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1 Introduction

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

In this tutorial a Windows OS is used to describe the SEISAN commands and file system.
Linux users can used the same SEISAN commands but the file system is clearly a bit
different.

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\WAV, calibration files are under C:\seismo\CAL and other parameter files under
C:\seismo\DAT. The examples will be for Windows, but they look more or less the same
under Linux. 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 two events, there are also two 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 se C:\Seismo\REA\TEST_\1996\06 and the files are

03-1955-40D.5199606
25-0337-31L.S5199606

One file has D in front of the “.” and is distant event, the other has an L and is a local event.

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 used later.



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

eev 199606

When the system is installed, the default database (a named 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 5.6WHRvV 12 ?

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 O.
# 2 25 Jun 1996 03:37 31 L 61.689 3.259 15.

6WHRV 12 2

0O N 1.1 5.
0O N 3.0 3.3LTES 3% ?

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:

If'-f 1.3 Jun 1896 19:55 35 D 47.760 153.227 0.0 N 1.1 5.6WHRV 1z 2 ¢

File name: C:hZeismod’yREAVTEST 19964 06403-1955-40D.3199606

1996 6 3 1955 35.5 D 47.760 153.227 0.0 TES 12 1.1 5.6WHRV 5.6bPIEl ———Line with hypocenter
1956 6 3 1955 35.5 D 47.760 153.227 0.0 TES 12 1.1 S.6WHRV 5.6hPDEL
GAP=3 45 z.88 999.9  999,9999.9 -0.1404E+05 -0.3810E+08 0.1205E+09E
1996 0603 1955 31.8 D 46.767153.722 33.0 PDE 5. 6BPIE
ACTION:SPL 05-10-02 10:19 OP:ih  STATUS: 1D:19960603 195540
Eggzggzggjgfi:;gg:;E:z—géz ——Wavform file names : ——-Line with waveform file names
STAT SP IPHASW D HEMM SECON CODA AMPLIT PERI AZINU VELO AIN AR TEES W DIS CAZT

Error in hypocenter

1 .
1 —ID line

s
Station TEES BZ EP 20 4 40.63 23 -1.3210 5724 351
TRO SZ EP 20 5 32.5 /21 1.7510 6471 343
~ LOF 32 IP C 20 5 46.68 L. 21 -0.1110 6729 344
omponent INW I EF 20 5 439.5 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 LZ I 2021 25.49 6768 353
MOL SZ IP C 20 6 25.49 19 -1.7410 7408 343
FOO 52 EP 20 6 35.99 19 0.1210 7559 344
HYL 52 EP 20 6 36.91 19 -0.1410 7580 343
SUE 52 IP C 20 6 39.07 19 -0.2810 7621 344

KQNO BZ IP C 20 6 40.72 19 -0.7010 7657 34l azimuth

Beturn to continue, g to return to EEV

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 added information. Note also that the event has two waveform files associated with the
event.



Where are the waveform files ?

SEISAN will look for the waveforms in the current directory and in WAV. To check where
the waveform files used are, type ‘w’ and you get:

# 1 3 Jun 1996 19:55 35 D 47.760 153.227 0.0 N 1.1 5.6WHRV 12 ?2 w
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 in WAV.
List of commands in EEV

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

4 Plot the epicentre

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

Total events: 1
Selected events: 1

Hegni tides:
Urdenowm +

<
He=1 . nJ/

) N ]

=3 ® 7::}

62.0

. The event o
Latitude

Select : 010 bl

Qto Quit

F for Frofile

0 for Old mofile
A for Area 6.0 +
Z for Zoom

s e e

59.0
58.7

{Ee S s

-27-20 -1.0 0.0 1.0 20 3.0 40 &
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. If there is access to Internet, Google can be used. Type
‘gmap1

o 7.0 80 3.8.3

# 225Jun1996 03:37 31 L 61.689 3.25915.0 N 3.03.3LTES 35 ? gmap
Location map is generated for maps.google.com
Open gmap.html with your favorite browser
you will find it here : c:/seismo/WOR

Double click on file C:\seismo\WOR\gmap.html and you get
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Many events can be plotted outside EEV with EPIMAP, W_EMAP or GMAP.



5 Plot waveforms

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

Waveform file name Header line from S-file

| 1956 E-PE 137205 W 139 Leu |
Station and channel codes Maxurmmm amplitude [in counts
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Command ‘p’ will also plot events but then there are more choices so it is simplest to use
‘po’.



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.
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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.

et R
BLL A S R D R Lo

- = -“-*‘1'“"""'---—- i

L e aness

| oo %_- i Maw

| ] = sz

"
T T ey
an " - e an
w—r
rown we i PP ».'-.‘—u!—w»\\t%w-*ﬂdm D TPV
o wz e m-wkmwm*w-w.rm
it S 2 ) S + SRR e ST e
b
5 5 * TR + s 52
' M“%—L/%WM% om ¢
-
J:)--u-wb-uu-—--—_ -

iy rasa, J;JF s = —— ] en oz
. =

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 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
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and the plot with the 3 channels will follow. A range of channels can also be selected by using
left-mouse click on the first channel and right-mouse click on the last channel.
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Select channels by using the list of channels: On menu, press Oth C (or ‘0’ on keyboard) and
channel selection list comes up:
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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.

5.5 Plot all components for a selected station

Select one channel as shown above, press ‘y’ and the plot comes up with 3 channels. In this
case some zooming was done before pressing ‘y’. To return to the multi trace plot press ‘y’ or
1.
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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. Notice how the filter has removed
the low frequency noise on the 3rd channel, broad band station KONO.
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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:

tnseismosNWOR>

twseismosWORIwa ——

sngeizmosWOR>cd ~d C:rnSeismorwaw

tngeismosWAU>dinf 19= ——
1 1996-86-83-1917-528 _TEST__ 802 —___

#
# 2
# 3

1996-06—-03-2002-188 . TEST__ @12 —_ ]
1996-86-25-A337-288 . NNSN__8A39

nseismosWAU>mulplt
Filename. number, filenw

Continuous

Large SEED volume: conts
Archive:
Make a choice

arc

s,  Sclect to plot file #2

Read headerz from files:
1996-B6-83-2082-185 _TEST__ @12

Plot options: Interactive

Low and high cut for filter. return for no filter

Multi trace
Multi trace
Multi trace
Multi trace
Continuoues
Continuoues
Continuoues
Stop

iz (alld
SEISAN data basze: cont

picking
plot on
plot on
plot on
plot on

You are in WOR

ive command wa to go to WAV

Make a list of files starting with 19

The list, is in file filenr.lis
Start MULPLT

Return
screen. def (@A)
SCreen 1>
screen+lazenr(2d
lazer

on SCPeen
on screen + laser
on lasewr

—— S option O

for all defaults

No filter, just enter

Now plot comes up

Notice 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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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
! .8 N 3.8 3.3LTES
Azimuth- B rms  damp erin ¢ ﬂle—
1.98 8.0680 89_2 3%
t—ohs t-cal rgs !
. 14.98 14.98 0.848 1.68
.8 24.87 25.92 —1.86 1.99 Observed
Angle of- B 16.70 16.69 0.91 1.00 3 LGRS
incidence -2 29.94 1.
-3
4 ’ ’ Weight
. .5 24 .51 a. a

Station 2 a. 3
3 a. 1
.8 a. 1
.8 a. 1
.2 a. 1
.7

Hypocentral
distance -1 coda:

amp:
coda:
coda:
coda:

Amplitude (nm)
Listing of different
maghnitudes from different
stations

coda:

anp:

coda:

anp:

anp:

coda:

coda:

coda: -

anp: - H -7
coda: 147,

Period (s)

L T T T T T T T R T
[ELXPRYCPRRYRTRPARNY LY .CY CPR PR Ty U
Wi I W0 0D SO TR R OO CO LN B D

[l bt EUEN L CRTCN S-S0y

Location just made

FOO SZ hdist: 5. anp: 1481.9 a.3 ml
19%6 625 @337 31.1 L 61.687 3.283 15.8 TES 31 2.8 3.3LTES 3.BCTES 3.2LNAQ
OLD: 625 B337 31.8 L 61.689 3.25% 15.8 TES 35 3.8 3.3LTES 3.BCTES 3.2LNAO

2 25 Jun 1996 B3:37 31 L 61.68% 3.25% 15.8 N 3.8 3_3LTES 35 _?__7_ Orlglnal location in S-file

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 ?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 SG 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
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
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Sure you want to update, (y/n) ?

i 2 25 Jun 1996 03:37 31 L 61.690 3.261 15.0 2.0 3.3LTES 31 ?
The old location and residuals in S-file have now been overwritten.
6.2 Locate a distant event using phases in S-file

Select the 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 2?1

date hrmn sec lat long depth no m rms damp erln erlt erdp
96 6 3 1955 20.07 4544.24N 154 54,9 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 I1AMs_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 cCP 20 5 46.7 626.61 626.55 0.06 1.00 8
INW 6993 354.0 20.3 0 P P 20 5 49.5 629.43 627.23 2.20 1.00 30
IMI 7007 354.0 0 20 8 27.3 787.3
IMI 7007 354.0 0 2014 41.6 1161.5
IMI 7007 354.0 0 2021 25.5 1565.4
MOL 7660 344.5 19.0 O P P 20 6 25.6 665.56 666.02 -0.46 1.00
FOO 7811 345.2 18.6 O P P 20 6 36.0 675.92 674.39 1.53 1.00 1
FOO 7811 345.2 0 I1Amb 20 6 36.9 676.8
HYA 7833 344.5 18.6 O P P 20 6 36.9 676.84 675.58 1.26 1.00 1
SUE 7873 345.2 18.5 0 P cCP 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 1Amb 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
Give line to delete or keep, terminate with O

1: Lines with P-phase Not delete
2: Lines with S-phase Not delete
3: Lines with SPEC-phase Not delete
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4: Lines with IAML-phase Not delete
5: Lines with IASP-AMP phase Not delete

6: Lines with any phase Not delete

6

Give line to delete or keep, terminate with O
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 any phase 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 ~?

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 3.2LNAO1

GAP=153 21.23 35.9 89.8 65.2 -0.6139E+03 0.8616E+03 0.3554E+00E
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: 1D:19960625033731 1

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 appear 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 appear. Normally, S-phases should be read on the
horizontal components, if available. Here it is done on the Z-components for the simplicity of
learning how to do it. For picking other phases, see later.
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1990 =[h=25=0337 =208 . HNEN__039

1996 B25 0337 31.0 L 61.6BY 3.259 15.0 TES 35 3.0 3.3LTEE 3.0CTES 3.2LHAD
Plot start time: 1996 b 25 3:37  32.4979

-4l

EGD gz —_—

47

406

FOO 8 Z

-3R5 39

HYh & 2

i .

330

Event # 2 37m40 38m00 20 40 3%m00

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 ‘g’ 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 31 ?t
File name: C:\Seismo\\REA\TEST_\1996\06\25-0337-31L.5199606

1996 625 337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3LTES 3.0CTES 3.2LNAO1

GAP=153 21.23 35.9 89.8 65.2 -0.6139E+03 0.8616E+03 0.3554E+00E
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: 1D:-19960625033731 1

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

# 2 25 Jun 1996 03:37 31 L 61.689 3.259 15.0 N 3.0 3.3LTES 35 21

date hrmn sec lat long depth no m rms damp erln erlt erdp

96 625 337 31.48 6135.62N 3 23.0E 4.9 73 0.31 0.000 12.0 9.0 6.7
stn dist azm ain w phas calcphs hrmn tsec t-obs t-cal res wt di
FOO 88 89.0 93.2 0 P PG 337 46.0 14.55 14.25 0.31 1.00 11
FOO 88 89.0 93.2 0 S SG 337 56.1 24.61 24.79 -0.18 1.00 23
HYA 157 106.4 50.4 0 P PN4 337 55.4 23.90 24.48 -0.58 1.00 10
HYA 157 106.4 50.4 0 S SN4 338 14.4 42.92 42.59 0.33 1.00 23
EGD 178 145.1 50.4 0 P PN4 337 58.6 27.07 27.05 0.02 1.00 4
KMY 285 158.0 50.4 0 P PN4 338 12.0 40.54 40.29 0.26 1.00 8
KMY 285 158.0 50.4 0 S SN4 338 41.4 69.94 70.10 -0.16 1.00 22
HYA Sz  gdist: 125.3 mom: 14.4 m 3.5

SWTES 3.2LNAO

w =
1996 625 0337 31.5 L 61.594 3.383 4.9 TES 4 0.3 3.
3.0 3.3LTES 3.0CTES 3.2LNAO

OLD: 625 0337 31.0 L 61.689 3.259 15.0 TES 35
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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 3.2LNAO
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 with using multi-trace screen is often not very accurate since it is difficult to
zoom on several traces 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

Filt o1 zl[1-1 =f[1-5 o[ 530 Haoas sf1sos w29 Jwa dlab e Jde e xicum
Femis Ot L[ Dist  |[Sele o[FsF Rjtaa;qumc—;lBad(B&hc:oHeiu?'t Mt £ Pla o ||
Dol dlosts Dlkmee Mo dlsp I Fbeay o wl e Al swe xlpwe E'IAMC llcuty ;
196 G5 237 HOL 6160 3261150 TS A 2.0 3.3:[5530:‘[553 F—Toggle
e 1 B25 33 _
| Magnitude operations an
ED S5Z .
TR
m@@mmwm
1E 2 3T 4Ey S By En? S 86 95 0Eg+ &y Iy
1956 F TR 0D E%\g 19% 625 TR0 64
- o U e -
ned phases
1 1 1 1 1 M]N ]
Wi SZ 358 B 0 a1 o
M ap: el
RY SZ
Eet # 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.

17



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 zoomed signal
are shown on the bottom trace. The zoom clicks are done inside the top plot:

MULP SINglertrace moae E*

Fitt J=1 -1 o[ -6 o can Hnis Aless o 24 % ol Gl gt e ionil
- o dar JEF lIrwet Jeon Jed Howe dmp dloe Jegg dluss dlo d
1P 2 3IM4AES BB 7l 8 95 0B+ &~ In
EELEENRLE  Second zoom click
| i |
- | ] ] ] ] HIH ]
First zoom click ° - = L
- T _
N ] ] | ] ] ] 1 ] 1 1 N
T £ 0 2 4 3 ] 1 i, 1
M ap: a1l

Maximum amplitude in counts
To un-zoom or re-plot the top trace again, pres ‘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:

MULP ole trace mode =] ) MOLP ele trace mode el
Filr -1 411 (-5 J 50 s Aisos o 24 @ o Filk 01 11 J & o cn s dheee Jl24 w4

VR - T = | wh e d0e e [
sz W bemp e Jair oJEiE e daoe Jooe Bl d e Ao o des Ao d | Lo dliy e Jur dme e Jeoe dis: Aome dles doe deg diee dloe: J
1P 2FP 3R 4EgS TheEh 7 0 908+ S~ Iy 1P 2 3R 4Es BucEn? S 8 95 0B+ G Ig
1S E-EHET-ERET 15 «'\KD S Z 155 65 370 64 196D TR RE]_18 ED S Z 1% 65372064
- r 1 F
Setond zoom position
[ \ . \ \ w w | [, \ . ‘ \ ! . L

] a a 2 FHES =] ) n 1= el = i1l E 4
Mezap 1 Mmzap: 2400
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 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 =@

1IFP 2EF 3 IPFg4EPg S IPn 6 EMm 7 IS 8ES 9I5g0ESg+ Sn~ ILg
1996-06-25-0337-205 HN=N__ 039 SUE S5 Z 1996 625 33720.648

— —/Limits for polarity ' —
! . . e

L
I7mds

Max amp: 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 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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MULP STNZIErace mode ET

Fitt o—1 A[1-1 «Al1-c J[cn Hhete Aheoe foa e dlwn [ e e i
- o —Ee s dGoe dBc Dot d iy dgasdiss dlise ol o d
1P ?FP 3Ty 4EgS b Eh? S 85 95 05+ S Ig
195 Bt ET-IE T 3 KD 5 Z 19% 65 2064
Original P picked “\\E"
Al “, 5
_ . | .
FhES il 5
M an: e ]
I | F
Deleted P
I ! et Deleted S
ThiD New P picked 1 N
M ap: L3
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—06-25-0337-205 . HFSH__039 HEHU
1996 625 0337 31.0 T 61.689 3.259 15.0 TES 35 3.0 3 3LTES 3.0CTES 3 2IHAO
Elot start time: 1996 6 25 3:37 47.263
154 P 5145
SE SZ ——
66 4379
SE SH —
17 2714
SIE SE —
Event # 2 37w
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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

/1N 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 azimuth from the station to the event (normally called back-azimuth but here we
will use azimuth for simplicity) can be determined in single trace mode by correlating the 3
traces.

Select the local event.

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

The three components zoomed

Azimuth determin7
‘M 344 Vel

5] MULPLT single trace mode e o |

[FEilt . |[01-.1 =|.1-1 =|| 1- 5 w|| 510 bf10-15 =n|1525 n| 2-4 VA  w|sb || nB  J|¥s k| W5 koW
Azi\m hi| Resp | Spec =||ALLC w||FizF . ||[Fotat  u|[Groun g|Bsck  B|[Oth C of| Help  7|[Cuit q||Toggl t| Hext £|| Flot v

LIF 2EF 3IFg4 g 5 I 6 B Selecte a small window around P

1996-06—25-0337-205 WHSH__039 SUE S 1996 625 33720 648

- iz E ]

- Azimuth value saved by pressing E in window here /\

.

tl.k:\lq,

1
49
Select window for 300HP

5102

4446

1494

92 o 0.9

Apparent velocity

37md4f

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:

SUE SZ E

337 48.00

343.7 8.2

where the result has been stored. Locate the event:

date hrmn
625 337

long depth
3 17.3E 1L5.@

no m
83 3

damp erln erlt erdp
A.AAA 89.4 35.5 65.H

rms
1.95

lat
73N

PG

stn

dist

FOO
FOO
SUE
SUE
SUE
SUE

24
74
186
186
186
186

Azimuth phase

w phas
aF

calcphs hemn
P ?

337
337
337
37

tsec
461
6.8
47.8
Leg.?
48 .8

t—ohs
14.91
24 .80
16.632
27.74
i6.8
343.7

t—cal
14.87
25._88
16.79
29.21

312.9

Azimuth observation

res

A.064
-1.838
-8.16
-1.47

38.7%

Residual

and it is seen the ‘error’ in the 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

date hrmn
96 625 337
stn dist
SUE 95
SUE 95
SUE 95
SUE 95
SUE 95

sec

32.84 6152.

azm

ain

163.3 92.8
163.3 92.8

163.3
163.3
163.3

lat long depth no m
25N 4 15.4E 15.0 32
w phas calcphs hrmn tsec
0P PG 337 47.8
0Ss SG 337 58.9
AZ
0 337 48.0
0 AML 337 59.3

rms damp erln erlt erdp

0.00 O.

t-obs
15.00
26.11
343.7
15.2
26.5

t-cal
15.01
26.11
343.7

res

000 5.4 3.7 0.0

wt di

-0.00 1.00 25
0.00 1.00 25
-0.01 0.20 50
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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

3
3

And it is seen that the location has changed substantially. The exact change in km is given in
output file print.out. 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 mostly to read on vertical channels for MI. 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 bases 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 two test
events, the following response files are available:

TRO__ S 7.1993-08-06-1200
KONO_BV_Z7.1991-06-24-1800
KONO_L__ 7.1991-06-24-1800
HYA__S_ 7.1994-02-09-1200

The first 5 characters is the station, the following 4 the component and then follow the data
from which the response is valid.

8.1 Local magnitude M|l and coda magnitude Mc

The local magnitude is picked on a trace simulating the Wood-Anderson seismograph. Select
station HY A 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:
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Window for picking amplitucle Request a WA response

WOLPLT single trace mode E@*

Fl |1 41415 o 50 HAnde e ﬂ%_@.l_d I | T, W | 1l |
[y H ey ] e JEe e Jeon 4 m%n Moe Jm e Ecr d
1P 2FF 31 4ESS 6ER 7S 8 9y 0B+ S~ Ig .
15 EHET- AR | HE S 7 19% 625 30065 Pick coda length
- F B (ITh
B 1 1 1 1 1 MIH
A6 B _ . : :
Muap B2 e F\II’St point for getting amplitucle
- 5 mi—Phase name used for amplitucle
"y
Nanometers . . } . | . . o
v Y 1 1 . ?3 \Second pt:fint for getting amplitude
1S m 063 == Indication of an amplituce read
I \ T e Filte 1250000 81
Max amLIitude and [;fiﬂd 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 only 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 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:

Coda length from P-time to end of event
IPHASY D HRMM SECON CODA AMPLIT _P-E'RI AZIMU UELO AIN AR TRES W DIS CAZY
Z IP 337 46.14

195
1289.8 8.60

Phase associated with amplitude ~ Amplitude  Péeriod
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and locating (using ‘I’) gives the following result:

# 2 25 Jun 1996 3:37 31 L 61.690 3.261 15.0
date hrmn sec lat long depth no m

96 625 337 31.98 6141.79N 3 23.1E 19.2 53 0.030.
stn dist azm ain w phas calcphs hrmn tsec t-obs
FOO 89 96.4 97.1 0 P PG 337 46.1 14.16
FOO 89 96.4 0P 337 55.8 23.9
HYA 161 110.3 55.1 0 P PN4 337 55.5 23.56
HYA 161 110.3 55.1 0 S SN4 338 13.0 41.00
HYA 161 110.3 0 I1AML 338 19.8 47.9
EGD 187 147.1 55.1 0 P PN4 337 58.8 26.82
KMY 295 158.9 0P 338 41.6 69.6
KMY 295 158.9 55.1 0 P PN4 338 12.3 40.29
HYA SZ  hdist: 162.1 coda: 195.0
HYA Sz hdist: 162.1 amp: 1289.0 T: 0.6
1996 625 0337 32.0 L 61.697 3.385 19.2 TES 4 0.0 3.6
OLD: 625 337 31.0 L 61.690 3.261 15.0 TES 31 2.0 3.3

2.0 3.3LTES

31 21

rms damp erln erlt erdp
000 10.0 9.0 4.9
res wt di

t-cal
14.16

23.56
41.00

mc
ml

0.

00 1.00 27

.00 1.00 27
.00 1.00 26

-0.05 1.00 7

3.
3.

.04 1.00 13

1
6

LTES 3.1CTES 3.2LNAO
LTES 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 determined the spectral level of the S or P-wave spectrum, calculates
the seismic moment from which the moment magnitude Mw is calculated. Select the local
event and plot station HYA S Z in single trace mode. We will now make the displacement
spectrum of the S-wave:

Select 0?1 spectrum

5] MULPLT single trace mode [S=di k= ]
Filt . ||01-.1 =z|.1-1 x| 1- 5 w| 5-10 b|10-15 mn|[15-25 m| 2- 4 ;| WA w|| mb i|f mB J|| M= k| HS b HMEHT
Azim h|| Resp :| |AllC v|[FizF . |[Rotat u|[Groun g||Back B|[0th C of| Belp ?|/mit  gf[Toggl t| Memt f£|| Plot =
1IF 2EFP 3IPFg4EPgS IFn 6 EPn 7 IS 8ES 9IS30ESS+ Sn~ Ig
1996—06—25-0337-205 . HHSH__039 HYh S Z 1996 625 33720.853
IF ES COD
PRl ‘
| | | | MIK
39 a0 41 42
Hax amp _ Sel. windovw for spectrum
s | wind géilmiw_m- 3‘“‘*—=Select d for displacment
pectral window .

Raw spectrum:

Change welocity:

Change density
Change moment

Hoi=e Pow. =spec:

Lin axis:

Hew spec f-lim
Type of spectr
Autofit spectrun s

=B 2 00 R

Gereral parameters, S-spectrum

Vel
Qo

Spectral frequency band

3.9 Den= 2.90 Dist 167 Depth 15

400 Qalp 0.70 k

0.020 Spec nodel
0.200 20.000
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After pressing “‘d’, the following window comes up from where the spectral parameters can
read manually:

5] MULPLT single trace mode [E=NEEHEX

Valid input i= now: House click to sslect 3 points in spectrum
r: REeplot f: Foreward cr nest trace

4 QWlnd w for spectrum %
1996-06-25-0337-205. NNSN 03 5 Z 1996 625 33720.653

Spectral values dtermined
HIN

3has
Hax amp 39329.2

Displacensnt - tress drop

3.5

] Push an to continue, R to replot

5 Corner frequency

foregEL o

) Gereral parameters. S—spectrum
Signal spectrum vel 3.9 Dens 2.90 Dist 167 Depth 15
| w 00 400 Qalp 0.70 k0,020 Spsc model
I I I \ | Spectral frequency bend 0200 20.000

SR _
0.316 .0 3.2 10.0 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:

1996 625 0337 31.0 L 61.689 3.259 15.0 TES 35 3.0 3.3LTES 3.0CTES 3.2LNAO1
SPEC HYA' S Z MO 14.4 ST 13.1 OM 2.94 f0 3.25 R0.4446 AL 1.70 Wl 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

Spectral parameters used for the analysis are mostly found in file MULPLT.DEF in DAT.

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

Displacemsnt Automatic fitted spectrum
Amplitude spectral parameters

L
o 3.5 F Mo 1452 ST 53.0 CM 3.038
El f0 4.790 R 0.3 MW 3.6
2 3.0 —
n
i 2.5 —
t Auto f-bend wsed 0.33 20.00
g 50 L Spectral residual of fit 0.073
=
S Measure of the fit,
Gereral parameters,
1.0 - ¥=1 3.9 Dens 2.90 Di bEtter than 0.2 is good
Qo 400 Qelp 0.70 k...
Spectral frequency band D ZDD ZD DDD
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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

8] MULPLT single trace mode [E=HRS_x
Filt 01-.1 =z||.1-1 =| 1-5 w| 510 b||10-15 n|[15-25 n| 2- 4 .| WA w|| mb i|| mB J[ i k[ ws il HENT
Azim  h| Resp || Spec =||A11C w||FizF . ||Fotat  u||Groun gf|Back  B|[Oth C o)l Belp  7?||0uit g|[Toggl t|| Hext f|| Plot »

1IP 2EF 3IPg4EPgS IPn 6 EPn 7 IS 8ES 9IS 0ESg+ Sn~ Ig

Many vaveforn filss o Loz 199 s a1ssn17.12s _\Nindow of surface waves

IF C
! ! \ ! ! \ ! | MW !
19h00 10 20 3o 40 50 20h00 10 20 el
Max amp: 6478.0 Sel. window for Ms filter.

Maximum amplitude surface wave

| | "l | HIN,
[
19h35 40 45 50
Hax amp: 3044.3 Automatic anplituds made
ﬁi . lE.PU =ECE A t j t |t d . k
. dtomatic amplitude pic
Amplitude Period p p

T TESpOnSS

The period is supposed to be in the range 18-22 s, if not select another part of the surface
wave train. 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
"3 MULPLT single trace mode / o o S

Filt Jui—1 z[1-1 =) 1-5 o[ 510 bl1oas offiszs w[2-4 Jwe of[w T s ks E=5E
izin b Resp || Spec s||A1IC y||[FisF_|[Rotat uGroun gBsck  E|Oth C o Belp ?|[uit  qToggl t]| Fest f][ Plot »

1IP 2EP 2 IPg4EPg s IPn 6 EMm 7 IS 8 ES 915 0Eg+ Sn~ Ig

Hemy waveforn files Hfd S5 Z WindOW for mb
— EE —]
Y s MMWWWWMWMMWMM
I I I I I | I FEC
Emd0 Em00 20 40 Fm00 20 40 Bm00 20 40
Hazx amp: 1632.7 Sel. window for mb filter

I ! I I ! I I SEC
[
em3s 40 45 50 55 Fmo0 B 10 15
Hax amp: 277.3 Autcmatic amplitude mads
230.0 nm 1.32 secs
e
) Period
Max amplitude nb responss

Indicate mb response

8.5 Amplitude for 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 not so standard as mb and Ms but are considered more reliable since they do
not depend on the use of old WWSSN filters.
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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:

L] MULPLT single trace mode |o=| 5D

Filt |[0-1 2|1~ 1 x| 1-5 o] 5-10 b|10-15 nuft5-25 u] 2- ¢  |RUANERA| > 5| =B =
izim h|| Resp || Spec s||ALIC y|[FisF_ ||Rotat  ul|Grows g)[Bsck  BJOth C of| Belp ?|(0wit  q|Toggl & Fext ][ Plot x|
1P 2EP 3IPg4EPg S IPn 6 EPn 7 IS BES 9IS 0 ESg+ S~ Ig

1996-06—25-0337-205 . KNEH__039 FOO S Z 199 625 33720 658

[

IF I 0D

1 ! 1 1 1 HMIN

3hag 39 40 41 42
Hax amp: 474063 Sel. window for Wood And.

Message that no response

info available \

Ho responss info for FOO S Z

Fres= any key to continues

So if the response file is not available, it is simply not possible to get an amplitude corrected
reading (only in SEISAN version 10.1 and higher). 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 Go to 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\1l996* 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 database. If few events or events scattered over several years, it is simpler to use a so-
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called “local” database meaning all S-files are in a single directory. Both cases will be
illustrated.

9.1 Putting datain 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._lis, 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’.

S —S T - =
Filt .|[01-.1 =|[-1- 1 =|| 1- 5 v| 5-10 b|[10-15 n||15-25 m| 2- 4 ;| WA w [ mb J|[ mB J|| Ms k|| MS K

Regis , p||Locat 1” Dist 7”5&319 *HleF ,HRotat u”Groun g”Eack E”OthC o” Help 7”Quit qHToggl t” Wext f‘ Plot r
pel w §|Del 5 Dperge M| out  offtasp 1 FE FlMextw  Jornw w] an z][ w<  x|Partm plaic ylloutw  Tl[Erine ]
1596 6 3 1917 52.6 L
Plot start time: 1996 6 3  13:57 45.468 Filt: 0.010 ,0.100 4 1
n ‘ : \ " 3593
Register new event .
Filter
P
KBS L Z
I
- Surface waves
0 4386

IKONO Lz M'JFWMWMMMWMW }N‘l\{wuww(

MIE

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

ENTER EVENT TYPE

Second. optional ¢ J J ] .

Third optional ch ter for model ID (e.g. J> D .
.}Giue operator co 4 chawy — ———— Operator g“fen
L — —

for local dir, return for default base

§—file name: A3-1217-52D.5197686 Data base glven? IS "”"
GO AHERD <¥/N>

i — &
Confirm copy 1996-06-A3-1917-525 . TEST__BA2 C:\Seismo “WAU\1996-B6-B3-1917-525.TEST__ 002

1 file<{s> copied.

File transferred to HAY seoooaaooo

R RN S \\/avefirm file copied to WAV

12%6-86-83-2002-185 .TEST__ 812

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 WAYV. 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 1) 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.S199606

21.02.2014 18:54 410 03-2002-18D.S199606
18.02.2014 18:29 51 168 1996-06-03-1917-52S.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.S199606
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 with ‘eev’:

C:\seismo\WOR\new>eev

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

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

i 3 Jun 1996 19:17 52 D
Me: B3-1917-52D.5199606

17 52.6 D . 1 .
4-p2-21 18:36 OP:jh  STATUS: 1D:19968603191752 I8 1D line
917-525 . TEST 082 6

PHASW D HRMM SECON CODA AMPLIT PERI AZIMU UELO AIN AR TRES W DIS CAZ?

Time of registration ;
g 3 Jun 1996 19:17 52 D g Header lines for phases

gk Type the S-file
Action was to register i

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:wzeizmo~HOR~newieeu

Local directory e
uRead;':ng events from hase .. 3 3 events

3 Jun 1996 19:17 52 D
2 3 Jun 1996 28: 2 19 D
Event # 1 appended to event # 2 Appended event still present

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

File deleted without bhackup copy
Deleted file B3-1917-52D.8197686
2899 12 Reading events from bhase .. 2

i 1 3 Jun 19296 28: 2 19 D

9.3 Putting new data into a named SEISAN database

9.3.1 Making the database structure

The difference 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:Nseismo\WORNneu>nakerea
1-5 letter base name. UPPER CASE

Data base made i e start time, year month, e.g. 198382
for a” of 1996 i g end time. year month. e.g. 198383. blank for one month

REgrEte REA or WAV structure or BOTH Only make a REA Structure

Making directory C:“\Seismo>“REA“NEWEBA

Making directory G::\Seismo““REA“~HEWBANLOG

Making directory C:*Eeismo~REA~NEWBA“CAT

Making directory “~Seismo““REASNEWBA~1976

Making directory C::\Seismo““REA~NEWBA>1996~81

Making directory C:“Seismo“~“REA~NEWBA~1996%82

Making directory G::\Seismo“~“REA~NEWBA~1996%03

Making directory ~Seismo~~REA~NEWBA~197684

Making directory G::\Seismo““REA~NEWBA“~1996%85

Making directory C:*Eeismo~“REA~NEWBA*199686

Making directory C:“\Seismo““REA~NEWBA“1996%8%7

Making directory “Seiszsmo~~REA~NEWBA~199688

Making directory C:“Seismo“~“REA~NEWBA~1996-89%

Making directory C:“\Seismo““REA“NEWBA-~1996%~18

nating zllirectory :\ge1»mo\\§£2\=ﬂjgg\iggg\1% D|rect0 W|th IO s
aking directory C:nSeismoss ) S S -

Making directory emo~~REA~DELET -~ ry g
Making directory '\331omo\\REH\DELET\LOG . .
Making directory G:\Seismo“~REANDELETNCAT— Dlrectory with Catalogs
Making directory ~Seismo~~REA~DELET~1976

Making directory ~Seismo~“REA~DELET~1996~81

Making directory ~Seismo~~REA~DELET 199682

Making directory ~Seismo““REASDELET~1996%083

Making directory “~Seizmo~~REA~DELET*19%684

Making directory “~Seismo““REA“DELET 199685

Making directory ~Seizmo~~REA~DELET~1996~086

Making directory C:“\Seismo““REA~DELET-1%996%8%7

Making directory C:“\Seismo““REA~DELET-1%96-88

Making directory C:“Seismo“~“REA~DELET-~1996-8%

Making directory GC:“\Seismo““REA~DELET~1996~18

Making directory C:*Eeismo~REA~DELET~1996~11

Making directory G:“\Seismo““REA“DELET-~1996%~12

C=~seismo“HWOR“new>_

ooOOOOOoOoOOOooon

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 very 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 go 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 Gotto ‘new’ directory

e Make a dirf of 19* files
e Run the program autoreg
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C:~seismo“HWORwnew>dirf 17=
# 1 1996-86-83-1917-525.TEST__AA2
# 2 1996-86-83-2802-185.TEST_ @12

# 3 1996-B6-25-A337-285.MNSN__B37%

C:wseizmosWOR“new>autoreg
Event type for all events: Local: L <(default>

Divtancs b Assume all events are local
Move <m> or copy <c? waveform files to WAV {(enter=n) 7 DO not move events

1-5% letter bhase name. return for standard base., .. for local baze

NEWBA —M—™M —
Operator, max 4 chars ¥
in Give data base name
1996-86—A3-1917-525 _TEST__ B@A2
gfile: C:xSeismo~~REA~MEWBA~1796~86~83-1917-52L.5197686
C:~Seismo~~REANEWBA~199686~83-1917-52L.53197686 )
1996-B6-83-2082-188 .TEST_ @12
efile: C:xSeismo~~REA~MEWBA~1776~86~83-2002-18L.5197686 __
C:xSeizmo~~REA~NEWBA~1996B6~03-28A2-18L.51996686

1996-86—-25-A337-285 .NNSN__B839
sfile: C:\SeismosSREASNEWBA~1996%86%25-0337-28L.5199686 -

G:xSeismo~~REA~NEWBA~1996-B86~25-0337-20L.5199686

j Register events

C:\seismo~HORNnew>

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 events types must be corrected
manually using EEV:

Start EEV with NEWBA

C:wgeismo~WOR“new>eev 199686 NEWBA ———

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

% 1 3 Jun 1996 19:17 52 L A sk to change

Change event type to L.R or D ?

St A I MR LR (e NeW typel event type
A for no ch

New file C:sSeismo~~REA~NEWBA~1996~B6~83-1917-52D_5199686
Deleted file: C:-%eismo“~HEA~NEUBA~1996-B6%~83-1717-52L.5197606
1996 6 Reading events Ffrom bhase MEWBA 3
1t 1 3 Jun 1996 19:17 52 D
it 2 3 Jun 1996 28: 2 18 L
Change event type to L.R or D 7
Second character for event ID {e.g. E or P>
Return for no change 7
Mew file C:~S5eismo~“REA~NEWBA~1776~86~83-2002-18D . 5177686
Deleted file: GC:~8eismo~“HEA~HNEUBA~1996~B6~83-2082-18L._51996086
1996 6 Reading events from gase MEWBA 3

it 2 3 Jun 1796 28: 2 18
Event now has the new type

10 Taking out and putting in data in a SEISAN data

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 of course 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:

opy the event to another named data base

1996 & Reading events from hase JEST_ 2
1 3 Jun 1996 19:55 35 D 47.768 153.227 B.8 N 1.1 5.6WHRV 12 7 /] Copy event
2 25 Jun 1996 83:37 31 689  3.25% 15.8 N 3.8 3.3LTES 35 ? ¢

[ Y VI IR SR AP I IR o)y event to a local data base in working directory
Local data base. type .. _——

WYorking directory in file eeu_.out: return—] Copy eVent tO a f||e Ca"ed eay Out

The copy can be repeated so the eev.out file can contain many events. Next time EEV
starts up, eev.out is deleted.

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. If selected events (like all the largest ones) are to be extracted out, the program
SELECT can be used. Using COLLECT:

Do not output
a compact file

C:nzeismosworicollect
Base name,. .. for local directory. name o

or return for default hase

NEVBA Data base to use
gtgrt time : 4 of }'
nd time. return for end of month . 1
Compact output file (Y~ N=default)> T Start tlme

1996 & Reading events from base WEWBA 3 T E d t
C:\Eeismo““REANEWBA~1996°B6~83-1917-52D.5199686 nd time

G:NSeismoSSREASMEWBA~1926%86\83-2002-18D.51226086
C:x\Seismo~SREANNEWBAN1226%8625-0337-20L.5122606

Output file g

Output file is coli;ct.uut

I Number 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

C:vzeismosworr

The col lect.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.

10.3Putting 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 col lect.out file
from above can be used:
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0\ File to split

Default data base g . o1 '.:'.'.".. .
OPERATOR 1D, MAX 2 CHAR Split in a local data base

Operator ,

=
===

==

rrrri
XXX

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.

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.

First the FPFIT program is used. It will automatically find a solution in a least squares sense.
It does not mean it is correct solution but the best with the available data. Use command “fp’.
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@ Command Prompt - eev 199606 | o
1996 625 BA337 31.8 L 61.686 3.268 15.8 TES 31

2.8 3.3LTES 3.1CTES 3.2LMAOD !
OLD: 625 8337 31.8 L 61.689 3.25% 15.8 TES 35 3.8 3.3LTES 3.BCTES 3.2LNRO

i 2 25 Jun 1996 @83:37 31 L 61.689 3.252 15.8 N 3.3LTES 35
1t 2 25 Jun 1996 B83:37 31 L 61.689 3.259 15.8 N 3.3LTES 5

###% now locating with hyp as a preparation === Start FPFIT

# 8 1996 625 @337 31.8 L 61.686 3.268 15.8 TEEZ 31 2.8 3_3LTES 3.1CTE%S
If leocation not ok, result might be unpredictable

Return to continue (y=return-sH> . .
Locate event first, enter if ok
Humber of phases 32

Fpfit uses 3-letter LOWER-CASE commands. which can he followed hy
parameters in free—format. or which display current values & generate prompts.
Type "hel" for information on availabhle commands.

QORIGIN TIME LOCATION MAG DDE DIF RA

1 28 STHN DIST AZ TOA PRMK HRMN PSEC TPOBS

LM |ndlicate unreliable solution

EPPDPS-in strike, dip and rake 8.8 7.8 184.8

... updating database with FPFIT fault plane solution
i 2 25 Jun 1996 B3:37 31 L 61.687 3.259 15.8 W 3.8 3.3LTES 35 2

Saving in S-file

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.

Agency Program used
" 25-0337-31L.5199606 - Notepad
| File Edit Format View Help
1996 625 0337 31.0 L 61.688 3,250 15.0 TES 35 3.0 3.3LTES 3.€CTES '3.2LNAOL

49.0 88, 0 -16, O 8.0 9.0 10.0 0.1 0.1 Ti FPFIT F
GAP= 153 21, 09 8.2 /64.7 -0.6060E4+03 0.8503e+03 0.5203e+00E
1996 0337 32 BER 3. 1WBER 1

Strike, dip and r. Fault plane solution line, type F

Errors

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.
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e | (S S

1996 625 0337 31.0 L 6l.686 3,268 15.0 TES 31 2.0 3.3LTES 3.1CTES 3.2IHAQ - .
SIR DIF RAK Sowee T S-file header line

49 88-1c1 FEFIT .
"The solution . Enter O to quit ar

press <return: to continue.

Compression C

Compression Dilatation D

Compressional axis
"

Tensional axis
T~

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

BE¥ Command Prompt - eev 189606 | o5 |

Stop <>
Plot saved solutionds) >
Plot new solutions 2>
Plot selected solution 3>
Find new solutions 4>
-1, —2. -3 also plot station

1
Flot file iz called focmec.eps Start WIthf
Input for GMT pspolar is called pspolar.inp

.. updating database with any saved fault plane solution
2 25 Jun 1996 83:37 31 L 6&1.689 3.259 15.8 W 3.8 3_3LTES 3 T f

sxx% now locating with hyp as a preparation s
B 1996 625 A337 31.8 L. 61.686 3.268 15.8 TES 31 2.8 3_3LTES 3.1CTES

If location not ok. result might be unpredictable

Return to continue (y=returnsH>»

============ FOCME( ============
Q: Local: Qp= 470.8x8.78 Q== 470.80 B.7 Global: t»*(P>=1.18 t=(5)>=4.28
STAT C PH AMP PER TRTIME QCOR ANGINC ANGEMG Fcor AZ DIST
S8TAT Ratio type T Amp 1 Amp 2 Fcor LogRat

Stop @>

Plot zsawved solution<sd >

Plot new solutions 2>
Plot selected solution 3>

Find pew solutlons Ieall Sclect to plot saved solution with stations (minus sign)

2. -3 also plot station

and the following plot comes up showing stations and polarities.
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G = e 2 T e
1996 625 0337 31.0 L 6l.686 3.268 15.0 TES 31 2.0 3.3LTES 3. 1CTES 3.2LHAD

STR DIF RAK Sowrce
43 88-161 FEFIT

H Enter Q to quit or
ress (return: to continus.

o FCO
o SIE

Lo e B T R R R e}

We will now try the FOCMEC program. This program will 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’.

1?7?76 6 Reading events from hase TEST_ 2
it 1 3 Jun 1996 19:55 3% D 47.768 153.227 6.8 H 1.1 5.6UWHRU 12 7
it 2 25 Jun 1996 832:=37 31 L 61.689 3.259 15.8 H 3.8 3.3LTES 5 T f

*#x#3%% now locating with hyp as a preparation —|
A 1996 625 @337 31.A L 61.686 3.268 15.8 TES 31 2.8 Start with f

If location not ok. result might be unpredictahbhle

Return to continue Cy=return-N>

FOCHEC
Q: Local: Qp= 470.8:00_.70 0Qs= 478 _ B B.7 Global: t=(P>=1.18 t={(5>=4.208
STAT C PH AMP PER TRTIME QCOR ANGINC AMGEMG Fcor AZ DIST

STAT Ratio type T Amp 1 Amp 2 Fcor LogRat

Stop @y
Plot zaved solutionts>

Plot new solutions

Plot selected solution .
Find new solutions P clect 4 for searching
-1, -2, -3 also-plot—=tation

g

and this follows
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The:e are 11 polarity readings

H her of allowed sit E 1
ghaxinun nunber of allumwedpolarity c:gNIEEeTRET polarities available i

Deglee 1ncFEmeﬂt—lnﬁsealch

oo
Do gou_ uant to edit foc:me-:: run (y/n) ¥ T REC]UII'E all ok
n

mec_exe { fﬁvm&g_run » focmec.log

inimum number of hgﬁﬁfits are

mp €9 16:58:35 2014 for p proge Search in this degree interval

h n or enter for no edit
Input from a tile focmec.da

1996 625 BA337 31.A L 61.686 3.268 15.A TES 31 2.8 3.3LTES 3.1CTES 3_.2LHA
0
PolaritiessErrors: P Bi1-80 S5SU B00-8A SH 60088

There are no amplitude ratio data

The minimum,. increment and maximum B axis trend are A.80 .88 355.688
The limits for the B axiz plunge are 8_68a L.88 8.0a

The limits for the angle of the A axis are a.88 L .8A 85.8a8

Strike Dip Rake FPol: P su SH Rat Err» RHME RErr RErr <Al

1)162-6838 -6288 .7288
331.18088 . BaEa -4388
329._93088 5688 .7ree
332.82088 -B688 . 3488
325 ._41i088 -28688 -22@88
3zg.8vaae .3588 .B488
3277488 -9588 -2688
3252688 .28688 .22088
32246088 .2788 -85688
324_98088 -B28m -4488
139.9388 -2988 . 7888 @ @.8 8.

[~ I -~ B -~ B~ I I~ B

= & 2 @ 2 @
T T

@ &L e &E & ;@ &@ @ @
[~ N~ I
T T

2 &3 3 @3 2
T
@ & & & 2@ @ @ @ @ @ @

There are acceptahle solutions.

Stop Eﬁ?ﬂh

Plot saved solutiond{sd L I . . .
Plot new solutions s This gives 11 solutions
Plot selected solution

Find new solutions 4>
-1, -2, -3 also plot station

Plot the new solutions

The search is limited to a requirement that all polarities are ok, however, often there are no
solutions without allowing some bad polarities. The search is in a 5 deg grid, allowing a finer
grid will find more solutions and a courser grid fewer.

The solutions found are seen below. It is seen that the majority of the solutions are similar to
the FPFIT solution. However searching with a smaller grid size will give hundreds of
solutions so obviously the fault plane solution is not very constrained.
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5] Seisan 101 p ’ ESY Rl

1996 625 0337 31.0L 61.686 3.268 15.0 TES 31 2.0 3.3LTES 3.1CTES 3.Z2IHAD
SIE DIF RAK Souwrce

163 B2 71
H Enter ) to quit or
3007910 ress <return: to continue or
move the cursor and enter Por T
325 B4 a to ==lect yvour preferred sclution.
328 Bl &
328 Bl -3
325 B4 -7
322 88 10
325 85 0

All solutions listed

PressaPorTto \\
select that solution

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:

Save solution <y/nk

Stop
Plot saved-sgl
Plot new soluf

FLRDICSITE Answer 'y' to save the solution in the S-file and '0' to exit

Find new szolut
-1. -2, -3 alsd®

Plot file is called focmec.eps
Input for GMT pspolar iz called pzpolar.inp

wew= updating database with any saved fault plane solution
' 2 199E AT = .

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

File Edit Format View Help

| 1996 625 0337 31.0 L 61.689 3.259 15.0 TES 35 3.0 3.3LTES 3.0CTES 3.2LNaCl
327.7400 £0.9500 -4, 2600 TES FOCMEC F

49.0 88.0 -162.0 &.0 9.0 10.0 0.1 0.1 TES FPFIT F
GAP=153 21.09 35.7 89.2 64.7 -0.6060E+03 O0.8502E+03 0.52034+00E

The 2solutions can be plotted with command “‘fo” as before and we get:
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Dsemv T WS T ===

1996 625 0337 31.0 L 6l.e86 3,268 15.0 TES 31 2.0 3. 3LTES 3.1CTES 3.ZIHAD
SIR DIF RAK Sowrce
328 81 -3 POMEC

" Enter Q to quit or
pres=s (return: to continues.

It is seen that the two solutions are similar but FOCMEC also had very different solutions. 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 C:\seismo\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 C:\seismo\CAL.

Distant earthquakes

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

13 Using Seisan Explorer (SE)

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

SE loads S-files from a SEISAN database. Only the S-files that falls 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, we assume that you have done most of the previous exercises
(at least until 7.3), and are familiar with SEISAN basics.

13.1Get access to the events, open data base

SE is 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.
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Event List Functions Help

Open ...
Close Database
Edit ...

I Set Time Interval ...
Set work directory ...

Configure ...

Exit

4 Default Database
Local Database ...
4 Database ... .is'JH'.
Ctrl+T Catalog File ... fsmot
Index File ...

Last Used Database

TIME INTERVAL: 2014.08.02 - 2014.09.02 OPERATOR: H

Default time interval Current /perator

The next step is to select the time interval. Here we only have data from June 1996, so that
will be used 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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| Eventlist | Log

2014-09-02@10:53:07 Seisan Explorer version 2.4.0 started. Operator is 'JH'. Set new time interval from June 1996 |
2014-09-02@10:53:07 Seisan home directory (SEISAN_TOP) is 'C:\Seisme\.
2014-09-02@10:53:07 Current work directory is 'C:\Seismo\WOR". to curret date

[ Set Time Interval /&@ |

mxiin =)
S

End date |
@ Set to current date
| Set to end of month.
| User spedfied date.

2014.05.02

TIME INTERVAL: 2014.08.02 - 2014.09.02 OPERATOR: JH

The 2 events from the database are now loaded, and some 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+left-click.

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

Number of events Errors Distance indicator
Data base / Agency EventmdmatorE P.
* Seisap Explorer - Database: TEST_ (default) 2 eVents. = | &
File Eventlist Functions Hel
E Number ofs tions
Event List Log
—
Row Ac Dateaml'l'lme Lon Dep Mod Ag RMS Gap ELat ELon EDep DI EI NSt M MW ML MC Mb
-m-m--n- ]
2 SPL 1996-06-2503:37:31.00 6156890 3.2500 150 TES 300 153 357 892 647 L a1 3 30
Prime magnitude ~ Magnitudes

The Log window may show after events have been loaded. This indicates that one or more
errors occurred during database load. Errors will be listed in red, warnings in blue. Click the
Event List tab (next to Log) to switch back to Event List view.
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13.2Navigate in SE

An event can be selected by clicking on the event. For many events, move down or up with
Page Down or Page Up. An event can also be found by date. Start writing a date, like 1996
and the active event closest to the date will be highlighted. Below, 19960625 has been entered
to go to the second event. The Speed search function expects the input to be formatted as
‘yyyymmddhhmmss’. You may also jump to a specified row number by pressing ‘0’ and then
enter the row number.

r -
s’, Seisan Explorer - Database: TEST_ (default) 2 events. — |ﬂ]
Fi E i Functions  Help
Event List Log
Row Ac Date a;td Time Lat Lon Dep Mod Ag RMS Gap Elat Elon EDep DI EI NSt M MW ML MC HMb
UP  1996-06-03 19:55:20.20 45,7360 154.9190 TES 345 9999 9999 9995 D

T T R S T T N D

Speed search:

1936062|

e

Start typing the date and this box appears

| 1 ] ¢

TIME INTERVAL: 1995.08.02 - 2014.09.02 OPERATOR: JH
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13.3Operations 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 as a shortcut.

[ Seisan Explorer - Database: TEST_ (default) 2 events, — =8
File EwventLlist Functions Help

Event List Log

Row Ac Date ar’ul Time Lat Lon Dep Mod Ag RMS Gap ELat Elon EDep DI EI NSt M
1 UP  1996-06-03 19:55:20.20 457360 1549190 1.0 TES 220 348 9999 9999 9399 D 15 56
ENENEEE oo » DEEEEEDECEE
Copy te file iz
Delete D
Duplicate Shift+D
Edit comment lines Shift+C
Edit STATION:.HYP file Shift+5 .
Edit with text editor E Menu of Opt_lOﬂS_Elﬂd
corresponding single letter
EEV 3 commands
Locate L
Merge M
Plet with Mulplet P
Plot with Mulplot (show plot menu) Shift+P
Register R
Set distance indicator Shift+R
Show with Google Map G
Show with Goegle Earth Shift+G
|| I e— Show with Seismicity Viewer v | - |
I Select all events Ctrl+ A
Sat Filter ... Cirl+F TIME INTERVAL: 1996.06.01 - 2014.09.02 OPERATOR: JH
Load event file into Explorer F3
Unlead event file from Explorer F4
Refresh view F5

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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.""5“"-" n Expl 28 _ |default) 2 events.

File  Event List Functions Help I
i
Event List Log
=
Row Ac Date and Time Lat Lon Dep Mod Ag RMS Gap ELat ELon EDep DI EI NSt M
1 UP  1996-06-03 19:55:20.20 45.7360 154.9190 TES 348 9999 9939 9998 D
B I R S T S
r
[T Explorer Editor M
File: C:\Seismo\|\REA\TEST_\1996\06\25-0337-31L.5199606
153%¢ 625 0337 31.0 L. €l.&88% 3.25% 15.0 TES 35 3.0 3.3LTES 3.0CTES 3.ZLNAO1 -
GRE=153 z1.0%8 35.7 83.2 84.7 -0.6080E+03 0.8503E+03 0.5Z03E+00E
13%& 625 0337 31.% L BER 3.1WBER 1
327.2 8.0 -11.2 a 3 L
ACTION:SFL 08-10-02 10:1% OP:jh STATUS: ID:13560625033731 I S
1338-08-25-0337-205.HM5M__ 033 [
STAT SP IPHASW D HREMM SECON CODAR RMPLIT PERI RAZIMU VELD AIN RR TRES W DIS CRZIT
FOO SZ IP 337 4€.12 147 70 0.0110 55.1 35
FOO SZ IS 337 5£.01 70 -1.2710 85.1 3&
FOO SZI ML 337 58.7% 1421.5% 0.2 85.1 35
SUE SZ IP 337 47.84 157 70 -0.0410 107 131
SUE SZ ES 337 58.55 70 -1.4010 107 131
SUE BRI E 337 58.587 107 131
SUE S5Z BAML 337 55.32 1243.7 0.5 107 131
056 5Z EP 3 337 53.17 78 50 1.51 5 134 183
05 35E E3 3 338 35.32 50 Z2.33 5 134 183
056 AN E 338 3.42 134 183
a H¥2 52 IP 337 55.4% 154 50 -0.2310 1&7 103
H¥L SZ ES 338 13.94 50 0.0010 1&7 109
H¥L SZI BRML 338 15.41 lgs0.5 0.7 1e7 10%
BER SZ IP 337 57.7%9 50 0.0110 124 141
A EGD SZ IP 337 58.78 1l€9 50 0.1510 131 145
MOL SZ IP 338 &€.15 248 50 0.8310 Z44 &4
MOL RZ E 338 €.85 244 &4 -
Press Ctr+Z to undo. Column: 1
Press Ctr+Y to redo. Save ] l Close I [ Save as ...

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 has a fixed name, and will be written to the work directory. The work
directory can be set 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 Bxplorer - Database: TEST_ (default) 2 events. — sanal (= ]

PR, - s -

File Eventlist Functions Help

Eventlist | Log
mlmi Date and Time ILatI ibmiminglnmlsaniuatlﬂ.mlmeplnlinimt M MW HL | e | Mb

1 | a0 95500 s37w0 105
[t o ol

Both events have been selected

File name and location of output S-file i

< m ] r

Selected events have been copied to 'C:\Seismo WOR\se-select.out'. TIME INTERVAL: 1995.08.02 - 2014.09.02 OPERATOR: JH .
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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:

i Sefs.an Explorer
58 p

| File | Eventlist Functions Help
Open ... 4 Default Database
Close Database Local Database ...
Edit ... 4 Database ... is JH".
Set Time Interval ... Ctrl+T Catalog File ... ismol.
Set work directory ... Index File ... 09’
) EST ).
Configure ... Last Used Database
Exit Q [

Use a file as input

Then use the file browser to select the file:

[=[=] = ]

[ Seisan Explorer A e Y L BRER s o -
= | ] Please select a catalog file:
P
bs ) b .« Local Disk (C:) » seismo
2014-03-09@14:26:39 Seisan Explorer version 2.4.2 started. Operatoris 'JH'. N | ]
2014-09-09@14:26:39 Seisan home directory (SEISARL TODLic ! Ol Saicoaal! 2 = ) ‘ Organize ~ &= Views

2014-03-09@14:26:39 Current work directory
2014-09-09@14:27:38 Time interval set from 'l
2014-09-09@14:27:38 Database load started fof
2014-03-09@14:27:38 Default database opene
2014-09-09@14:28:32 Database closed.

B3 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:

i Select file... i
Select folder...

Enter destination folder for local database:

Mumber of S-files in cat-file:
Number of 5-files written:

Cancel

J{

Extact |

Select file by double click

Favorite Links MName [
[El Documents 2] print
%l Recent Places || pspolar
B Desktop |7 scratchl
™ Computer | 7| scratch2
|7 scratch3

Bix - jens.havskov -
|| se-console

% Recently Changed
: & | se-gmap

E Pictures —

B Musi ] select
Vusic @ select
More » | se-select

5
=] Type: OU
Folders A Si);z: 216
Date mod
File name:
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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.

E

[ 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:

Cilesismo \WOR \se-select. out Select file...

Enter destination folder for local database:

CilseismoWOR \se-select. out_ldb

Number of 5-files in cat-file:

Number of 5-files written: Folder for
temporary storage

of S-files

J

’ Cancel ] ’ Extract

Press

The message is now that there were two events (2 S-files). Press Continue to open the
database.

i b |
E7 Convert catalog file to local database. (2 o]

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

WARMING: 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:
Cilseismo\WOR \se-select.out_|db Select folder...

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

Extraction is done. Press 'Continue’ to open database. PFESS

[ Cancel Continue /

L 4

The Event List will now appear, and normal work can be done.

[T Seisan Explorer - Database: Ci\seismo\WOR\se-select.out_ldb (Local Database) 2 events. & & ® = & =HiCl
File Eventlist Functions Help

i Eventlist | Log

Row Ac Date aml Time Lon Dep Mod Ag RMS Gap ELon EI NSt M MW ML MC Mb
nm-m---n----
2 SPL 1996-06-2503:37:31.00 61.6890  3.2590 150 TES 300 153 357 892 847

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

The Google map function can be used as in EEV (assumes a working Internet connection).
However, here it is just one key press ‘g’, or select from options menu. One or several events
can be displayed (there is an upper limit set by Google Static Maps). See example below. In
order to see all events on one map, the Zoom level might have to be set manually.

[ Seisan Explorer - Database: TEST_(default) 2 events.

(=l=] = ]

Eventlist | Log

Rnwlh:

IENED

| Date and Time | Lat |

;i
5|
& E
i
H

saro05 37nolsen |32 a6

oo e 0 [ ] | ] ] 0 |

III!IIEI-

[] Seisan Explorer - Map view

o
¥;
(Kazakhstan) (A,::j'r;'!f'ﬂ| N
owila5] (ﬁ_ﬁ]]
4 : ina
g 4 L‘n” .,l,\qu aaaaaaa )
)ﬂ “firaa), (e ol
digiha) |t (Eavmths a5 gy (Pakistan)
o ) Ll A mrn‘lnu
Mali sg.call ila
N 2k Buian) =y
Nigeria C1a) a.m;r) t
------------- DR Congo Kenya coeeee mmrmmmasaee
Tanzania
Angola T
Zoom level : :
Mamibia Madagasikara indian
\\ South Batswana | (Madagascar) Oeean
Atlantic 3
230 South

Africa

: ]
-

B
ase k) e
Oc

Papua New
Guinea
[ |
ralia

13.3.5 Plot waveforms

Option ’Plot with Mulplt’ is ‘p’. The old 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 data base on
return to SE.
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L] —

Eventlst | Log

Row Ac  Dateand Time lat  lon  Dep Mod Ag RMS Gap FElat Flon EDep DI €1 NSt M

1 UP 19960603 19552020 45.7360 145190 10 TES 23 A 969 %65 9€5 D 15 S8

| 2| st o6 Boaaransolensem | sz | ol lves | aso] asaloasal w2l el L] os] ]

# ] Sezan 101

1996-06-25-0337-208 . MHSH__039

TEZ 35 3.0 3.3LTES 3.0CTEE 3.2LHAD

i P e e 1y i A e e
LA LS AL ety

e ——

MUNNEDIDUNUN NN RN D NBB LG Gn

13.3.6 Locate an event

The event is located with Locate or key press “I’. The location takes place in the DOS window
or a terminal window. Note that when using SE, the update command is not a separate
command but part of the location process.

[ Seisan Explorer - Database: TEST_ (default) 2 events. el )
File EventList Functions Help

Event List Log

Row Ac Date a;d Time Lat Lon Dep Mod Ag RMS Gap Elat Elon EDep DI EI NSt M
1 UP  1996-06-03 19:55:20.20 457360 154.9190 TES 220 348 9999 9939 9999

T T T S T T T O M

B C:\Windows\system32\cmd.exe | =[5 |

-3
-3
-a
.a
-8
.?
.?
-6
.5
.5
-4
-4
-4
-4
-4
-4
-3
-2

.?

WWWWWWNMNNWWWWNNWRNWN
T 0 (5 1T o o 00 00 00 O L (50 -] 0 e 00 ]

1 . mc =
625 6337 31.8 L 61.698 31 2.8 3.3LTES 3.8CTES 3.2LNAO
625 6337 31.8 L 61.689 3.259 15.9 TES 35 3.8 3.3LTES 3.@CTES 3.2LHAO

Enter to continue. u to update

2 v

1| TIME INTERVAL: 1996.06.01 - 2014.09.02 OPERATOR: H

Upda}a event, enter u
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13.4Functions in SE

SE has a series of functions. Many of these are not found elsewhere in SEISAN. There are, in
particular, options useful for seismic hazard analysis. The functions are located under main
menu ‘Functions’ (see below). Please note that these functions work on ALL events in the
event list, whether they have been selected or not. Functions can be applied to a subset of the
events list, by first applying a filter to the Event List view.

[ E’ Seizan Explorer - Database: TEST_ (default) 2 events.

File

Event List Log

Event List [ Functicns ] Help

Events per year

Export to C5V

Completeness check

Drift of hypocenters

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 two test events:
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File  Ewvent List

Event List Log

Functions  Help

Row | Ac |

Date and Time

1 [ o [1o00 3 w0 [s570 [543
5290

2 events
selected

] Seisan Explorer: Time of day distribution

Select interval:

Number of events

Log_{10}

Time of day distribution

8 12
Time of day [Hour]

@ ps

) PNG

) PG

©oevwe Sz ogpp 2

Mo 2

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 filter

E}! Seizan Explorer - Database: T;%"I’ﬁdefault] 2 events.

e ==

File [EventList | Functiops” Help

Even

Rg

E

Set Filter ..«

Remove Filter

Select Columns ...

&

t Lat EDe DI
Ao Resize Coumns | I N R N N D DI
89.2 847 L

616890

La

Lon

3.2580

Dep

15.0

Mod Ag RMS Gap E

TES 300 153 357

ELon p

EI N5t

M
BT
35 31
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The filter selection box now appears, and the user has to chose if an include or an exclude
filter is to be defined. Here we will use only include (see below).

rﬁ Seisan Explorer - Databal E7 Event selection filter (2 o

File  Ewent List unct :r Description

Event List
o~
Row Ac Date a
“m 1996-06-03 Indude expression
2

SPL  1996-06-25

Use edit to continue

Edit

Exclude expression

Please note

Exclude expression takes precedence over indude expression,

‘ 4

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

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).
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_‘_p_r_

R T I~

0

e [

To indude all events, use stagement IndudeAll’,

Clear

| HasMagnitudel] || Magw || MagL |

[egc ] (agb ] [aga ] (s |

Fault Plane Solution

| HasFrsD || quaity |

OK ][ Cancel ]

l = ” < H o= H > ” == l lﬁ.cﬁon HLatHLatErr”Lon”LonErrHDepﬂﬂ l
[ano |[ or |[ ¢ |[ ) | | Depth Err || Model || Agency || RMs || Gap || Distind |
Magnitude l Event Ind ] [ Mag ] l Locality ” Comments ] [ Mum Stations l

l Mum Polarities H Mum FPS ” Date H InRange[] l
| containsh || IsFeit] |

Stations

[ HasStation[] ” Station Code ” Epicentral Distance ]
[ Phase Name ” Component ” Amplitude ]

[ Amplitude Period ” Back Azimut ” Travel Time Residual ]

[ Stress Drop ” Corner Frequency ]

EC Seisan Ex’ [ Expression builder ﬂ
File  Even
4 Filter expression:
Event List slat » 60| 3 Write 60
Row
n 1 Press Lat
2 s 2 Press >

4 Press OK

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

[ Event Ind ] [ Mag ] [ Locality ] [ Comments ] [ Mum Station:

[ Mum Polarities ” Mum FPS H Date ” InRanaz[]

Property $NumPol

Description:
Mumber of stations with polarity observations.

Example:
EMumPol = 10

5 [ Epicentral Distance

W[

Amplitude Period Back Azimut [ Travel Time Residual

Once selection is finished, press OK and OK to apply the filter to the Event List.

7%
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s Sﬁlsal‘l Explarer - Datab* [ Event selection filter

File Eventlist Functio

2 S5PL  1996-06-25

Press OK

Description

Incude expression

&lat = 60

Exclude expression

Edit

ase note

Exciide expression takes precedence over include expression.

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

)

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

[ Seisan Explorer - Database: TEST_ (default) 1 events.

=

File EventLlist Functions Help

Event List [Filter: Mo description] | Log |

The full event list can be restored by using Event List/Remove filter.

Row | Ac | DateandTime | Llat | Lon | Dep | Mod | Ag | RMS | Gap | Elat | Elon | EDep | DI | EI | NSt | M |

1 Tsn [imovomuaranlass| sz 50| 1] | ] w1 w2l ol 1] | sl 3]
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Get original list back

[T Seisan Explorer - Database: TEST_ (default) 1 evgtx/

File [Event I_isl] Functicns  Help

Ever

Set Filter ... /_|
Remove Filter

I Rt Select Columns ... l

E

Auto-Resize Columns

| Dep | Mod | Ag | RMS | Gap | ELat | Elon | EDep | DI | EL | WSt | M I |

ovsen | 3] 50| 165 | 300] 15 7] mal o] o || 3] 31

13.6How to get the remaining EEV commands in SE

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

£ S Eplorer - Dt TEST_(Gfal) 2 evrts i

File EventLlist Functions Help

Event List Log

MW ML MC Mb

Row Ac Dateand Time Lon Dep Mod Ag RMS
1996-06-03 19:55:20.20 | 45.7360 |pansminany n B
llm_- pa—
2 SPL 1996-06-2503:37:31.00 61.6890 .
Copy to file
Delete
Duplicate

Edit comment lines
Edit STATIOMNx.HYP file
Edit with text editor

EEV

Locate

Merge

Plot with Mulplot

Plot with Mulplot (show plot menu)
Register

Set distance indicator
Show with Goegle Map
Show with Google Earth

Show with Seismicity Viewer

Select all events

Set Filter ...

i Load event file into Explorer
| Unload event file from Explorer

Refresh view

Shift+D
Shift+C
Shift+5

<« L ———StartEEV

Shift+P
R
Shift+R
G
Shift+G
v

CtrleA
Ctrl+F
F3
Fa
Fs5

TIME INTERVAL: 1995.08.09 - 201

You get
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f' ] Seisan Explorer - Database: TEST_ (default) 2 events.

File EventList Functions Help
Event List Log

=
Row Ac Date and Time Lat Lon Dep Mod Ag RMS Gap Elat Elon EDep DI

B C\Windows\system32icmd.exe

1996 6 Reading events from base TEST
tt

EI NSt M MW ML MC Mb
2 SPL  1996-06-2503:37:31.00 61.6890 32530 150 TES 3.00 153 357 89.2 647 L 35 31 33 30
o] o ] |

-2
3 Jun 1996 12:55 28 D 45.736 154.91%2 1.8 2.2 5.6BPDE

3

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 and @yvind Natvik corrected this document.
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