r ar
e us

ed t
o id

ent
ify t

he f
irst 

arri
ving

 S-p
has

e. In
form

atio
n fr

om
 the

 
det

ecto
rs is

 use
d to

 set
up 

sea
rch

 win
dow

s of
 an

  au
tore

gre
ssiv

e-A
IC (

AR
-AIC

) pic
ker

. 
Info

rma
tion

 fro
m d

ete
ctor

s a
nd 

pick
er a

re u
sed

 to 
der

ive 
fina

l S-
pick

 an
d it

s  "
in-s

itu"
 

unc
erta

inty
 in a

n au
tom

atic
 qua

lity 
ass

ess
me

nt. T
he p

icke
r is 

cali
bra

ted
 and

 tes
ted

 wit
h 

a se
t of 

ma
nua

lly p
icke

d S
-ph

ase
s, u

sing
 a p

ara
me

ter s
ear

ch p
roc

edu
re.

Fur
the

r ex
am

ples
 of a

uto
ma

tic S
-ph

ase
 pic

ks a
nd c

orre
spo

ndin
g un

cer
tain

ty e
stim

ate
s at

 diff
ere

nt e
pice

ntra
l dis

tan
ces

. 
Lef

t co
lum

n: F
irst 

arri
ving

 S-w
ave

 is S
g ph

ase
. Ri

ght
 col

um
n: F

irst 
arri

ving
 S-w

ave
 is S

n ph
ase

.  

Top
: Pe

rfor
ma

nce
 of 

aut
om

atic
 S-w

ave
 pic

ker
 co

mp
are

d to
 

ma
nua

lly 
pick

ed 
S-p

has
es 

(ref
ere

nce
 pic

ks) 
for 

4 q
uali

ty 
clas

ses
. Th

e nu
mb

er o
f pic

ks o
f re

fere
nce

 cla
ss i

 cla
ssif

ied 
by 

the
 aut

om
atic

 pic
ker

 as 
clas

s j i
s re

pre
sen

ted
 by 

N. 
Acc

ura
cy 

ij
of 

aut
om

atic
 pi

cks
 is

 co
mp

ara
ble 

to 
ma

nua
l p

icki
ng.

 
Com

par
ed 

to m
anu

al p
icki

ng,
 au

tom
atic

 qu
ality

 ass
ess

me
nt 

is m
ore

 con
ser

vati
ve.

Rig
ht: 

Pha
se 

iden
tific

atio
n b

eyo
nd 

the
 cro

ss-o
ver

 dis
tan

ce: 
Cor

rec
t id

ent
ifica

tion
 of

 Sn
 re

quir
es 

app
rop

riat
e s

ear
ch 

win
dow

 co
nfig

ura
tion

 of 
AR

-AIC
 pic

ker
. Fu

ture
 ap

pro
ach

es 
hav

e to
 imp

rov
e re

liab
ility

 of d
ete

ctor
s at

 reg
iona

l sc
ales

.

Bot
tom

: Ra
y-co

ver
age

 of 
fina

l da
ta s

ets 
der

ived
 fro

m a
uto

ma
ted

 re-
pick

ing 
app

roa
che

s in
 the

 gre
ate

r Al
pine

 reg
ion.

 
Lef

t: A
uto

ma
tic S

-pic
ks. 

Rig
ht: 

Aut
om

atic
 P-p

icks
. Th

e sp
ars

e co
ver

age
 of 

S-p
has

es i
s m

ainl
y ca

use
d b

y th
e la

ck o
f 

reg
iona

l ob
ser

vati
ons

, sm
alle

r nu
mb

er o
f thr

ee-
com

pon
ent

 sta
tion

s, a
nd p

rob
lem

s in
 dat

a qu
ality

 (cli
ppe

d am
plitu

des
, 

etc.
).

Top
: C

om
par

ison
 of 

tom
ogr

aph
ic im

age
s b

ase
d o

n h
igh-

qua
lity 

re-p
icke

d  
pha

se 
dat

a (l
eft 

colu
mn

) an
d st

and
ard

 rou
tine

 pha
se p

icks
 ext

rac
ted

 fro
m th

e IS
C d

ata
 bas

e (r
ight

 col
um

n) a
t 0 

and
 30 

km 
dep

th. T
he v

velo
city

 stru
ctur

e of
 the

 Alp
ine 

reg
ion 

is s
how

n as
 per

cen
tag

e ch
ang

e 
P 

rela
tive

 to t
he 1

-D i
nitia

l mo
del 

s12
c (s

am
e fo

r re
-pic

ked
 and

 ISC
).

Not
e h

ow 
the

 tom
ogr

aph
ic im

age
 of 

30 
km 

dep
th o

bta
ined

 fro
m r

e-p
icke

d p
has

e d
ata

 is m
uch

 
mo

re 
relia

ble 
in t

he 
wel

l-re
solv

ed 
reg

ion 
- sh

owi
ng 

mu
ch 

few
er 

sing
le c

ell 
ano

ma
lies

 of 
che

cke
rbo

ard
 typ

e - w
hile

 for
 sha

llow
 dep

th, t
he p

erfo
rma

nce
 of t

he t
wo 

dat
a se

ts is
 virt

uall
y th

e 
sam

e w
ith t

he l
arg

er IS
C d

ata
 set

 res
olvi

ng a
 sig

nific
ant

ly la
rge

r re
gion

.
Bot

tom
: "T

om
ogr

aph
ic" 

Mo
ho 

as d
eriv

ed 
from

 iso
-su

rfac
e o

f v
= 7

.25
 km

/s in
 the

 3-D
 mo

del 
P 

bas
ed o

n re
-pic

ked
 dat

a. T
he v

ery
 goo

d ag
ree

me
nt w

ith M
oho

 mo
dels

 fro
m C

ont
rolle

d S
our

ce 
Sei

smo
logy

 (CS
S) a

nd r
ece

iver
 fun

ctio
n st

udie
s de

mo
nstr

ate
s th

e co
nsis

ten
cy o

f the
 re-

pick
ed 

dat
a se

t.Re-
Pic

ked
 Da

ta S
et

Num
ber

 of 
Pha

ses
: 13

,309
Num

ber
 of 

Eve
nts

:    
   55

2
ISC

 Da
ta S

et
Num

ber
 of 

Pha
ses

: 94
,968

Num
ber

 of 
Eve

nts
:    

 339
3

4 E
6 E

8 E
10 E

12 E
14 E

16 E

42 N43 N44 N45 N46 N47 N48 N49 N50 N

S-Ph
ases

# S-
pha

ses:
       

2,60
0

# 3C
 stat

ions
:      

200
# Ev

ents
:      

       
473

Max
. Dis

tanc
e:    

       
    15

0 km
Ave

rage
 Pic

king
 Erro

r: 0.
27 s

4 E
6 E

8 E
10 E

12 E
14 E

16 E

P-Ph
ases

# S-
pha

ses:
     1

3,30
9

# 3C
 stat

ions
:      

400
# Ev

ents
:      

       
552

Max
. Dis

tanc
e:    

       
 ~ 60

0 km
Ave

rage
 Pic

king
 Erro

r: 0.
12 s

Lef
t: S

tatio
ns (

circ
les,

 tria
ngle

s) in
 the

 gre
ate

r Al
pine

 reg
ion 

use
d in

 this
 stu

dy. 
Col

ors
 ind

icat
e th

e co
rres

pon
ding

 
net

wor
k af

filia
tion

. Ad
ditio

nal 
whi

te s
tars

 ind
icat

e lo
cati

ons
 of 

eve
nts 

use
d fo

r re
fere

nce
 pic

king
 an

d su
bse

que
nt 

cali
bra

tion
 of M

PX.
Rig

ht: 
The

 as
ses

sme
nt o

f au
tom

atic
 pic

ks r
equ

ires
 the

 co
mp

aris
on 

of p
icke

d a
rriv

al t
ime

s a
nd 

cor
res

pon
ding

 
qua

lity 
clas

sific
atio

n w
ith r

efe
ren

ce p
icks

. In
 the

 ide
al c

ase
, th

e d
iffer

enc
e in

 arr
ival

 tim
e b

etw
een

 ref
ere

nce
 an

d 
aut

om
atic

 pic
k (e

) sh
ould

 be
 inc

lude
d in

 the
 un

cer
tain

ty in
terv

al o
f th

e a
uto

ma
tic c

lass
ifica

tion
 (e

< e
). In

 
Pic

k
Pic

k
MP

X
add

ition
, th

e a
uto

ma
tic q

uali
ty  

clas
sific

atio
n s

hou
ld b

e s
imil

ar t
o th

e re
fere

nce
 da

ta f
or t

he 
ma

jorit
y o

f pi
cks

. 
Alth

oug
h d

own
gra

ding
 of 

pick
s b

y th
e a

uto
ma

tic 
pick

er i
s to

lera
ted

, up
gra

ding
 fro

m l
owe

st t
o h

ighe
st q

uali
ty 

clas
ses

 is 
una

cce
pta

ble 
for 

tom
ogr

aph
y. T

o a
sse

ss t
he 

pick
ing 

per
form

anc
e fo

r a 
cer

tain
 ca

libra
tion

 sch
em

e, 
cor

res
pon

ding
 au

tom
atic

 pic
ks h

ave
 to b

e co
mp

are
d to

 the
 com

plet
e se

t of
 ref

ere
nce

 pic
ks u

sing
 a b

ar o
r m

atri
x 

rep
res

ent
atio

n as
 sho

wn 
belo

w. 

Abo
ve:

 Pe
rfor

ma
nce

 of M
PX 

for a
 we

ight
ing 

sch
em

e de
rive

d fro
m re

fere
nce

 eve
nts 

gre
ate

r or
 equ

al M
4.0

. Th
e N

 
l  

ij
den

ote
 the

 nu
mb

er o
f pi

cks
 of 

refe
ren

ce 
clas

s i 
clas

sifie
d b

y M
PX 

as 
aut

om
atic

 cla
ss j

. Th
e s

 rep
res

ent
 the

 
ij

stan
dar

d de
viat

ion 
for 

diffe
ren

ces
 bet

wee
n re

fere
nce

 pic
ks o

f cla
ss i

 and
 cor

res
pon

ding
 aut

om
atic

 pic
ks o

f cla
ss j

.  
The

 au
tom

atic
 we

ight
ing 

clas
sifie

s m
ore

 tha
n 5

5%
 of t

he 
clas

s ‘0
’ pic

ks c
orre

ctly
. Fo

r cla
sse

s gr
eat

er o
r eq

ual 
1 

MP
X d

own
gra

des
 a la

rge
 num

ber
 of p

icks
 to l

owe
r or

 low
est 

clas
ses

. W
ithin

 this
 we

igth
ing 

sch
em

e, o
nly 

aut
om

atic
 

pick
s of

 cla
ss 0

 and
 1 c

an b
e us

ed f
or to

mo
gra

phy
.

Bel
ow:

 Pe
rfor

ma
nce

 of M
PX 

for 
epic

ent
ral 

dist
anc

es <
 10

0 km
 (pr

edo
min

ant
ly P

g p
has

es)
. Th

e u
sed

 we
ight

ing 
sch

em
e is

 der
ived

 from
 refe

ren
ce p

icks
 wit

h D 
< 10

0 km
. Au

tom
atic

 pic
ks o

f cla
ss 0

, 1, 
2, 3

 can
 be 

use
d.

Per
form

anc
e of

 MP
X fo

r thr
ee d

iffer
ent

 cal
ibra

tion
 sch

em
es u

sing
 a m

atri
x re

pre
sen

tatio
n. (a

) Sim
ilar 

to D
i Ste

fan
o 

et a
l. (2

006
), a

ll re
fere

nce
 pic

ks a
re u

sed
 for

 the
 MD

A. F
or o

ur d
ata

 set
, on

ly a
uto

ma
tic p

icks
 of c

lass
 0 s

atis
fy th

e 
req

uire
me

nts 
for 

use
 in t

om
ogr

aph
y. (b

) On
ly w

ave
form

s of
 eve

nts 
gre

ate
r or

 equ
al M

 4.0
 are

 use
d fo

r th
e M

DA
. 

l
Aut

om
atic

 pic
ks o

f cla
ss 0

 and
 1 c

an b
e us

ed f
or t

om
ogr

aph
y. (c

) Di
stan

ce-
dep

end
ant

 cal
ibra

tion
 as 

use
d in

 this
 

wor
k. A

uto
ma

tic p
icks

 of c
lass

 0-2
 and

, in 
this

 cas
e, a

lso 
clas

s 3 
(do

wng
rad

ed p
icks

 of c
lass

 0-2
) ca

n be
 use

d fo
r 

tom
ogr

aph
y.

Top
: M

PX 
use

s a
 st

atic
 se

tup
 fo

r n
oise

 an
d 

sign
al+n

oise
 m

ode
ling

 w
indo

ws 
for 

its 
ada

ptiv
e 

Wie
ner

 filt
er 

rou
tine

s. T
he 

mo
deli

ng 
win

dow
s a

re 
cen

tere
d ar

oun
d an

 init
ial p

ick 
(he

re: p
red

icte
d ar

riva
l-

time
 in a

n a 
prio

ri  v
eloc

ity m
ode

l), s
epa

rate
d by

 saf
ety 

gap
 g

 an
d g

. Th
e a

djus
tme

nt o
f th

e s
afe

ty g
aps

 
N

S
stro

ngly
 de

pen
ds 

on 
the

 ac
cur

acy
 of 

the
 init

ial p
ick:

 
For

 con
sist

ent
 aut

om
atic

 pic
ks w

e ha
ve t

o us
e na

rrow
 

safe
ty g

aps
 in 

com
bina

tion
 wi

th 
initi

al (
pre

dict
ed)

 
pick

s cl
ose

 to 
the

 act
ual 

pha
se o

nse
t as

 sho
wn 

in a
). 

Initi
al 

pick
s f

ar 
off 

the
 ac

tua
l p

has
e o

nse
t in

 
com

bina
tion

 wit
h n

arro
w s

afe
ty g

aps
 res

ult 
in n

o o
r 

inco
nsis

ten
t a

uto
ma

tic 
pick

 (b
). W

ide 
safe

ty g
aps

 
incr

eas
e p

rob
abil

ity o
f pic

king
 imp

ulsi
ve l

ate
r ph

ase
s 

(c). Rig
ht: 

If p
red

icte
d a

rriv
al-t

ime
s a

re u
sed

 as
 ini

tial 
pick

s, 
app

rop
riat

e 
velo

city
 m

ode
ls 

(pre
fera

ble
 

min
imu

m 1
-D 

mo
del)

 an
d h

ypo
cen

ters
 ha

ve 
to b

e 
use

d fo
r fo

rwa
rd c

alcu
latio

ns. 
Bot

h, v
eloc

ity 
mo

del 
and

 ap
pro

pria
te 

hyp
oce

nte
rs 

can
 be

 ob
tain

ed 
by 

iter
ativ

e a
ppli

cati
on 

of a
uto

ma
tic p

icki
ng,

 1-D
 tra

vel-
time

 inv
ers

ion,
 and

 hyp
oce

nte
r re

loca
tion

 as 
sho

wn 
in 

the
 righ

twa
rd fl

ow-
cha

rt.

2. O
rigin

al B
aer-

Krad
olfer

 pick
er (w

ithou
t any

qual
ity a

sses
sme

nt) a
pplie

d to 
asso

ciate
d

wav
efor

ms. 
Relo

cate
 all e

vent
s in 

M1D
01 u

sing
low 

qual
ity a

utom
atic 

pick
s. R

emo
ve o

bvio
us o

utlie
rs

(res
idua

l cut
-off)

, relo
cate

 filte
red 

data
, ext

ract
high

-qua
lity e

vent
s (R

MS,
 Nob

s, ga
p). 

A pr
iori i

nfor
mati

on:
Velo

city 
mod

el (e
.g. li

tera
ture

)
Initia

l hyp
ocen

ters 
(from

 cata
logu

e/bu
lletin

)
1. U

se re
fere

nce 
pick

s (or
 ava

ilabl
e ro

utine
 pick

s)
to up

date
 a pr

iori m
odel

 by m
inim

um 1
-D

inve
rsion

: M1
D01

 (1D
 velo

city+
statc

or?)

3. M
erge

 refe
renc

e pic
ks w

ith s
elec

ted l
ow q

ualit
y

auto
-pick

s. D
own

-wei
ght a

uto-
pick

s wi
th re

spec
t to

refe
renc

e pic
ks. I

nver
t com

bine
d da

ta se
t for

 new
mini

mum
 1-D

 mod
el us

ing M
1D0

1 an
d ca

talog
ue

loca
tions

 as i
nitia

l val
ues.

New
 mod

el: M
1D0

2 (1
D ve

locit
y+st

atco
r)   

4. R
eloc

ate a
ll ev

ents
 in M

1D0
2 us

ing
low 

qual
ity a

utom
atic 

pick
s fro

m 2.
. Re

mov
e ob

viou
s

outli
ers (

resid
ual c

ut-o
ff), r

eloc
ate f

iltere
d da

ta,
extra

ct w
ell-lo

cata
ble e

vent
s (N

obs,
 gap

).    
Use

 sele
cted

 eve
nts f

rom
 4. fo

r rep
ickin

g wi
th M

PX.
Use

 hyp
ocen

ters 
from

 4. a
nd m

odel
 M1D

02
(1D 

velo
city+

statc
or) t

o ca
lcula

te pr
edic

ted a
rriva

l
time

s for
 eac

h se
ismo

gram
.      

Lef
t: D

iffer
ent

 min
imu

m 1
-D m

ode
ls o

f the
 Alp

ine 
reg

ion.
 Mo

del 
s07

b w
as d

eriv
ed f

rom
 inv

ers
ion 

of r
efe

ren
ce 

+ lo
w-q

uali
ty a

uto
ma

tic 
pick

s a
nd 

is u
sed

 to 
calc

ulat
e p

red
icte

d a
rriv

al-t
ime

s fo
r 

MP
X. M

ode
l s1

2c w
as d

eriv
ed f

rom
 inv

ers
ion 

of h
igh-

qua
lity 

aut
om

atic
 (M

PX)
 + r

efe
ren

ce p
icks

. 
Rig

ht: 
Sta

tion
 co

rrec
tion

s c
orre

spo
ndin

g t
o m

ode
l s0

7b.
 Du

e t
o s

ite-
effe

cts 
and

 M
oho

 
top

ogr
aph

y, s
eve

ral s
tatio

ns d
eno

te c
orre

ctio
ns u

p to
 sev

era
l se

con
ds. 

Imp
rov

em
ent

 in 
acc

ura
cy 

of p
red

icte
d a

rriv
al-t

ime
s u

sing
 ap

pro
pria

te m
inim

um
 1-D

 mo
del 

+ 
relo

cate
d h

ypo
cen

ters
. (a

) di
ffer

enc
e b

etw
een

 pre
dict

ed 
and

 ref
ere

nce
 pic

ks u
sing

 a s
tan

dar
d 

mo
del 

+ ca
talo

gue
 loc

atio
ns. 

(b) 
usin

g m
inim

um
 1-D

 mo
del 

+ re
loca

ted
 hyp

oce
nte

rs.


