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Event Processing

1. Waveforms and detections are imported.
2 . orbdetect produces arrival detections.

3. orbtrigger can be run optionally to group detections
Into event candidate pick lists.

4 . orbassoc reads detection picks from orbdetect
and/or pick lists from orbtrigger , searches for event
associations through a set of travel time grids, and outputs
complete event objects for further processing.

5. orbevproc can be run for further event-oriented
processing such as magnitude estimation.

6. orb2dbt populates an archive database with the event
processing results. orb2dbt can also output more event
objects into the ORB for further processing.
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orbdetect - detection processing

filtered data

thresh
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orbdetect - output example

File Edit ¥Wiew Qptions Graphics Help
oK xf |+ =+
1] sta | chan | time | state | filter | snr |

Y EAR BHZ 6/08/2002 (159) 21:29:57.836 L | BW 0.8 4 3.0 4 5850

EAR EHZ 6S08/2002 (159) 21:29:59.486 D EW 0.8 4 3.0 4 58.50

BAR EHZ G/08/2002 (159) 21:31:18.636 OFF EW 0.8 4 3.0 4 101.98

EAR BHZ GS08/2002 (159) 21:29:58.736 L | EW 3.0 4 0O 68.69

EAR EHZ 6S08/2002 (159) 21:29:59.636 D EW 3.0 4 00 68.69

BAR EHZ G/08/2002 (159) 21:30:49.486 OFF EW 3.0 4 00 228.79

EZN BHZ GS08/2002 (159) 21:30:06.275 L | BW 0.8 4 3.0 4 13.48

EZN EHZ 6S08/2002 (159) 21:30:03.700 D EW 0.8 4 3.0 4 13.48

BZN EHZ /0872002 (159) 21:30:54.000 on EW 0.8 4 3.0 4 18.27

EZN BHZ 6S08/2002 (159) 21:30:59.150 OFF BW 0.8 4 3.0 4 18.27

BZN EHZ 6/08/2002 (159) 21:36:54.500 0N EW 0.8 4 3.0 4 10.03

BZN EHZ /0872002 (159) 21:36:55.800 D EW 0.8 4 3.0 4 10.03

EZN BHZ 6/08/2002 (159) 21:37:34.500 OFF BW 0.8 4 3.0 4 10.03

CEY EHZ 6/08/2002 (159) 21:30:08.200 0N EW 0.8 4 3.0 4 14.88

CRY EHZ /0872002 (159) 21:30:09.300 D EW 0.8 4 3.0 4 18.73

CRY BHZ 6/08/2002 (159) 21:30:54.000 on BW 0.8 4 3.0 4 30.96&

CEY EHZ 6S08/2002 (159) 21:31:04.250 OFF EW 0.8 4 3.0 4 30.96

CHC EHZ /0872002 (159) 21:36:54.223 0N EW 0.8 4 3.0 4 13.33

CHC EHZ 6/08/2002 (159) 21:36:55.773 D EW 0.8 4 3.0 4 13.33

CHC EHZ /0872002 (159) 21:37:34.223 OFF EW 0.8 4 3.0 4 13.33

DGR EHZ 6/08/2002 (159) 21:30:11.549 0N EW 0.8 4 3.0 4 29.49

DGR EHZ 6/08/2002 (159) 21:30:08.449 D EW 0.8 4 3.0 4 32.3

] DGR EHZ G/08/2002 (159) 21:31:14.499 OFF EW 0.8 4 3.0 4 2.3
153 |~ =

Dismiss
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orbdetect - detection glyphs in orbmonrtd
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orbtrigger — network trigger processing

Objective: Scan all orbtrigger detection buffers to create/modify a network
trigger and output an event pick list when appropriate:

BZN-BHZ

CRY-BHZ

FRD-BHZ

KNW-BHZ

PFO-BHZ

RDM-BHZ

SND-BHZ

WMC-BHZ
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twin

trigger opened at this time for nstations =5

-~

| E— !

N

trigger closed at this time

| —

trigger on time
—

trigger off time

-~

All /db/detection onset times in this range go
into pick list (for maxwaittime = 0)
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orbtrigger - output /pf/orbassoc pick list

BRTT

arrivals
BAR
BAR
BZN
CRY
DGR
DGR
FRD
FRD
GLA
GLA
Jcs
Jcs
KNW
LVA2
LVA2
MONP
MONP
MONP
PLM
PLM
RDM
SND
SND
SOL
TRO
TRO
WMC

BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
BHZ
SHZ
SHZ
BHZ

D1
Dt
Dt
Dt
D1
Dt
D1
Dt
D1
Dt
D1
Dt
D1
D1
Dt
D1
D1
Dt
D1
Dt
Dt
D1
Dt
Dt
D1
Dt
Dt

&Tb1{
1023647045.63560
1023647045.48560
1023647049.70000
1023647055.30000
1023647059.99910
1023647054.44910
1023647049.02500
10236470459.30000
1023647037.76060
1023647037.81060
1023647045.73380
1023647047.33380
1023647052.12500
1023647047 .42500
1023647047.40000
1023646931.10000
1023647043.42500

1023647042.70000

1023647050.51180
1023647054.16180
1023647058.02500
1023647049.95000
1023647050.10000
1023647055.12500
1023647048.10000
1023647048.00000
1023647050.67500

68.69000
58.50000
13.48000
18.73000
18.19000
32.31000
10.88000
13.22000
75.61000
119.94000
241.03000
50.17000
8.88000
30.58000
24.31000
5.12000
77.79000

102.69000

20.99000
35.24000
16.68000
16.80000
6.99000

13.14000
8.45000

12.60000
12.71000
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orbassoc - travel time grids
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orbassoc - passoc processing

For each grid-source location node:

1. All of the times in the pick list are reduced by the phase travel times to an equivalent
origin time.
2. These reduced pick times for each travel time phase are put into a reduced time list for

subsequent time-clustering analysis:

- |

— BZN
o
:§)< CRY I I
= |
o _ FRD
- S sf\wlfts \\>|l )/ P\ shifts
@)
D NI N
= < CRY N
S T |
_ FRD
reduced | L0 |
time list L passoc(x,y,z,grid) is the number of unique

Cluster_twin gtion picks within this window

mean value within cluster_twin defines event origin timeI
a standard deviation within this window is also computed
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orbassoc - example passoc(x,y,local)
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An evaluation of orbassoc

* Original edition:

Worked well for networks with apertures up to 1000 km

Could usually discriminate teleseisms (although locations not necessarily
good, especially in depth)

Reliable for time-separated, “sufficient size” (~10 or more stations) events
with “clean” seismic waveform data

Fast

e Problems with original edition:

Could not properly handle continental to global scale networks

Could not properly handle time-overlapping events (becomes important for
large aperture networks)

Lots of spurious mis-locations when trying to associate with small numbers
of stations (< 6) and especially with “dirty” seismic waveform data

S associations usually resulted in lots of spurious mis-locations
Final solutions were on a grid with no error estimates

Because of downstream database processing, could only use one
orbtrigger-orbassoc processing pair at a time

Required orbtrigger - this means only a single hypocenter estimate per
event
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-5-. i Alaska Farthquake
3‘_‘: Information

Automatic Aftershock Locations

Comparison of Numbers of Automatic Earthquake Locations

# of Aftershocks
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Automatic Aftershock Locations
Compared to Analyzed Locations

orbassoc (red) and binder (blue) locations vs. analyzed (yellow) locations
(55 selected events) Nov 18 - 19, 2002

Average
Distance
Earthworm
) 13.5 km
binder
Antelope
P 4.4 km
orbassoc

-148° -146° -144°

B binder automnatic location @ orbassoc automatic location 2 analyzed location
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locations with small numbers of stations

-
— dbevents: nn_start ‘ " |J
File Maps Waveforms ~ Events # Stations MNextEvent | PrevEvent MNextMap | QuUIT |
i 2006276010703) ~ & HEVADR
i 2006276010,/03 4 CENTRAL CALIFORNIA
200B2TELLO, 3] 1,6ml r 5 CEMTRAL CALIFORMIA
200BETT10/04) 1,0ml r 10 CEMTRAL CALIFORMIA
200BETT10/04) 1,9l r 4 CEMTRAL CALIFORMIA
2006277 (10/04) r 4 HEWRDA
2006277¢10,/04) v & CALIFORNIA-HEWADA BORDER REGION
2006277¢10,/04) v 4 CENTRAL CALIFORNIA
20027710 040 r 7 OFF EAST COAST OF KAMCHATKA
200BETT10/04) r 4 CALIFORMIA-HEWADA BORDER REGIOM
200BETT10/04) r & CEMTRAL CALIFORMIA
& 2006277 (10/04) O r & ALASKA
— —— 2006277¢10,/04) v 4 CALIFORNIA-NEWADA
2006277¢10,/04 ro & CLIPORNIANEWADR | ick: :
20027710 040 Oyl e 5 SOUTHERM HEVS ‘ dprCK nn’Start | J‘
200BETT10/04) 244ml r 9 HEWADA . il " it i
2006277 (10,04) r 22 CALIFORNIA-NEWADA Traces v ) Amp:A v FikenN v add Arrivals Add Time Mrks
2006277 (10/04 " 4 MARQUESAS ISLANDS | — H
2006277¢10,/04) r g CENTRALTCALIPORNIF |
2006277¢10,/04 r 5 HESTERN ARIZ +400.0 fmfszc
Fiy 2006277 ¢10,04) r 4 HESTERN QRIZDNQ
20062771004 r & HEWADA | CLK SHZ.
200BETT10/04) 1,0ml r 5 SOUTHERM MEVADA
2O0E27T (10,04 1! r 4 SOUTHERH HEVADA 0 nmisec
2006277¢10,/04) v 4 CALIFORNIA-HEWADA
2006277010,04) 143 2.6n1 r 14 HEAR COAST OF HORI U ATsEe
20027710 040 18124314 r 4 CEMTRAL CALIFORMNIF
N 200BZTTI10-04) 18133149 2,6ml r 4 CALIFORMIA-HEWADA
' 2006277010,04) 18140148 r 5 CALIFORMIA-L NE\MDA
. 2O0EZTT 10,043 18154112 r 4 CALIFORHIA-HEWA] ORC SHZ
| |2006277¢10,/045 19102157 % & GeCIFOMIA-NEVADR
20062770160,04) 19:04:13 r 5 CALIFORNIA-NEWADA
20027710 040 19106130 r & CALIFORMIA-HEWADA ~1000.0 nmisec.
1,0ml r 5 CALIFORMIA=-HEWADA
A r [ CﬂLIFDRNlQ—NE\MDA
2.8nl r 4 HE
N noa +200.0 0t
a "% DR o HEVRDE FBR SHZ
3! [ 3 CALIFORHIA-HEWA]
e 2006277(10/04) 10139128 0, dnl r 38 caLIFnRNm—NEuAm 2000 ¢ts
s 2006277 (10,041 10340123 —=0,3nl r 24 CALIFORMIA-NEWADA
2O0EZTTLI0/04) 1033512 r & CALIFORHIA-HEWADA
2006277¢10,/04) v 7 CALIFORNIA-HEVADA
2006280¢10,07) o r 46 CALIFORNIA-HEWADA
2006280010/07) 22145157 r 5 CALIFORMIA-HEWADA 0 nmisec
% /|20062801102073 23120305 r B CALIFORNIA-HEWADA SJC SHZ
D ~ [X [Zovezrritoreas 1siaasia & CENTRAL CALIFORNIF ~1000.0 nm/sec
lat = 38,4206, lon = —L20.0839, dapth = 10.0000
A orid . nass = ¢, evid = 27
| auth = nr‘bassnn, slgorithn = %, +2000.0 nmisec
\ latency = 1115 minutes
GHO SHZ:
~2000.0 nmisec
= +1000.0 nmisec
BFC SHZ
~1000.0 nmisec
—
K ) QSM SHZ
Status: Time: 2007048(02/17) 16:54:08 CGmt, 00:14:31 since last update, 19:59:44 since last event ~200.0 nm/sec
+1000.0 nmfszc
NOBA BHZ
+800.0 fmfszc
+500.0 nmisec
E05A BHZ
+200.0
0 nmisec H
+4000.0 nmisec |
s bne L WJNWM
.
oo | b i
Ak ;
18:23:50.00 18:24:00.000
znuszr? znuszr?
Ml 4 |v}
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Mis-locations with small numbers of stations

— dbevents: ../db/test/gsn
Eile Maps Waveforms ~ Events # Stations MNextEvent PrevEvent NextMap QuiT
T T 2007T0A0(02/09) 20406132 24 ALBERTA PROYIMCE, CAMADA

2007040¢02,09) 44 GULF OF CAMPECHE
2007040027093 12 HONTANA
2007040(02,09) 4 BRITISH COLUMBIA

2007040002008 241221 4 BRITISH COLUMBIA

—| dbpick: ../db/test/gsn | -]
Traces * | Amp: A T ) _Filter: N T _Add Time Mrks)
= +2UULLL nmisec ’ £ g
a
C06A BHE
|

—2000.0
CO6A BHH

+500.0 nmisec:
C06A BHZ
-500.0

AR A e deees

f
0 nmisec: . n R F F\" ‘h
D15A BHE ) e
~400.0 nmisss v V \ i '{'V’M U U |
-800.0 fi 0 N oa 1y
D15A BHH i, 4 AAA M ! AR, n'?ﬁ”“\l
-1400.0 nmisse v s

AL TR

o
v
\lj ‘

7 D15A BHZ

B T # TRITISA oL —400.0 hmise:
390, lon = -s1e.7odd, depth = 23
o B, b R +B00.0 nmises:

auth = hal dbg?, algoribhm = dbgenlﬂc iaspi
latencg = 7 days 22,9 hours E15A BHE,

+200.0 nmisec

E15A BHH t\uf"’\

0 nmizec

+400.0 nmizec:

E15A BHZ L/\
0 nmizec I

: 4 +2UUULL Amises
. ,Fl,: e (O -\}‘L(? F034 BHE I

H 1 -2000.0 nmies
Status: Time: 2007048(02/17) 20:02:48 Cmt, 00:10:23 since last update, 22:39:52 since last event

+2000.0 nmisec:

FO5A BHM
—2000.0 nmisec
+1000 0 nmisec

FD5A BHZ
=1000.0 nmisec |

+10000 0 rmisec
E04A BHE
-10000.0 nm/sec
+10000.0 myses ||
E04A BHM.
—10000.0 nrm#sec

+10000.0 nrmisec
ED4A BHZ.

=10000 .0 nmisec
-800.0 n\
LSA BHZ_00 U

4 100 7 menisan

20:52:00.000 . 20:33:00.000 20:53:30.000 20:54:00.000 20:54:30.000

2007040 2007040 2007040 2007040
J KL J
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Second edition of orbassoc, c. 2002

* Allow multiple orbtrigger-orbassoc processes in an
attempt to deal with small events with small numbers of
assoclating stations

* Provide a way to subset down regions into subnets to limit
the effective source-receiver aperture for small events

* Required doing “smart” origin association in the final
archive database so that multiple origins were properly
tagged with the same event id and arrivals were not
repeated

e orbassoc was modified to output encapsulated event

ORB “objects”, instead of multllple database rows, and
orb2dbt was modified to implement the “smart” origin

assoclation with the archive database

« Major change was actually in orb2dbt, not so much
orbassoc
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What is an event ORB “ob)

A complete
properly
Indexed
temporary
database,
containing only
one origin and
all relevant
linked other
tables,
encapsulated
Into a single
parameter file
ORB packet
usually with

srcname
/pf/orb2dbt

BRTT

ect”?

58 korlZ
58 korl%
58 korli
58 korlZ orb2pf -number 1 -start OLDEST -select /pf/orb2dbt ruper:scdemo -

/pf/orb2dbt 1263 2/15/2007 17:32:31.413

arrivals &literald
HONP 1171560724.70000
TRO 1171560730.02500
PFO 1171560731.02500
L¥A2 1171560729.47500
SND 1171560732.00000
FRD 1171560731.30000
KNH 1171560734.22500
CRY 1171560733.07500
¥
assocs &literal{
1 2 MONP P
2 2 TRO P
3 2 PFO P
4 2L¥nz P
5 2 SND P
6 2 FRD P
7 2 KNiW P
8 2 CRY P
}
emodel &literald
2 3.8561
}
origerr &literali
14214.3916
}
origin &literal{
31.6814 -114.1501 1.6044
¥
predarrs &literal{
1 2 1171560724
2 2 1171560729
3 2 1171569731
4 2 1171560729
5 2 1171560731
B 2 1171560731
7 2 1171560734
8 2 1171560733
9 korlz JJ

1 2007046 -1

2 2007046 -1

3 2007046 -1

4 2007046 -1

5 2007046 -1

6 2007046 -1

7 2007046 =1

8 2007046 -1
9.99 2.271 121.62
9.99 2.658 133.24
9.99 2.740 134.16
9.99 2.631 128.75
9.99 2.793 131.37
9.99 2.749 130.61
9.99 2.963 132.62
9.99 2.880 130.14
4.38894 4.50075
10134.7653 239474543.8515
1171560686 .10691 2
66790 13.75 121.62 -1
.99630 13.75 133.24 -1
.11445  13.75 134.16 -1
62257 13.75 128.75 -1
.84727 13.75 131.37 -1
.23872  13.75 130.61 -1
18215 13.75 132.62 -1
.04835 13.75 130.14 -1

-1 BHZ P
-1 SHZ P
-1 BHZ P
-1 BHZ P
-1 BHZ P
-1 BHZ P
-1 BHZ P
-1 BHZ P
302.84 0.032 d
314.46 0.029 d
315.41  -0.089 d
310.04 -0.148 d
312.70 0.153 d
311.93 0.061 d
314.00 0.043 d
311.54 0.027 d
4.35157
3417812.8965
-1 2007046
.00 302.84 -44.2
.00 314.46 -44.2
00 315,41 -44.2
.00 310.04 -44.2
.00 312,70 -44.2
00 311.93 -44.2
00 314,00 -44.2
.00 311.54 -44.2

Al
.1
.1
A,
.1
gl
i
.1

I
OO0 OoOOoOOoOO

-999.
-999.
=999
-999,
-999.
=989,
-999.
-999.

OO OOOO0

1171560750

-11951.4

8 8

1171560750
1171560750
1171560750
1171560750
1171560750
1171560750
1171560750
1171560750

00 -1
00 -1
00 -1
00 -1
00 -1
00 -1
00 -1
00 -1

-999.00
-999.00
-999.00
-999.00
-999.00
-999.00
-999.00
-999.00

.67205

452

=1

.67481
.67567
67602
.67618
.67636
.67652
67667
.67683

00 -1.00
00 -1.00
00 -1.00
000 -1.00
00 -1.00
00 -1.00
000 -1.00
00 -1.00

= 5= 999
- -999.
i sg Sy
- -999.
= 5999
- -999.
= 5= 399
- -999.

cocooooo
T el el e S SN

899262 .9430

49

il
-1
=
-1
il
-1
=l
-1

000
000
000
000
.000
000
000
.000

4 -

00 -1.00
00 -1.00
00 -1.00
00 -1.00
00 -1.00
00 -1.00
00 -1.00
00 -1.00

taup/iasp9l
taup/iasp91
taup/iasp9l
taup/iasp91
taup/iasp91
taup/iasp9l
taup/iasp91
taup/iasp91

854743.4618

2
-1
=
-1
=l
-1
)
-1

.00
.00
.00
.00
.00
.00
.00
.00

-1
-1
-1
-1
-1
-1
=,
-1

000
000
.000
000
.000
000
000
000

-1
-1
il
-1
-1
-1
-1
-1

PSP RS RS RS RS RS RS

i el e = = I

105712.57832

= -999.0000 f -999.00 8
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What is an event ORB *“object”?

e At a minimum there must be a single row of an origin

table encapsulated into a pf “Literal” string. Event objects
with only an origin row are treated by orb2dbt as

external catalog events to be associated with the existing

events in the archive database. These type of event objects
are produced by dborigin2orb.

* In order to promote detections to arrivals for a fully
defined origin, such as what we would want to do with
orbassoc output, the assoc and arrival tables must

also be defined In the event object.

 Additional tables relating to errors and modeling, such as
origerr, emodel and predarr, may also be defined,
but these are optional.
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orb2dbt “Smart” event assoclation

From event object From archive database

foreach

preferred origin

assocC assocC assocC assocC
\ 4 \ 4 y
arrival arrival arrival arrival

predicted predicted predicted predicted

predicted predicted predicted predicted

arrival arrival arrival arrival
A A A

assocC assocC assocC assocC

N\ S

origin
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orb2dbt “Smart” event assoclation

 Ifanew origin exactly matches an existing origin in the archive
database, then the new event is skipped. A “match” is defined as an exact
match in 1at, lon, depth, time, ndef and nass.
 [fanew origin associates with a preferred origin in the archive database:
— Anew orid is obtained from the archive database
— The evid from the associated preferred origin is used
— The new origin is compared against the existing preferred origin to see if the
new or1gin should become the preferred origin
 [fanew origin does not associate with any preferred oragins in the
archive database:
— Anew orid is obtained from the archive database
— Anew evid is obtained from the archive database and a new event row is added
to the archive database
e arrival and assoc merging:

— Each arrival associated with the new origin is checked against existing
arrivals in the archive database. If the arrival is different from any existing
arrivals, then it is added to the archive database and a new arid is generated.
If the arrival is the same as an existing arrival in the archive database, then
the arrival is not added and the arid from the existing arrival is used in
the new assoc entries.

— The resulting orid and arid values are filled into the new assoc rows.
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orb2dbt “Smart” event assoclation

 An important capability apart from the associator that
allows safe merging of complete events from external
sources

 Provides a mechanism for merging origins from external
catalogs

* Provides a mechanism for safely modifying existing
events, e.g. adding further processing information such as
magnitudes

* Allows the associator to make multiple estimates of
hypocenters from the same event (e.g. early warning,
different subnets, etc.)
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Second edition of orbassoc, c. 2002

 Multiple orbtrigger-orbassoc processes provided a way to
subset down regions into subnets to limit the effective source-receiver
aperture for small events

« “smart” event association in the final archive database worked well for
providing a generalized method to merge multiple event estimates

 Problems with second edition:

— Still needed orbtrigger which meant no time-overlapping events and
no multiple origin estimates from a single orbtrigger-orbassoc
Instance

— Still could not properly handle large aperture networks

— Still had problems with very small events and sometime very large events
with multiple orbtrigger-orbassoc instances (split events, orphan

events, events near subnet boundaries)

— Still produced solutions only on the grid with no error estimates (why is
this important? It means that the grid must be sized finely enough to
insure reasonable accuracy of solution)

— Still couldn’t handle S-arrivals very well
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Third edition of orbassoc, c. 2005

Eliminate orbtrigger as a required initial processing
step for orbassoc (although it still can be used in a

compatibility mode and as a means for rapid initiation of
processing in orbassoc)

Assimilate a pick list dynamically within orbassoc
directly from detections and establish rules for

processing and culling the pick list

Implement recursive pick list processing — will find time-
overlapping multiple events

Implement distance and station density weighting in grid
search (attempt to deal with small event problem)

Include new associate-only mode and Iterative
reprocessing mode for S-arrivals

Development of new “universal” teleseismic grid based on
observed seismicity for handling large aperture networks
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orbassoc pick list processing

wait for
new pick

pick list

BHZ DI 1023647045.63560 68-69000
BAR BHZ Dt 1023647045.48560 58.50000
BZN BHZ Dt 1023647049.70000 13.48000
CRY BHZ Dt 1023647055.30000 18.73000
DGR BHZ DI 1023647059.99910 18.19000
DGR BHZ Dt 1023647054.44910 32.31000
FRD BHZ DI 1023647049.02500 10-88000
FRD BHZ Dt 1023647049.30000 13.22000
GLA BHZ DI 1023647037.76060 75.61000
GLA BHZ Dt 1023647037.81060 119.94000
JCS BHZ DI 1023647045.73380 241.03000
JCS BHZ Dt 1023647047.33380 50.17000
KNW BHZ DI 1023647052.12500 8.88000
LVA2 BHZ DI 1023647047.42500 30.58000
LVA2 BHZ Dt 1023647047.40000 24.31000
MONP BHZ DI 1023646931.10000 5.12000
MONP BHZ DI 1023647043.42500 77.79000
MONP BHZ Dt 1023647042.70000 102.69000
PLM BHZ DI 1023647050.51180 20-99000
PLM BHZ Dt 1023647054.16180 35.24000

cull pick
list based on
pick ages >

process_time_window

n_new_picks >
process_ncycle?

RDM BHZ Dt 1023647058.02500 16.68000 recursive

SND BHZ DI 1023647049.95000 16.80000 _

SND BHZ Dt 1023647050.10000 6.99000 rocessin r >
SOL BHZ Dt 1023647055.12500 13.14000 P 119 process_age

TRO SHZ DI 1023647048.10000 8.45000 of entire process_timeout?
TRO SHZ Dt 1023647048.00000 12.60000 pick list -

WMC BHZ Dt 1023647050.67500 12.71000

initiate internal
pick list processing

process orbtrigger
pick list

/pft/orb2dbt event
object for orb2dbt
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orbassoc pick list processing

e The internal orbassoc pick list is accumulated directly from detection onset times —
orbdetect can be configured to only produce onset times using the —onlypicks
command line option flag (don’t do this if you plan on using orbtrigger) - note that
generally picks from every station-channel-filter are put into the list

» The size of the internal orbassoc pick list is managed such that the time difference
between the oldest and youngest picks stay within the process_time_ window
parameter in orbassoc.pf - the moveout for an entire global network can be
accommodated by making this time window suitably large (~1200 seconds) - note that this
usually results in much larger pick lists than those produce by orbtrigger, thereby
requiring more CPU time for processing the pick lists

« Each successive pick list processing cycle is completely independent of previous cycles —
this means that the same event can be processed many times with multiple hypocenter
estimates showing up in the final archive database

« Although it might be desirable to process the internal pick list every time a new pick is
received, this is impractical because of the cpu time needed for each processing cycle and the
large number of hypocenter estimates for each event that this would produce

* Generally pick list processinlg frequency is controlled based on number of new picks
received (process_ncycle parameter in orbassoc. pf) and/or time since the last
processing cycle (process_timeout parameter in orbassoc. pf)

e orbtrigger generated pick lists can still be processed by orbassoc - also
orbtrigger generated pick lists can be used by orbassoc to ONLY initiate processing
of the internal pick list (using the —trigger_start_only command line option flag)
resulting in timely processing of new events
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orbassoc recursive processing

« The new model now is to form dynamic very large pick lists with all stations,
channels, and filter versions over large time windows such that a single snapshot
of the pick list can encompass global-scale events with hundreds of stations

» This approach absolutely requires recursive processing in order to separate out the
multiple events that will usually be contained in such large pick windows — this
was one of the principal improvements to orbassoc that was necessary to be
able to process both continental-global scale events and local-regional scale events
at the same time with the same data

e How does this work in orbassoc?

— The standard orbassoc grid search is performed on all grids looking for a single
solution that produces the most numbers of defining P-arrivals within the specified
cluster time window

— When a solution is found, Additional P-arrivals are identified as being associated but
not defining using a time window larger than the cluster time window.

— For stations with defining or associating P-arrivals, all detections within a time window
around the predicted P-arrival are temporarily removed from the pick list

— The reduced pick list is reprocessed again in the same way until no more solutions are
found
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orbassoc recursive pick processing

dbpick: db/usarray

dbpick: db/pacific
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orbassoc universal teleseismic grid

In order to find events
using global distributions
of stations it was necessary
to develop a travel time
grid with a distribution of
sources that would work
for any distribution of
stations.

Icosahedral-based multi-
scale triangular tesselation
using USGS PDE events
since 1960 to define
worldwide seismic zones
for grid densification

Station density weighting
was also introduced to
minimize the otherwise
overpowering effects of
high station density within
heterogeneous station
distributions

BRTT
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orbassoc S-arrival processing

* Inthe original edition of orbassoc, S-arrivals were associated by
throwing the S travel times into the grid search (using the try_S
parameter in orbassoc. p¥).

 In practice we found that in most cases, trying to use S arrival times in the
Initial search resulted in many more mis-locations than improvements in
locations.

* Inedition 3 of orbassoc we tried a different approach:

— Always use only P-arrival times in the initial grid searches

— If an event is found, then look for associated S-arrivals in the pick list by
searching for picks around the predicted S-arrival times for all stations.

— Mark associated S-arrivals if the associate_S parameter in
orbassoc.pf has been set to yes.

— Ifthe reprocess_S parameter in the orbassoc. pf has been set to yes,

then using only the detections that associated for P and S arrivals, make
another pass through the travel time grid search, this time with try Ssetto
yes so that the S arrivals would be used as deflnlng arrivals in the final

solution.
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orbassoc S-arrival processing

dhevents: ../db/rest/gsn
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orbassoc: Denali eq test

e Test setup:

— Used about 30 hours around time of Denali earthquake on 22:12 03 Nov,
2002

— Transformed analyst picks into detections and processed these with
dbgrassoc

— Started with 29564 arrivals. Analyzed database had 1083 events.

— Used a local grid with about 5 km spacing and depths down to 200 km.
Also used utele grid

— Enabled S-associations

e Summary of results:

— dbgrassoc produced 1042 events:

Time error md=-0.271, 99%= 4.488, 1%= -5.599, std= 0.562 sec
Depth error md=-1.000, 99%= 36.404, 1%= -17.015, std= 5.424 km
Distns error md= 0.585, 99%= 10.281, 1%= -38.047, std= 3.559 km
Distew error md= 0.628, 99%= 29.468, 1%= -22.056, std= 3.643 km
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Hle Maps Waveforms
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hle Maps Waveforms
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20051070 04/17)
2005107 (047 17)

NextEvent

1 CHLIFDRNIH HEYADA BDRDER REGION
HHEIHNH IELAND:

200510700417 4.9mb g 0 NORTHERN ZUHA
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2005107 (04/17) 13 TIHOR
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2005107004/ 17) S.7mk @ 0 EOUTHERN EUMA

200510700417 +4mb 8 0 ANDAHAN ISLHNDS REGIL‘IN
20051030 04/13) 9 CENTRAL CALIFORNIA
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20051030 04/13) 4,5mb @ 0 ZOUTHERN SUMATERA
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Third edition of orbassoc, c. 2005

For the first time we have the capability of processing any
data from any mix and distribution of seismic stations from
local to global scales

Processing has been simplified for the user since we throw
everything into a single large buffer instead of trying to
make lots of processing subnets

S-arrival processing is now effective

Problems with third edition:

— Still had problems with very small events and sometime very large
events (split events, orphan events, events near subnet boundaries).
Distance weighting proved not to be very effective.

— Still produced solutions only on the grid with no error estimates
(why is this important? It means that the grid must be sized finely
enough to insure reasonable accuracy of solution)

— Performance problems
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Fourth edition of orbassoc, c. 2007

 Mainly focus on refinements to the third edition to deal
with mis-locations and split events and to improve
performance

— Reduced mis-locations for small events:
» Added pick reject expressions to remove noisy stations
 Introduced nsta_thresh as a function of maximum event-station
distance
 Introduced separate S arrival distance weighting functions

— Reduced split events
» Added separate residual thresholds for P and S arrival associations

— Improve performance

» Made it so that picks with zero weights were completely eliminated
from the grid searches.

» Added “closest stations” pick list culling during the grid searches.

» Added ability to run a traditional location code, such as dbgenloc,
automatically after finding a grid solution in order to refine the final
location and to obtain traditional error estimates. This allows running
with much coarser grids and therefore improves overall performance.
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BRTT

P8} “dbgrassoc.pf

Fourth edition of orbassoc.pf

®

Quit ml SEIitl Savel Save asl Reluadl

Prev Next All Back

Make Err| Search

Hormal Hex| Syntax] Other Display Options|

v an Help|

i Parameter file for dbgrassoc A
proceszs_time window 3600.0
process_ncycle 0
process toyole 3000.0
detection reject expresszions &Thl{ # reject these picks before any processzing
zta == "ADH"
zta == "ANT"
zta == "BFC"
¥
grid params &Arr{
talocal &sarr{
nxd 1-1: # Number of east-west grid nodes for depth scans
nyd 11 # Humber of north-scuth grid nodes for depth scans
clusgter twin 4.0 # Clustering time window
nondefining association P maxresid 2.0 # maximum resgidual for P assocs
nondefining association_8 maxresid 3.0 # maximum residual for 8 assocs
nsta_thresh &Tb1lq # Minimum allowable number of stations
3.0 4 # ag a function of maximum station distance
50 5 # from event
180.0 &
3
Ty & no # yez = Try observations as both P and S
# no = Cbszervations are P only
aggociate 32 ves # yez = Try to associate observations as both P and 8
reprocess S yes # vez = Reprocess when new S-associations found
drop if on edge yes # Drop if solution is on the edge of the grid
P chantigl siftet 2.2 00 # use only these channels for P arrivals
S_channel_sifter ..[NEZ] # use only these channels for § arrivals
priority 5} # grid pricrity
algorithm talocal # algorithm field for origin output
auth tal # auth field for crigin output
phase_gifter # =zift according to pick phase codes
clogest _stations 0 # only uge clogest n stations for search
uge_dwt no t apply distance weighting to P arrivals?
dwt_dist_near 100
dwt_wt_near 10
dwt_dist far 10.0
dwt_wt_far 0.0
uge dwts ves # apply distance weighting to 8 arrivals?
dwte_digt near 5.0
dwts wt_near 1.0
dwts_dizt_ far 5.0
dwts wt far 0.0
relocate rundbgenloc # relocation script
uze only relocation yes # only cutput trelocation flag
1
¥
[ 1,1 [Mod [Command
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Test using USArray plus GSN data
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Test using USArray plus GSN data

«~5.5 days of
data from 162
stations.
«31,393
detections

« 02 events
»141 stations
with arrivals

*~120 minutes to

process using
dbgrassoc

#

Maps Waveforms
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Test using USArray plus GSN data

File Maps Waveforms «» Events # Stations HNextEvent vaEvenu HextMap Quit
: - — | —— |

3 FALEERTA PROVINGE, CANADA
GULF OF CARFECHE

ASHING 10N
BEIIISH COLUNBIA
SOUTH OF HONSHU. TAPAN
NEAR CORS] or soumznn CHILE
7 MEDITERRANEAN
ASHING TON
ERITISH COLUMETA
KURIL ISLANDS REGION
ERSTERN IDRHD
NORTHERN ERSTER 1, CORDILLERA
HORIY BRCIEIC

OCEAN
CHINA BORDER REG,
HING TON

OFF CORST OF OREG

OFF CORST 0
DFE CORST BT WORTARRN oHILE
HINDU KUSH REGIO
HINDANAOD, PHILIPPINE ISLANDS
HEGERTR FROUINGE . chNADR
NEAR ERST CORST OF KAMGH
HINDRNRG muppmz EE
NEAR ERST CORST OF KRACHATRA
UeSern A
ERST PRPUR NEW GUINER REGION
e

Traces * O Fil:0.8-3 BP Add Time Mrk

ALDA BHZ

NORTHERST OF

A1ZA BHZ NORTHERN s R

KURIL ISLANDS REGION
ANA BHZ

BIZA BHZ

ERITISH COLUMEIA
ERITIEH COLUMETA

SQUIH OF FITL TsLANDS
SOLOMON ISLANDS
IADOR
HASHING ION-OREGON BOROER REGION
EHING ION-OREGON GORDER REGION
CANTHL Ton
ROLUCCR SER
ERITTSH COLUMETA

BIIA BHZ

Ef
HEORES. ISLanDs REGION
ERITISH COLUME:
ERITISH COLUME:

RLGERTH PROUINGE  CANADR

o
ASHING TOM
UFZTFEN  ThaHn

2 FLBERTA PROUINCE, CvaDn
14,8818, derth =
13

007 01WT27TCT 28 06134

='50,1061, lon
574,

dbs}, ;usunl.hm = dbgenlociiaspdl,

TR I A 0 s a5 _ : 9 e , T i 2 o
— :l'r'iqua;l it i s Rt - |
e o : ity 0 Y e | x

e il lﬂ'.‘\-'u"

030¢02/19) 19:36:00 Gmt, 00:21:46 since last update, 06:53:17 since last event

b bt e A

lg*‘,".nwl "N

|
00700000 200720000 200740000 2020000000  Z0:00:20.000 znm.nm
T oD F0T04 00r08 007050 ELTE 0T 20070

February 2007



Test using USArray plus GSN data
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Test using USArray plus GSN data

e tast v

r ALOSHP

ZXRNGA0 2316300000

fou

T Add Time Mrk

ZRIGZN000 £ 0,000

Statn:

me: 20

) 193302 G, 002448 5

e bt update, 08:56:19 e,

® tast wvant

FiLng-3 gp «

Add Time Mrk

e
— %..._....,..:,.%4.».‘.»;

|00 ZRIBD0A00  ZXIGZ00M  ZNNGA0N 230000 Z5E0A00  EXNA000  ENE0000 2351 020000
000 EoT oo ooar40

February 2007



Configuration notes

* Preferred approach is to run a single instance of orbassoc with as few
grids as possible

« All stations in all grids — “all” stations should include neighboring
stations all the way to global scale (GSN)

 Use of utele grids can be computationally expensive — use distance
weighting with utele grids to mitigate this

 Continue to use slowness grids for finding teleseisms in local to
regional network aperture scales

« Make the local Cartesian grids as coarse as possible and use relocation
option to improve the final solutions using a traditional iterative
linearized inversion method, such as dbgenloc

 Use distance (or closest stations) weighting with zero wieghts to
Improve performance, especially for utele grids

o Use “sequenced” approach for associating S-arrivals

* Use orbtrigger only as a means for controlling when orbassoc
performs its pick list processing (i.e. run orbassoc with the
—trigger_start_only command line option).
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