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SAC (Seismic Analgsis Code)

General Pu?ose interactive program a

esignecl

for the stu Yy of 5equential signalsj es

Qeciaug

seismic timeseries data (seismograms).

Emplﬁasis has been Placed on analgsis tools used
bg research seismologists in the detailed stuclg of

seismic events.



SAC (Seismic Anaigsis Code)
Analgsis capabilities include:

~ General arithmetic oPerations
~Fourier transforms
- integration/ differentiation
~ spectral estimation/ Processi ng tecimic] ues
- IR and FIR i:iltering
~5igna| stacking
- Decimation and lnterpoiation,
~ Correiation,
- selismic Phase (time and amPli’tucle) Picking
- Instrument correction
- Particle motion rotation
- Trace envelo Des
- Linear regressions
= Frequencngavenum ber analgsis
- various tgpes of U;)iotting.




SAC (Seismic Analgsis Code)

SAC also contains an extensive dor the carly 1980%5)

graphics ca[:)abilitg.




SAC

Seismic Analgsis Code was developeci at
| awrence Livermore National Laboratorg (LLNL)
and Universitg of California in the earlg 1980's.

LLNL is one of the 50US Nuclear weapons
laboratories.
Seismologg is one of the Princifle tools in Nuclear
Test Ban treatg veritication.



SAC

SAC was cle\/elol:)ecl using PRIME
Microcomputers under the PRIMEOS.

It was written in FORTRAN.




SAC

It is a command-driven, as opposecl to a menu or
GUI driven, program.

It took adva ntage of several features of the
PRIMEQOS (tl’lé OS from the comPuter company
PRIME), such as its command line processor that

passes commands that are not Part of the
program to the OS.

(This means, that if one is running SAC and you need to get a directorg listing 3oujus‘c
enter the “1s” command. Since this is not a SAC commani the command line processor
will pass the command to the OS and you will geta clirectorg |isting. You don’t have to
leave SAC, do the “1s”, write down/remember the file name, and restart SAC. This was

very important in the pre —~GU clags.)



SAC

Although it can run in batch mode, it was
Principa”y designed to be interactive and have
interactive gral:)hics.

It was clcsignecl to use the “state-of-the-art’
Tektronix 401X “storage tube” line of gral:)hics
terminals.



&

Tektronix 4010 Specifications

Data Transfer Raltez 150 to 9600 baud
Screen Size: 81/4 bg 6%/8 inches
Character Set: UPPER CASE ONLY 63 total 5x7 mz
Format: 74 characters per line 35 lines per screen 25
Character Draw Time: 1200 per secondP

Vector Resolution: 1024 by 780

Vector Draw Time: 2.6 milliseconds maximum <
Usable Storage Time: UP to one hour without Permanent damage
Operating Environment:  10to 40 C (50-104F)

er: 192 watts maximum

ds




Notice the blistering sPeecl ~

Data Transfer Rate: 150 to 9600 baud.

This will come back to haunt us.




SAC

After the demise of PRIME in the earl 90’s, SAC
was beaten into submission to run under the UNIX
oPerating system, spechcicallg, SOLARIS, the
SUN which is following PRIME into oblivion) (JS.

(as with UNIX, SAC clraggfcl along many of the icliosgncrasies of its birth associated with
the PRIMEOS and the hardware limitations of the time — such as the TEK4-01X. The

UNIX implementation was the simplest “make it run” under UNIX egort.)
P P

It now runs on most UNIX/LINUX 595tems and
has become one o1C the standard data
manipula‘cion tools in seismologg.



SAC

SAC’s data format, esPecia”g for binarg data, is
one of the Principle data formats used todag In
storing, transmcerring) and manipulatin
(eartlﬁquake) seismologjcal time series céta.



SAC’s Competitors (data format) include

a]"l (ad-hoc, used bg IRIS/FPASSCAL program, born about the same time as SUN)
SEED (standard for the Exchange of Earthquake Data, native format IRIS-DMC)
CS5S (Center for Seismic Studies, associated with treaty verification)
SUDS (Seismic Unified Data System, from Willie Lee PC based system/USGS)

5 EG “"Y (the standard for seismic reflection data)

Othérs (Panda,...)

(new ones Crop up every 5-10 years to address the chaotic state of aﬁcairs.)



SAC’s coml:)c-:titors (analgsis) include

- IRIS/PASSCAL ah (ad-hoc) system

— VariOUS VCFSiOﬂS (with various names) O{: DATASCOPE
(now Antelope)

~ XPICK
-~ Seismic UNIX

- MATSEIS

~ others



SAC is used for a range of seismic analgsis tasks
from quick pre iminarg analgses to
routine Processing and testing new technic]ues

creating Publication quality graplnics) etc.



Luckilg For us we are Protectecl From the power omc
UNIX and all the UNIX setup details for running
SAC (and GMT and MATLAB, etc.) have been

set up for us in the global .cshrc file.

Jo run sac, simplg tHPC “sac” at the Prompt.

sac
SEISMIC ANALYSIS CODE [8/8/2001 (Version 00.59.44)]
Copyright 1995 Regents of the University of California

SAC 1s now rc:aclg to start accepting commancls.



Commands

SAC commands fall into 3 main categories

Parameter—-settingz change values of internal SAC

Parameters.

Action~Producing: Pemcorm some oPeration on
the signals currentlg in selected memory based

upon the values omc these

Data-set: determine which H

barameters.

es are in active

(5clectecb memory and therefore will be acted

UPOﬂ.



Commands

Lellg calls up a list of all commands.

help command shows the manual page for the
command.

_



Defaults

Based on tyPical use at CEKRI, default values for

a“ oPerational Parameters are set when you start
SAC.

Almost a” o1c these Parameters are under clirect
user control.

SAC can be reinitialized to the default state at
any time by executing tlﬂe INICM commaﬂcl.



Data File Command Module

This module is used to read, write, and access
SAC data files.

read (can be shortened to “r”): reads data files
from disk into memory

r * . SAC

Uses standard UNIX wildcards: reads all files
whose filenames end in “. sac”



Data File Command Module

write (“w”): writes the data currentlg N memory

to disk

You can write the data into a range of Hle formats
and file names or SimP}j‘j overwrite the current set
of fles.

(so be careful, you've been warned)



| et’s tty it (ancl also 'umP ahead to graphics
action module Yo plot (“p”) it) —

alpaca.ceri.memphis.edu504:> sac
SEISMIC ANALYSIS CODE [8/8/2001 (Version 00.59.44)]
Copyright 1995 Regents of the University of California

SAC> read ccm_sumatra_ .bhz
SAC> plot

which Produces the gollowing Plot.

T T T T T T
CCM BHZ

10— DEC 26 (361), 2004 ]
i 01:09:43.64 ]




This Plot shows the heritage of the SAC program.

The Plot IS 3 straigl”xt “Port” of the TEK 401X
graplqics over to an X-Window clisplag.

(Kt looks exac’clg the same as it did on the TEK 401X.)

Graphics Window: 1
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This seismogram is 20,000 seconds long, with
5aml:>les 20 times per second.

It has over 3,890,000 points and would take
almost an hour to draw at 9600 baud.

Graphics Window: 1

||||||| -
OCM  BHZ
10— DEC 26 (361), 2004 |
i 01:09:43.684 7
57
5
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Enter ODP (Quick and Dirty Plot mode) to
the rescue.

| ook at the lower right corner. There is a box
there with the number 779.

This tells us that SAC is clisplaging every 77 gth
POlﬂt (that’s one point every 39 seconds)).

||||||| -
OCM  BHZ
10— DEC 26 (361), 2004 |

01:09:43.684 1

L - . =
= origin 779 |
> L 1 1 1 | 1 1 1 1




SAC automatically cuts down the amount of data
it shows when 3’16 number of inPut Points IS
>1000 (the resolution of the TEK401X series of devices is 1024) SO that it
onlg takes a few seconds to draw it at 9600 baud.

Graphics Window: 1

||||||| -

OCM  BHZ

10— DEC 26 (361), 2004 |
01:09:43.684 7

L1101 =
= origin 779
> L 1 1 1 | 1 1 1 1 1 ]




Unfortunately, about the onlg thing tlﬁiscflot tells
us i1s that 5omething was recorded.

The wig%les you see are absolu’celg complctclg
useless for analgsis (the data in memory s OK
however)

(9ou will learn the technical reasons for this — known as aliasing ~-In signal analgsis).

||||||| -
OCM  BHZ
10— DEC 26 (361), 2004

01:00:43.664 |

L - . =
= origin 779
> L 1 1 1 | 1 1 1 1 1




SiﬂCC we gre on g mOClCrﬂ ComPUtCr we Can a‘F‘ForCl
to PIOt a“ the Clata (although it is still sub~oPtimal to do so. Our Plot will

NOW |ega”9 rePresent the seismic signal).

So we turn the QDP “feature” ot

(gou can guess how to turn it back on.)

qgdp off
plot

Tl"]ls PlOt iS NOW “gOOCl” (compare to previous slide) .

L [ T T T T T T T T ‘ T | T i

CCM  BHZ

DEC 26 (361), 2004 |
01:09:43.684

©w

+ L

= origin

- Ll e T

X 1043



qdp iS th@ correct idea (dorn’t waste time disp[agingstuﬂ: thatgou can’t
see due to screen resolution)) bUt lt iS VEI'Y baC”H implementCCl.
w4 < )

qdp should have taken the max and min of each
of the sections of N points (nstead of each nth point) and
Plottecl a vertical line Ectween them at each time @
would have taken twice as long to display, but the qdp display was relatively quick) .

The clispla would be identical to the full clisplag

on the IBSt Slide (and look like a paper record) .

(this would have cost some computer time, but that is minimal comparecl to the data
transfer time to the TEK401X).



So far there is one file in memory.

1 we simplg read in another one — it will clobber
what wWe lﬁave tlﬁcre.

I we need to read in more data (say we have
Processecl the data we’ve read in and now want a
spectral ratio of the Processecl data with the
original data) we have to use the “more” oPtion to
read in additional data (and not clobber what is
there).

read more filename



In general SAC does commands to all the files in
memory.

i the command is s’tarting from scratch dike a
reacb it clobbers what is alreadg there.

Some commands rec]uire certain Pairs of Hles

(N and E for example for rotating seismograms) )



We have now seen 4 SAC commands

(but onlg used ?).

read filename

write still to be determined
plot

gdp on or off




Un?ortunatelg SAC does not allow you to move
around through the command line or “historg”

with the cursor keus
(were not part of the PRIMEO3).

You have to ret?l?e stutt
tte

(although you can use the GUI to highli xt and copy and Paste it).



L et’s trg a Few more things.

Here | have to be a little more careful when |
spechcy the file name. I want to read in all b,
Components o1c the seismogram.

(Pm also clemonstratinga feature of SAC, if SAC does not understand a command
[something you tgpecl], it passes it to the OS for further Processing.
.Basedcmﬂthecmkputogthe“ls”cxnnmand)ldonﬁnwantS%«Ztoreadinthe“.ai”,“.ps”,
or “.tif” format files — althouglﬂ if 1 try to read them SAC will generate an error message
thatﬁcannotundeﬁﬁandthemznmUustddP/%gmwethem).

ls *sumatra*bh*
ccm_sumatra .bhe ccm _sumatra .bhn ccm_sumatra .bhz
ccm _sumatra bhz.ai ccm_sumatra bhz.ps ccm sumatra bhz.tif

r *sumatra*bh?
ccm sumatra .bhe ccm sumatra .bhn ccm sumatra .bhz




Trg the Plot command.

plot
Waiting

SAC Plots the traces one at a time, In the order
theﬂ arc StorCC:l iﬂ memorg (these happen to be in alphabetical
order — BHE, BHN and BHZ — due to the wildcard expansion) . EaCh tlme HOU

enter a <CR> it plots the next trace.
(and says Waiting if there are more traces to displag, or the prompt if not) .

T T T ]
OCM  BHE
DEC 26 (361), 2004 |
01:09:52.684




New command — plotl (“pl”).

plotl

This command Plots all the data in memory on one
Plot.

Also notice that the Proml:)t returns so we can enter more commancls. (Ancl that we clon’t
have to keep resetting gqdp to off, it remembers it.)

Graphics Window: 1

T T T /]
CCM BHE ]

DEC 26 (361), 2004
OT-09°57.654 ]

I
CCM BHN

01:09:48.485
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—10lFerigin
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0 2 4 B 8 10 12 14 16 18

X 1043




589 | want to process these th ree traces
togetlﬁer.

UGLY little detall.

Notice that the th ree traces do not start at the
same time (and we will see that theg are not the
same |eng‘chs, either).

Graphics Window: 1




We can fix the time alignment using

synchronize (“synch”): which modifies the headers
o the files in memor% so that thcg all have the
same rererence time.

(Does not otherwise modi{g the data. If I need to combine two traces rotate them for
instance, and theg are not the same length, SAC will coml:)|ain and not do it.)

synch
plotl

Graphics Window: 1

T T T T ]
COM___BHE N
DEC 26 (361), 2004
01:09:52.684

X 1045
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How do we find out what do we have in memorg?

What metadata is available about the seismic
cJata’?

(metadata is data about data — examples are the name of the seismic station and
component, the sampling rate, etc. This information is stored in the SAC header.)

listhdr (lh): lists the headers of the files in
memory.



SAC> listhdr

FILE: ccm_sumatra_ .bhe - 1

IFTYPE
LEVEN

DELTA =

IDEP
DEPMIN
DEPMAX
DEPMEN

OMARKER =

KZDATE
KZTIME
IZTYPE
KSTNM
CMPAZ
CMPINC
STLO
DIST

AZ =

BAZ
LOVROK
NVHDR
LPSPOL

LCALDA =

KCMPNM
KNETWK

389396
0.000000e+00
1.946975e+04

TIME SERIES FILE

TRUE
5.000000e-02
UNKNOWN
-1.073057e+06
1.091875e+06
8.429739%9e+02

7.315 (origin )

DEC 26 (361),
01:09:52.684
BEGIN TIME
CCM
9.000000e+01
9.000000e+01
~9.124470e+01
8.818225e+03
1.854116e+02
2.013326e+02
TRUE

6

TRUE

TRUE

BHE

Us

All sorts of goocﬂ stutt.

| ook in SAC
documentation for full

details.

Obvious/ imPortant -

File name - FILE

Number points — NPTS
Beginning time offset - B
Sampling rate — DELTA
Start date — KZDATE

Start time —KZTIME
Station — KSTN
Orientation — CMPAZ

Mag have info about stn
location, event |ocn) 2790



SaysWaiting when Pafe is full (mag not be
coml:)lete header Iisting).

<CR> to continue tll run out of stutt to clisplag.
(there 1S NO way to “break” out of the commands

(e.g.: Elot, listhdr, ...) thatdo sometlﬁing for
each file. You have to <cr> till it finishes.)



Lining Hles up N time

Before synclﬂ After sgnch
FILE: ccm sumatra .bhe — 1
NPTS = 389396
B = 0.000000e+00 B = 0.000000e+00
KZDATE = DEC 26 (361), 2004 [ KZDATE = DEC 26 (361), 2004
KZTIME = 01:09:%@.684 KZTIME = 01:09:52.684
FILE: ccm sumatra .bhn — 2
NPTS = 389328
B =0.000000e+00 B = -4.199000e+00
KZDATE = DEC 26 |(361), 2004 KZDATE = DEC 26 (361), 2004
KZTIME = 01:09:48.485 KZTIME = 01:09:52.684

FILE: ccm sumatra .bhz — 3
NPTS = 389600
B = 0.000000e+00 B = -9.000000e+00
KZDATE = DEC 26 (361), 2004 | KZDATE = DEC 26 (361), 2004
KZTIME = 01:09:43.684 KZTIME =_01.09:52 s



To make them a” trne same lcng’ch

= RCBCI them) th@ﬂ S ﬂCl"l them (thisgets them all aligned on the

same relative time — which is the time of the file that starts last [a” the bs are negative])

= Write tlﬁem out (this clobbers the original)J

= SC’E u P a cut which reads from a start to an end time with respect to the

reference time, [ which we alignecl/ seet above], not the start time or number of samples)

and

= Read tl"]em agaiﬂ (under control of the cut, now cvergthing in memory is

the same size).

= Wrﬂté: out a gaiﬂ (i you want to save them, clobbering what was there).

(I dor’t know how to do this “in~Place”, you need the write and re-read since the SAC
commands do not moclhcg, except bg writing, files on disk. in mcmorg.)



SAC> w over

SAC> cut 0 8000

SAC> r

ccm _sumatra .bhe ccm sumatra .bhn ccm sumatra .bhz
SAC> pl

000

0_

5 OOM BHE E

of ‘ N A st o G 20 5 e 2004
e L gl 0709527684 i
] ‘ B
i—mf”g'” | | | ]

T oM BHN

o R I T —— DG 2004
o T I ‘ " GRS
= _5__origin _
= r I I T T =

125 ‘ COM BHZ E

o it et AL | ‘ e e onhE Gl 361, 2004
- B ey ey (it ‘\ ‘ | po S By A -
s 3
= _1qlerigin E
>< = 1 | 1 | Il | 1 | 1 | 1 | 1 | 1 |

0 1 2 3 4 5 6 7 8

X 10+3

And thc—:g all have the Fo”owing in their Beacler

NPTS = 160001
B =0.000000e+00
8.000000e+03

=
Il

= DEC 26 (361), 2004
' 684




cut : defines how much of a data file is to be
read.

You need to re-read the data after sPeCthi nga
cut. (spechcging the cut does not effect data in memory, or the files on disk)

You can also sPccth the cut with resl:)ect to times
stored in the header (p wave arrival time for
example) 5 s beforeto 30 s aftertl Pic|<

SAC> cut tl1 -5 30
SAC> r



Commands to see/ change header values

listhdr (1h):listthe header contents.

readhdr (rh) and writehdr (wh): read and
write headers without the data.

chnhdr (ch): c]ﬁange heacler values.

copyhdr : copy header values from one file to
the others in memory.




E:xample: Say the header does not have the
lOCBtiOﬂ OF tlﬁé event (hcgou do an “1h” and there is no EVLA — Event
Latitude, or EVLO, - Event Longitucle, rePortecl) . We can aClCJ tl"lls

information to the headers of all files using
chnhdr.

4.079930e+01 # event latitude
3.100330e+01 # event longitude

SAC> chnhdr EVLA
SAC> chnhdr EVLO
SAC> 1h

4.079930e+01
3.100330e+01

EVLA
EVLO

SAC>
SAC> wh

We overwrite onlg the heacler because No
changes were macle to thé seismic clata (time series).



When you download Preprocessed seismic data
from the IRIS-DMC associated with an
ear’chquake, it will now have the earthquake
location, origin time, delta, azimuth, etc. in the

header.

It you download data in some arbitrarg time
Wi nc?ow (even it has a bigearthquake in i 1t Will not come with
information about angthing In Par‘cicular within
that time Window (may be multiple events or none.

You will have to put in the event information sac now
computes the delta and az/ baz and stores it in the header for 9ou).



Gralalnics Action Module
REVIEW

plot (p): Plots each signal In memory on a
seParate Plot.

plotl (pl): Plots a set of signals on a 5ing|e
P[ot with a common x axis and seParate Yy axes.

NEW

plot2 (p2): Plots set of signals on a single |:>|ot
with common x and Y AXES (.. an overlay plob).



Can plot each file relative to its begin time.
(default is absolute, so the traces are shifted bﬂ actual time)

T T T T T

] T T T I T T T I T

SAC> pl in e 0 7]
0 DEC 29 (364), 2004 ]
T 18:50:21.001 i
=l F
= — = |
UI_ T | T T T | T T T

_5_

o b

& -10-
= r T | T T T T T]
- Q -
S DEC 29 (364), 2004 ]
20 8:50:20.999 E
| R B Lo

WMa Q
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OFFSET: 4.3489+0E
I

SAC> pl rel

BT 0 -
EC 29 (364), 2004 ]
502099

OFFSET:  4.436e+02.7]

25 30 35




Caﬂ COIO I traCCS (this is an addition since the TEK401X days — when it was
Y
green or nothing).

SAC> color on increment on

T T T I T T T I T T T I T T T

WMQ.BHZ 10.0.2004:18:52:27 ]

SAC> p2 AKBHZ 0002004185253 |

X 10+4

I | | |
440 450 460 470 430

WNQBHZ 10.0.2004:18:52:27
ANKBHZ 00.0.2004:18:5253

RELATIVE MODE




Gral:)lﬁics

There are three graphics devices currentlg

suPPortecl.

SGF (SAC Graplﬁics I:ile) is a Hle with jgraplﬁics
information that can get converte into
Postscril:)t, etc.

X-WINDOWS is 3 general winclowing sgstem
running on most high~resolution, bit—-mapped
raphics workstations

(81’1 Wl'ICFC our PlOtS have bCCﬂ ShOWiﬂg UP)

(SUNWINDOW, is a winclowing system that was available on the Sun in SunOS 4 X.
Listed for completeness)



X-windows or X

X is Widelg used on UNIX gral:)hics workstations
and offers one of the best frameworks opinion, X
Follows the (NIX phlosophy o tis poveriul and diffcul for developing

Portable window-based applications.

It should be the default gral:)hics device when you
start SAC.

Can be turned on usingbegin device: (bg).

sac>bd x



SGF demonstrates the POWET (or kuginess) of SAC and
CINIX.

Rather than burden the SAC program with
Producing graphics fora |arge number of Possible

devices
(Postscript did not even exist when SAC was written)

have SAC write out a file @hatis probably just the TEK40IX
commands) that some other Drograms read and
translate into the aPProPriate%ormat for clisplag
on any Particu ar device.




SAC Gral:)hics Files contain all the information
needed to generate a single Plo’t,

Fach Plo‘c is stored in a separate Hle.

The file names are of the form “fnnn.sgf” where
nnn is the Plot number, beginning with 00 1,
resetting each time you start SAC

(soif you have some Preexisting files that you have not renamed, theg will get clobbered
~ you have been forewarned).



SGI outl:)ut is turned on with the command
begindevice: (bg)

sac> bd sgf

Gral:)hics output will now go to the sgf file.

You will not see it on the screen (X display).



There is no “save my Figure” from the X-display

(this is UNIX and without an inordinate amount of work to bring out its power, X is very
basic).

So ifgou want to make a figure for Printing or
sencling angwl’were but the Xx-display

(hc itis a coml:)licatecl Figure you may have to first
make it and look at it on the X-display - then).

Turn on the sgf device and (RE)make the with
the output now going to the file.



Or iFgou are on a Mac or a PC you could use the
screen CaPture function and then Paste it into
another file.

(there is no screen capture on the Sun, it is "pure’
UNIX.)



To create a Postscript file., you would turn on the
sgf &e\/ice, create your l:)lot, and then run a
conversion program called sgf2ps orsgftops.

qdp off
read ccm* .bhz

ccm _india .bhz ccm solomon .bhz ccm sumatra .bhz
bd sgf

pl
sgf2ps f001l.sgf sac example.ps
bd x

Un?ortunatelg tr]?ing to displag the lcigure using
the gs command from within SAC falls over since
gs is a SAC command.



Data Format and Header

Fach siglr;al or seismogram is stored in a separate
inarg or alphanumeric data fle.

SAC canread dataina varictg of formats:
- SAC Binary Format (most common)
- SAC ASClII Format (big)
- CSS format
- SDD format
- ASCIl formats

EaCh Clata {ZIIC COﬂ’taiﬂS 3 hCaClﬁr (we have alreaclg seen a bit
Sbout the headen) that describes the contents of that

fle.



Some header fields
Time

The SAC header contains a reference or zero
timéj SJEOFCCI as SiX integers (NZYEAR, NZJDAY, NZHOUR,
NZNIN, NZSEC, NZMSEC), DUE norma”g Printecl N an
equivalent alphanumeric format «zoars and KZTIME) the
ochset in seconds between the reference and the
data start time ® and the number of seconds to
the data end time ®.

0.000000e+00
3.600990e+03
APR 06 (097), 2008
R 9:59.320

B
E
KZDATE
KZTIME



Event and Station Info

SAC header can store station and event info

KSTNM = WMOQ
STLA = 4.382110e+01
STLO = 8.769500e+01
STEL = 8.970000e+02
EVLA = 3.086000e+00
EVLO = 9.584800e+01
EVDP = 3.040000e+01
OMARKER = 0

Plus metadata info about the time (gmt for
example).



If the event and station information are in the
Ineacler, SAC automatica”g calculates and stores

distance nkm
azimuth @ degees
backazimuth @ degrees)
and great circle arc |eng‘c|’1 (in degrees)

in the header

(SAC2000 and later, earlier versions did not do this).

DIST = 4.583862e+03

AZ 3.510350e+02
BAZ 1.675856e+02
GCARC 4.120298e+01



Phase Info

SAC can be used to Pic|< and store PI’!BSC

information in header variables A & T0-T9
(althouglﬂ this is another Place where it shows its age and is quite Clumsg).

omarker is reserved to for the origjn time.

Al Pick and origin times are stored in seconds
from the reference time of the file.




omarker rigntime is oftentimes set ncorectly tO zero.
If amarker and tOmarker are not set, theg will
not show in a 1h.

OMARKER = 0

AMARKER
TOMARKER

T1MARKER = 462.7 (P)
T2MARKER = 834.76 (S)
T4MARKER = 472.5 (pP)
T6MARKER = 478 (SP)

You can also store what you think the time is.



Filtering and SPectral Analgsis

=0y

- Seismic ana si_god




funcgen: generate various functions in memory.

STEP

BOXCAR

TRIANGLE

SINE {vl v2}

LINE {vl v2}

IMPULSE

QUADRATIC {v1l v2 v3}
CUBIC {vl v2 v3 v4}
SEISMOGRAM

PDATPRAGEN

RANDOM {vl1 v2}
IMPSTRIN {nl n2 ... nN}

It is VERY useful for testing the other commands
on known functions.

(seismogramksobaﬂe&;repbcedl¥jdatagen,butdatagenrepoﬁﬁitBrMSangthe
clirectorg with the sam[:)le files. Tgpicall)



sac> funcgen impulse delta 0.01 npts 100
sac> p

10_ I I I I I I I I I I I I | I I I _]

FUNCGEN: IMPULSE _
0.8 —

0.4— —

0.2— —

0 O 1 1 1 i 1 1 | i 1 | | i 1 | | i 1 1 1

0.00 0.02 0.04 0.06 0.08




Unarg Ol:)crations Module

The commands in this module Pemcorm some
arithmetic oPeration on each data Point of the
s@@akhﬂmemoq}

add abs
sub log,1logl0
mul exp,expl0
div int
sqr dif

sgrt



Signal Correction Module

These commands let you Pemcorm certamn signal
correction operations.

- rmean: removes the mean From clata.

- rtrend: removes Iinear trencl From cﬂata.



~-rglitches: removes glitches and timing marks.

- taper: a Plies a symmetric taper to each end of the
data and sMooTH applies an arithmetic smoothing
algorithm.

~-linefit: comPutes the best straight line fit to the
data N memor? ancl writes the results to lﬂeader

blackboard variables.

- reverse: reverses the order of data Points.



lntegration —to chanéz'e from acceleration to
Velocitg to isplacement.

SAC> r ccm_india .bhz
SAC> qdp off
SAC> plot

aXaXe)

B I T T T T T T T T T T T T T T T T T T | T T T | T
CCM  BHZ .
OCT 19 (292), 1991
21:23:52.986 .




Integrate it (original data was vel, integrate to
clisl:)).

SAC> int
SAC> p

‘000 X
aphi i :

O_ T T T T T T T T T T T T T T T T T T | T T T | ]
CCM  BHZ
OCT 19 (292), 1991 -
21:23:52.986
_Rl— —
10 _
_15_ |
S
— L i




What is the Problem?

(do you agree that there is a Problem!)




[ ntegral of constant is a line.

Seismic data has a (small) DC oftset.

So remove the mean.




SAC>
SAC>
SAC>
SAC>

rmean
int

0006

Trg again.

Graphics Window: 1

X 1045

T T T T T T T T T T T T T T T

| T T T

CCM  BHZ

0CT 19 (292), 1991 |

21:25:52.986

T




Is this an imProvement’?
Are we getti ngany better?

What’s the Problem NOW?




[ ntcgral of linear fn (line) IS a cluaclratic fn

(Parabola) :

So remove trend (line)
(y=mx+Db)




Remove trend (line) with rtrend.

SAC> r
SAC> rtrend

Slope and standard deviation are: -0.038705 0.0037565
Intercept and standard deviation are: -2365.1 15.788
Data standard deviation is: 3010.9

Data correlation coefficient is: 0.026988
SAC> int
SAC> p

T | I I T |
CCM BHZ §
OCT 19 (292), 1991
21:23:52.986 -

X 10+4




Removing the line will not remove the mean it itis
not zero.

So do rtrend first

Then rmean.




There is still some “drift”, but this seismogram
might be useful for clisplacemeﬂt analgsis.

SAC> r
SAC> rtrend
Slope and standard deviation are: -0.038705 0.0037565
Intercept and standard deviation are: -2365.1 15.788
Data standard deviation is: 3010.9

Data correlation coefficient is: 0.026988
SAC> int
SAC> r more

SAC> pl

displacement
[t I.h
0 4 ottt

| T T T | T
CCM BHZ _
OCT 19 (292), 1991 |
21:73:57.986

| T T T |
CCM  BHZ
0CT 19 (292), 1991
212007 986 _




Big Problcms with "baseline” dritt when trying to
integrate acceleration UP to clisplaccmeﬂt to when
trging to obtain/estimate co-seismic static

displacement.

1000

displacement (cm)
500
|

t, = 20s

TCUO068, NS

GPS, station 104

R PP - e 30s
AR — PR — 40s | A

i\

\\/A""‘v"-""—" 50s

v

\\,\

N e —— 60s
™

t, = 30s

TCUO068, NS

GPS, station 104

—
T ——
AL

- T mm—
7 e N, E e T R £ TF RS ST 2T
.

remove mean only
__________ t,=29.6, ,=54.6s (lwan et al.)
e 1,=31.0s, from Vvfit=0

~e—-—=--70s | 1 | ---=- 1,=30s
O fr———g | ee— 77T t,=40s
— — — ,=50s
j t, as in legend in right panel ——— - t=60s
— - — 1,=70s
I I J I ! I L J T T T T
0 20 40 60 80 100 O 20 40 60 80 100
Boore, 2001 time (sec) time (sec)



Differentiation - defaultis 2 Point difference
y=(x1-x0)/delta.

sac> funcgen impulse delta 0.01 npts 100
sac> dif
sac> p

100ET T T T T T l T T T T T T | T T I In
FUNCGEN: IMPULSE

50— —

=50 —

100}




Differentiate velocitg to acceleration.

dif

‘]O_| T T T T T T { I I T { ]
CCM  BHZ
- OCT 19 (292), 1991 7
' 21:23:52.986

<
D
(Wl
=~
n
2
~

1045



Binarg OPerations Module

These commands Perform oPerations on Pairs of
data files.

- merge: merges (concatenates) a set of files to the data
N memory.

_ addf: adds a set of data files to the data in memory.

~ subf: subtracts a set of data files from the ones in
memory.



~-mulf: multiplies a set of data files bg the data in
memory.

~divf: divides the data in memory l:)g a set of files.

~-binoperr: controls errors that can occur cluring these
binarg oPerations.




sac>
sac>
sac>
sac>
sac>
sac>

funcgen impulse delta 0.01 npts 100

w impulsel.sac
div 2

w impulse2.sac
r impulsel.sac

addf |impulse2.sac

1.5_ I T T T T

1.0

0.9

T T T I_

FUNCGEN: IMPULSE -

0.0= i | I I 1 |

ou have to write intermedia




sac> funcgen sine 10 90 delta 0.01 npts

100
sac> p
1.0 T T T T T T T T T T T T T T T -
FUNCGEN: SINE
0.5~ .
0.0 ]
0.9 .
-10 | 1 | | | | ! | | | I ! | | | | | | | | [
0.0 0.2 0.4 0.6 0.8 1.0
S ac> taper T T T T T T T T T T T T T T T |
L FUNCGEN: SINE
0.5 ]

0.0— —




More

- stretch: uPsamples data. inclucling an o[:)tional
interl:)olating FIR filter.

- decimate: clownsamples data. inclucﬂing an oPtional
anti—-aliasing FIR filter.

- ilnterpolate: interpolate evenlg or uneven|9 sPacecl
data to a new sampling interval using the interpolate
command.



More

- quantize: converts continuous data into its c]uantizecJ
ec]uivalent.

- rotate: Pairs of data components tlﬁrouglﬂ a sl:)ecified
angle.

- rq: removes the seismic Q factor from sPectral data.




sac> r IT.AAK.0O0.BHN.Q.SAC II.AAK.

00.BHE.Q.SAC
sac> pl

sac> rotate to gcp normal

10= T T T T T T ]
- | ARK | BHN 1
o ‘ FEBA—645), 2005 ]
0 Il 735,001
-5 k ‘ ‘ —
_10_ I —
- H aP PcP sS SeS .
15— B
N T T T T ! T T_]
10— AK | BHE .
5 FEB “r#—{645), 2005 ]
- v 17:06:53 001 ]
Oj i N W /]
—5— \‘ _
10— H P PcP sS SeS —
— | -
| I | 6 10 | 12 1 |
X 1042
]_




