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1 Introduction

The SEISAN distribution includes 4 test events, 2 local events and 2 distant events. The
intention with this tutorial is to explain how SEISAN works and to demonstrate the most often
used functions without having to install the test data set and follow the much more extensive
SEISAN training course.

Since the previous version of this tutorial (2014), there have been many changes in the software
and the most important is the new Nordic format, Nordic2, (version 12, June 2021) which makes
SEISAN able to record more parameters and in particular, use the full SNCL codes. In addition,
for each phase, there is the possibility to include both agency and author of the phase to keep
track of where the phases come from. For this reason, two more test events in Nordic2 format
have been included. However, most of the exercises will be using the Nordic format since there
is little difference in operation. But we strongly recommend to start using the new format, which
also is accepted by ISC. Both formats can be used in nearly all programs, and it is easy to
convert from one to the other with program NOR2NOR2.

The distribution is set up to read both Nordic and Nordic2 and all output will be in Nordic2. If
you want to exclusively work with Nordic format, set parameter NORDIC_FORMAT in
SEISAN.DEF in DAT to 0.0. Using 1.0, both formats are used and 2.0 only Nordic2 can be
used.

NOTE: Not all figures have been updated to reflect the latest version of SEISAN but the
commands given are correct and old commands no longer available have been removed.

In this tutorial a Windows OS is used to describe the SEISAN commands and file system.
Linux users can use the same SEISAN commands in a terminal.

It is assumed that SEISAN is installed under C:\seismo, readings and other parameters are in
S-files under test database TEST in the directory named C:\seismo\REA, waveform files are in



C:\seismo\WAYV, calibration files are under C:\seismo\CAL and other parameter files under
C:\seismo\DAT. All work is done in a DOS command window in Windows or a terminal
window under Linux. SeisanExplorer uses in addition its own window.

Since there are four events, there are also four S-files. The events’ S-files (files with locations,
readings etc., see example below) are already installed in the test database TEST under REA in
directory see C:\Seismo\REA\TEST_\1996\06 for the Nordic format and the files are

03-1955-40D.5199606
25-0337-31L.S199606

and the Nordic2 files are in c:\seismo\REA\TEST \2021\02

13-1407-10D.S202102
23-0514-03L.5202102

Two files have D in front of the “.” and are distant events, the other two have an L and are local
events.

Most of the exercises will be made with the 1996 data unless specifically mentioned otherwise.

2 Get access to the events, EEV

In order to get access to the events directly from any directory, the command eev is used. It is
also possible to use the GUI SeisanExplorer (section 13), however it is easier to understand the
use of SeisanExplorer when standard SEISAN commands have been used so SeisanExplorer
will be introduced later.

EEV normally works with one month at a time so the command to connect to the two events
from 1996 is

eev 199606

When the system is installed, the default database (a directory in REA) is TEST, so EEV will
automatically connect to the TEST database. After giving the above command, you should see

1996 6 Reading events from base TEST_ = 2
# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0 N 1.1 5.6WHRV 12 2

First there is a message telling how many events there are for June 1996, in this case 2 but it
could be up to 200 000. Then follows origin time, ‘D’ for distant event, latitude, longitude and
depth, ‘N’ to indicate a new event, rms of travel time residuals (1.1), magnitude 5.6 Mw from
Harvard. 12 is the number of stations with observation listed in the S-file.

Go the second event (local) by pressing enter and you get

1996 6 Reading events from base TEST 2
# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0

N 1. 6WHRV 12 2
# 2 25 Jun 1996 03:37 31 L 61.689 3.259 15.0 N 3.

1 5.
0 3.3LTES 35 2



3 Inspect the content of the S-file

Enter again will go back to the first event. List the file by typing ‘t” and you get:

% 1,3 Jun 1996 19:55 35

D 47.760 153.227 0.0 N 1.1 5.6WHEW 1z 7

File name: C:)\3eismo\}RERYTEST }1996|06}03-1955-40D.5199606

1996 6 3 1955 35.5 D 47.760 153.227 0.0 TES 12 1.1 5.6WHRY 5.epPIEl ——=Line with hypocenter
1996 6 3 1955 35.5 D 47.760 153.227 0.0 TES 1z 1.1 S5.6WHRY 5.EbPDEL .

GAP=348 2.88 999.9  999.9999.9 -0.1404E+08 -0.3810E+08 O.120SE+0SE Frror in hypocenter
1996 D603 1955 31.6 D 46.787153.722 33.0 PDE 5. 6RPDE 1 .

ACTION:SPL 08-10-02 10:19 OP:ih  STATUS: ID:19960603135540 1 —1D line

1996-06-03-2002-15%. TEST 012 -y . 5
1996-06-03-1917-525. TEST__002 —=Wavform file names

: ~——Line with waveforim file names

Station STAT SP IPHASW D HRMM SECON CODA AMPLIT FERI AZIMU VELO AIN AR TRES W DIS CAZ7
o T-EBS BE EP 20 4 40.63 23 -1.3210 5724 351
TRO SI EP 20 5 32.5 /21 1.7510 6471 343
C'omponent—-LOF 52 TP C 20 5 46.68 o z -0.1110 6729 344
? JNU 52 EP 20 5 49.5 Angle of incidence 21 1.1910 6755 353
JMI LZ I 20 8 27.35 6768 353
JMI LZ I Phase 2014 41.56 6768 353
JMI LI I 2021 25.48 6768 353
MOL  SI IP C 20 6 25.43 19 -1.7410 7408 343
FOO SZ EP 20 6 35.99 19 0.1210 7559 344
HYiL SZ EP 20 6 36.91 19 -0.1410 7580 343
SUE 51 IP C 20 6 39.07 18 -0.2810 7621 344
KGNG BZ IP C 20 6 40.72 18 -0.7010 7657 341 :
FOHQ 22 —
Return to continue, g to return to EEV ///’ Azirauth
Residual
Weight Epicentral distance

The most important explanations are given. The same file can also be edited using command
‘e’. Note there are several hypocenter lines, but the first one is the main line used, the others
are for additional information. Note also that the event has two waveform files associated with
the event. In a similar way we can inspect the local event in Nordic2 format from 2021. The

most important changes are explained:

2021 8223 €514 11.3 L 63.741 4.57@ 49.1 BER 4 1.7 3.8LBER 1
GAP=327 BER 4.33 62.5 154.9 97.7 ©.6053E+@4 ©.7752E+04 ©.3297E+B4E
2021-02-23-8514-835.NSN__ 015 6
ACTION:UP 21-85-21 18:45 OP:ff STATUS: ID:28210223851483 Il
STAT COM NTLO IPHASE W HHMM 55.555 PAR1 PAR2 AGA OPE AIN RES W DIS CAZ7
MOL HHZ NSee IP @514 36.879 TES pv 93.0-1.8618 199 138 M . d N d ]
MOL HHZ NS@® IAML 8515 00.586 1131.9 ©.38 TES pv ofd7 199 130 agnitude residua
AKN HHZ NOee IP 8514 48.579 TES pv 93.2 9.0118 213 144 R R o
AKH  HHN NO@® ES @515 @3.180 BER ff 93.0 6.9318 213 144 Back azimuth and velucny if
HYA HHZ NSee IP 2514 53.189 TES pvy 77.8 1.9718 .
HYA HHZ NSee BAZ @514 53.466 328.5 [10.9 TES pv -16. 299 163 BAZ phase
HYA HHZ NSee@ IAML @515 456.950 344.9 ,0.48 TES pv -9.07 299 163
SKAR HHZ NS@@ IP 515 02.820 c TES pv 77.0 0.2710 392 149
SKAR HHN NSee ES @515 39.17@ «~BER ffy 77.8-1.3218 392 149
i Auencv\ : .
. 'Polarlw %) Tty Travel time tesidual
Component [Location if a phase perator
Network Amplitude Period

if an amplitude phase

Where are the waveform files?

SEISAN will look for the waveforms in the current
waveform files used are, type ‘w’ and you get:

directory and in WAV. To check where the

# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0 N 1.1 5.6WHRV 12 2w
Full path name C:\Seismo\\WAV\1996-06-03-2002-18S.TEST_ 012

Full path name C:\Seismo\\WAV\1996-06-03-1917-52S.TEST__ 002

# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0 N 1.1 5.6WHRV 12 2



and it is seen that the 2 waveform files used are located in WAV.
List of commands in EEV

Type ‘?” and enter and the list of EEV commands are given:

Help on EEV, all commands are given in lower case
*** Basic commands
*** Navigation in EEV
*** Event information
*** File operation like copy, delete, email etc.
*** File modification and edit, add data
*** Archive and waveform files
*** Hypocenter location
*** Plot signals and time sequece analysis
9 *** Plot epicenter
10 *** Plot spectra, magnitudes vs distance, wadati, picture etc
11 *** Automatic routines for picks, amplitudes and spectra
12 *** Fault plane solution, plot, manipulation
13 *** Moment tensor
14 *** Synthetic seismogram and travel times
15 *** Macroseismic information
16 *** Explosion information
17 *** Other commands

Give a number for topic, 0 for whole list, enter to terminate

*** Navigation in EEV

B: Back one event

#xx: Go to event # xx, also works without the #

DRddhhmm: Go to first event on day dd, hour hh, min mm

Yyyyymmdd Go to first event at or after yyyymmdd, give at least year,
only for local data base or index file

Eyyyymm: Let EEV session end with year yyyy and month mm

Jyyyymm BAS:Jump to year yy and month mm in base BAS

Sxxxxxx: Search for next two events which are within xxxxxx seconds.
is blank, a default of 180 secs is used
SS: Find next unprocessed event in base
Get list (enter), g to terminate

4 Plot the epicentre

Go to the second event in June 1996, type ‘map’ and you get



Total  events: 1
Selected svents: 1

Vg tudas:
Unkso -

W1

M-z . 63.0

M=3 °

The event ©

-2.52.0 0.0 2.0

Longitude
The map used is not very detailed. It can be replaced with a more detailed map, changed in file
C:\seismo\DAT\SEISAN.DEF. The size of the map and optionally also plotting stations can
also be specified in SEISAN.DEF. If there is access to Internet, Google can be used. Type
‘gmap?

and you get

Many events can be plotted outside EEV with MAP, MAPG (GMT) or GMAP.



5 Plot waveforms, multi trace mode

Go to the second event, type ‘po’ and you will see:

Waveform file name Header line from S-file

‘ 1990625037205, AN 039 [T
Station and channel codes Maxumum amplitude [in counts
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T Elotioxt b iote_ o0 s

i . ! - - T |

T = TN 0P Ry USRI < - SOV : <
e e T .=

- m—r e ]

B =] i ﬁ‘( T

B SE 5 ke E1EE:

EF 2% =24 P - blER

o == HE—

O S

EO S Lol e —

L e Sw=s. T s —

Wi S L

oS = o 365

e = = o i) 141%

KWy S — ﬁ 1204

WM BZ T 2377

W B = I At 26

BE —al T

S 179, ﬁg E@

2 1 il h SRRLE]
.- 7 + " T
2 g = N 10
08 SE - B %ﬁ*‘*"”“‘%m:

B m
o —u = el
= 5% = i e 1458
3 SH = s Phases picked EE
= 2E == 15T
= 2 fam i
[ e s
SE B ol R i L
Bl = ¥ i —
Ei = ; 5l
Bt # el e 3 40 41 4

DC level of rncﬁﬁ\"l;

NOTE: The end of the coda is now plotted with phase name END, while in the figure above the
old name CODA is used.

Command ‘p’ will also plot events but then there are more choices, so it is simplest to use ‘po’.
If only channels with readings are to be plotted, use command ‘pp’.



5.1 How to zoom

Zoom: Put cursor among the traces at position for start of zoom, click on end of zoom. To zoom
out, do the opposite. See illustration below.

Zoom Zoom out

et IheTrva sle arite frn sl

mrepe oo

First mouse clic Second mouse click Second mouse click First mouse click

The zoomed traces
19%06-25-033-205 039

196 625 037 3L.0L 61669 3.25915.0 TES 3 3.0 3.30IES 3.0CTES 3. 21D
Elot stort tine: 199% 6 20 5 5
a0 T . ¥ -




5.2 How to change amplitude, up down arrow keys

The amplitude on the plot can be made larger or smaller with the arrow keys up and down.
The example below shows the effect of pressing the arrow key up two times.

P O —

btk ipamstd e A )

=S

5.3 How to scroll the plot left and right, horizontal arrow
keys

The first plot below shows a zoom of 3 traces. In order to see the rest of the signal zoomed, the
whole plot can be moved left and right with the horizontal arrow keys. The plot below left
shows the original zoom and the plot right, the plot after pressing the right arrow keys 3 times.
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5.4 Select channels on plot

Select the channels by clicking on the channel name and then click on Plot, see figure below

15 o510 Hoss afisos w24 w8 Jls Wi kFEUEE

[0 2]l
I_—I-\_*IMJI_G:CWA Esd: B[O C o[ elp 7)Oar  gTeml of e £ Pl g

e Pl Jomw Wl on 7l ow  Z|Pwtd HaIC vjotW TPt )

19‘36 62503373101 6165‘3 32591065E$3033UE3DC]’E3.
3 WMWWWW"—‘W el v A
I e —— yremy v v + v
g ) — ﬁ( i
Channel Y - E————_ L —
= . OTR
selected 5 :%ﬁ-& = P
g 1 & 1861
S == i —
E e *
= [T L # 35953
= == 5 .
=1
i 7:46 "‘“'w ZgZ;
S == &
g 0 N s -
g I — s —
2 e - 11i5s
;
g 5 i) i .
H — "
g sl uct B
(I v
H 1 = = - -
s - R 7
g = foai 142
= — ol 318
g — , SE
5 T T E TR
s e e
H j:ﬁﬁ i i —
23t = : T lgh
#

and the plot with the 3 channels will follow.
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A useful option is also to plot the channels in distance order by pressing Dist or *_

2.
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Optionally, the distance can be plotted above each trace. This is selected in MULPLT . DEF
PLOT DISTANCE 0: no 1: epi 2: hyp 1.0

A range of channels can be selected by using left-mouse click on the first channel and right-
mouse click on the last channel

Select channels by using the list of channels: On menu, press Oth C (or ‘0’ on keyboard) and
channel selection list comes up:

W Seican 1000

FIIED (T BORES DOICATE SEIRCTICH, 4 * INDICATES A PHASE FRAD

ST |

|'P1.ck5d o[ o[ d[mE 4

It is now possible to select and deselect channels. All channels with readings can be selected or
only Z-channels. Press ok or ‘f* on keyboard and the multi trace plot comes up again. This menu
will also come up if you press ‘p’ from EEV.
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5.5 Plot all components for a selected station

Select one channel as shown above, press ‘y’ and the plot show 3 channels. In this case some
zooming was done before pressing ‘y’. To return to the multi trace plot press “y’ or ‘t’.

_EEE'I

Filt -1 = =1 =] 1-5 w50 B8 o152 -4 J W Wb Gllws Jdwe MWL H
Tost 1| Dzt |Soale #[FisF|[Fotst ul|Gom ofBck BlothC of Belp 2|uit  oTeeml o et £

D=l W d|DelS Dtz M| Oat  olleep I BX Mot JCth W W b 7| oWk E|Fth HALC  djoaw

T . e e ke e e
- % MOLPLT all' component mode = ]:
= i E -1 J -1 <J[3-& o o0 Aeeis e 4 T b Sl e W g |
R Brie ot I Dier el et Jmorn deg Howr Jele doge ey ey ¢ Bl o Il
jzi=s] G A= Yore WOk Ollen 1l B Bl |06 Wl an Ak _dlea Hane o TR o fe-d
H= B % 57 AL GID 350160 o6 30 3 A0 3 (1% 3 080 L]
jEi= 'Hrf:rarvrhm:1q¥\‘ F i . - - . .
ED — %3 T | = = | ]
FOO — ]
o ]
Lk Jm sz —
HVL — H
fitig —= —
o —= The 3 channel plot -
IH) EVZ 1 . -
W B - *eh e
HHD EVE 4 v
AT — .

1 ¢ daalas -
WL SH Hh SN Ky .
WL SE — o]
WFs 5Z L]
WFeE SH — Fo]
B — X
BSOS £ ki ol
NE SE i ]
OG SZ — -
Bz SH —— Lk . ]
G SE —=lm SE i L
SE SZ — ]
SE SH — ]
SE SE — —
SE Az T s s | \ \ s s -
JE AE ﬂg@mx Tl o ke nl in 20 i il o ez | | e
Bent# 2 37l 50 ) in kil an 40 50 nil

12



5.6 How to filter traces

We will use the example above where stations ASK, FOO and KONO were selected. On the
menu, select a filter or use the corresponding keys on the keyboard. Press Plot or ‘r’ and the
filtered plot appears. Plot again and the filters are removed. In this example, the effect of the 1-
5 Hz filter is mostly seen on the 3rd channel, broad band station KONO.

Select filter 1-5 Hz

Plot.again

Fme(ed plot

i Bz

-amn '.‘ .‘.‘ F =
,u

=z

gl

-

z
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5.7 Plot an event directly with MULPLT without using EEV

The waveform files are in the WAV directory. Go to the WAV directory, make a list of the
waveform files and plot one of them:

You are in WOR

ismoNHOR> )
eismo\HOR>wa —— ive command wa to go to WAV
igmosWOR>cd ~d C:xSeismo\uwau

;\Seimo\q.mumi,.f I |\|ake a list of files starting with 19

# 1 1996-B6-@3-1917-528 .TEST__AA2
£ 2 1996- 3-2002-18S .TEST_ @12 - T .
# 3 1996-B6-25-0337-20S .NNSN__B39 The list, is in file filenr lis

sxseismoMAU MU lplt—————— Start MULPLT

Filename, number. filenr.lis <(all)
Continuwous SEISAN data base: cont
Large SEED volume: conts

Archive: arc

BRSOt file #2

Read headers from files:
1996-06-03-2002-188 . TEST__ @12

Plot options: Interactive picking Return
Multi trace plot on screen, def (B
MHulti trace plot on screen {1
Hulti trace plot on screen+lazewr(2)
Multi trace plot on laser <32
Continuoues on screen 4>
Continuow n screen + laser 5>
guntinuuuas on laser EB;
top e .
— Use option 0

for all defaults

Low and high cut for filter, return for no filter

No filter, just enter
Now plot comes up

Note that now there are no phase arrival readings indicated on the plot since the plot is not made
from EEV and therefore it is not referenced to the S-file with the readings.
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However, if phase picks are made, they will be saved in a temporary file mulplt.out when
quitting MULPLT. The file is overwritten next time MULPLT is used.

6 Locating events

6.1 Locate alocal event using phases in S-file

Select the local event in EEV. Use command ‘I’ (note this is lower case L and not the number
one ‘1’) and the result is

Phase used by program

Distance (km) Location Phase given by user Residual . )
Error in location

Station

=
2

i 2 25 Jun 1996 @ =y 3.25 157.0 N 3.8 3.3LIES
Azimuth hemn Fat o depth
8E 15,
B it
- Observed
_An_gle of - o arrival time
incidence §
AML
§ 3
N Weight
s
Al
P
P
P
P

RSN NEIRE D
ke wE

HOL 243 64.3
Hypocentral Return to continue, g to end listing g
distance SUE SZ hd : . coda:

amp:

Amplitude (nm) H} m - -
WY SE Llstln_g of dlfferent_
e magnitudes from different

stations

Period (s)

e e b

Tz .?

B amp: J9T: R n 3.4

625 @3 31.1 L 61.687 3.283 15.8 TES 31 2.8 3.3LIES 3.4CTES 3.2LNA(~

625 @9337 31.8 L 61.689 3.25%9 15.8 TES 35 3.8 3.3LTES 3.4CTES LNAO L. . . .
= Original location in S-file
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Location just made

The most important output values are explained. Note that the location made currently is
slightly different from the location in the S-file. The location in the S-file will remain until
updated with command ‘u’.

Update S-file
# 2 25 Jun 1996 03:37 31 L 61.687 3.283 15.0 2.0 3.3LTES 31 2 u
Give operator code, max 4 characters
jh

date hrmn sec lat long depth no m rms damp erln erlt erdp
96 625 337 31.04 6141.39N 3 15.7E 15.0 82 3 1.99 0.000 89.8 35.9 65.2
stn dist azm ain w phas calcphs hrmn tsec t-obs t-cal res wt di
FOO 95 95.4 92.7 0 P PG 337 46.1 15.08 15.08 0.00 1.00 1
FOO 95 95.4 92.7 0 S sSG 337 56.0 24.97 26.24 -1.27 1.00 2
BLS5 SZ hdist: 307.4 coda: 230.0 mc = 3.4

BLS5 SZ hdist: 307.4 amp : 481.2 T: 0.2 ml = 3.5

KONO BN hdist: 414.3 amp: 79.2 T: 0.2 ml = 3.0

NSS SN hdist: 541.2 coda: 288.0 mc = 3.9

1996 625 0337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO
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OLD: 625 0337 31.1 L 61.687 3.283 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO
You are now about to overwite the current event in the database.

with the solution just shown

The catalog is not updated !!!!!

Sure you want to update, (y/n) 2

Y
# 2 25 Jun 1996 03:37 31 L 61.690 3.261 15.0 2.0 3.3LTES 31 2

The old location and residuals in S-file have now been overwritten.

6.2 Locate a distant event using phases in S-file

Select a distant event in EEV. Use command ‘I’ and the result is

# 1 3 Jun 1996 19:55 20 D 45.736 154.919 1.0 N 2.2 5.6BPDE 15 21
date hrmn sec lat long depth no m rms damp erln erlt erdp

96 6 3 1955 20.07 4544.24N 154 54.9E 0.2 14 3 2.15 0.000999.9999.9999.9
stn dist azm ain w phas calcphs hrmn tsec t-obs t-cal res wt di

KBS 5966 351.7 22.5 0 P P 20 4 40.6 560.56 562.55 -1.99 1.00 26

KBS 5966 351.7 0 IAMs_20 2026 45.9 1885.8

TRO 6725 343.8 20.9 0 P P 20 5 32.5 612.43 610.95 1.48 1.00 20
LOF 6981 344.8 20.4 0 P cP 20 5 46.7 626.61 626.55 0.06 1.00 8
JNW 6993 354.0 20.3 0 P P 20 5 49.5 629.43 627.23 2.20 1.00 30
JMI 7007 354.0 0 20 8 27.3 787.3

JMI 7007 354.0 0 2014 41.6 1161.5

JMI 7007 354.0 0 2021 25.5 1565.4

MOL 7660 344.5 19.0 0 P P 20 6 25.6 665.56 666.02 -0.46 1.00 O
FOO 7811 345.2 18.6 0 P P 20 6 36.0 675.92 674.39 1.53 1.00 1
FOO 7811 345.2 0 IAmb 20 6 36.9 676.8

HYA 7833 344.5 18.6 0 P P 20 6 36.9 676.84 675.58 1.26 1.00 1
SUE 7873 345.2 18.5 0 P cP 20 6 39.1 679.00 677.78 1.22 1.00 1

KONO 7911 342.2 18.4 0 P CcP 20 6 40.7 680.65 679.96 0.69 1.00 3

ASK 7924 344.7 18.4 0 P P 20 6 37.2 677.17 680.57 -3.40 1.00 2

BER 7931 344.6 18.4 0 P P 20 6 37.4 677.36 680.97 -3.61 1.00 2

EGD 7945 344.6 18.4 0 P P 20 6 38.4 678.35 681.72 -3.37 1.00 2

ODD1 7952 343.8 18.3 0 P P 20 6 45.6 685.50 682.24 3.26 1.00 2

Return to continue, g to end listing

BLS5 8006 343.7 18.2 0 P P 20 6 46.3 686.26 685.15 1.11 1.00 2

BLS5 8006 343.7 0 IAmb 20 6 48.0 688.0

KBS Lz dist: 5966.0 amp : 1454.7 T 18.0 Ms = 5.1

BLS5 Sz dist: 8006.0 amp: 94.2 T: 0.9 mb = 5.9

FOO Sz dist: 7811.0 amp : 213.1 T: 1.1 mb = 6.2

1996 6 3 1955 20.1 D 45.737 154.914 0.2 TES 15 2.2 5.1sTES 6.1bTES 5.6BPDE

OLD: 6 3 1955 20.2 D 45.736 154.919 1.0 TES 15 2.2 5.6BPDE

The explanation is the same as for the local event above. However, the magnitudes calculated
are now Ms and mb and the distances are much larger. The model used for location is the global
IASP91 model.

7 Pick phases

7.1 Delete all old phases

Before picking phases, for the purpose of this tutorial, all the phases for the event should be
deleted. Select the local event. The phases can be deleted with the editor or with an EEV
command. The EEV command is ‘dels’, see example below, where all phases have been
deleted.

1996 6 Reading events from base TEST 3
# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0 N

1.1 5.6WHRV 12 2
# 2 25 Jun 1996 3:37 31 L 61.690 3.261 15.0 2.0 3.

3LTES 31 2 dels
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Give line to delete or keep, terminate with 0

1: Lines with P-phase Not delete
2: Lines with S-phase Not delete
3: Lines with SPEC-phase Not delete
4: Lines with IAML-phase Not delete
5: Lines with IASP-AMP phase Not delete
6: Lines with AM, AT and AS phase Not delete
7: Lines with END phase Not delete
8: Lines with BAZ phase Not delete
9: Lines with any phase Not delete
10: Lines with fp solutions Not delete
11: Phases with given stations Not delete
12: WAV references, line type 6 Not delete
13: 0ld ID lines Not delete

Give line to delete or keep, terminate with 0

1: Lines with P-phase Not delete
2: Lines with S-phase Not delete
3: Lines with SPEC-phase Not delete
4: Lines with IAML-phase Not delete
5: Lines with IASP-AMP phase Not delete
6: Lines with AM, AT and AS phase Not delete
7: Lines with END phase Not delete
8: Lines with BAZ phase Not delete
9: Lines with any phase Not delete
10: Lines with fp solutions Not delete
11: Phases with given stations Not delete
12: WAV references, line type 6 Not delete
13: 0ld ID lines Not delete
0

1996 625 337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO
Give operator code, max 4 characters

jh

Number of events in input file 1

Number of deleted lines 68

Output file name is dels.out

# 2 25 Jun 1996 3:37 31 L 61.690 3.261 15.0 2.0 3.3LTES 31 2

All phase lines have now been deleted, see content of S-file below

1996 625 337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAOl

GAP=153 21.23 35.9 89.8 65.2 -0.6139E+03 0.8616E+03 0.3554E+00F
1996 625 337 31.9 L BER 3.1WBER 1
1996-06-25-0337-20S.NNSN__ 039 6

327.2 62.0 -11.2 0 3
ACTION:DPH 14-02-12 16:57 OP:jh  STATUS: ID:19960625033731 I

STAT SP IPHASW D HRMM SECON CODA AMPLIT PERI AZIMU VELO AIN AR TRES W DIS CAZ7

The ‘ACTION’ line now indicate DPH, delete phases, by operator (OP:jh).

7.2 Pick new phases

In order to make it simple, plot only the Z-traces for 4 stations (figure below). In order to pick
the P-phase, move the cursor to P and press ‘1° and the phase appears on the plot. The phase is
indicated with IP, where the ‘I’ indicates impulsive. Similarly pick S by moving the cursor to
the S and press ‘8’ and the S-reading ES appear where E indicates emergent. Normally, S-
phases should be read on the horizontal components. For picking other phases, see later.
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From the plot, phases have now been read for P and S for 3 stations and for P only for one
station (EGD). Quit plot with ‘q” and the S-file now has the readings. List the S-file with ‘t’:

# 2 25 Jun 1996 3:37 31 L 61.690 3.261 15

.0

2.0 3.3LTES

File name: C:\Seismo\\REA\TEST \1996\06\25-0337-31L.5199606

1996 625 337 31.0 L 61.690 3.261 15.0
GAP=153 21.23 35.9 89.8 65.2 -0.613
1996 625 337 31.9 L BER
1996-06-25-0337-20S.NNSN__ 039

327.2 62.0 -11.2 0
ACTION:DPH 14-02-12 16:57 OP:jh STATUS:

STAT SP IPHASW D HRMM

EGD sz IP 337 58.55
HYA SZ IP 337 55.38
HYA SZ ES 338 14.40
FOO SZ IP 337 46.03
FOO SZ ES 337 56.09
KMY SZ IP 338 12.02
KMY SZ ES 338 41.42

7.3 Locate event
The event can now be located with command ‘1’

# 2 25 Jun 1996 03:37 31 L 61.689 3.259 15
date hrmn sec lat long depth no m
96 625 337 31.48 6135.62N 3 23.0E 4.9 73
stn dist azm ain w phas calcphs hrmn tse
FOO 88 89.0 93.2 0 P PG 337 46.
FOO 88 89.0 93.2 0 S SG 337 56.
HYA 157 106.4 50.4 0 P PN4 337 55.
HYA 157 106.4 50.4 0 s SN4 338 14.
EGD 178 145.1 50.4 0 P PN4 337 58.
KMY 285 158.0 50.4 0 P PN4 338 12.
KMY 285 158.0 50.4 0 s SN4 338 41.
HYA SZ gdist: 125.3 mom: 14.4
1996 625 0337 31.5 L 61.594 3.383 4.9 TES
OLD: 625 0337 31.0 L 61.689 3.259 15.0 TES

9E+03

31 2t

TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO1l

0.8616E+03 0.3554E+00E
3.1WBER 1
6
3
ID:19960625033731 I

SECON CODA AMPLIT PERI AZIMU VELO AIN AR TRES W DIS CAZ7

.0 N 3.0 3.3LTES 35 21

rms damp erln erlt erdp
0.31 0.000 12.0 9.0 6.7
c t-obs t-cal res wt di
0 14.55 14.25 0.31 1.00 11
1 24.61 24.79 -0.18 1.00 23
4 23.90 24.48 -0.58 1.00 10
4 42.92 42.59 0.33 1.00 23
6 27.07 27.05 0.02 1.00 4
0 40.54 40.29 0.26 1.00 8
4 69.94 70.10 -0.16 1.00 22
mw = 3.5
4 0.3 3.5WTES 3.2LNAO
35 3.0 3.3LTES 3.0CTES 3.2LNAO
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Notice that the location has changed about 11 km due to using fewer stations. The magnitudes
3.3LTES 3.0cTES from agency TES (the default set up with the test data) have also
disappeared since no amplitude or coda lengths were read, see later. The magnitude 3.21.n20
is still there. This is a magnitude from a different agency (NAO) and since it is written in 3.
magnitude position, it will not be deleted. This is a way for SEISAN to keep a magnitude from
other agencies for comparison.

7.4 Picking phases with more accuracy

Picking phases using multi-trace screen is often not very accurate since it is difficult to zoom
on several traces with different arrival times at the same time. So phases are mostly picked in
single trace mode or three-component mode (see 5.5), where it is also easy to pick S on
horizontal components. The other option is to use scrolling with the arrow keys to continue to
use multi trace mode, see 5.3. In all cases, it might also be an advantage to amplify the amplitude
with the vertical arrows, see 5.2.

7.4.1 Single trace mode

From the multi-trace mode, press ‘Togl’ (or ‘t”) on the menu and a single trace window comes
up.

Filt Joid o[t [ -5 o[5i0 Haos aies w2t Jw Wl e Jie KOs xieulll
@E@@@E
Dol W dt=l S D Oth ¥ W[ <U> 7| W< |[Farth H[AIC y|outy ~TiPeng
TN 3 260

Out. =p  J|| FE  FjNell
196 825 W7 3101 BLAM 3261150 THsdl 203

Magnitude operations o
HD SZ
138 T 1F 2FF II4EyCRnbeER7?E B 95 0B+ 5y Io
1W E})i\% 195 65 [}
D SZ | P E{ ]
ined phases
egim
—385 izl P
) ) . ) ) M
HA SZ e v ksl o 4 42
Map w21
—£35 IF
By SZ %;;'.*
1 ‘ Il
BEent # 2 S7md0 0 2

This window has different options in the menu as compared to the multi-trace window and is
meant to be used for operations taking place with a single trace. The phases defined on the
keyboard are shown (all also defined in multi-trace mode). Some magnitude operations are also
indicated, see 8. To go back to multi-travel mode, press Togl again.
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7.4.2 Zoom in single-trace mode

Zoom can be done in 2 ways. The first method is to zoom on the top trace and the zoomed
signal is shown on the bottom trace. The zoom clicks are done inside the top plot:

[P ode |
Filt l—vlmlml—}-llml—mll—\lﬂlﬁl—ﬂ@
Lz W R I G Jar JEd IRter JGon ded. Hosc dlmp doar @@-
1P 2FP 3T 4ESE BB 7 TS 85 9IS 0B+ G In
PEESEFENS I _Sacond zoom click
- iz _|
L 1 1 1 | 1 }ﬂﬂ ]
First zoom click  * o . “
L P _|
L 1 1 | 1 1 1 1 I 1 = ]
Thes = B 2 4 3 B 1 b 1
Mazap: a1

Maximum amplitude in counts
To un-zoom or re-plot the top trace again, press ‘Plot’ or ‘r’ on keyboard.

The second method is to zoom on the top trace only. The first zoom click is inside frame with
the plot and the second is outside:

. ULPLT 5 [ 0P singte trace mode

mlﬂmm“ % m 3 e dean dse e o) D EE iw

nmﬂ e JAl JEE  Liee Jonn q%m [EFS T T e S dur Jer ke Ewlr S ST
T 2F IEES TeEn TS 06 M0 T Ig

B0 = ED S 7 19 65 e [155-06-E-00T-TENEL 1B HD ST 1% 65 M

B ~— J = ¥ ]
1 Savend zoom positon |
N
) L . . m . . . i M=

+ n T a = B En 5 0 15 E: £ T 3 4
Moo 1 Hxcag

P 2 maas&sm E 85 S50+ 3 I
9

\
First zoom position

The zoomed plot

Phases can be read on all plots in single-trace mode, however if a lower plot is shown, readings
can only be done there. On the top trace several zooms can be done until the desired resolution
is obtained.
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7.4.3 Pick polarity in single trace mode

Polarity can be picked at the same time as a phase is picked. Polarity can be picked in multi-
trace and single-trace mode but is simplest in single trace mode. Below is a zoomed signal in
single-trace mode so the polarity is clearly seen. For the polarity to be picked, the cursor must
be above or below the “Limits for polarity” marker. Put the cursor as indicated below, press ‘1’
and the result is as shown. If there is a reading from before without polarity, just repick the

same phase.

] MULPLT single trace mode

1IP 2FFP 3IPgd FPgS IPn 6 En 7 1S BES 9ISg0ESg+ S Ig
1996-06-25-0337-205. NNSH__039 SIE S Z 199 625 33720648

— 7Limits for polarity wor
L |
374z
Max anp 5187 .1 Put cursor here, then pick phase

7.4.4 Deleting and re-picking phases

A phase can be re-picked without deleting the old pick, the old phase will automatically be
deleted when the same phase (NOTE: IP and EP are considered different) is re-picked on the
same channel, see P-phase below. A phase can also be deleted by putting the cursor near the

phase and pressing ‘d” on keyboard as illustrated with the S-phase below.
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7.5 Locating an event with one station, three component

method

It is sometimes useful to get a location with only one station. This requires good three
component data where the P-waves of the 3 components correlate well. Plot the 3 SP

components of the station SUE for event 2:

1996-06-25-0337-20% NNEN__039

1996 625 0337 31.0 1 61.689 3.259 15.0 115 35 3.0 3.3LTES 3.0CTES 3.2LNAO
Plot start time: 19% 625  3:37 47.26

154 i

SE SZ

SE SH

SE SE

5145

4379

2714

Event £ 2 ERYL)
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You can see that the P-phases on the 3 components look similar. The NS amplitude is positive
and the EW amplitude negative, of similar amplitude as the NS so the direction to the event
from the station is either between 90 and 180 degrees or 270 and 360 degrees:

Direction to event N

NS amplitude

E
EW amplitude \

Direction to event

From the polarity of the Z it is seen that the direction to the event is NW. With the direction to
the event and the P and S-time, the location can be calculated, however the depth will be fixed.
The back-azimuth from the station to the event can be determined in single trace mode by
correlating the 3 traces.

Select the local eventh, June 1996.

Plot station SUE in single trace mode.

Zoom on top trace to see the P clearly.

Press Azim and then select a small window around the P.

A plot will appear, and it shows the 3 components and the results of the correlation.
If acceptable (correlation must be positive and as large as possible), press ‘e’ on top
trace and the value are save as an E-phase.
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Press Azim to start

] MULPLT single trace mode

Ll

ilt

o=t =11 =|[1-5 v|[510 bflto-15 nfis25 wf[2-¢ .|[wa

w|[ 1b

e wf[us o T
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1P E
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ing E in window here

Select window for J00MP

&102

The three components zoomed 1445

1494

. 3m4s
Apparent velocity

872 Con

Azimuth determin7
‘Az 344 Vel

Correlation.

Traces are not always so nice, so the procedure might have to be repeated a few times to get a
good result. Many times the signal must also be filtered to get good results and a shorter window
used. Press the filter before Azim in that case. The S-file now has the added line:

STAT SP IPHASW D HRMM SECON CODA AMPLIT PERI AZIMU VELO AIN AR TRES W
SUE SZ E 337 48.00 343.7 8.2

DIS CAZ7

and on the plot a phase E with an amplitude symbol is added to indicate reading of back-
azimuth. In the new format the line would be

STAT COM NTLO IPHASE
SUE S Z BAZ

W HHMM SS.SSS
0337 48.000

PARL
343.7

PAR2 AGA OPE AIN RES W
8.2 BER jh

DIS CAzZ7

and the phase on the plot would be BAZ.

Locate the event:

long depth
3 17.3E 15.8

no m
83 3

rms
1.95 8
t—ohs

damp erln erlt erdp

date hrmn
p .BAA 89.8 35.5 65.8

lat
-93N

i phas
P

calephs hrmn
PG ?

i.
i.
i.
i.
A,

Azimuth phase

Residual

Azimuth observation

and it is seen that the ‘error’ in the back-azimuth is 30 degrees, a bit large. The event can now
be located with only SUE (removing all other phases in S-file) and we get
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date hrmn sec lat long depth no m rms damp erln erlt erdp

96 625 337 32.84 6152.25N 4 15.4E 15.0 32 0.00 0.000 5.4 3.7 0.0
stn dist azm ain w phas calcphs hrmn tsec t-obs t-cal res wt di
SUE 95 163.3 92.8 0 P PG 337 47.8 15.00 15.01 -0.00 1.00 25
SUE 95 163.3 92.8 0 s SG 337 58.9 26.11 26.11 0.00 1.00 25
SUE 95 163.3 AZ 343.7 343.7 -0.01 0.20 50
SUE 95 163.3 0 337 48.0 15.2
SUE 95 163.3 0 AML 337 59.3 26.5
SUE SZ hdist: 95.8 coda: 150.0 mc = 2.8
SUE Sz hdist: 95.8 amp: 1243.7 T: 0.5 ml = 3.3
1996 625 0337 32.8 L 61.871 4.257 15.0 TES 1 0.0 3.3LTES 2.8CTES 3.2LNAO
OLD: 625 0337 31.2 L 61.699 3.289 15.0 TES 31 1.9 3.3LTES 3.0CTES 3.2LNAO

And it is seen that the location has changed substantially. The exact change in km is given in
output file print.out. The print.out file can be inspected from EEV with command ‘ep’.
There are many sources of error in determining the azimuth: bad s/n, wrong sensor orientation
and different gain of the 3 components.

8 Magnitude

Magnitudes are usually calculated using maximum amplitudes on the Z-channels although
amplitude for MI, by definition should be read on the horizontal components. However, the
practice is often to read on vertical channels for MIl. Magnitudes can also be calculated from
the coda length if no response function is available or the spectrum of the P and S waves. For
all amplitude based magnitudes, the amplitudes are read on a trace which has been corrected
for the instrument response and then simulating a classical instrument. Response functions for
the channels used must therefore be present, usually in the CAL directory. For the four test
events, the following response files are available:

AKN__HH E.2013-01-17-1054_GSE
AKN _HH N.2013-01-17-1054 GSE
AKN _HH 7.2013-01-17-1054 GSE
BSD HH 2.2000-06-19-0000 GSE
HOMB_HH 7%.2018-06-04-0000 GSE
HYA HH E.2017-12-21-0000 GSE
HYA  HH N.2017-12-21-0000 GSE
HYA HH 2.2017-12-21-0000_GSE
HYA S 2.1994-02-09-1200
KONO BV 2.1991-06-24-1800
KONO I 2.1991-06-24-1800
MOL__HH E.2019-06-19-0000 GSE
MOL__HH N.2019-06-19-0000 GSE
MOL__HH 7.2019-06-19-0000 GSE
MUD__HH_7.2000-06-19-0000 GSE
ODLO_HH E.2019-05-14-0000 GSE
ODLO_HH N.2019-05-14-0000 GSE
ODLO_HH Z.2019-05-14-0000 GSE
RESP.GE.DAG. .BHZ
RESP.GE.KBS.10.BHZ
RESP.IU.KONO.10.LHZ

SKAR HH E.2018-09-20-0000 GSE
SKAR HH N.2018-09-20-0000 GSE
SKAR HH 7.2018-09-20-0000 GSE
TRO S 2.1993-08-06-1200
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For files in GSE format (ending with GSE), the first 5 characters is the station, the following 4
the component and then follow the data from which the response is valid. For files in RESP
format, following RESP, we have network, station, location and component. The valid period
is inside the file.

8.1 Local magnitude Ml and coda magnitude Mc

The local magnitude is picked on a trace simulating the Wood-Anderson seismograph. Select
station HYA in single trace mode. Pressing WA in menu and then selecting a window and the
corrected trace (amplitudes in nm ground motion) will come up:

Window for picking amplitude Request a WA response
MUILEE Singleitrace mode E@*

Filr =1 A 41l =5 <[ 540 HOds A1625 ol 24 @ oloh e T 1 e Wi
[z Y R | i JFer JRoee Gnn JEac Bome dlmp dgee Jesg e dl B0 3
1P 2FF 3T 4FgS e 7 s 86 9 5 0B+ & Ig .
195 O R | HE S Z 19% 65 WA Pick coda length
P B m/
[ 1 1 1 1 1 HIH
38 k] . . . .
Mmap BB~ F\II’St point for getting amplitude
- ;3 mi—Phase name used for amplitude
g
Nanometers | | | ; | | | | ar
N
hag’“lz 2 % 13/33 Second point for getting amplitude
1665 m 063 s Indication of an amplitude read
f T A, Filter: 12502000 21
Max am{:litude and ;;(iod Indicate a /WA trace

The amplitude is then picked manually by moving the cursor to one extreme, press ‘a’ on
keyboard, move to the opposite extreme, press ‘a’ on keyboard. The amplitude and period is
then printed on the bottom of the plot and the phase IAML is indicated on the plot. The phase
has an indication on the bottom (a hat) indicating that this phase has an amplitude associated.
The max amplitude can also be measured automatically by pressing ‘A’ with the cursor
anywhere on the plot. If using automatic picking, check carefully that the automatic
determination seems reasonable (automatic pick will be plotted).

The coda length is picked by pressing ‘c’ on keyboard at the location where the event trace
disappears into the noise. A coda label ‘END’, will appear on the plot when ‘¢’ is pressed. Coda
magnitude should only be used if there is no calibration available. The content of the S-file is
now:
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Phase associated with amplitude

IPHASYW D HRMM
Ip 337 46.1

Coda length from P-time to end of event

ERI AZIMU VELO AIN AR TRES W DIS CAZ?

1287.8 A.68

Amplituce  Period

and locating (using ‘1’) gives the following result:

# 2 25 Jun 1996 3:37 31 L 61.690 3.261 15.0 2.0 3.3LTES 31 21
date hrmn sec lat long depth no m rms damp erln erlt erdp

96 625 337 31.98 6141.79N 3 23.1E 19.2 53 0.03 0.000 10.0 9.0 4.9
stn dist azm ain w phas calcphs hrmn tsec t-obs t-cal res wt di
FOO 89 96.4 97.1 0 P PG 337 46.1 14.16 14.16 0.00 1.00 27
FOO 89 96.4 0P 337 55.8 23.9

HYA 161 110.3 55.1 0 P PN4 337 55.5 23.56 23.56 0.00 1.00 27
HYA 161 110.3 55.1 0 s SN4 338 13.0 41.00 41.00 0.00 1.00 26
HYA 161 110.3 0 IAML 338 19.8 47.9

EGD 187 147.1 55.1 0 P PN4 337 58.8 26.82 26.88 -0.05 1.00 7
KMY 295 158.9 0P 338 41.6 69.6

KMY 295 158.9 55.1 0 P PN4 338 12.3 40.29 40.25 0.04 1.00 13
HYA SZ hdist: 162.1 coda: 195.0 mc = 3.1

HYA SZ hdist: 162.1 amp: 1289.0 T: 0.6 ml = 3.6

1996 625 0337 32.0 L 61.697 3.385 19.2 TES 4 0.0 3.6LTES 3.1CTES 3.2LNAO
OLD: 625 337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO

MI and Mc are now calculated, for explanation of output, see section 6.1. If magnitudes are
calculated for more than one station, the event magnitudes are the averages.

8.2 Spectral magnitude Mw for a local event

The spectral magnitude Mw is calculated from the spectral level of the S or P-wave|. Select the
local event from June 1996 and plot station HYA S Z in single trace mode. We will now make
the displacement spectrum of the S-wave:
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Select option spectrum
¥ MULPLT single trace mode L=

Filt J01-1 z)[1- 1./%[[1-5 v|[5-10 bf1o-15 nffis-25 n][2-4 wa o[ §)[wp J[ws kw5 ¥
Azin_h|| Resp AIC  yl[FisF | |Rotat ul[Grown glBsck  Blloth ¢ ol Belp ?llowit  gf[Togal t] Wemt £
1IP 2EP 3IPg4EPg 5 IPn 6 EPn7 15 BES 91530 B3+ Su Lg
1996-06-25-0337-205  FHSH_039 HYA 5 Z 199 625 33720 653

iy ES QODA

L I 1 | HIH
39 40 41 42
Max amp . Sel. window for spectrun
: E‘ﬁm. =nt d————Gelect d for displacment
Spéctral window elocity -

Aceleration:
Faw spectrun
Change velocity
Change density
Change noment :
Hoise Pov. spec
Lin axis

Vew spec £-lin
Typs of spectr
Autofit spectrun s

Gerersl psrsmeters, S-spectrun

Vel 3.9 Dens 2.90 Dist 167 Depth 15

00 400 Qalp 0.70 k  0.020 Spec model
Speotral frequency band 0,200 20.000

A BE 200K D

After pressing ‘d’, the following window comes up from where the spectral parameters can
read manually:

1 MULPLT single trace mode =it

Walid input is now: Mouss click to sslest 3 points in spestrum
r: Feplat 1. Forewerd or next trace

T ?Window for spectrum =
1996-06-25-0337-205 . HNSH__ 03 }F{ S5 Z 199 625 33720.653
| I E CODA ]
W—Fl‘“\“’ FMW, e ‘
L Spectral values dtermined
| | 1 MIN
3h38 39 40
Mo anp 39329.2 Logm

Displaceuent,

The spectrum

Push =i to continue. R to replot

Corner frequency

amgEe woH

Gereral paramsters. S-spectrum

Vel 3.9 Dens 2.90 Dist 167 Depth 15
@0 400 Qalp 0.70 k  0.020 Spec model
Spectral frequency band 0200 20.000

— N .
0318 Lo 32 0.0 Parameters used for the spectral analysis
'

After pressing the 3 points for the spectrum, press ‘f” and the spectral values determined are
displayed. They are also now saved in the S-file as SPEC lines:
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1996 625 0337 31.0 L 61.689 3.259 15.0 TES 35 3.0 3.3LTES 3.0CTES 3.2LNAOL
SPEC HYA S 72 MO 14.4 ST 13.1 OM 2.94 f0 3.25 R0.4446 AL 1.70 WI 25.7 MW 3.6 3
SPEC HYA' S Z T 33811 K 0.020 GD 167 VS 3.90 DE 2.90 Q0400.0 QA 0.70 VS 3.90 3

In Nordic2 format a similar output is :

STA COM NTLO OM FO AL T WI GD MO ST R K VX DE Q0 OQA Q1 MWS
HYA S Z 3.14.570.0 3381138.8151.814.5 450.32.0203.9152.91 4000.701.0 3.6S

giving a bit more information than the Nordic format. The spectral parameters are now on a S-
line,. Spectral parameters used for the analysis are mostly found in file MULPLT.DEF in DAT
but SEISAN.DEF also gives the possibility for a detailed Q-structure if the single Q-relation
from MULPLT.DEF is not to be used.

The spectrum can also be fitted automatically by giving option Autofit spectrum (‘s’) instead
of ‘d’ just before the spectrum comes up. This will often be more reliable than the manual fit
but must be checked, particularly for correctness of the automatically selected frequency band
used.

Automatically determined frequency band to use

in the fit
Displacenent Automatic fitted spectrum

implituds spectral paramsters

35 F Mo 1452 5T 53.0 0 3.038
f0 4790 R 0.3 My 36

Auto f-band used 033 20.00
Spectral residual of fit  0.073

aogorgga noH

Measure of the fit,
Gereral paransters,

Vel 2.9 Dens 2.90 E: better than 0.2 is good

Q0 400 Qalp 0.70 K ooer poc e
Spectral bend 0,200 20,000
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8.3 Pick amplitude for surface wave magnitude Ms

The amplitude for Ms magnitude is picked on a trace simulating the World Wide Standard long
period seismograph. Ms is used for distant events and read in the surface wave train. The
distance must be at least 20 degrees. Select station KONO in single trace mode for the first
event. Pressing Ms in the menu and then selecting a window and the corrected trace (amplitudes
in nm ground motion) will come up:

Select response for Ms

] MULPLT single trace mode =Tt
Filt 01— 1 2] 1-1 w|[1-6 o[ 510 Bl[1015 af152s [z ¢ Jwa  o|lw G|ee 3~ Ws kR
azin b Resp | Spec s|ALIC  y|FisF  |Botat ul[Grown gl[Back  B|0th C of[ Belp 7Cuit of[Tegsl t][ Next £] Plot =

1TF 2FP 3TPg4FPg 5 TPn 6 EPn 715 8FS 91500 Eig+ T~ Ig

Mony wavetorn files o T oz 199 s sesni7 s \Vindow of surface waves
IF C
1 1 I 1 1 | 1 | HIN 1
19500 10 0 0 10 50 20u00 10 20 E
Maxx anp £478.0 Sel. window for s filter

Maximum amplitude surface wave

| | .“ L HIN, o]
19h35 40 ! 45 g0
Max anp 3044.3 Automatic amplitude made
ﬁ 4 18.0 seca |
. Automatic amplitude pick
Amplitude Period p p

ns response

The period is supposed to be in the range 18-22 s, if not select another part of the surface wave
train. In practice it is often read outside this range. The amplitude might not be the largest in
the surface wave train, but usually it is.

8.4 Pick amplitude for body wave magnitude mb

The amplitude for mb magnitude is picked on a trace simulating the World Wide Standard short
period seismograph. mb is used for distant events more than 20 degrees away and read on the
P-wave. Both broadband and short-period records can be used. Select station HYA in single
trace mode for the first event. Pressing mb in the menu and then selecting a window and the
corrected trace (amplitudes in nm ground motion) will come up:
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Select mb response
"7 MULPLT single trace mode / S|
Filt J01-1 zl[1- L = 1-5 ][50 bl10-15 nf15-25 wfle-s |[wa  w|w ! a|[x8 w5 ¥ ECEEE

dzin_ b Resp | Spec s|BLC  y|[Fisr . |[Rotat ul(Grown glBack  Elloth G of Belp ?l[ouit  gl[Togml t][ Memt £][ Plat

1IP 2EF 3[Pgd EPgSIPn 6 EFa 7 1S 8BS 9ISg0ESg+ S~ Ig

Mony waveforn files ma s z VWindow for mb
| E— 1 —
DN NPV S WWWMWWWVLWMWW
| | | I | | I | | FEC
Emd0) EmOn 20 40 Tl 20 40 fm00 20 40
Haxm amp 1632.7 Sel. window for mb filter

I I 1 I I I I SEC)
En3s 4an 45 50 55 Tm00 B 10 15
Maz amp 277.3 Autcmatic anplitude mads
2300 nm 1.32 secs
Period
Max amplitude nib responss

Indicate mb response

8.5 Amplitude for broadband mB and MS

Both are used with distant events. The mB amplitude is picked in the P-wave train and the MS
amplitude in the surface wave train. For MS, the maximum is always used irrespective of the
period. The two amplitudes are picked with similar steps as amplitudes for MI, mb and Ms. mB
and MS are considered more reliable since they do not depend on the use of old WWSSN filters
and for Ms there is no requirement of using the 18-22 s period range.
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8.6 What happens if no response file

Plot FOO S Z in single trace mode and try to make a reading for MI. The following response
comes up:

57 MULPLT single trace mode =3
Filt -1 2| 1-1 x| 1-5 v|[ 510 bl10-15 nf15-25 nf o- 4 | NS R =]

Azin B Resp | Spec s||ALC y|[FisF |[Rotst u|[Grom g|Bsck  B|[Oth C ol Help ?l[ouit  gf[Tossl t] Hest £]| Plot o
1IP 2EP 3IPg 4 EPg 5 IPn 6 EPn ? IS B8 ES 9ISy 0 ESg + Sn~ Ig
1996-06-25-0337-205 . NNSH__039 FCO 5 Z 1996 625 33720.658

Ir @ COD&

I I 1 I 1 HIN

3h3g 39 40 41 42
Hax amp 47406 3 Sel. window for Wood And

Message that no response

info available \

o response info for FOO S Z

Press any key to comtinue

So if the response file is not available, it is simply not possible to get an amplitude corrected
reading. This is also the case for any other amplitude used for magnitudes.

9 Putting in new waveform data

This section will show you how to put in your own data into SEISAN. It will be illustrated with
the data already there and we will pretend it is new.

e Goto WOR directory: wo

e Make a directory under WOR called e.g. new: mkdir new

e Move the events to new: move C:\seismo\wav\1996* new
e Go to new directory: cd new

We are now pretending that one or several new events are present in directory named ‘new’ and
they should now be processed in SEISAN. The first thing needed for this is to create S-files
corresponding to the waveform files so that phase readings etc. can be stored. When working
with new events there are 2 choices for how to organize them in a SEISAN database: if many
events, it is best to store the S-files in a regular database as already illustrated with the TEST

32



database. If few events or events scattered over several years, it is simpler to use a so-called
“local” database meaning all S-files are in a single directory. Both cases will be illustrated.

9.1 Putting data in alocal database, one event at atime

In the ‘new’ directory make a list of the ‘new’ waveform files with dirf. dirf make a file,
filenr.1lis, with the list of files also listed on the screen:

C:\seismo\WAV\new>dirf 1996*
# 1 1996-06-03-1917-52S.TEST__ 002
# 2 1996-06-03-2002-18S.TEST_ 012
# 3 1996-06-25-0337-20S.NNSN__ 039

Now plot the first event with MULPLT, see 5.7 how to do that. The idea is to inspect each event
to see if it is an event (in this case we know it is), decide which kind of event (local, regional
or distant) and create an entry into the database (an S-file) corresponding to each event
(waveform file). Since it is a local database, there is no need for a REA structure, all S-files will
end up in the working directory, here ‘new’.

[ Joror =1 =15 510 6wis alme aflz 4 :[w wlw sll=m e[ws ]
[regis . pllLocat 1)[Diec |[scate s[FizF . J[Rotat ulfrown gl[Back Blfoth ¢ of[Help 2l[ouit  qffToger t
Dol W W|[Del & D|Merge M|[ Out o|[lasp 1] F&  Fbextw |othw W] > z|[ swe  ¥|[pertd p|[alic  y]joutw  T|[Erin

1 1996 & 3 1917 52.6 L
| N, Plot start vime: 1936 6 3 19:57 45.468 Filt: 0.010 ,0.100 4 i
T

\\ l ‘ fn ! \ 3533
Register new event .
Filter

R i M WM W\W‘MMWWM

\
1]

\ P

| Surface waves

N
0 SO T
‘ \\\ ¥ ‘
e et e

|Event # 1 20h00 10 20 _ 30 40 50

The event has been filtered and zoomed (see 5.1) to better see the signals. Notice that you can
tell from the low frequency surface waves and the long duration of the signal that this is a distant
event. Now register the event by pressing ‘Regis’ (or ‘p” key) and control goes back to the text
window where three prompts are made (for type of event, database to store it in, and operator
initials):

33



The S-file name to create in local directory Event type given

ENTER EUENT TYP OR D

Second. optiona acter for event ID Ce.g. E> -
Th: optional chakacter for model ID {e.g. JD .
) operator c PN TS Operator given
2-5 letter da ase, .. for local dir, return for default base
S— i it "
S—file name: 83-191 -5199606 Data base glvenv IS 73
. GO AHEAD {¥/N>
— M
Conflrm copy 1996-06-83-1917-525 . TEST G:nSeismos\WAUNLIFF6— 1917-525 . TEST__ @82

1 file<s> copied.
File transferred to HHIIIIIM IR

Filenumber

Next event will be plotted automatically

An S-file has now been created in the local directory and the corresponding waveform file has
been copied to WAV. The idea behind the copy is that if the user is inspecting a series of
waveform files of which many might be false triggers, only the ‘real’ events are going to the
WAV database and at the end all waveform files in the local directory can be deleted. At the
end of the registration process, the next event is plotted automatically. Register that one also as
a distant event. The last waveform file is the local event, so register that as local (L or I) when
prompted for event type. MULPLT then stops. A total of 3 waveform files events have been
registered as events.

9.2 How to work with the newly registered events in a local
database
There are now 3 S-files and the original waveform files in the ‘new’ directory:

Directory of C:\seismo\WOR\new

21.02.2014 18:54 <DIR>
21.02.2014 18:54 <DIR> ..
21.02.2014 18:36 410 03-1917-52D.S5199606
21.02.2014 18:54 410 03-2002-18D.S199606
18.02.2014 18:29 51 168 1996-06-03-1917-525.TEST__002
18.02.2014 18:29 356 128 1996-06-03-2002-18S.TEST__ 012
18.02.2014 18:29 2 228 488 1996-06-25-0337-20S.NNSN__ 039
21.02.2014 18:54 410 25-0337-20L.5199606
21.02.2014 16:14 239 filenr.lis
21.02.2014 18:54 328 mulplt.out

8 File(s) 2 637 581 bytes

2 Dir(s) 175 247 822 848 bytes free
In order to access these events, simply type ‘eev’:

C:\seismo\WOR\new>eev

Local directory
Reading events from base ,, 3
# 1 3 Jun 1996 19:17 52 D 2

Since there is no database directory structure, EEV will work with all events (S-files) in the
local directory so there is no need to give year and month. The waveform files can then be
deleted from ‘new’ since they are now also in WAV.
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9.2.1 Content of a newly registered S-file

The content of the file can be seen by either editing it (‘e’) or typing the file (‘t’):

Time of first sample in waveform file Operator code

it .3 Jun 1996 19:17 52 D pa BB Type the S-file
File nars; B3-1917-52D.5199686
liose 6 3 1917 52.6 D p 1 )
ACTION:REG-14-82-21 18:36 OP:jh  STATUS: 1D:19960683191752 % 1D line
5 1917-525 _TEST__@62 5
APHASU D HRHM SECON CODA AMPLIT PERI AZIMU UELO AIN AR TRES W DIS CAZ?

Time of re’gﬂ_s'@;

u ‘13 Jun 1996 19:17 52 D

Action was to register

e Header lines for phases

Name of waveform file associated with this S-file

The S-file is now ready for reading phases.

9.2.2 Merging events

We now have new S-files in the local database but there are only 2 different events. This is
because the first teleseismic event has two waveform files and each has been registered as a
new event while it should only be one event (S-file). In EEV the events can be merged together.
Position the cursor at the events you want to move another event into:

C:\seismo WOR\neu>eev

Local directory -
Reading events from hase .. 3 3 eVentS
1t 1 3 Jun 1996 19:17 52 D
u 2 3 Jun 1996 28: 2 19 D
Event # 1 appended to event I 2 Appended event still prezent

Do you want to delete appended event{y/n=returnd

File deleted without backup co

by
Deleted file A3-1917-52D.819%6086
2A99 12 Reading events from hase .. 2
i 3 Jun 1996 28: 2 19

9.3 Putting new data into a named SEISAN database

9.3.1 Making the database structure

The difference of a SEISAN database with the local database is that the S-files are in a
hierarchical structure of directories, which is better than the local database for organising a large
number of events. The TEST database is such a database. The first step is to create the structure.
This is done with program MAKEREA. Note that databases in SEISAN are limited to 5
characters. Assuming the new database will be called NEWBA, here is a run of MAKEREA:
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Name of data base

C:seismosWORNnew>nakerea

Give 1-5 letter base name. UPPER CASE
NEWER i
Data base made 199;: start time, year month. e.g. 198382
for a” Of 1996 19(9}2:; end time, year month, e.g. 198383, blank for one month

| pCreate REA or WAU st = Only make a REA structure

Making directory ~MREA~MEYBA

Making directory “MREASMEWBANLOG

Making directory “SREASNEWBASCAT

Making directory SSREASNEWBAS1996

Making directory SSREASNEWBAS19 76581

Making directory ~“REASNMEYBA~19926~82

Making directory ~“REA~MEYBA~1996~0

Making directory ~“REA~MEYBA~199

Making directory ~MREASNNEWBAN19 9

Making directory ~MREASNNEWBAN19 9

Making directory ~MREASNNEWBAN19 9

Making directory “SREANNEWBAS19 26

Making directory SSREASNEWBAS1976%89

Making directory mo““\REASNEWBA~1926%18

SR N N N Dircctory with logs
laking directory ASY “NEWBA A% r

Making directory ~“REA~DELET ry g
Making directory ““REASDELET - LOG- . .

Making directory NN Directory with catalogs
Making directory “MWREASNDELET 1996

Making directory ~SREASDELET 1992681

Making directory SSREASDELET 1976582

“SREANDELET 199683

““REASDELET 192684

““REANDELET ~1996~B5

““REANDELET ~19%6B6

““REANDELET~199

“NREANDELET 199

“NREANDELET 1996

“NREANDELET~19965108

Making directory
Making directory
Making directory
Making directory
Making directory
Making directory
Making directory
Making directory
Making directory
Making directory

NSREASDELETS1996511
NSeismo“NREANDELET 1996512

COOO00O0O000000000000N000OaO0000n0

C:nseismo~UORNnew>

Also ake structure for deleted events

The structure for putting S-files of the year 1996 is now in place. A similar structure can be
made for waveform files. This is used if many events are used so to avoid having a lot of files
in WAV, the waveform files would then be in a WAV structure.

9.3.2 Putting in events in a named SEISAN database

The procedure is just like putting in events in a local database, (see 9.1), the only difference is
that instead of using database name °,,’, the named database name (NEWBA) is used.

9.3.3 Registering many events with one command

In many cases you will get many waveform files which are already known to be events, there
is no need to inspect each individually. All the S-files corresponding to the waveform files can
then be made in one operation with program AUTOREG. Assuming that the database NEWBA
has been created (section 9.3.1) the procedure is, using the test data in C:\seismo\WOR\new:

e Got to ‘new’ directory

e Make a dirf of 19* files
e Run the program autoreg
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C:seismosWORNnewddirf 19
# 1 1996-86-83-1917-525.TEST__ @62
# 2 1996-P6-0A3-2002-185 .TEST__ @12

# 3 1996-06-25-8337-285.NNSN__B3%

IC:nzeizmo~WORMnew>autoreg
Event type for all events: Local: L <default?

bi¥eant: b Assume all events are local
Move <m> or copy €<c? wavef to WAV {enter=n> 7 DO not move events

ter base name,. veturn for standard base. .. for local base
NEWEA — —

 Overator, max 4 chars Give data base name

g
1996-86—83-1917-525 . TEST__@A2
sfile: C::\Seismo““REA“NEWBA~192686~83-1917-52L.5192686

C:xSeismo~\REANNEYBAN1 99686 A3-1917-52L 5199606

1996-A6-A3-20A2-188 . TEST__ @12
sfile: C:\Seismo““REA“MEUBA\1996~0683-2002-18L_51976086 _

C:5\8eismo~“REASNEWBAN1 22658683 -2802-18L.519%6686

1996-86—25-A337-205 .NNSN__ @3¢
sfile: C::\Seismo““REA“NEWBA~192686~25-B337-28L.51972686

C:xSeismo~\REANNEYBAN1 99686 25-B337-20L 5177606

s Register events

[C=“zeizmo“WORNnew>_

When using AUTOREG, all events must be given the same distance indicator (L, R or D). In
our case there were both a local and a distant event, so the event types must be corrected
manually using EEV:

Start EEV with NEWBA

C:\seismo“WOR“new>eev 199606 MEWBA ———

1996 6 Reading events from base MEWBA 3
Data base log file updated with a new data hase

it 1 3 Jun 1996 19:17 52 L ? Sk to Chanqe
Change event type to L.R or D ?
Second character for event ID C(e.g. E or P> G t - event type
" Return for no change 2~ ———— Ive new yp

New file G:vBeismo~REANNEWEA1996:\86A3-1917-52D.51996086
Deleted file: C:\Seismo“\“REA“NEWBA\1996\8603-1917-52L.8199686
1296 6 Reading events from base NEWBA 3

13 1 3 Jun 1996 19:17 52 D

B 2 3 Jun 1996 28: 2 18 L

Change event type to L.R or D ?
Second character for event ID ¢e.g. E or P>
A Return for no change 7
New file G:\8eismo~“REA“NEWBA1996\06\A3-28002-18D .5199686
Deleted file: C:\Seismo“\“REA“NEWBA\1996\06A3-2082-18L.8199686
3

1996 & Reading events from base HEWBA
i 3 Jun 1996 2@: 2 18 D e

Event now has the new type

10 Taking out and putting in data in a SEISAN S-file
database

A SEISAN database is the S-files, either in a named database or a local database. There are
tools for taking one or many events out of the database and putting them in again, either in the
same database or another database somewhere else.
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10.1Taking out individual events with EEV

It is possible to copy directly from the directory where the S-file is. However, EEV can do it
more easily. The command ‘c’ will start the copy process of events from the event list used by
EEV, usually one month:

opy the event to another named data base

1996 6 Reading events From base [fES
3 Jun 1996 19:55 3% ?GB 153 227 .8 N1.15. BUH]IU 12 7
2 25 Jun 1996 83:37 31 L 61 689 3.259 15.8 N 3.8 3.3LTES 35 7 ¢
Copy suent: Other daca base,‘give 15 lecter nape——— Copy event to a local data base in working directory
Local data hase,. t

P
Vorking directory in file eev.out: return——

§ Copy event

it

Copy event to a file called eev.out

The copy can be repeated so the eev . out file can contain many events. Next time EEV starts
up, eev.out is deleted.
Many events following each other n time can also be copied to eev . out with command ‘cm’:

1996 6 Reading events from base TEST_ 2

# 1 3 Jun 1996 19:55 35 D 47.769 153.216 0.7 1.1 5.0sTES 12 ? cm
Copy events to eev.out, how many starting from current ?

2

# 1 3 Jun 1996 19:55 35 D 47.769 153.216 0.7 1.1 5.0sTES 12 ~?

10.2Taking out many events with COLLECT
If many S-files in a given time interval are to be extracted, the program COLLECT can be used.
COLLECT will select events in a time range over months or years. If selected events (like only
the largest ones) are to be extracted out, the program SELECT can be used. Using COLLECT:

Do not output
a compact file

ismowordcollect

e name,f., gog lgca% directory. name o index file
or return for default base
- Data base to use

End time,. return for end of mont T—
Compact output file (¥~ N=default Start t|me

1996 6 Reading events From hase NEWBA 3 -] o
C:\Seismo“\REA~NEUBA~1996~06~03-1917-52D.5199686 End time

C:~Seiszmo~“REA~NEWBA~1996~86~03-2002-18D_519%606
C:~8eismo““REASNEWBA~1996B625-0337-20L_819%96686

Output file g

Output file is collect.out : :
r peNumber of events in time interval

Total number of events

Total number local events

Total number of regional events

Total number of distant events

Total number of records

IC:Nseismoswor’?

The collect.out file will contain all S-files selected with one blank line between them. A
compact file is a file with only the first header line for all events. Taking out all 4 events:

c:\Seismo\WOR>collect
Base name, ,, for local directory, name of index file
or return for default base
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Start time

End time,

return for end of month:

199606

Compact output file (Y/N=default)

1996

1996
1996

base TEST

2021
2021

6 Reading events from base TEST_
c:\seismo\REA\TEST \1996\06\03-1955-35D.
c:\seismo\REA\TEST \1996\06\25-0337-32L.
7 Reading events from base TEST_
8 Reading events from base TEST

No data for year and month:

1 Reading events from base TEST_
2 Reading events from base TEST_
c:\seismo\REA\TEST_\2021\02\13-1407-10D.
c:\seismo\REA\TEST_\2021\02\23-0514-03L.

Output file is collect.out

Total
Total
Total
Total
Total

number
number
number
number
number

of events

local events

of regional events

of distant events

of records 17

NN ON

202102

2

5199606

5199606

No data for year and month: 1996 7
No data for year and month: 1996 8
2017 3

No data for year and month: 2021 1
2

5202102

5202102

COLLECT will check every month in the time range.

10.3 Selecting parts of the data in a ‘nice format’, program

REPORT

To select out part of the data in ‘readable’ format use REPORT. The file collect.out will
be used as input:

report collect.out
Below is shown parameters which can be chosen for output.
A return will chose all, placing any character under a field

will chose that parameter in the output.

Each field starts

with a capital letter and ends within the following blank.
The order of the output can be changed by placing a number
under the field and fields will be written out in the order

of the numbers.

L E is distance and event id s,

E after time, lat, lon and dep are errors,

agency for magnitude.
The following example shows that Mc, Depth (Dep)
error are selected and written out in given order.

Date TimeE L E LatE LonE Dep E F Aga Nsta Rms Gap McA M1A MwA MbA MsA MWA Fp Spec Macro Local MBA MSA

30

Date TimeE L E LatE LonE Dep E F Aga Nsta Rms Gap McA MIA MwA MbA MsA MWA Fp Spec Macro Local MBA MSA

x
Number

Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Output
Output
Output

45

of

of
of
of
of
of
of
of
of
of
of
of
of

b

b

20

X

output fields 4

events
events
events
events
events
events
events
events
events
events
events
events

with
with
with
with
with
with
with
with
with
with
with

report file is
nordic file is
of choises used in report.inp

spectra:

fault plane solution:
error estimates:

me :

ml

report.out
report_n.out

F is both fix flags and A is

and Time with

10

FENDNON B
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Here we have chosen to select output of date, latitude, longitude and number of stations and the
output file report.out is:

Year Date Latitud Longitud NST
1996 0603 47.769 153.216 12
1996 0625 61.576 3.525 31
2021 0213 36.971 142.514 6
2021 0223 63.741 4.570 4

10.4Selecting events according to specific criteria, program
SELECT

The SELECT program can select events in a given time range (like COLLECT) and in addition
use many other parameters like event type, location and magnitude. We will now select all
events smaller than magnitude (any magnitude type) 4:

select
POSSIBLE INPUT IS:
DEFAULT DATA BASE: ENTER
ALTERNATIVE DATA BASE, GIVE 1-5 LETTER CODE:
FILENAME FOR ONE FILE, MUST BE 6 OR MORE CHARACTERS OR HAVE A .

Type of base: CAT (c) or Sfiles (s) (enter):

Start time (blank is 1980), yyyymmddhhmmss:199606

End time, enter for end of month :202102
PARAMETERS
1 - Fault Plane Solution
2 - Earthquake Felt
3 - Magnitude Type (s)
4 - Distance ID(s)
5 - Event ID(s)
6 - Magnitude Limits
7 - Latitude Limits
8 - Longitude Limits
9 - Depth Limits
10 - RMS Limits
11 - Number of Stations Limits
12 - Hypocenter Errors Latitude Limits
13 - Hypocenter Errors Longitude Limits
14 - Hypocenter Errors Depth Limits
15 - Minimum Number of Polarities
16 - Hypocenter Agencies
17 - Magnitude Agencies
18 - Station Codes, components, distance range and phase
19 - Polygon
20 - Use all header lines
21 - Search for text string in S-file
22 - Gap range
23 - Phases
24 - Volcanic subclasses
25 - Moment tensor solution
26 - Distance from point

SELECT NUMBER TO CHANGE PARAMETER, RETURN TO SEARCH: 6
Minimum Magnitude, return for default:

Maximum Magnitude, return for default: 4
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PARAMETERS

1 - Fault Plane Solution

2 - Earthquake Felt

3 - Magnitude Type (s)

4 - Distance ID(s)

5 - Event ID(s)

6 - Magnitude Limits -990.0 4.
7 - Latitude Limits

8 - Longitude Limits

9 - Depth Limits

10 - RMS Limits

11 - Number of Stations Limits

12 - Hypocenter Errors Latitude Limits
13 - Hypocenter Errors Longitude Limits
14 - Hypocenter Errors Depth Limits

15 - Minimum Number of Polarities

16 - Hypocenter Agencies

17 - Magnitude Agencies

18 - Station Codes, components, distance range and phase
19 - Polygon

20 - Use all header lines

21 - Search for text string in S-file
22 - Gap range

23 - Phases

24 - Volcanic subclasses

25 - Moment tensor solution

26 - Distance from point

Default value assumed.

SELECT NUMBER TO CHANGE PARAMETER, RETURN TO SEARCH
1996 6 Reading events from base TEST 2

1996 7 Reading events from base TEST_ No data for
1996 8 Reading events from base TEST_ No data for

2020 12 Reading events from base TEST  No data for
2021 1 Reading events from base TEST  No data for
2021 2 Reading events from base TEST 2

TOTAL NUMBER OF EVENTS IN TIME INTERVAL

NUMBER OF DISTANT EVENTS - - - - -

NUMBER OF REGIONAL EVENTS - - - - -

NUMBER OF LOCAL EVENTS = - - - - -

NUMBER OF EVENTS SELECTED **#****xxdkkxx

NUMBER OF WAVEFORM FILES SELECTED

NUMBER OF INDEXES SELECTED

SELECTED EARTHQUAKES ARE IN: select.out
LOCAL INDEX FILE IS: index.out
NAMES FOR WAVEFORM FILES IN: waveform names.out
SELECT COMMANDS IN: select.inp

year
year

year
year

N O N S

N

and
and

and
and

month:
month:

month:
month:

1996 7
1996 8
2020 12
2021 1

The events are found in select.out.In addition a file index. out is made:

1 c:\seismo\REA\TEST \1996\06\25-0337-32L.5199606
2 c:\seismo\REA\TEST \2021\02\23-0514-03L.5202102

which gives links to the selected events which then can be accessed directly by EEV

eev index.out

Give operator code, max 3 characters
jh
Number of events in index file: 2
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# 1 25 Jun 1996 03:37 33 L 61.576 3.525 15.0F 1.8 3.6LBER 31 °?

In this way the user can work directly in the data base with a subset of events spread over large
time interval.

10.5Putting data from a multiple S-file into the database
with SPLIT

Data collected in a file with many events (S-files), also called a CAT file, can be split up and
distributed in the database structure or placed in a local database. The collect . out file from
above can be used:

C:hseismowor>split | File to Sp“t

LTEST_ FOR STANDARD DATA BASE:
DI EI=ReEE=) 1-5 LETTER CODE FOR OTHER BASE
RETURN FOR SPLIT UP IN LOCAL DIRECTORY

BTN T AR ) e SpIit in @ local data base

3 19:17 52.8 D RECORDS : 5
3 28: 2 18.8 D RECORDS : 5
1296 6 25 3:37 28.8 L RECORDS : 5

NUMBER OF LOCAL EUEMNTS:
NUMBER OF REGIONAL EUENTS:
HUMBER OF DISTANT EUENTS:
NUMBER OF EXPLOSIONS:

NUMBER OF PROB. E{PLOSIONS
TOTAL NUMBER OF EUENTS:
TOTAL NUMBER OF RECORDS:

C:vseismosuwor>

11 Fault plane solution

SEISAN has 4 different programs for fault plane solutions, two of which also work with
amplitudes. Here we will demonstrate two popular programs with polarities, FOCMEC and
FPFIT.

Select the local event and pick all the possible polarities on the Z-channels (select as shown in
5.4), see 7.4.3 how this is done. Some traces are not so clear so use a lot of zoom and maybe
amplify trace amplitudes (see 5.2). In the example below for station ASK, Z-component, both
zoom and amplification has been used to clearly see the polarity. It is a very weak dilatation but
would probably often be picked as compression.
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A fast alternative for picking polarities, if reasonably clear, is to use command ‘pol’ in EEV.
The program plots by default 1 s around the P (user selectable):

Input S-file c:\seismo\REA\TEST \1996\06\25-0337-32L.5199606
total window duration (default 1s):

P-onset position as percentage of total duration (10-90%; def 50% = middle):
window length in seconds for averaging (deault is 0)

Number of wav-files present 1
c:\seismo\WAV\1996-06-25-0337-20S.NNSN__ 039

Total number of channels available: 39

1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAO
available components:

FOO SZ SUE AZ 0sSG SZ HYA SZ ASK SZ BER SZ EGD SZ
MOL SZ KMY SZ BLS5 SZ LRW SZ KONO BZ OWE SZ NRAO SZ
OHO SZ OBR SZ ORE SZ MFI SZ OTO SZ HFS SZ MCD SZ
MDO SZ EDU SZ ESY SZ EDI Sz MOR8 SZ LOF Sz FIAO SZ

ARAO SZ APAO SZ

Components auto selected to use
FOO S Z SUE A Z 0OSG S Z HYA S Z ASK S Z BER S Z EGD S Z
MOL S Z KMY S Z BLS5 S Z KONO BV Z MOR8 S Z LOF S Z

1 SEISAN 1352 o
1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.BCEER 3.2LNAO
Win s = 1.0 change: cecompression. d=dilatation. re=remove
P "I P ,P\I | P [‘ (e
A il
M M A tatian
N MAN
stat- FOO f\f\ stats SUE \ stgt Jﬁé«‘ UU stat- HYA I / \
az = 88.0 I az 131.0 / I\( ¥ . Ee‘, | \J ’ az = 107.0 ™ "f\\‘i
dist= 80.7 dist= 87.9 dist=l125.0 / dist= 149.0
pol = D pol = D J pol = || pol =
P P ¥ 3 f’
LN | ; A N
I | et [V —_ S/
stat- stat- stat- stat-
tat- ASK tat- BER [ tat= EGD tat- MOL T \,
az = 143.0 A az = 143.0 W az = 147.0 f sz = 60.0
dist- 152.0 dist= 165.0 l\f dist= 172.0 dist- 238.0
pol = pol = \/ pol = I| pol =
13 F J} F P
A
I\
—~\ - e ~
| I g I PNy TN ™\ - (PVaN / {
stat- KMY \ stat- BLSS —\ A stat- KONO \ / \\ stat- MORE /
az = 159.0 VRN e Vol az = 120.0 \ az = 42.0 \
dist- 280.0 \ dist= 289.0 / dist= 396.0 \ dist= 740.0 l\
pol = pol = pol = AN pol =
P [
A 1|.
4\ \
Ao W
stayd LEF \
az f= 9.0 \
t- 870.0 \
ol \

In each window, the user can now pick, change or delete the polarity and the result will be
stored in the S-file.
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Before attempting a fault plane solution, make sure the depth is reasonable and not zero. For
this event it should be between 10 and 25 km. If not ok, the depth should be fixed in the S-file
by putting an ‘F’ in column 44 on header line. This is done with command ‘fix” in EEV.

First the FPFIT program is used. It will automatically find a solution in a least squares sense. It
does not mean it is a correct solution but the best with the available data. Use command ‘fp’.

# 2 25 Jun 1996 03:37 33 L 61.576 3.525 15.0 1.8 3.6LBER 31 2 fp
**** now locating with hyp as a preparation **x*

c:\seismo\REA\TEST \1996\06\25-0337-32L.5199606

Number of spectra available and number used in average 1 1

# 0 1996 0625 0337 33.2 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER
If location not ok, result might be unpredictable
Return to continue (y=return/N)

Number of phases 33
Number of events used 1

Fpfit uses 3-letter LOWER-CASE commands, which can be followed by

parameters in free-format, or which display current values & generate prompts.
Type "hel" for information on available commands.

yes? # ORIGIN TIME LOCATION DEPTH MAG DDR DIP RAKE CNVRG
1 1996 625 337 33.25 61n34.55 3e 31.5 13.8 1.0 90 41 38

MULTIPLE SOLUTION NOT reliable 228 53 58

MULTIPLE SOLUTION 118 57 158
yes? Strike +90, dip, rake
Fit 0.090
Errors in strike, dip and rake 2.0 5.0 42.0

0.0 41.0 38.0 2.0 5.0 42.0 0.1 0.1 FPFIT F

Fit 0.090
Errors in strike, dip and rake 2.0 5.0 42.0

. updating database with FPFIT fault plane solution

In this case multiple solutions are found and the first is saved in the S-file. Below is part of S-
file with the solution. The fault plane solution is indicated with ‘F’ in last column.

1996 0625 0337 33.3 L 61.576 3.525 15.0 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAOl
0.0 41.0 38.0 2.0 5.0 42.0 0.1 0.1 BER FPFIT F

Strike, dip, rake Errors Agency, program used

We can now plot the solution with command ‘fo’. It is seen below that all polarities but one fits
the solution and it is also seen that other solutions are possible. To plot without the polarities,
use command ‘poo’.
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B! SEISAN 13.52 B m]

1996 0625 0337 33.2 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.B8CBER 3.2LNAO
STR DIP RAK Source ”
0 41 38 rerrT — Solution
N Enter Q to quit or
click on polarity to get station code

o

A

/
7

/

//(’;- Dilatation

,/ ¢ — Compressional axis

Tensional axis #*

. L J
Compression

It is possible to see which stations belong to which polarities, give command ‘f’.

# 2 25 Jun 1996 03:37 33 L 61.576 3.525 15.0 1.8 3.6LBER 31 2 f
***%* now locating with hyp as a preparation ***

c:\seismo\REA\TEST_\1996\06\25-0337-32L.5199606

Number of spectra available and number used in average 1 1

# 0 1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER
If location not ok, result might be unpredictable

Return to continue (y=return/N)

Number of polarities: 11
No amplitude data available

Total number of polarities and amplitude ratios used = 11 gap in az = 109.0 gap in ain = 49.0
Stop (Q)
Plot saved solution(s) (1)
Plot new solutions (2)
Plot selected solution (3)
Find new solutions (4)
-1, -2, -3 also plot station
-1 Chose -1

and the following plot comes up showing stations and polarities:



B SEISAN 1352 - [m]

1996 0625 0337 33.2 L 61.576 3.525 13.8 BER 31 1.8 3.6LEER 2.8CBER 3.ZLNAQ
STR DIP RAK Source
0 41 38 FPFIT
N Enter Q to quit or
click on polarity to get station code

DOSE ~_ i
~ _ ~ L D
. - ~ _~_MORB c
N 7 T N //
~_ ‘ N
~ \ -

7o \ N
// \ P /)\/(
TN

/T /y/ \

e
/ T g

oDcoanan

Notice that the symbol for compression for KONO is ‘- and not D since the polarity is read
on an emergent P, EP.

We will now try the FOCMEC program. This program will by default not automatically find a
solution but show all the solutions possible within some given criteria. FOCMEC can also work
with amplitude ratios but here only polarities will be used. Start with command ‘f*.

# 2 25 Jun 1996 03:37 33 L 61.576 3.525 15.0 1.8 3.6LBER 31 =2 f
***x* now locating with hyp as a preparation ***

c:\seismo\REA\TEST \1996\06\25-0337-32L.5199606

Number of spectra available and number used in average 1 1

# 0 1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER
If location not ok, result might be unpredictable

Return to continue (y=return/N)

Number of polarities: 11
No amplitude data available

Total number of polarities and amplitude ratios used = 11 gap in az = 109.0 gap in ain =
49.0

Stop (Q)
Plot saved solution(s) (1)
Plot new solutions (2)
Plot selected solution (3)
Find new solutions (4)
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-1, -2, -3 also plot station

There are 11 polarity readings
Use relative weight, y/n=default

Maximum number of allowed polarity errors, enter for 0
Degree increment in search, enter for default 2

Mon Mar 31 08:46:15 2025 for program Focmec
Input from a file focmec.dat
1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAO
Polarities/Errors: P 011/00 SV 000/00 SH 000/00
There are no amplitude ratio data

The minimum, increment and maximum B axis trend: 0.00 2.00 358.00
The limits for the B axis plunge: 0.00 2.00 90.00
The limits for Angle: 0.00 2.00 178.00

Strike Dip Rake Pol: P SV SH

There are 0 acceptable solutions.  NO solution, chose 1 polarity error
Stop (Q)

Plot saved solution (s) (1)

Plot new solutions (2)

Plot selected solution (3)

)

Find new solutions (4
-1, -2, -3 also plot station
4
There are 11 polarity readings
Use relative weight, y/n=default

Maximum number of allowed polarity errors, enter for 0
il
Degree increment in search, enter for default 2

Mon Mar 31 08:46:27 2025 for program Focmec
Input from a file focmec.dat
1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAO
Polarities/Errors: P 011/01 SV 000/00 SH 000/00
There are no amplitude ratio data

The minimum, increment and maximum B axis trend: 0.00 2.00 358.00
The limits for the B axis plunge: 0.00 2.00 90.00
The limits for Angle: 0.00 2.00 178.00
Strike Dip Rake Pol: P sv SH
-0.00 40.00 90.00 1.00 0.00 0.00
-0.00 42.00 90.00 1.00 0.00 0.00
161.21 49.12 74.04 1.00 0.00 0.00
161.92 51.04 74.49 1.00 0.00 0.00

The maximum of 500 solutions has been reached and the search is stopped

Too many solutions, search with a larger grid

Stop
Plot saved solution (s)
Plot new solutions (
Plot selected solution (3
Find new solutions (4
-1, -2, -3 also plot station

4

There are 11 polarity readings

Use relative weight, y/n=default

Maximum number of allowed polarity errors, enter for 0
1

Degree increment in search, enter for default 2
)

Mon Mar 31 08:46:47 2025 for program Focmec

Input from a file focmec.dat

1996 0625 0337 33.3 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAO

Polarities/Errors: P 011/01 SV 000/00 SH 000/00

There are no amplitude ratio data

The minimum, increment and maximum B axis trend: 0.00 5.00 355.00
The limits for the B axis plunge: 0.00 5.00 90.00

The limits for Angle: 0.00 5.00 175.00



Strike Dip Rake Pol: P sV SH

-0.00 40.00 90.00 1.00 0.00 0.00
-0.00 45.00 90.00 1.00 0.00 0.00
-0.00 50.00 90.00 1.00 0.00 0.00
320.00 90.00 -0.00 1.00 0.00 0.00
325.00 90.00 -0.00 1.00 0.00 0.00
There are 226 acceptable solutions.
Stop Q)
Plot saved solution (s) (1)
Plot new solutions (2)
Plot selected solution (3)
Find new solutions (4)
-1, -2, -3 also plot station

and this folows:

| B! SEISAN 13.52 - (=)
1996 0625 0337 33.2 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.8CBER 3.2INAQ
STR DIP RAK Enter Q to quit or

0 40 Click on polarity to get station code
Press <enter> to continue or
move the cursor and enter P or T

to select your preferred solution.

a to select average solution

90 . ¥
—First 9 solutions and
| 050 %  the average

170 45 90
175 45 90
180 40 90
180 45 90
180 50 90

49 S0 Average

Select a solution by
pressing 't' near
a T-symbol

The search was limited to a requirement that all polarities are ok, however, often there are no
solutions without allowing some bad polarities. The search was repeated allowing 1 polarity
error but that gave too many solutions and a 5 deg grid was used to get less than 500 solutions.
It is seen that hundreds of solutions is possible so this fault plane solution is not very
constrained. To get an idea of the dominate trend of the solutions, the average solution is
calculated. This can be used to automate FOCMEC by making an average solution of the many
possibilities (commands ‘fa’ and ‘faa’). FOCMEC can also use amplitude ratios to further
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improve the solutions. See the SEISAN manual and the SEISAN tutorial for making fault plane
solutions.

One of the solutions can be selected by moving the cursor to the corresponding P or T and
pressing ‘p’ or ‘t’. The solution should then be saved:

Stop (
Plot saved solution(s) (
Plot new solutions (
Plot selected solution (
Find new solutions (
-1, -2, -3 also plot station

Q)
1
2)
3
4

Save solution (y/n)

Stop

Plot saved solution(s)
Plot new solutions
Plot selected solution
Find new solutions (
-1, -2, -3 also plot station

(Q)
(1)
(2)
(3)
4)
q

and there are now 2 fault plane solutions in S-file, indicated by the F-lines:

1996 0625 0337 33.3 L 61.576 3.525 15.0 BER 31 1.8 3.6LBER 2.8CBER 3.2LNAOL
347.70 44.81 44.81 1 BER FOCMEC F
0.0 41.0 38.0 2.0 5.0 42.0 0.1 0.1 BER FPFIT F

The 2 solutions can be plotted with command ‘fo’ as before and we get:
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B SEISAN 13.52 ]

1996 0625 0337 33.2 L 61.576 3.525 13.8 BER 31 1.8 3.6LBER 2.BCBER 3.2ZLNAO
SIR DIP RAK Source
348 4S5 45 FOCMEC
N Enter Q to quit or
click on polarity to get station code

It is seen that the two solutions are similar but FOCMEC also had very different solutions
however, the FOCMEC average solution is similar to the FPFIT solution and could have been
selected by pressing ‘a’. The average solutions is what is used in automatic mode. It is always
useful to compare solutions from different programs. Doing the exercise yourself might result
in quite different solutions since some polarities are uncertain.

12 Parameters the user must modify to work with
his/her new data

Local earthquakes

A few parameters must be entered or modified for local use:

e Coordinates for the stations, found in STATIONO . HYP in DAT

e Crustal model, see parameters in STATIONO . HYP

e Magnitude scales for local earthquakes, see parameters in STATIONO . HYP Response
files for all channels needed for magnitudes and other types of analysis. The response
files are in CAL.

e Parameters for spectral analysis are found in MULPLT.DEF in DAT and in
SEISAN.DEF in DAT

Distant earthquakes
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o Coordinates for the stations, found in STATIONO . HYP in C:\seismo\DAT
o Response files for all channels needed for magnitudes and other types of analysis. The
response files are in C:\seismo\CAL.

13 Using SeisanExplorer (SE)

The GUI interface SeisanExplorer, hereafter called SE, is intended to replace/supplement EEV
and expand the graphical options in SEISAN. The most basic EEV commands have been
implemented with the addition of some commands not present in EEV.

SE loads S-files from a SEISAN database. Only the S-files that are within a user specified time
interval are read. You may also load an index file, a local database or a CAT file (like
collect.out). In this case, the currently set time interval is ignored, and time interval is adjusted
automatically to fit the loaded data. All information in the S-files is stored in memory for fast
access. For more information, see the SEISAN manual. In the following, some of the exercises
done with EEV will now be done with SE as well as some which cannot be done with EEV.
When doing these SE exercises, it is assumed that you have done most of the previous exercises
(at least until 7.3) so you are familiar with the basic SEISAN.

NOTE: There is a bug in SE in the distribution for SEIAN version 13.52 and the precompiled
Linux version is an old version. On the SEISAN web site a correct version for Windows is
found but the Linux version is 13.52 .1f using the distributed version for Windows and Linux,
it can work if the following line in SEISAN.DEF is corrected:

Change this

NORDIC FORMAT 0.0:0ld 1.0:both 2.0:new 1.0

to this:

NORDIC_ FORMAT 1.0
13.1Get access to the events, open data base

The simplest way is to use SE is a similar command than for EEV. Writing

se 199606

51



will open SE for data for June 1996. The length of the time window is by default one month.
However, SE can open data for any time period so the command

se 199606 202102

will read all our test events which is nice option not available in EEV.

SE can also use its graphical interface to open the data base. SE is then started by using the SE
icon or writing ‘se’ on prompt line. The first task is to read in data in SE. Here we will read
from the default data base. This is done by pressing File/Open/Default Database as shown
below.

Eventlist Functions Help

Open ... 4 Default Database
Close Database Local Database ...
| Edit . ’ Databese ... is JH |
SetTimeInterval .. Ctrl+T Catalog File .. sl
Set work directory ... IndexFile ...
Configure ... Last Used Databaze
Exit Q [

TIME INTERVAL: 2014.08.02 - 2014.05.02 OPERATOR: JH

Default time interval Current céerator

The next step is to select the time interval. Here we only have data from June 1996 so that is
put as a start date. End date is by default the current date but can be set to any other date. The
Log window (below) shows current status and possible error messages.
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e =k

[ Eventust | Log
2014-09-02@10:53:07 Seisan Explorer version 24.0 started. Operator is JH'. Set new time interval from June 1996
2014-09-02@10:53:07 Seisan home directory (SEISAN_TOP) is 'C:\Seismo\'.
2014-09-02@10:53:07 Current work directory is 'C:\Seismo\WOR'. to curret date
[ 3 Set Time Interval /Ql&l
— =)
e
End date
© Set to current date
Set to end of month.
User spedified date.
2014.09.0

TIME INTERVAL: 2014.08.02 - 2014.09.02 OPERATOR: JH

The 2 events from the database are now loaded in and some of the information is displayed for
each event (figure below). The amount displayed can be defined in Event List/Select Columns.
Note that in contrast to EEV, all magnitude types can be displayed. There is also a prime
magnitude M which is the preferred magnitude of the available magnitudes. The preference is
set in SEISAN.DEF, see SEISAN manual, section “Magnitudes in SEISAN”.

Once the events have been read in, one or several events can be selected for operation. A single

event is selected by clicking on its line and the line is highlighted. Several events can be selected
by ctrl click.

Action: UP- Update, SPL- Spiit Model indicator, blank is 0 in STATIONO HYP

/ Eventindicator E, P..
E Seisah Explorer - Da«abase:ksr_ (default) 2 events.

T e ——— = I e e T
EventLlist| | Log
[ I i

Data base Number of events / Agency E”NS Distance indicator

=& I
|

Row Ac Daleall‘lrllne Lon Dep Mod Ag RMS Gap ELat Elon EDep DI EL NSt L MW ML MC Mb
T e R R R T

2 SPL 1996-06-2503:37:31.00 616830  3.2590 150 TES 3.00 153 357 89.2 647 L 31 3 .0

Prime magnitude ~ Magnitudes

If the Log window remains due to errors when reading in events (listed in red), Event list
(next to Log) must be clicked to get list of events.

13.2Navigate in SE

Read in all the test events with command se 199606 202102
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Events can be selected by clicking on the event. For many events, move down or up with Page
down or up. An event can also be found by date. Start writing a date, like 20 and the active
event closest to the date will be highlighted. Below, 20 is written to go to the third event.

() Seisan Explorer 2.74 [TEST_ (cAseismo\REAVTEST) 4 events] [CASeismo\WOR] - a b

File Eventlist Statisics Help

Log  TEST
Row Ac Date and Time Lat Lon Dep Mod Ag RMS Gap ELat ELon EDep DI EI MInt NSt M MW ML Mw
1 UP  1996-06-03 19:55:35.70 47.7690 153.2160 0.7 TES 110 348 9999 9999 9999 D 11 5.0
2 UP  1996-06-25 03:37:33.30 61.5760 35250  15.0F BER 1.80 149 7.4 16.8 128 L 31 36 36
N ) ) I IECEDE
4 UP  2021-02-23 05:14:11.30 63.7410 45700 40.1 BEF Speed search: 4 38 38

o

_—

Start typing the date and this box
appear

13.30perations in SE

Once an event (or several events for some options) has been selected, a right click on the event
will show the options as shown below. All options have a one letter key press as a shortcut.

54



Row Ac  DsteandTime Lt  lon Dep Mod Ag RMS Gap FElst FElon EDep OI EI Mint NSt M MW ML Mw

L UP 19960503 19:553570 477690 1532160 07 TES L0 348 993 999 999 O u s
UP 19960525 0337.33.30 615760 3550 IS0F BR 180 19 74 163 128 L 3138 36
7:45.30{36.9710 | 1425140 | S0.0F 2 o
4 UP 2022230541130 617910 45700 401 BR L0 3z Addiee 38 38
Assccete Shiter
Copy o fie Snft=C.
Delete o
Oupicate ShiteD
ke comemert ines c
Edt with text editor €
C
Locate L
ot with Muplot »
Plot with Mudplot (show ot menu)  Shift=
Ragister R
Reload event arer
et cstance indicator Qe
et evet indicator Qe
Set model indicator otemt
S poth to wave fies w
‘Show with Google Earth ShitsG
Sroow wth map command shitem
‘Show vt Setsmicity Viewsr v
‘Simple Waveform Viewss
Mark/Unmark Qutex
- Atex
Select al events Ciea
Load evert fle into Exphorer =1
Urlood evert Fhe from Explorer 1
Refresh view rs

13.3.1 Edit or display content of S-file

Edit with text editor, ‘e’. Note that you cannot use SE while giving control to another action
or program like the editor. Control returns to SE when the editor is closed. Below is an
example.
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File EventList Functions Help

Eventlist | Log

Row Ac  Dateand Time Lat lon Dep Mod Ag RMS Gap Elat Elon EDep DI E
1 UP 1996-06-0319:55:2020 457360 1548190 10 TES 220 348 9999 9998 9938 D

B i B S

NSt

15

el sl ||| 5

M
56

[ Explorer Editor

File: C:\Seismo) \REA\TEST_\1996106125-0337-31L.5199606

1996 €25 0837 31.0 L €1.68% 3.255 15.0 TES 35 3.0 3.3LTES 3.0CTES 3_3INROL
GAP=153 21.09 35.7 89.2 €4.7 -0.6060E+03 0.8503E+03 0.5Z03E+00E
1995 &25 0337 31.3 L BER 3.1WBER 1
3z7.2 2.0 -11.2 0 3
ACTION:SPL 08-10-02 10:1% OB:jh  STATUS: ID:19560625033731 I
1396-06-25-0337-205_NNSN__03% %
STAT SF IFHASW D HRMM SECON CODA AMPLIT FERI AZIMU VELO AIN AR TRES W DIS CAZ7
FOQ Sz IP 337 4€.12 147 70 0.0110 95.1 95§
Too 82 IS 337 5€.01 70 -1.2710 95.1 85
FOO S5 AML 337 58.79 1451.5 0.3 55.1 35
SUZ 5z IP 337 47.84¢ 157 70 -0.0410 107 131
SUE Sz ES 337 58.95 70 -1.4010 107 131
SUEZ 2Z E 337 58.97 107 131
SUZ  SI RML 337 53.32 12437 0.5 107 131
©se 5z ER 2 337 53.17 78 50 1.51 5 134 189
0SE SE ES 2 338 39.32 50 2.33 5 13¢ 189
CSE AN E 338 5.42 134 183
r HYZ SZ ID 337 55.46 154 50 -0.2310 167 108
HYA 5Z E5 335 13.34 50 0.0010 167 108
HYA SZ BAML 338 19.41 1680.5 0.7 167 108
BER SZ IF 337 §7.73 50 0.0110 184 141
\ =eD 82 IB 337 58.78 189 50 0.1510 131 145
MOL 5Z IF 338 6.15 248 50 0.8310 244 &4
MOL AZ E 338 6.65 264 &4

m

Press Ctr+Z to undo.
Press Cir+Y to redo. Save ] I Close I [ Saveas ...

‘Column: 1

13.3.2 Export data

The events highlighted can be copied out to an S-file with option Copy to file or key press ‘c’.
The output file will be given a default name and written in the default work directory (can be
changed under File/Set work directory). The message of the location and name of output file

appears briefly at the bottom of SE box, see below.

[ seisan Explorer - Database: TEST_ (default) 2 events. o e i S8 & — [T

- PR

File Eventlist Functions Help

Eventlist | Log
e e
[ o [ wsonlasrio vom

Both events have been selected

File name and location of output S-file

4 i ] v

Selected copied to 'C: R\se-sel TIME INTERVAL: 1995.08.02 - 2014.09.02 OPERATOR: 1H
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13.3.3 Import of data

It was shown above how to open a data base. SE has the added capability (compared to EEV)
that it can work directly with a catalog file (file with many S-files). An example above was the
exported file se-select.out. We will use this file as an example.

First select option Open/Catalog file:

Event List Functions Help
Open .. v Default Database
Close Database Local Database ...
Edit ... 3 Database ... is JH'.
Set Time Interval ... Ctrl+T Catalog File ... ismo\.
Set work directory ... Index File ... 09’
ST,

Configure ... Last Used Database
Exit Q [

Use a file as input

Then use the file browser to select the file:
[ Seisan Explorer P e ™ 4 OB l=[E] = ]
——T 3 B; Plelse select a catalog file:

e |« Local Disk (C:) » seismo
2014-09-09@14:26:39 Seisan Explorer version 2.4.2 started. Operater is 'JH'. A | ]
2014-09-09@14:26:39 Seisan home directory (SESAM TON iz 1l — IR
2014-09-09®14:26:39 Current work directory | ] Convert catalog file to local database. _— -
2014-09-09@14:27:38 Time interval set from * Favorite Links Narne [
2014-09-09@14:27:38 Database load started fof p - =

The catalog file will be extracted to a local database before we can openit. 2] print
2014-09-09®14:27:38 Default database openef B Documents = . ‘
2014-09-09@14:28:32 Database closed. WARNING: Existing files in the destination folder will be deleted. %l Recent Places [ [pspoiar

B Deskop ] scratchl

Enter full path to catalog file: M Computer ] scratch2

Select file... = 1| serateh3
(sdectrie. ] Ji Bix- jenshavskev =

Enter destination folder for lacal database: & se-console

@ Recently Changed
Select folder... B Pictures se-gmap
[ select
Number of §-fies in cat-fle: B Music [Fselect
Number of S-files written: More » =
[Fse-select
’ Folders ~

File name:

Select file by double click !
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The file has now been selected. At the same time an output directory where the temporary S-
files will be placed has been suggested. SE will take the input catalog file and split it up in the
temporary folder to do the work.

3
7] Convert catalog file to local database. ==

The catalog file will be extracted to a local database before we can open it

WARNING: Existing files in the destination folder will be deleted.

Enter full path to catalog file:
Ci\seismoWWOR \se-select.out Select file..

Enter destination folder for local database:

Ci\seismo'\WOR \se-select.out_ldb

Number of 5-files in cat-file:

Mumber of S-files written: Folder for
temporary storage

of S-files
[ Cancel I [ Extract ] ‘ j

Press

The message is now that there were two events (2 S-files). Press continue to continue.

r b
[T Convert catalog file to local database. M

The catalog file will be extracted to a local database before we can openit.

WARNING: Existing files in the destination folder will be deleted.

Enter full path to catalog file:
C:\seismo\WOR \se-select. out Select file...
Enter destination folder for local database:

C:'seismo\WOR \se-select. out_ldb Select folder...

Mumber of 5-files in catalog file: 2
Mumber of S-files written to disk: 2

Extraction iz done. Press 'Continue’ to open databage. Press

[ Cancel ] [ Continue

The data now come up and normal work can be done.

[T Seisan Explorer - Database: C\seismo\WOR\se-select.out Idb (Local Database) 2events. 8 0 W & =

File EventList Functions Help

|| Eventtist | Log

i Row Ac Date a;ll Time Lat Lon Dep Mod Ag RMS Gap ELat ELon EDep DI ET NSt M MW ML MC Mb
st o0 misssassolarzom sz | 00| |76 | 110l 6| 95| ol oo 0 |12l sal 56 | | 59
2 SPL 1996-06-2503:37:31.00 61.6890 3250 150 TES 3.00 153 357 892 647 L 35 31 33 30

When SE is closed, the data (changed or not) is optionally stored back into the original
catalog file. The temporary directory with S-files remain until deleted by the user.
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13.3.4 Plot epicentres

Maps can be made with MAP or GoogleEarth

Selecting the 2 local events, the map is shown with command ‘M’

=

g TEST

Row Ac  OsossdTme  Lst  lom  Dep Mod Ap AMS Gep Els Eln EDep DI EI Mint NSt M MW ML Mw
U 199060 19:55:3570 47763 132160 07 : I
2 || 723 0 sor| | eeR| ] o8] 128 | MEDEED

The same two events can be plotted with GoogleEarth. First start GoogleEarth, highlight the
two events and press ‘G’ and open the file gmap . cur in GoogleEarth.

<]
log  TEST
Row Ac  Dateand Time Lat lon Dep Mod Ag RMS Gap Elat FElon EDep DI EI MInt NSt M MW ML Mw

1 UP 19960603 19:55:35.70 47.7690 1532160 0.7 TES 110 348 999 999 9%9 D 1n 50

60| 35250 | 1s0F] | em| 1o0] s 74| 68| 28] | | | |36 |36 |

530 369710 1425140 S0.0F TES 030 337 1238 1500 00 D 6 70

i 38 38
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13.3.5 Plot waveforms

Option "Plot with Mulplt’ is ‘p’. MULPLT comes up with all defaults (like ‘po’ in EEV) and
the DOS message window (terminal window under Linux) is also shown. A quit in MULPLT
returns control to SE. New picks or changes are automatically saved in the data base on return
to SE.

=)

8 CWirco —

e —

Eventist | Log

Row Ac  DatesndTume  lat  lon Dep Mod Ag RMS Gap fat Mon EDep DI E mst M |
VP 1996-05031955:2020 457360 1543190 10

L u TS 20 us sm9 w9 w9 D 15 s
[ 2 [s liososzsoaaramlersmo | a2 aso | [7es | a0l sl 32l w2l el L[| x| ]

1996-06-25-0337-20S .RNSH__039

13.3.6 Locate an event

The event is located with Locate or key press ‘I”. Use the local event. Once ‘1” has been pressed,
the locater window comes up and to relocate the event ‘Locate” must pressed and the following
window comes up:
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) Locator - [u]
Fie Edt
Magnitudes  Settings
Locate Save Prev event Next event - -
Vaue  Type Agency
Date Tme  +/-8.45 Distance Indcator Event Indicator 27 L TES
1996-06-06 06:48:31.3 L 0 C TES
Lattude +/-26km Logitude +-57km Depth +-37.7km 33 WMo
62.5700 5.0080 2090 29 W TES
Locality: Oloepthfiag [ Enifing
RMS: 1.80 Dx: 2.5 Dy:-7.4 Dz: 5.9 Dot: 0.9 Gap: 263 Nst: 13
Phase ()  Asmuth()  Magnitde  Log

® St Comp Date/Time Dist O PhObs WitObs T-Obs PhCal An WiCal TCal Res Imp

6 MOL SZ 19960606 06:49:05.87 126.0 E SG 34.56 SG 95 L0 344 0.08 1

7 HYA sz e P 25.47 PN4

8 HrA 14 1 P 25.47 PN4

3 WA 2 € G 2.25 PG

10 HYA sz E SG 46.76 SG

11 SUE L4 E SG 47.12 SG

12 SE A 3 0.00

13 AKX b4 E P 31.63 PN4

14 AKX Sz E S6 63.41 56

15 BER Sz E P 33.41 PN4

16 BER L4 I P 36.25 PN4

17 BRR Sz E SG 65.30 SG

18 EGD £24 E P 34.45 PN

19 ED Sz 1 0.00

20 EGD £4 E PG 35.74 PG

21 EGD 52  1996-06-0606:49:40.53 256.0 £ 6 69.22 56

22 0001 SZ 1996-06-06 06:49:15.91 307.0 e P 44.60 PN4

23 0001 SZ 1996-06-0606:49:21.72 307.0 1 0.00

24 0001 SZ 1996-06-0606:49:57.24 307.0 E SG 85.93 SG

25 B&ss SZ  1996-06-06 06:49:19.99 358.0 € [P 48.68 PN4

2% BSs sz E i§ 69.09 SN4

7 Bss sz £ 6 97.86 G

28 KMY sz € B 49.62 PN4

3 MA0 &2 Pn 52.72 PN4

30 NRAD SZ Pg 61.29 PG

It has detailed information about the location like difference in location from previous location
(dx, dy, dz, dot) (also found in print.out). A useful feature is that residuals are color coded
so it is easy to find the bad residuals. The magnitudes are shown in the magnitude window
(press tab magnitude):
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£ Locator
Fle Edt
Locate Save Prevevent | | Nextevent
Oate Tme  +/-8.4s  Dstance Indcator Event Indcator
19960606 06:48:31.3
Latitude +/-26km Logitude +/-57km Depth +/-372.7km
62.570 50980 2.9
Localty: Dloepthfiag [Jenifiag
RMS:180 Dx:0.0  Dy:0.0  Dz0.0 Dot:0.0  Gap:263  NSt13
Phese () Asmuth()  Magntude | Log
2 st Comp Date/Tme Dst Azn PhObs MsgType Amp  Per
1 Mo SZ  199606-06 06:45:04.00 SPECS MW
2 MYA ST 19960606 06:49:16.00 sPeCs MW
3 A SZ 19960606 06:49:33.00 SPECS MW
4 EGD ST 1996-06-06 06:49:39.00 SPECS MW
5 0001 SZ 19960606 06:49:55.00 SPECS MW
6 BSS SZ  1996-06-06 06:50:07.00 SPECS MW
7 xMr SZ  199606-06 06:50:18.00 SPECS MW
8 FOO 52 199%6960606:48:48.47 1080 1820 P  MC
9 FOO SZ  199606-0606:45:02.85 108.0 182.0 IaML ML 2986 0.28
1 MO SZ 1996060606:46:49.97 1260 89.0P M
1 MOL  SZ 1996060606:49:08.97 1260 89.0 ML M 1505 032
12 HYA ST 19960606 06:48:56.78 167.0 155.0 P ~MC
13 HA  SZ 1996060606:45:19.17 167.0 1590 IAML ML %63 0.1
14 SE  SZ 1996060606:49:19.99 170.0 186.0 M. M. 1814 0.1
15 AKX SZ  199606-0606:49:02.94 233.0 179.0 P MC
16 BER  SZ  1996060606:49:39.15 2440 177.0 AL M 022 0.0
17 ED  SZ  1996060606:49:46.54 256.0 1780 AML M. 956 0.40
18 00D1 SZ 19960606 06:45:15.91 307.0 164.0 P L
19 0001 SZ  1996060606:0:0L34 7.0 1640 ML M. sL1 0.56
M OASS @ 100A0A0R0ARI000 TR0 AN P MO

Cods

136.00

194.00

135.00

183.00

180.00

The magnitude residuals are also color coded to make it easy to find the deviating magnitudes.
Since the location option can stay open at the same time as the trace data is displayed, it is
possible to go the MULPLT window and change some reading and then back to the location

window to see the effect.

13.4Functions in SE
NOTE: In current version of SE, the Tab Functions is now called Statistics, the figures below

have not been changed.

On a selected data set of many events, SE has a series of functions many of which are not found
elsewhere in SEISAN. There are particularly useful options for seismic hazard analysis. The
functions are selected under Functions, see below.
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F.E Seisan Explorer - Database: TEST_ (default) 2 events.

File Event List Funcﬁons] Help

I Event List Log

Completeness check

Drift of hypocenters
Events per year

Export to CSV
Gutenberg-Richter relation
Magnitude vs magnitude
Set event indicator

Set model indicator

Time of day distribution
Poisson distribution

Weichert method

Sample function A
Sample function B

Two events is hardly enough for most functions, however we can demonstrate the time of day
distribution for the selected events, here the two test events.

. Seizan Dplg
File  Event List

Eventlist | Log

Functions  Help

mlnci Date and Time Il_nt i Lon il)q; Mod Agll!l‘ﬁiﬂimlﬂ.ﬂtiﬂmiﬂ)qlll)liﬂlﬁtll“li

2 events
selected

| [ Seisan Explorer: Time of day distribution

Select interval:

7 10 min
15 min
30 min
1 hour
2 hours
3 hours
4 hours

) 6 hours

Number of events

1ol

Log_{10} |

Time of day distribution

8 12 16
Time of day [Hour]

@ rs

@) PNG

© PG

©ew S owo [ wo [
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13.5Event

selection filter

SE has a very sophisticated event selection filter whereby a subset of loaded events can be
selected according to user set criteria. Both include and exclude filters can be used and there is
a large number of parameters that can be used in the selection criteria. The filter is found under

Event List/Set Filter, see

below.

Use /set filtter

F Seisan Explorer - Database: T’EST{(defau\lJ 2 events.

Set Filter .«
Remove Filter

Select Columns ...

Auto-Resize Celumns

The filter selection box now comes up and the user has to chose if an include or an exclude

lon Dep Mod Ag RMS Gap FElat Elon EDep DI EI NSt

616890  3.2580 150 TES 300 153 357 892 647 L 35

filter is to be defined, here we will use only include, see below.

mm-m---n--

. —
[ Event selection filter

(0 i

rs‘f Seisan Explorer - Databa1

File EventList Functio

Event List

Row Ac Date iiA
BTz

SPL 1936-06-25

4

Description

Include expression

Use edit to continue

Edit

Exclude expression

Please note
Exclude expression takes precedence over indude expression.

0K ” Cancel ” Clear Filter ” Load ” Save ]
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Once Edit has been clicked, the parameters which can be selected are shown. In the example
here all events with latitude > 60 deg will be chosen, see below.

- drmc S — L2 TN ~—
F St_alsaﬁ_n B [ Expression builder [z =)
— :Iﬂ Filter expression:
Event List &Lat = 60| 3 Write 60
Row A_
N 1 Press Lat
2 s 2 Press >
To indude all events, use stAtement 'Indudeall’.
h Operators General
) Ge) Do) (o (e (G (o) (o)
AND OR ( J Depth Err Model Agency RMS Dist Ind
(Ao Jlor [ ¢ ][ ] I [ mogel [ J (s |
Magnitude I Event Ind ] [ Mag H Locality ] [ Comments ] I Num Stations ]
[HasMagniiudel] H Mag W ][ Mag L ] [ Num Polarities ” Num FPS H Date ][ InRange]l ]
(Magc | [ magb | [ 1ags | [ megs |
Stations
Fault Plane Solution [ HasStation[] ][ Station Code ] [ Epicentral Distance ]
[ Phase Mame I [ Component H Amplitude ]
[ Amplitude Period ][ Back Azimut ][ Travel Time Residual ]
1 m [ Stress Drop ][ Corner Frequency ]

4 Press OK

The selection parameters have help boxes. Right click on parameter. Below is an example of
the explanation for minimum number of stations with polarity readings.

meg. |

[ Event Ind ] [ Mag ] [ Locality ] [ Comments ” MNum Station:

[ MNum Polarities ” Mum FPS H Date H InRange[]

1

Property $NumPol

Description:
Mumber of stations with polarity observations.

Example:
EhumPol = 10

Epicentral Distance
Amplitude

Amplitude Period Back Azimut Travel Time Residual

Once selection is finished, press OK and OK to run filter.
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[sE! Seisan Explorer - Datab«# E Event selection filter

File  Eventlist Functiol

Event List
=
Row Ac Date a
f “m 1996-06-03 Incude expression
2

SPL 1995-06-25 Slat > 60

Description

!

Exclude expression

Press OK

Edit

ase note

Exclide expression takes precedence over indude expression,

[ oK ” Cancel H Clear Filter ” Load ” Save ]

Now there is only one event left. A function can now be used on the selected subset or the
events can be written out with the Copy to File option.

_E‘! Seisan Explorer - Database: TEST_ (default) 1 events. EIM

File Eventlist Functions Help

Event List [Filter: No description] Log

mincl Date and Time ilart | Lon Inepimlngim-lslsapiﬂatiﬂmlmepimlE[instiﬂI

The original list can be restored by using Event List/Remove filter.
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Get original list back
E’! Seisan Explorer - Database: TEST_ (default) 1 evM @E‘g

Functions  Help

Set Filter ...
]

Remove Filter

Select Columns ...

Auto-Resize Columns

13.6How to get the remaining EEV commands in SE

The commands not yet implemented in SE can be executed via the EEV interface.

R A P | — T —

File EventList Functions Help

Eventlist | Log

Row Ac Datea;nl]'lme Lat Lon Dep Mod Ag RMS Gap ELat ELon EDep DI EX NSt M MW ML MC Mb
T s 59332020 15730 e R S O
2 SPL 1996-06-2503:3731.00 615890 ) 802 647 L 3 31 32 30

Copy tofile c

Delete D

Duplicate Shift+D

Edit comment lines Shift+C

Edlit STATION.HYP file ShiftS

et with text editor E

EEV <« _ 4+ ———— StatEEV

Locate L

Merge M

P

Plot with Mulplot
Plot with Mulplot (shew plot menu)  Shift+P

Register R

Set distance indicator Shift+R

Show with Google Map G

Show with Google Earth Shift+G

Show with Seismicity Viewer v

Select all events Ctrl+A

setfilter. Crl+F TIME INTERVAL: 1995.08.08 - 200
i Load event file inte Explorer F3
| Unload event file from Explorer Fa

Refresh view F5

You get
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[T Seisan Explorer - Database: TEST_ (default) 2 events. o [ e
File Eventlist Functions Help

Eventlist | Log

Row Ac Dateaﬁd Time Lat Lon Dep Mod Ag RMS Gap Elat Elon EDep DI EI NSt M MW ML MC Mb
2 SPL 1996-06-2503:37:31.00 616890 32500 150 TES 300 153 357 892 647 L 35 31 33 30
B C:\Windows\system3Z\cmd.exe [ES3EE ===

1996 6 Reading events from base TEST_ 2
it 1 3 Jun 1996 19:55 28 D 45.736 154.919 1.0 2.2 5.6BFDE

b

TIME INTERVAL: 1995.08.09 - 2014.09.09 OPERATOR: JH

All the usual EEV commands are now available. When quitting, control goes back to SE and
the data base read into SE is updated.

Acknowledgement: Paul Friberg corrected this document in version from 2014.
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