Y2000 SHADOW FORMAT & NCSN DATA CODES

blame Fred Klein for this document revised August 28, 2007

This shadow2000.doc file is a Microsoft word document, and is also available as an Acrobat pdf file suitable for
display or printing on all computers using Adobe’ s viewer, and as a text file shadow2000.txt. These documents can be
found online in ehzftp.wr.usgs.gov/klein/docs and at the NCSN/UCB data center.

Shadow 2000 format is a kludge developed to store the most essential event and station data for local earthquakesin
Cdlifornia. It isagood example of incremental growth. Its virtues are that it exists, several programs support it, and the
NCSN catalog is presently in this format. Shadow format isrooted in old style HY PO71 phase cards, and is the same as
Hypoinverse-2000 archive format. The phase format grew into the Hypoinverse-2000 archive format by filling in
blanks and adding a summary line with the location and other event data as a header of each event. The next addition
occurred when we needed places to store RTP and CUSP coda duration fit parameters and data to locate the CUSP
archive tape and the seismograms on it. These data were put on "shadow" cards following each line of the Hypoinverse
archive format. 1n 1999, the format was revised to store years as 4-digits, expand magnitudes to 2 decimal places, and
group the parts of the 10-letter station codes together.

The structure of afull shadow format fileisasfollows. Like aHYPO71 phase file, afile may contain any number of
events. Events within afile are in chronological order. All shadow cards begin witha$ sign (items 2, 3, 5and 7
below). There is one header (items 1, 2, 3) and one terminator (items 6 and 7) per event. There may be any number of
stations (items 4 and 5). All formats are column oriented and there are no standard field delimiters. The FORTRAN
formats below are to be used for reading the fields. Decimal points may or may not appear, and if not, their places are
implied by the format asindicated.

1) A summary line with location and other event data;

2) Thefirst summary shadow begins with "$1" and has reference time and archive tape information for CUSP
events (the fields are empty for RTP events);

3) Additional and optional event shadows may follow, presently to a maximum of 4, beginning with "$2", etc.

Data for each station (of which there may be any number) follow and consist of pairs of lines:

1) Phaselineswith datafor individual stations;
2) Phaselines are followed by one shadow line with coda duration parameters and seismogram recovery data;

The event ends with:

1) A terminator card with an ID number and an optional trial hypocenter; and
2) Theterminator shadow, presently mostly blank.

There are standard subsets of these full shadow files. Stripping out all shadow cards (lines beginning with $) resultsin
abasic HY POINVERSE archivefile. Thisform omits coda duration fit parameters and seismogram pointers. Thus
pre-RTP and pre-CUSP data exist without shadow ($) cards. Keeping only the summary header produces a catalog file
of summary data suitable for programs like EQSELECT, SELECT and QPLOT.

This document also has the format of the master station location and history file calsta2000.loc. It lists every channel

picked or recorded by the NCSN, their operation dates, and the various station codes including SEED used through the
years.
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SUMMARY HEADER FORMAT Y2000

Start Fortran
Col. Len. Format Data

1 4 14 Year .

5 8 412 Mont h, day, hour and m nute.

13 4 F4.2 Oigin tinme seconds.

17 2 F2.0 Latitude (deg). First character must not be bl ank.

19 1 Al S for south, blank otherw se.

20 4 F4.2 Latitude (mn).

24 3 F3.0 Longitude (deg).

27 1 Al E for east, blank otherwi se.

28 4 F4.2 Longitude (mn).

32 5 F5.2 Depth (km.

37 3 F3.2 Magnitude from maxi mum S anplitude from NCSN stations

40 3 13 Nunber of P & Stines with final weights greater than 0. 1.

43 3 13 Maxi mum azi mut hal gap, degrees.

46 3 F3.0 Distance to nearest station (km.

49 4 F4.2 RMS travel tine residual.

53 3 F3.0 Azimuth of largest principal error (deg E of N).

56 2 F2.0 Dip of largest principal error (deg).

58 4 F4.2 Size of largest principal error (knj.

62 3 F3.0 Azimuth of internediate principal error.

65 2 F2.0 Dip of intermediate principal error.

67 4 F4.2 Size of internediate principal error (knj.

71 3 F3.2 Coda duration nmagnitude from NCSN stations.

74 3 A3 Event | ocation remark. (See table 7 bel ow).

77 4 F4.2 Size of smallest principal error (km.

81 2 2A1 Auxiliary remarks (See note bel ow).

83 3 13 Nunber of S tinmes with weights greater than 0. 1.

86 4 F4.2 Horizontal error (km.

90 4 F4.2 Vertical error (km.

94 3 13 Nunber of P first notions.

97 4 F4.1 Nunmber of NCSN S-anplitude mags with wei ght s>0.

101 4 F4.1 Nunber of NCSN duration nmags w th wei ght s>0.

105 3 F3.2 Medi an-absol ute-di fference of NCSN S-anp magni t udes.

108 3 F3.2 Medi an-absol ute-di fference of NCSN durati on nagnitudes.

111 3 A3 3-letter code of crust and delay nodel. (See table 8 bel ow).

114 1 Al Last authority for earthquake N=NCSC (USGS), B=UC Ber kel ey.
(ATin this colum is neaningl ess)

115 1 Al Most comon P & S data source code. (See table 1 bel ow).

116 1 Al Most common duration data source code. (See cols. 71-73)

117 1 Al Most common anplitude data source code.

118 1 Al Coda duration magnitude type code



119 3 13 Nunmber of valid P & S readings (assi gned weight > 0).

122 1 Al S-anplitude nagni tude type code

123 1 Al "External " magnitude | abel or type code. Typically L for M
or Wfor MN This information is not computed by Hypoi nverse,
but passed al ong, as conputed by UCB

124 3 F3.2 "External" mmagnitude.

127 3 F3.1 Nunber of "external" nagnitudes w th wei ght s>0.

130 1 Al Al ternate anplitude magnitude | abel or type code (i.e. L for
M. cal cul ated by Hypoi nverse from Wod Anderson anplitudes).

131 3 F3.2 Alternate anplitude magnitude.

134 3 F3.1 Nunber of alternate anplitude nmags w th wei ght s>0.

137 10 110 Event identification nunber

147 1 Al Preferred nmagni tude | abel code chosen from those avail abl e

148 3 F3.2 Preferred magni tude, chosen by the Hypoi nverse PRE comrand.

151 4 F4.1 Nunber of preferred mags wth wei ght s>0.

155 1 Al Al ternate coda duration nag |abel or type code (i.e. 2).

156 3 F3.2 Alternate coda duration magnitude.

159 4 F4.1 Nunber of alternate coda duration nmags w th wei ght s>0.

163 1 Al QDS version nunber of information. Starts at 0 for quick
| ook reports. Incremented by one each tinme new information is
added or revised: fromquick location, final earthworm
location with MD, M. added, etc.

164 1 Al “Origin instance” version number, distinguishes between
different origins (hypocenters). It starts with "a'" ('0" for
qui ck-1 00k reports) and runs through the al phabet. Wen
Berkel ey has a final magnitude for each origin, the character
is prompted to upper-case

165 2 A2 Code for domain (ie. NC, Cl) in which the |ocation was made.

167 2 A2 Code for processing version (ie 01, 02) of set of |ocation

files.

SUMMARY SHADOW FORMAT

Most of these fields hold CUSP related data. 1f the event was only on the RTP or earthworm and CUSP did not digitize
the event, all fields up to col. 80, except the "$1" identifier are blank. Thisformat did not change with the Y2000
revision. Any data beyond column 80 is erroneous.

Cols Len. Format Dat a
1-2 2 ' 81 Desi gnat es Shadow Sunmary Card
3-6 4 I 4 Ref erence tine: year
7-10 4 212 Ref erence time: nmonth, day
11-14 4 212 Ref erence tine: hour, mnute
15-20 6 F6.3 Ref erence tine: seconds
First Arkive Tape:
21-23 3 A3 Network ldentifier (e.g. CAL, CIT, HVO
24 1 1X bl ank
25-34 10 | 10 Arkive tape nunber
35-44 10 10 Arkive event id number
45-50 6 | 6 Fil e nunber on Arkive tape
Second Arkive Tape (rare):
51-53 3 A3 Net wor k Identifier
54 1 1X bl ank
55-64 10 10 Arkive tape numnber
65-74 10 10 Arkive event id number
75-80 6 | 6 Fil e nunber on Arkive tape



MAGNITUDES

The NCSN computes several types of magnitudes, depending on the type of data available, the era of network
operation, and the size of the earthquake. The "primary" magnitudes are those that are available for most events,
particularly events less than magnitude 3.5. Because the primary magnitudes saturate for events above M4.5, the
NCSN also computes "alternate” magnitudes (coda or amplitude) from low-gain instruments that generally remain on-
scale during large earthquakes. We also provide "externa” local magnitudes (ML) computed by UC

Berkeley. Where available, the UC Berkeley magnitude supercedes the USGS magnitude.

Because each magnitude is appropriate for a given magnitude range, we provide a"preferred” magnitude in columns
148-150. Thelogic for selecting the preferred magnitude is shown in the table below. It attempts to provide the most
reliable estimate for each earthquake. Going down the table, as soon as a magnitude satisfies the criteria, it is chosen as
preferred. Note that variations in magnitude estimates are expected when using different methods. Thereisno
"correct" magnitude. The preferred magnitude may have unusual statistical properties because it is drawn from
different magnitude types.

Magnitude fields are filled only if the magnitudes were calculated. A "zero" magnitude value means none was
calculated. Each magnitudeisin afixed position. Alternate magnitudes use the label codes given by the Hypoinverse
FC2 and XC2 commands, or the external label code.

CODE EXPLANATI ON

PRI MARY MAGNI TUDES

D Coda duration magnitude (Eaton, BSSA, v.82 p.533, 1992).
Uses all components. Formerly code E.
X S-wave naxi mum anplitude nagnitude. Eaton, BSSA, v.82 p.533, 1992).

Uses all conponents.

EXTERNAL MAGNI TUDES

L Local nmmgnitude as conputed by UC Berkel ey
S Surface wave Ms
W Monment magni t ude
G CGeysers net duration mag computed by LBL (uncali brated)
ALTERNATE MAGNI TUDES
L Local nmmgnitude conputed by NCSN from UCB Wod Anderson anplitudes.
Z Low gain (Z conp) coda duration nmagnitude of H rshorn and Lindh (19897).
P Initial P-wave anplitude magnitude. Uses all conponents. Not in use.
G Lowgain initial P-wave anplitude nagnitude. Uses | ow gain Z conponent.
Not in use.
A S-wave naximum anplitude nmagni tude for which anplitude data are | ost.

PREFERRED MAGNITUDE SELECTION ORDER

O der | abel | abel nag sumnmg ws mg MAD nmin # mn type
code col um col ums col ums col ums readi ngs mag

1. L or W123 124-126 127-129 N A 0 3.0 "external"

2. D 118 71- 73 101-104 108- 110 1 0.0 "primary dur"
3. X or A 122 37- 39 97-100 105- 107 1 0.0 "primry anp"
4. L 130 131-133 134- 136 N A 4 4.0 "alternate amp"
5. L or G 123 124-126 127-129 N A 0 0.0 "external"

6. L 130 131-133 134- 136 N A 0 0.0 "alternate amp"



AUXILIARY EVENT REMARKS

Assi gned by anal yst (col. 81):

Q Quarry bl ast

R Explosion, as for a refraction source (fornerly code E)

N NTS bl ast

F Felt

M Muiltiple event (Two events close in tine and space are each marked M
B Blast (HVO

T Trenor associated (HVO

L Long period (HVO

Assi gned by HYPO NVERSE (col. 82):

# Location had convergence problens such as naxi mum nunber of iterations or
failure to reach a m ni mum RVS.

- Depth was poorly constrained and was held fixed at its current val ue.

X Location fixed to trial hypocenter.

STATION ARCHIVE FORMAT Y2000

The following line appears for each station. If CUSP digitized the event, an entry may appear for saved traces such as
time code or stations from which no information was measured. The unique designation of a station name has
expanded with time, reflecting the increase in sensor types and conflicts with station namesin use by other

networks. We formally define a station name with 10 letters as the concatenation of the 5-letter site code, 2-letter
network code, and 3-letter component code. An additional 2-letter location code will be used in the future to
accommodate cases where the other fields would be the same. Hypoinverse optionally uses 1 or 3 letter component
codes, and both are listed in the print file. NCSN practice is to use the 3-letter code for station matching, and the 1-
letter code as a convenience label only. The number of decimal places N isimplied by the fortran format (ie F5.N).



Station archive format Y2000

Start Fortran

Col. Len. Format Data

1 5 A5 5-letter station site code, left justified.

6 2 A2 2-letter seisnmc network code.

8 1 1X Bl ank

9 1 Al One letter station conmponent code.

10 3 A3 3-letter station component code.

13 1 1X Bl ank

14 2 A2 P remark such as "IP".

16 1 Al P first notion.

17 1 11 Assi gned P wei ght code.

18 4 14 Year .

22 8 41 2 Mont h, day, hour and m nute.

30 5 F5.2 Second of P arrival.

35 4 F4.2 P travel time residual.

39 3 F3.2 Normalized P weight actually used.

42 5 F5.2 Second of S arrival.

47 2 A2 S remark such as "ES".

49 1 1X Bl ank

50 1 11 Assi gned S wei ght code.

51 4 F4.2 S travel time residual.

55 7 F7.2 Anplitude (Peak-to-peak in Devel ocorder or paper mj.

62 2 12 Amp units code. 0=PP nm 1=0 to peak mm 2=dig. counts.

64 3 F3.2 S weight actually used.

67 4 F4.2 P delay tine.

71 4 F4.2 S delay tine.

75 4 F4.1 Epicentral distance (km.

79 3 F3.0 Energence angle at source.

82 1 11 Ampl i tude magni tude wei ght code.

83 1 11 Dur ati on magni tude wei ght code.

84 3 F3.2 Period at which the anplitude was neasured for this station.

87 1 Al l-letter station remark. (See table 4 bel ow).

88 4 F4.0 Coda duration in seconds.

92 3 F3.0 Azimuth to station in degrees E of N

95 3 F3.2 Duration magnitude for this station.

98 3 F3.2 Anplitude magnitude for this station.

101 4 F4.3 Inportance of P arrival.

105 4 F4.3 Inportance of S arrival.

109 1 Al Data source code (See table 1 bel ow).

110 1 Al Label code for duration magnitude from FCL or FC2 command.

111 1 Al Label code for anplitude magnitude from XCl or XC2 command.

112 2 A2 2-letter station |ocation code (unused at present).

114 2 12 Ampl i tude type O=unspecified 1=Wod- Anderson 2=vel ocity
3=accel eration 4=no nagnitude

116 3 A3 Alternate 3-letter conponent code (USGS or SEED)

119 1 Al X if station anplitude nagnitude was not used in event mag.

120 1 Al X if station duration magnitude was not used in event nag.



STATION SHADOW FORMAT

The shadow format differs for RTP and CUSP data. Columns 1-41 are the same for both. Y ou can discriminate
between RTP and CUSP shadows before reading them by looking on the phase card. RTP phases will have a data
source (col. 109) of R, P, or M and (usually) corresponding P remark (cols. 14-15) of XP, YP and ZP. Earthworm data
follows the RTP format, but has a data source code of W. Any data beyond column 92 is erroneous.

The coda duration fit parameters result from afit of the coda envelope to the form 10** A * t**-Q where 10**A isin
units of digital countsand t isin seconds after the P time. If Q isfixed at 1.8 (QFIX), theresulting A is AFIX below. If
both are fit simultaneously, AFREE and QFREE are stated below. For more on coda duration fitting see Carl Johnson's
thesis (Caltech 1979) or Hirshorn et a., Real Time Signal Duration Magnitudes from Low-gain Short Period
seismometers, USGS Open File Report 87-630, 1987.

For RTP data, the AMH tuple provides data for cols 44-50. Up to six time/famplitude data pairs describing the coda
duration decay are written. See Al Lindh for a description of these data.

RTP, EARTHWORM AND CUSP

Col s. For mat Dat a
1-2 '$ Desi gnator for shadow phase card.
3-5 I3 No. of (averaged) amplitude wi ndows used in

coda duration fit algorithm

6- 10 F5. 2 AFl X (see above).
11-15 F5. 2 QFI X (see above).
16- 20 F5. 2 AFREE (see above).
21-25 F5. 2 QFREE (see above).
26- 30 F5.2, 1X RVS of L1 fit to coda duration anplitude w ndows.
32-35 A4 Coda phase descriptor (See table bel ow).
36-40 15, 1X Coda duration time (seconds) as measured
directly i.e., not recal cul at ed.
CUSP ONLY
Col s. For nmat Dat a
42- 45 "AHS ' Ampl i tude descriptor, peak S-wave hal f anplitude val ue as
conputed for MCD tuple.
46- 50 15 Ampl i tude corresponding to phase card cols 42-45
51 "1 First/Second arkive tape source
52-53 |2 CUSP set nunber for these phase data
54-57 | 4 CUSP pin nunber for these phase data
58-67 10 O fset: nunmber of words in Arkive file before first word of

t he sei smogram

68-77 F10.5 Toffset: offset tine of first data point for this
sei snogram relative to reference tinme in cols 4-19 of shadow
sunmary card.

78-84 |7 Nwor ds: nunber of words in this seisnmogram
85-92 F8. 6 Digint: digitization interval, seconds
93-95 A3 Digitizer device code (see table 1)

RTP AND EARTHWORM

42- 43 ' PH Ampl i tude descriptor, peak P-wave hal f anplitude

44- 45 Al, 11 Phase descriptor and wei ght assigned by RTP to the anplitude
it reports; e.g. PO. Wight code is the nunber of the first 3
P peaks that clipped. Fromindices(2,3) of the PHASE
attribute of the AWVH tuple.

46- 50 15 Ampl i tude corresponding to cols 42-45, fromthe AWP attribute
of AVH tuple. PER od attribute is available but is not
witten out.



51-57 13,14 Ti me-anpl i tude data pair #1
58- 64 13,14 Ti me-anpl i tude data pair #2
65-71 13,14 Ti me-anpl i tude data pair #3
72-78 13,14 Ti me-anpl itude data pair #4
79- 85 13,14 Ti me-anpl i tude data pair #5
86- 92 13,14 Ti me-anpl i tude data pair #6
93-95 A3 Digitizer device code (see table 1)

4-LETTER CODA DESCRIPTOR

First letter:

P Normal term nation of coda; RTP codas < 144 sec.

S Short or premature term nation of coda; recal cul ated RTP codas > 144 sec.
N Noisy coda with early term nation. RTP gave a negative duration tinme.

K Signal clipped to end of time series.

Second letter:

T Bad coda duration conputed using the wong clipping value (CUSP only).
S Normal case of coda duration longer than S-P tinme.

P P coda; duration less than S-P tine.

Third letter:

_ (space) Did not do a coda fit.

X Coda duration is froma fixed L1 normfit to the average absol ute
anpl i t udes.

R Coda duration is froma free L1 normfit to the average absol ute anplitudes.
N Nornmal coda, no fits were necessary.

Fourth letter
0-4 Coda weight (0=full weight, 4=no weight).

STATION ARRIVAL TIME WEIGHTING

Thisisabrief description of the types of weight factors applied to P and S timesin the hypocenter inversion. The final
weight actually used (output in columns 39-41 of the station archive record) is the product of 3 factors: 1) the assigned
weight, 2) the distance weight, and 3) the residual weight. After all weight terms are multiplied together, the resulting
station weights are normalized so the weights total the integer number of station times used in the inversion.

The assigned weight isinput asa 1-digit codein col 17. The assignment is made by the analyst or picker software and
depends on the impul siveness or emergence of the waveform. O isfull weight (1.0), 1is0.5, 2is0.2, 3is 0.1 and codes
4-9 are no (0.0) weight. Usually codes 5-9 are reserved for "outweighted" readings that have had a 5 added to their
initial weight codes because it is a duplicate reading or because the reading does not fit the solution at all. Seetable 9.

The distance weight out-weights distant stations whose travel times are poorly modeled. When the distance to the
second closest station (D2) isless than 15 km, stations closer than 52.5 km are given full weight, stations farther than
105 km are given no weight, and a cosine taper is used between. When D2 is more than 15 km, stations closer than
D2*3.5 km are given full weight, stations farther than D2*7.0 km are given no weight, and a cosine taper is used
between. This expands the distance weighting when the earthquake is outside or in athin part of the network.
Distance weighting is applied only after the 4th iteration when the solution has stabilized.

Theresidual weight out-weights stations whose residuals are large because they are often mis-picked. Whenthe RMS
residua islessthan 0.10 sec, stations with residual less than 0.20 sec are given full weight, stations with residual more
than 0.30 sec are given no weight, and a cosine taper is used between. When the RM S residual is more than 0.10 sec,
stations with residual less than 2*RM S sec are given full weight, stations with residual more than 3* RM S sec are given
no weight, and a cosine taper is used between. This expands the weighting to include more stations for poor, high
RMS events. Residual weighting is applied only after the 4th iteration when the solution has stabilized.



EVENT TERMINATOR FORMAT

Normally the event terminator will contain only the event ID number. It signals the end of an event because the station
code isblank. Fields are reserved for an optional trial hypocenter or fixed depth control. HY POINVERSE may use
either thistrial hypocenter or the hypocenter on the event header. See the HY POINVERSE documentation for more
information on trial hypocenters.

Col s. For mat Dat a

1-4 4X, 2X Must be bl ank.

7-10 212 Trial hour and m nute.
11-14 F4.2 Trial second.

15-16 F2.0,1X Trial latitude (deg).
18-21 F4.2 Trial latitude (mn).
22-24 F3.0,1X Trial l|ongitude (deg).
26- 29 F4.2 Trial |ongitude (deg).
30- 34 F5. 2 Trial depth (a negative value fixes depth).
35-62 28X bl ank

63-72 110 | D nunber

EVENT TERMINATOR SHADOW

1-2 '$ Shadow card desi gnat or
3-62 60X bl ank
63-72 10 I D nunber

The following tables were modified from Klein et a., Seismic Station Data for Northern California and Surrounding
Areas, USGS Open File Report 88-448, 1988.

MASTER STATION LOCATION/HISTORY FILE (calsta2000.loc)
Although not part of the shadow format or catalog phase data, thisfile is often read by users of the catalog.

The file calsta2000.loc presently resides in Menlo Park on andreas.wr.usgs.gov in /homel/calnet/klein/stas/ and also in
ftp anonymous in ehzftp.wr.usgs.gov/klein/stations. Additional stations not currently used in NCSN phase dataarein
more2000.Ioc in the same directories.

The file calsta2000.loc has the complete history of the NCSN network. The file has most stations in the surrounding
networks but is not updated as frequently. The on and off dates are as accurate as possible. Calsta2000.loc also has the
station name history. Codes are here for pre-1977 (4-letters), 1977-1986 (4-letters including component), 1986-1994
(5-lettersincluding net and component), and 1994-2006 (10-lettersincluding net and component). The "unique” or
“universal” station codes consist of a 3-5 letter site code, 2-letter net code and 3-letter USGS component codes. The 1-
letter component code is used as alabel in various station files, but is not unique. Starting in 2006, it is expected that 3-
letter SEED component codes will be used instead of the USGS codes. The ambiguity of SEED codes, together with
station moves, also requires 2-1etter location codes. The SEED station codes consist of a 3-5 letter site code, 2-letter net
code, 3-letter SEED component codes, and a 2-letter location code. The location code “—* is used as a default for
station where alocation code tie-breaker is not required.

Most NCSN stations with coordinatesto 4 decimal places of minutes of lat/lon have been surveyed with GPS
instrumentation. These precise locations have mostly replaced the locations estimated from a topographic map, that are
all that is available for abandoned sites. The elevation at these GPS sitesis referenced to the geoid instead of sealevel.

cols. length heading data

1-5 5 SITE Station site code (within its own networKk)

6-7 2 NET Uni que station net code (assigned by IRS)

9-11 3 USGS USGS conponent (channel) code (SEED for sone digitals)

These 3 fields are the "unique" station code (1994-2006).

13-15 3 RATN Station name code (Rationalized code 1986-94)
16 1 1-letter network code (Rationalized code 1986-94)
18 1 C 1-letter component code (Rationalized code 1986-94)



21-24
26-29

EE

31-32
34-40
42- 44
46- 52
55-58

ANOWOWNDN

60
61
63- 84 2

N PP

85 1

86- 89 4

90- 97 8
99- 106 8
109-116 8
118-125 8

127-129
131-132

N W

134-137 4
139-142 4
144-147 4

149-152 4
154-157 4

ALET
oD

LAT

LON

ELEV

ORG
OPERATN
DATAUSE
SEED
LOC

ON

OFF
JPE

ALI AS

"New' 4-letter code 1977-86, 4'" letter is the conponent
"dd" or standard code (pre-1977 for USGS)

North |l atitude, degrees

North latitude, mnutes (F7.4)
West | ongi tude, degrees

West | ongi tude, mnutes (F7.4)
El evation, neters

Geogr aphi ¢ regi on code of Eaton

GPS/topo datum & | ocation status code (see bel ow)

Ful | geographic nane. “& in col 84 if the channel is a
duplicate and tenporary alias name no | onger used (DDl aka
HvV1) or an additional decination with the sane SNC code.
Colon (:) if non-USGS station recorded in Menlo Park
Senmi-colon (;) if non-USGS station fornerly recorded in M
Conma (,) if non-USGS station maintained but not recorded,
or used in station database spreadsheet, plus (+) if
recorded but not used in spreadsheet.

Net wor k owner/ oper at or code

Start date of operation of instrunent (YYYYMVDD)
End date of operation of instrunent (YYYYMVDD)
Start date of USGS-MP usage of data (YYYYMVDD)
End date of USGS-MP usage of data (YYYYMVDD)

SEED code for conponent, non-uni que mappi ng to USGS code.
2-letter location code for breaking ties, not used yet.

On time (hr-min GVIN of start date of operation

Of time (hr-min GMIN of end date of operation

Jerry Eaton's station nane. Sane as 4-letter name for
USGS- Menl o st ati ons.

Alias, erroneous or unofficial nane.
Additional alias, erroneous or unofficial nane.

GPS/topo datum & | ocation status code table

(see spreadsheet.txt for nore notes about the use of this |ocation status code
in the NCSN)
code definition:

A WGS84
B WGS84
E WGS84
N WGS84
D WGS84
C WGS84
T NAD27
W WGS84

coment :

handhel d GPS of sensor Most common NCSN case, within 2 neters
of sensor

sensor offset from GPS O fset (distance & azimuth) estimated
from nearby GPS | ocation

GPS external antenna Self-reported GPS of telenetry antenna

near by handhel d GPS GPS of nearby, outdoor |ocation

hi -acc differential GPS The hi ghest accuracy GPS we can do
(sel dom used)

fromtopo map | ocation Never GPS' ed, converted fromtopo nap

topo nmap Never GPS ed, fromtopo map only, ie from
abandoned site

ei t her antenna/sensor GPS exact site undocunented

bl ank Not yet deterni ned.
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FORMAT OF THE HYPOINVERSE-2000 STATION FILE

Thisisthe format of the station file read by the Hypoinverse2000 location program. Although not part of the shadow
format or catalog phase data, thisfile is often read by users of the catalog. NCSN uses a computer program called
STADCK to read calsta2000.loc and write a Hypoinverse2000 station file for a specified time period. Thisformat list
is from the Hypoinverse2000 manual. Most of the delay, calibration or magnitude correction fields will be undefined
in most versions of thisfile, and the values will be defined later in the catalog processing.

Start
Col.
1

7

10
11
15

16
19
26
27
31
38
39
43

48
49
50

56
62

67

68
73
74

75
81-82

Fortran
Format

Data

P WP NWR NN

(220N

A5,1X
A2,1X
Al
A3,1X
Al

12, 1X
F7.4

Al

13, 1X
F7.4

Al

4X
F3.1,2X

Al
Al
F5.2, 1X

F5.2, 1X
F5.2

Al

F5.2
Al
11

F6.2
A2

Station site code. The first character may not be the $ character.

Seismic network code.

Optional 1-letter station component code.

3-letter component or channel code.

Station weight code (in units of 0.1) by which the weights assigned each P & S
phase are to be multiplied. Use the digits 0-9 for the weight in tenths; "*" or "0"
for no weight; or any other character (including blank) for full weight.

Latitude, degrees.

Latitude, minutes.

N or blank for north latitude, S for south.

Longitude, degrees.

Longitude, minutes.

W or blank for west longitude, E for east.

Reserved for elevation in m. Not used by HYPOINVERSE.

Default period (in sec) at which the maximum amplitude will be read for this
station. Must be greater than 0.1.

Put a "2" or "A" here to designate this as an alternate crust model station. Both
alternate and primary crustal models must be in use. Stations may also be
tagged for use with an alternate model in the delay file.

Optional station remark field to copy to print output.

P delay (sec) for delay set 1.

P delay (sec) for delay set 2.

Amplitude magnitude correction. If in the range +/-2.4, the correction is included
(by addition) in the amplitude magnitude, If you don't want a station's magnitude
used in the event magnitude, use a correction of 5.0 plus the actual correction.
You can also assign a zero weight (see next).

Amplitude magnitude weight code. Codes 0-9, "*" and blank are used the same
as the P & S weight codes (col 15). The actual magnitude weight used is the
product of those on the station and phase cards. See also col 62.

Duration magnitude correction (works the same as the amplitude magnitude
correction).

Duration magnitude weight code (works the same as the amplitude weight
code).

Instrument type code.

Calibration factor.

2-letter location code (component extension)

11



SUMMARY HYPO71 FORMAT Y2000

The real-time computersin Menlo Park, among others, produce datain this format. It is more readable than, but isa
subset of the Hypoinverse format. For code definitions, such as data source code, see other tablesin shadow.doc. The
format isidentical to the pre-Y 2000 format except that the years are expanded to 4-digits, everything is moved 2 colsto
the right, and the 3-letter location is added on the end.

* indicates a new/revised field

Start Fortran

Col Len. Format Data

1 4 14 Year *

5 4 212 Mont h and day.

9 1 1X Must be bl ank

10 4 212 Hour and mi nute.

14 6 F6. 2 Origin tine seconds.

20 3 F3.0 Latitude (deg).

23 1 Al S for south latitude, blank otherw se.

24 5 F5. 2 Latitude (min).

29 4 F4.0 Longi tude (deg).

33 1 Al E for east |ongitude, blank otherwi se.

34 5 F5. 2 Longi tude (nin).

39 7 F7.2 Depth (kn).

46 1 1X Bl ank

47 1 Al Magni t ude type code.

48 5 F5.2 Magni t ude.

53 3 I3 Number of P & Stines with weights greater than 0. 1.

56 4 F4.0 Maxi num azi nut hal gap.

60 5 F5.1 Di stance to nearest station (km.

65 5 F5.2 RMS travel tinme residual.

70 5 F5.1 Hori zontal error (km.

75 5 F5.1 Vertical error (km.

80 1 Al Remark: Qif Quarry blast.

81 1 Al Remark: Quality flag A-D.

82 1 Al Remark: Data source code. (See table 1; ie W earthworn.

83 1 1X Bl ank

84 10 10 Event identification nunber

94 1 1X Bl ank

95 1 Al QDDS version nunber of information. Starts at 0 for quick
| ook reports. Increnmented by one each tinme new infornmation
is added or revised: fromquick location, final earthworm
|l ocation with MD, M. added, etc.

96 1 Al “Origin instance” version nunber, distinguishes between

different origins (hypocenters). It starts with 'a" ('O

for quick-1ook reports) and runs through the al phabet. When
Berkel ey has a final nagnitude for each origin, the
character is pronoted to upper-case.

12



Table 1. DATA SOURCE CODES

(_ stands for a blank space. The code in [], or the last 3 letters of the 6-
letter code is the CUSP digitizer device code)
1-| et -code Meani ng Oiginal 6-letter codes
Anal og stations only (readings, no seisnograns)
H Hand ti ned H 1 CALNEW CALDVL CALHEL
R Mai n RTP XP P-remark. May find: R 2 CALRTP
P Pr ot ot ype RTP YP P-remark. May find: CALPRO
0] Mot or ol a RTP CALMOT
W Earthworm (real tine picks, no seisnograns)
J Jerry Eaton hand tined
U U. Nevada Reno readi ngs RENO  ENO _ RENO 1
B UC Ber kel ey readi ngs
Y Wbodwar d- Cl yde readi ngs
T Tera Corp. or PGEE readi ngs
Anal og stations digitized at a central site (seisnograns avail abl e)
2 CUSP Tustin A/D #2 CALT2_ _ALT2_ [T2]
4 Pasadena Tustin #2 ClTT2_
8 Pasadena VAX digitized Cl TEMT
E CUSP-Ecl i pse digitized from FM t ape CALECL _ALECL [ECL]
F CUSP- VAX/ 750 digitized from FM t ape CALFMI CALFMB CALFT3 [FM
N CUSP/ Eart hwor m Nati onal digitizer [ NTL]
C HVO CUSP (supported, but unused in NCSN cat al og) [OBI], [XOB]
0 (zero) CUSP/ Tustin at Reno, 1980's to 1/1/2000
9 presently unused

Anal og stations digitized at a non-Menlo digitizer generally using earthworm

N~NouwrRrCrXOOZIQODNH< N~

O X

I mported National digitizer grams fromReno [ M]

I mported National digitizer grams fromSinmmer (Caltech) [IM]

I mported National digitizer grams from Bakersfield (Caltech) [IM3]
I mported National digitizer grams from Pasadena (Caltech) [IM]

I mported National digitizer grams from Edwards AFB (Cal tech) [ M]
I mported National digitizer grams fromDiablo Can. (P&E) [ Ms]

I mported National digitizer grams fromFt. Scotty (Caltech)

Nati onal digitizer at Mamoth [ M_1]

National digitizer at CGeyser Peak [GP1]

National digitizer at Carr H Il [CH1]

Nati onal digitizer at Sonona Muuntain [ SM]

Nati onal digitizer at Munt Tanal pais [ TM]

Nati onal digitizer at Vollnmer Peak [VP1]

Nati onal digitizer at Lawence Livernmore N. L. [LL1]

National digitizer at Frenmont Peak [FP1]

National digitizer at Hollister [HOL] _

Anal og 50 sps digitized by Nanometrics HRD [ HRX] Trident [BML], [ VWH1]
Calif. Department of Water Resources (“soon” after 9/03) [DWR]

“Digital” stations

A

Digitized at seismoneter (e.g. Nanonetrics [HRD], digital seismc
telenmetry units [DST], Reftek [REF, RNW, Kinenetrics [K2], Reno Reftek
[R32], [RF1], Quanterra [QS1])

(or bl ank) Unknown or undefi ned

13



Table 2. NETWORK OWNER/OPERATOR CODES

The N code was the 1-letter net code formerly used by Menlo Park. Inthe former usage, it was the fourth letter of the
4-letter station code, for example “CALM”.

The IRIS code is now the official net code used with station site codes. In addition to regular NCSN stations, NC is
also used for defunct nets for which the USGS archives phase data. A unique net code allows nets to duplicate each
other'ssite codes. The NEIS code was used in publications such as the Historical Survey of US Seismic Stations
(Poppe, USGS Prof Paper 1096) and Seismograph Station Codes & Coordinates (Presgrave et al, USGS Open File

Report 85-714). The ORG codeis used in Menlo's master station history file cal sta2000.loc.

IRRS NEIS ORG (Operator
N code code code
A Speci al purpose, i.e a tie-breaker
B BK BRK UCB  UC Berkel ey, including digital seismc network BDSN
c d PAS GSP Cal t ech- USGS Pasadena
c d GSPM Fornerly operated by Menl o, now by Pasadena
c d PAS CIT Caltech, original pre-USGS stations
c TS CIT Caltech terrascope (BAR, GSC, | SA, MLA, PAS, PFO SBC, SVD)
D SN GSD  Southern Nevada Net (UN Reno, formerly USGS Denver)
F PX UCS Parkfield net (Duke/UC Santa Barbaral/ Ber kel ey/ USGS)
G NC OCDMs CDM Calif. Div. of Mnes and Geol ogy
L NC LAC LLL Law ence Livernore Labs, Livernore net
L LL LAC LLL Law ence Livernore Labs, NTS net
M NC MLO GSM USGS Menlo
M NC MNLO GSMP Formerly operated by Pasadena, now by Menlo
o ww UWA  Univ. of Washington stations including Oegon
P NC 5DY, DI G SMO, CEN  USGS Menl o portabl es
P NC (Non- USGS portables use P and UNR, CIT etc.)
R NN REN UNR Northern Nevada (Univ. of Nevada Reno)
S LA USC USC Univ. of Southern Calif., now nerged with Cl.
T NC TER Terra Corp. (Mendocino area)
u w uuT University of UWah regional network
W W CDWR DWR Calif. Div. of Water Resources
X M ECX ECX Mexi can national network, ClCESE, Ensenada, Mexico
Y NC WCC  Wodward-Clyde & P&E (Sierra foothills)
Y PG PGE Pacific Gas & Electric Co. (D ablo Canyon)
AZ UCSD Anza network, UC San Di ego
BG LBL CGeysers net operated by LBL
BP ucB Parkfield hi-res seisnic net
CE CDM5z Calif. Div. of Mnes and Geol ogy strong notion
0 NEI C USGS National Earthquake Info Center —Gol den Network
NP NSMP National strong notion program (accel erographs)
PG PGE PG&E Diabl o Canyon CA seismc net
SF GSM  Earthscope San Andreas Fault at depth borehole
SD? SD UC San Diego, So. Calif. Earthquake Center
uo UOR  Univ. of Oregon
us NEI C US National network, ANSS backbone of USGS/ NEIC
XL GSM  USGS Menl o portabl e deployments starting in 1998,
whi ch may not foll ow any standard portabl e nam ng.
XN DUK  Duke Univ. portable deploynment, Mammoth area 1997.

* Caltech's broadband Terrascope stations now use the net code C
because of interm xing with the short period network.
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Table 3a. 3-LETTER USGS COMPONENT CODE DEFINITIONS

Thistable defines the letters used in the NSCN channel definitions. The NCSN channel identifier distinguishes
different components at the same station site. For older analog stations, NCSN codes differ from SEED codes (table
3b), but for newer digital stations, NCSN uses SEED-compatible codes. The NCSN naming condenses all component
information into 3 letters. CUSP and NCSN software do not have space for separate gain and transmission path codes
and condenses thisinformation into the NCSN 3-letter code. In the case of broadband stations and most UCB stations,
NCSN uses the SEED codes. Newer channel parlance can use a 2-letter “location” code to enhance the SEED code by
distinguishing between similar channels that would have the same SEED code, but the location code has not yet (as of
9/00) been implemented by the NCSN.

Thefirst NCSN letter describes the sensor type and frequency band, the second the gain and the third the sensor
orientation or direction. All network channels must use these standard codes to allow ready identification of channels.
For example, the standard short-period vertical network station uses the code VHZ. The equivalent NCSN 1-letter
codeisV. Insome contexts, the 3-letter codes can be abbreviated to the older 1-letter codes.

An astute observer will observe that neither NCSN nor SEED codes are applied consistently with the definitions. The
net codes should keep the 10-letter codes for each channel unique, however.

Sensor type and frequency band (first letter of 3-letter code)

short period seisnoneter (i.e. L4Q)

short period seisnoneter (sonme digital stations, SEED conventi on)

accel erometer or FBA

br oadband or Strekheisen (i.e. STS-2)

Wyod- Ander son

| ong period seisnmoneter (used for digitally transmtted terrascope data)
di | at oneter

time trace

short period seisnoneter (often downhol e)

Experi nment al

XIHorsw>»m<

Gain (including telemetry type and dynamic range) (second letter)

hi gh gain (12-24 db attenuation for USGS sei snmomnet ers)

medi um gai n [ proposed, presently unused]

| ow gai n sei snoneter (42-48 db attenuation for USGS sei snmonet ers)
accel eronet er

very low gain (72 db attenuation for USGS sei snmoneters)

strong motion (very very |ow gain)

high gain, digital telenetry, high dynanic range

onTmzrT

Orientation (third letter; these are the same as the SEED codes)

Z vertical

E east-west

N north-south

1,2,3 non-traditional or unknown orientations

| or blank no orientation, isotropic conpenent
(dil atoneter, hydrophone, tine trace)

15



Table 3b. 3-LETTER SEED COMPONENT CODE DEFINITIONS

SEED (Standard for the Exchange of Earthquake Data) channel code definition is found in appendix A of the SEED
manual. The relevant parts of the definition are restated here. The first column of the SEED code is the band code
(sample rate and corner period), the second is the instrument type (including gain) and the third is the orientation.

Band code

Band type sample rate corner period
E extrenely short period >80 hz <10 s
S short period >10 to <80 <10
D very very short period ~500 hz
H hi gh broad band >80 >10
B broad band >10 to <80 >10
M m d period >1 to <10
L | ong period ~1
\% very |l ong period ~0.1
U ultra long period ~0.01
R extrenely | ong period ~0. 001
A adm nistrative
W  weat her
X experi nent al

Instrument code

hi gh gai n sei snonet er

| ow gain seisnmoneter (fornerly also used for SEED accel eroneters)
accel eronet er

gravi net er

mass position sei snoneter

synt hesi zed beans

tiltmeter

very short period seisnoneter (5-10 or higher hz)
nmagnet onet er

Creepneter

l'i near strainnmeter

volumetric strain

tide neter

rai nfall

wat er current

wi nd

tenperature

hum dity

pressure

bol onet er

el ectronic test point

electric potentia

calibration input X (experinental ?), J, Y unused

OOMCUO-XSOTA<UVWWTNIUBNZEOZTI

Orientation code

ZNE vertical, NS, EW

ABC triaxial (along the edges of a cube turned up on a corner)
TR transverse, radial

123 orthogonal, nontraditional or borehole

U/ opti onal

16



Table 3c. NCSN 3-LETTER COMPONENT (CHANNEL) CODES

The 3-letter USGS codes (which are sometimes abbreviated to a non-unique 1-letter) are used by NCSN. Thistable
should list all possible 3-letter USGS component codes found in the catalog in the column marked USGS. The SEED
code is the equivalent standard code for data exchange (table 3b), and isin use with some USGS stations. In general,
USGS=SEED codes are used for “digital” stations and USGS codes are for analog stations. Some channel types for
some stations are present in this table and the catal og with two different codes. Thisis equivalent to the case of
backward non-uniqueness from the SEED code to the USGS code (see footnote 1). Examples of double representation
(backward non-uniqueness) include: (1) the USGS code (like VDZ) and the newer SEED code (EHZ) can both bein
the catalog, even for the same station at different times; (2) older UCB stationsin the merged USGS-UCB catalog are
present twice (eg. WLN for the USGS version, and EHN for UCB Wood-Anderson: data can be present for one code,
the other, or both.); (3) someidentical high gain vertical stations use the SHZ code when from the UCB catalog and
VHZ when from the USGS catalog. SHZ normally refersto 50 sample per sec data, and may be a 20 sps decimated
version of a 100 sps VHZ station.

This messy USGS code situation was addressed in 2004. A large table of channels recorded by the USGS-Menlo Park
now has both the USGS code, the SEED code, and the 2-letter “location” code that is sometimes used to supplement
and break ties when two USGS codes trand ate to the same SEED code. The location code may appear below asa
supplement to the SEED code. This " spreadsheet” table also has time-dependent gain, response, sample rate, field
visit, decimation, sensor moves, serial numbers, digitizers, sensor and digitizer sensitivity information for every
channel for every epoch. Tables also rename specific channelsto avoid errors and duplicating codes. As of Oct 2004,
seismograms have been renamed to SEED compatible channel and location codes, but the catalog of picks and
locations has not.

1 USGS SEED
USGS vel ocity seisnoneter stations:

\% VHZ EHZ! vertical high gain velocity (0-30 db attenuation, gen. 12 or 18)
z VLZ ELZ wvertical |ow gain " (36-48 db attenuation, gen. 48)
E VLE ELE east horizontal " (36-48 db attenuation, gen. 42)
N VLN ELN north horizontal " "

E VHE EHE' east horiz high gain velocity (0-30 db attenuation, seldom used)
N VHN EHN' north horiz high gain velocity (0-30 db atten, seldom used)
\Y EHZ EHZ! high gain, digital station (CREST, ANSS)

F VFZ EHzZ-10' very low gain velocity vertical (54-80 db atten., gen. 72)
G VFN ELN " north "

H VFE ELE! " east "

u VDZ EHzZY2hi gain seis., digital (DST), vertical

W VDN EHN*®hi gain seis., digital (DST), north

X VDE EHE?>®hi gain seis., digital (DST), east

U EHZ EHZ hi gain seisnometer, digital (Nanonetrics, K2), vertical

W EHN EHN hi gain seisnmoneter, digital (Nanonetrics, K2), north

X EHE EHE hi gain seisnonmeter, digital (Nanonetrics, K2), east

W VDN EP22°3hi gain seisnmoneter in borehole with unknown orientation

X VDE EP3%2hi gain seisnoneter in borehole with unknown orientation

W EP2 EP2 hi gain seisnmonmeter in borehole with unknown orientation

X EP3 EP3 hi gain seisnoneter in borehole with unknown orientation

D VL1 EL1 additional rotated velocity horizontal (rare)

o] VL2 EL2 "

Accel eroneters

I ADZ HNzY'%3vert force-bal ance-accel., digital DST (2.0g vv | ow gain)

J ADN  HNN“23 north " "

K ADE HNE' %3 east " "

I ADZ HN1%3vert borehole FBA digital

J ADN HN22 2 porehol e FBA, digital, unknown orientation

K ADE HN32 2 borehol e FBA, digital, unknown orientation

I

HN1 HN1 vert borehole FBA, digital
17



HN2 HN2 borehole FBA, digital, unknown orientation
HN3 HN3 borehole FBA, digital, unknown orientation

N &

ASZ HNZ' vert force-bal ance-accel. (2.0g v. v. |low gain), analog
ASN  HNN! north ) "

ASE HNE! east ) "

AFZ HLZ wvert " (0.2g very | ow gain)

AFN HLN north " "

AFE HLE east " "

OW>» X« —

HLZ HNZ? vert Episensor accel., digital system old L code

HLN HNN? north " "

HLE HNE? east ; "

HNZ HNZ vert Episensor accel., digital system correct N code
HNN HNN north " "

HNE HNE east " "

XU —xX G —

BLZ BNz vert Episensor acceleroneter, 50 sps, old L code
BLN BNN north " "

BLE BNE east " "

BNZ BNZ vert Episensor acceleroneter, 50 sps, correct N code
BNN BNN north " "

BNE BNE east " "

Xu—xXG—

Br oadband vel ocity stations (generally al so have accel eroneters)

HHZ HHZ vert broad band (CGural p, Nanonet., Reftek, Kinenetrics, 100 sps)
HHN HHN north " "

HHE HHE east " "

BHZ BHZ vert broad band (CGural p, 50 sanpl es/sec)

BHN BHN north " "

BHE BHE east " "

OO, WNPE

Q

her USGS channel s

T AT time code (CUSP recording)

P DDI  HV1? dilatoneter, digital telemetry (gain 1), isotropic orientation
P Hv1 HvV1 dilatometer, digital telenetry (gain 1)

P DSI HV1-40' dilatoneter (gain 1)

Q DFI  Hv1-20?! " (gain 12)

R DLI  Hvi! " (gai n 50)

S DH  Hvi-10?! " (gai n 200)

T

uc

Ber kel ey WA stations, USGS conpatible anplitudes fromthe cal net catal og:
W.N EHN' NS Whod- Ander son torS|on (2100X - 2800X)
WE EHE'! EW Wod- Ander son
WN ELN' NS | o-gain torsion (BKY 700X, CI T 100X)
WFE ELE' EWlo-gain torsion (BKY 700X, C T 100X)

der UC Berkel ey stations, UCB data:
EHN EHN! NS Wbod- Ander son torS|on (2100X - 2800X)
EHE EHE! EW Wod- Ander son

SHZ SHZ Vert WIllnmore MK |11, Benioff or other
ELN ELN! NS | o-gain torsion (BKY 700X, CI T 100X)
ELE ELE! EWIlo-gain torsion (BKY 700X, CI T 100X)

< X< SrQ <XZr

The following codes are for the Caltech Terrascope or Berkel ey BDSN stations:
This constitutes a standard set present at every UCB BDSN station.

HHZ HHZ vert very broad band (anal og telem, CUSP recording, 100 sps)
HHN HHN® north "

HHE HHE® east " "

BHZ BHzZ vert very broad band (Streckeisen STS-2/VBB, 20 sanpl es/sec)

A WNPE
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BHN BHN north " "
BHE BHE east " "
LHZ LHZ vert I ong period (Streckei sen STS-2/UVBB, 1 sanpl e/ sec)
LHN LHN north " "
LHE LHE east " "

©O©0o~NO O

HLZ HNZ vert FBA-23 acceleroneter, 80 or 100 sps, old L code
HLN HNN® north " "

HLE HNE® east " "

HNZ HNZ vert FBA-23 acceleroneter, 80 or 100 sps, correct N code
HNN HNN north " "

HNE HNE east " "

AT XR@e ™

BERKELEY SEED USAGE
(-) indicates sel dom used codes
The foll owi ng channel s use SEED codes, USGS Menl o Park uses only SEED codes:

Wbod- Ander son response stations:

---  EHN,® EHE: Wod- Anderson anal og (2800X, 0.8 s) (pre 1994)

--- ELN,® ELE: Lowgain Torsion (100X or 700 max, paper records)

--- BHN, BHE: Wbod- Anderson synthetic (0.8 s); High-gain Torsion (14 000 max)
---  HHN, ® HHE: Wod- Anderson synthetic (0.8 s); High-gain Torsion (14 000 max)
--- HLN, ® HLE: Wod- Anderson synthetic (0.8 s); High-gain Torsion (14 000 max)

Broad band BDSN st ations:

HHzZ, HHN, HHE: 80 or 100 sps Streckeisen STS-2/VBB, STS-1/UvBB, Cural p CMG 40T,
or Tel edyne Geotech 8700, SL-210 or SL-220

BHz, BHN, BHE: 20 sps Streckeisen STS-2/VBB, STS-1/UVBB, or Guralp CMz 40T

LHZ, LHN, LHE: 1 sps Streckei sen STS-1/UVBB or STS-2/ VBB,
Tel edyne Geotech SL-210 or SL-200, Guralp CM& 3 or
Streckei sen STS-1/ UvBB ( C\VB)

Force bal ence accel eroneters:

HLZ, HLN, HLE: 80 or 100 sps Kinenetrics FBA-23

CL1, CL2, CL3: WIlcoxin borehole accel eroneter, 500 sps, rotated horizontals
HL1, HL2, HL3: W] coxin borehole accel eroneter, 100 sps, rotated horizontals
BL1, BL2, BL3: W/ coxin borehole accel eronmeter, 20 sps, rotated horizontals
BLZ, BLN, BLE: 20 or 50 sps Kinenmetrics FBA-23 (-)

LLZ 1 sps Kinenetrics FBA-23 (-)

HNZ, HNN, HNE: 80 or 100 sps Kinenetrics FBA-23

CN1, CN2, CN3: W/ coxin borehol e accel eroneter, 500 sps, rotated horizontals
HN1, HN2, HN3: W/ coxin borehole accel eroneter, 100 sps, rotated horizontals
BN1, BN2, BN3: W/ coxin borehole accel eroneter, 20 sps, rotated horizontals
BNZ, BNN, BNE: 20 or 50 sps Kinenetrics FBA-23 (-)

LNz 1 sps Kinenetrics FBA-23 (-)

Codes used occasionally, for exanple at the BKS vault or special stations:
BHR, BHT: 20 sps Streckei sen STS-1/UVBB
LHR, LHT: 1 sps Streckeisen STS-1/UvBB (360 sec) or STS-1/VBB (300 sec)
VHZ, VHN, VHE: 0.1 sps very |long period channe
UHZ, UHN, UHE: 0.01 sps ultra long period channe
MHZ, MHN, MHE: DWBSN station at CvB, Guralp CMG 3

O der codes used at the BKS vault:
l=vertical, 2,3=sonetinmes 45 degree rotated, sonetimes norma
hori zontal s

EH2, EH3: Wbod- Anderson synthetic (0.8 s); High-gain Torsion (14 000 max)

BH1, BH2, BH3: 20 sps Sprengnether S-5100 ULPV Broadband

HH1, HH2, HH3: 100 sps Sprengnether S-5100 ULPV Filtered Di spl acenent

LH1, LH2, LH3: 1 sps Sprengnether S-5100 ULPV Broadband

UH1, UH2, UH3: 0.01 sps Sprengnether S-5100 ULPV ultra | ong period, anal og
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LHZ . Press-BEwing (15.0 s) (at BRK before 1995)

O her digital stations:
DP1 DpP2, DP3: Borehol e geophone, 500 sps
EP1, EP2, EP3: Borehol e geophone, 100 sps (-)

A der anal og stations:

SHZ or SH1,2,3: 50 sps Wllnmore MK 1, Benioff 100 kg (0.8 s) or 14.7 kg,
Geotech S-13 or GS-13, Filtered Geotech 7507 or
Mar k Products L-4C

CALTECH SEED USAGE FOR TERRASCOPE STATI ONS:

HHzZ, HHN, HHE: 100 sps, Streckeisen, analog telemetry, CUSP recording
BHz, BHN, BHE: 20 sps Streckeisen STS-2/VBB, digital telenetry

HLZ, HLN, HLE: 100 sps |low gain

ELZ, ELN, ELE: 100 sps Kinenetrics FBA-23

EHzZ, EHN, EHE:

LHZ, LHN, LHE:

BLZ, BLN, BLE:

UNI VERSI TY OF NEVADA RENO SEED USAGE:
SHN, SHE: Tel edyne CGeotech SL-210 & SL-220
HHzZ, HHN, HHE: 100 sps Tel edyne Geotech SL-210 & SL-220

Notes:

! No uniqueness backward. Both the VHZ code for analog, low dynamic range stations and VDZ code for high
dynamic range (DST or Nanometrics) digital stations map into the same EHZ SEED code. This meansthat once
the mapping to SEED codes takes place, that any differences must be handled on a station-by-station basis. For
example, coda durations from VDZ stations before 8/18/2000 are corrupted, and it will no longer be possible to use
the component code to mark these as unusable. Similarly, both the analog ASZ accelerometers and the digital ADZ
accelerometers become the SEED code HNZ.

Some stations, like older UCB Wood-Anderson stations, are referred to by the USGS code WLN if the source was
the NCSN catalog, and EHN if the source was UCB. Data can be present for either version of the station or both.

2 Rename. In September 2000 the existing Nanometrics and Kinemetrics-2 digital stations were “renamed” by using
new component codes to label them as they were recorded. The rename did not occur by overwriting older, archived
data, but that was expected to happen sometime in the future. Both old and new codes are required to completely
support these stations. This rename was to bring the codesinto SEED compliance, and sometimes to distinguish
them from analog stations in the processing.

% No uniqueness forward. Note that the mapping from NCSN to SEED code is not unique, and that the same NCSN
code can be used for stations of different typesthat have different SEED codes.

Table 4. STATION OR PHASE REMARK CODES

(These codes are not universally applied to all phases; _ stands for a blank space).

1-l et-code Meaning Oiginal 3-letter codes
A Cal i bration card CAL

B Coda read to backgrd. BGC BGK BCK

C d i pped CLP QWX

D Dead trace DED OQUT NNE DWK _NE NE_ NE
E Emer gent VWE

F F-P uncertain FPQ FP?

G Guessed tine GES @QUS EST

M Max anplitude read MAX  MX_

N Noi sy trace NO NSE NOY NOE

P Amplitude is of P wave PMX

S Spi ky trace SPI SPK
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T Cross-tal k
W Weak si gnal

Table 5. 1-LETTER REGION CODE

_CF CF_ CF?
WEK WKE WK

CFQ

(First letter of N.Calif. USGS stations. Regions in parentheses are not used in the norma USGS code convention, but

were devised for Southern California).

Auburn region

San Juan Bautista region
Cal averas region

Mbj ave desert

(El'sinore fault region)
(San Fernando and Los Angel es basi ns)
Geysers region

Hol I'i ster region

(I'nperial valley)

San Jose region

Kl amat h nountai n region
Lassen and Shasta region
Mel ones and Mammot h regi ons

SrXCe " IEOTMMOoOO®>
N<Xs<CHwIuoUvOoZ

Napa Val | ey region
Ooville region

Par kfiel d region
(Sout hern Nevada)

(Ri versi de region)
Sant a Barbara region
(Tej on pass region)
(Northern Nevada (UNR net))
Oregon

Wal ker pass region
(Mexi co)

Table 6. 2-LETTER PORTABLE NET CODES

The 4-letter station code for portables generally consists of the 2-letter net code, a 1-digit number or letter (number of
the station within the portable deployment), and the |etter 'P' for portable. The catalog does not have data from a few of
the portable deployments listed below. USGS Menlo portable deployments starting in 1998 may use an IRIS-assigned
XL asthe net code and may not follow any standard portable site-code naming.

Regi on or nane Dat es Oper at or
BA, BB, BC, BD, BE, BF, BL & BM
Bear Vall ey 7/ 74-1/ 75 USGS 10- day
Bl  Bi shop 1978
CA Long Valley Cal dera 3/ 84 USGS
CH Chalfant Valley 7/ 86 USGS
CL Long Valley 6-9/81 CDMG
CO Coalinga 5-9/83 USGS
CP Coal i nga GECS 5/ 83 USGS digital GECS
CS Coso Hot Springs 5-6/77 USGS Centi pede
DA, DB, DD, DE, DF, DG DH D, DJ, DK, DL, DM DS:
Dry Lake centipede (BV) 9-11/78 USGS
DC Dos Cuadras Ocean Bot. 12/75-1/76 USGS OBS
DU Durwood Meadows 10-11/83 USGS 5- day
EU Eureka & Cape Mendocino 11-12/80 USGS
CE Ceysers 8-12/81 USGS
HP Bear Valley 7-9/ 67 USGS
JA Long Vall ey 1/ 83 USGS
KE Kettleman Hills 8/ 85 USGS
LA Lassen Park 7-10/ 80 USGS 5- day
LI Livernore 1-2/80 LLL
MC Mono Craters 7-8/82 USGS
MD Mount Diabl o 6-7/70 USGS
MH Morgan H Il GECS 4-5/ 84 USGS di gital GECS
M  Morgan H Il 5-day 4-5/84 USGS
M. Mammot h Lakes 5-6/ 80 USGS
MM " " " Cal t ech
VN " " " UNR
MO " " " USGS digital GECS
vP " " 78- 82 CDMG
MR Mammot h Mount ai n 6/23-27/89 USGS - GECS
MR Manmot h 8/ 82 USGS
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NB North Bay area 12/03-12/04 USGS, Jack Boatwi ght

OR QOoville 8/ 75-76 DWR
ow " 8/ 75 Whodwar d C yde
PB Poi nt Buchon 12/ 80-5/81 USGS
PK Parkfield

PM Poi nt Mugu 2-4/73 USGS
RO Rocklin 6/ 78 CDMG
RV Round Val | ey 11/ 84 USGS
SA San Andreas 1-5/70 USGS
SB San Juan Bauti sta 5-6/81 USGS
SC Santa Cruz Mns. 9/ 67 USGS
SH Shasta 8/ 78 USGS
SP Shasta (Stevens Pass) 8/ 78 USGS
SR Santa Rosa 10/ 69 USGS
ST Shasta (tennant) 1/81 USGS
SU Point Sur 1-2/ 84 USGS
UA UNR Manmot h 10/ 78 UNR
UB UNR Manmot h 10-11/79 UNR
UD UNR Round Val |l ey 11/ 84 UNR
UE UNR Chal fant Valley 7/ 86 UNR
UF  UNR Manmot h 5/ 82 UNR
UO Union G I, Mdicine Lake 8/ 84 Uni on O |

(XL) Santa Clara Valley Experinent, 6-11/1998, USGS

Table 7. REGIONS BY 3-LETTER CODE

(Regions labeled with '%" are aggregates of smaller regions and should not appear on the summary cards.)

Code Nane regi on number
ALM Lake Al manor 58
ALU Al um Rock 21
ANN  Anno Nuevo 34
AUB Auburn 60
BAK Bakersfield 75
BAR Bartlett Springs Fault 49
BIT Bitterwater Valley 12
BLM Bl ack Mountain 2
BRC Basin & Range Calif % 64
BUS Busch Fault 5
BVL Bear Valley 11
CAS Casa Diablo Mn. (VOr) 95
CHA Chal k Bluffs (VOT) 97
CHV Chal fant Valley (BRC 79
COA Coalinga 31
CON Concord Fault 18
COs Coso Range (BRO) 81
CRV Ciervo Hlls 30
CYN Coyote North 23
CYS Coyote South 24
DAN Danville 19
DEL Del Norte 52
DEV Death Valley (BRC) 85
DOM Resurgent Dome (LVC) 91
EMO East Moat (LVCQ) 89
EUR Eureka 51
GAR Garlock Fault 83
CEY GCeysers 43
GLA dass Mn. (MOB) 77
GOL CGold HIl 15

GRN Geenville Fault 26



GvL
HAM
HAY

I NC
| W/
JON
KAl

KLA
KON
LAS

LVvC

MAM
MAR

£30PBRGoD0

NEV
NMO
ORE

PAI

PAN
PAR
PI' N
PON
PGOS

QI

RSM
RVL

SAC
SAL

SAR
SBA
SCA
SCv
SFB
SFL

SFP
SHA
SHE
SIL

SIM
SJB
SLA
SMO
SSM
STN

Green Val l ey Fault

M. Hamlton

Haywar d Faul t

Hlton Crk. FIt. (LVC
Hol | i ster

Inyo Craters (LVC)

Indian Wlls Val. (BRC

San Joaqui n Vall ey
Kai ser Peak

Kl amat h Mount ai ns
Konocti Bay
Lassen

Loma Prieta

Long Val l ey Cal dera %
Maacama Faul t
Mammot h M n. (LVC)
Marin

Mono Cal dera (MOB)
Mendoci no Escar pnment
M ddl e Mountain

M ssion Faul t

Mono Basin %
Modoc Pl at eau

Mono Lake ( MOB)
Mont er ey Bay

M. Morrison (RSM
West Napa Faul t
Nevada

North Moat (LVC)
Oregon

Ooville
Otigaleta Fault
Onens Val l ey (BRC)
Pai ci nes

Panoche Pass

Poi nt Arena

Pi nnacl es

Paci fic Ccean N
Pacific Ccean S
Qui ensabe

Paso Robl es

Rogers Creek Fault
Red Slate Muntain %
Round Val | ey (VOT)
Sacramento Val |l ey
Sal i nas Vall ey

Sar gent Faul t
Sant a Barbara

Sout hern Calif.
Santa Clara Valley
South S.F. Bay

San Feli pe
S.F. Peninsula
Shast a

Sherwi n Lakes (RSM
Silver Peak (RSM
Si nml er

San Juan Bautista
Sl ack Canyon

Sout h Moat (LVQ)
San Si meon

St one Canyon

46
27
16
93

86
82

65
55
44
57

66
48
92
41
74
50
14
17
63
72
78
35
98
45
73
88
71
59
28
84
10
29
47

70
103
25
38
42
68
96
53
36

94
69
33
32
22

56
99
100
40

13
90
39

23



SUN Sunol 20

SUR Big Sur (Hosgri Fault) 37
VOT Vol cani ¢ Tabl el and % 67
WAK \Wal ker Lane 62

WCN  Wheel er Crest No. (RSM 101
WCS \Wheel er Crest So. (RSM 102

VWH  White Muuntains (BRC 80
WO West Moat (LVCO) 87
VWAWF VWhite Wl f Fal ut 76
YOS Yosemte 61

Table 8. MULTIPLE VELOCITY MODELS

Different crustal models and station delay sets are used for regions in Northern California. Events falling between
regions will use a combination of 2 or 3 models. Two regions have different models for either side of the San Andreas
Fault. An event in a dual-model region uses separate models for stations on different sides of the fault regardless of
which side of the fault the epicenter is on. The Loma Prieta region uses model LOM for stations on the west (Pacific)
side and model LON for stations on the east (North American) side. The code LOM labels all events that use these two
models. The Bear Valley region uses model GAB for stations on the Gabilan (west) side and model DIA for stations on
the Diablo (east) side. The three Parkfield areas use identical models but slightly different sets of station delays.

Similarly, some adjacent models are paired in the sense that the models are identical. The station delays, however,
differ dlightly. These include the San Francisco peninsula north (PEN) and south (PES), and 3 Parkfield models (PGH,
PMM, and PSM).

The velocity models used by Hypoinverse for locating the NCSN catalog have linear velocity gradients within layers
and no first-order velocity discontinuities. Most models were originally homogeneous layer models, and were often
"smoothed" by replacing many velocity steps with fewer layers with gradients. This gradient approach eliminates the
artificial discontinuities of layer models, improves convergence and stability, and eliminates multiple refractions at the
same take off angle.

A description of the models and maps of the regions assigned to each model are published in The Northern California
Seismic Network Bulletin 1992 by Oppenheimer et al., USGS open file report 93-578. The report also includes a set of
station delays for each model, but these have been dightly improved by an additional iteration of removing the average
station residual from a set of earthquakes from the catalog. Stations that have moved a short distance (< 1 km) have
duplicate delays unless there is enough data for an independent delay determination. Following the next tableisalist
of the velocity-depth points of the gradient models: the actual model connects these points with gradients, and the last
velocity is the constant hal f-space velocity underlying the model. | aso list the original homogeneous layer models
specified by the depth to layer top and the constant layer vel ocity.

Code Nane Del ay Source of original nodel How
st at us derived
AUB Auburn 2 Eaton & Simrenko (OFR 80-604, 1980) testé&nodify
BAE Bartlett Spr east 2 Castillo pers. comm (1991) VELEST
BAR Bartlett Spr Fault 2 Castillo pers. comm (1991) VELEST
BAS Basin & Range 2 averaged Prodehl (Prof Pap 1034, 1979) refract
COA Coalinga 2 Eat on OFR 85-44 (1985) t est &nodi fy
CON Concord- Cal aver as 2 Klein pers. comm (1991) VELEST
COY Coyote Lake 2 Reasenberg & Ell sworth (JGR 1982) VELEST
CST Central Coast 2 Pol ey & Eaton pers. comm test &modi fy
DIA Diablo-Bear Valley 2 Dietz pers. comm & VELEST
(west) Wal ter & Mooney (BSSA 1982) refract
EBY East Bay (unused) 2 A son pers. comm &
El l sworth & Marks OFR (1980) VELEST
GAB Gabil an-Bear Valley 2 Dietz pers. comm & VELEST
(east) Wal ter & Mooney (BSSA 1982) refract
CGEY Geysers 2 Eberhart-Phillips & Oppenhei ner JGR ' 84 VELEST
HAY Hayward Fault 2 Klein pers. comm (1990) VELEST
LAS Lassen 2 S. Walter pers. comm VELEST
LEW M. Lew s 2 Klein pers. comm (1990) VELEST
LIV Livernore-Antioch 2 Klein pers. comm (1991) VELEST
LOM Loma Prieta (west) 2 J. Osen and M Zoback (1995) VELEST
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LON Loma Prieta (east)
Maacama Faul t

Manmot h Lakes

NNN

MAM

MAN
MEN

Maacama North
Mendoci no
Mor gan Hil |

NNDN

NBY North S.F. Bay 2
NCG
NCA
PAR
PEN
PES
PGH
PMV
PSM
PTA
SCA
SHA
SJB

N. Calif. gradient 2
N. Cal |ayer (unused)?2
Par kfield (unused)
SF Peni nsula north
SF Peni nsul a south
Park.-Gold Hill
Park.-M ddl e M n.
Park. -Si m er

Pt Arena, Ft Bragg
Sout hern Calif.
Shasta & Oregon
San Juan Bautista

NNNNNNNNDDNDN

(SIB repl aced by extended Lona Prieta nodel)

TRA Transverse Ranges 2
TRE Tres Pinos 2

WAL \Wal ker Pass 2

The status codes for the station delays are:

1 Delays are fromoriginal
2 Delays refined for

J. Osen and M Zoback (1995) VELEST
Castillo pers. comm (1991) VELEST
Ki ssling (PhD thesis 19867) & refract &
Cocker ham & Ki ssling pers. comm i nversion
Castillo pers. comm (1991) VELEST
Magee pers. comm (1991) VELEST
Cocker ham & Eat on
(USGS Bulletin 1639, 1987) VELEST
Eberhart-Phillips & Oppenhei mer
(JGR 1984) VELEST
default nodel derived from
standard NCSN, Eaton pers. comm test &modi fy
Pol ey & Eaton pers. comm test &modi fy
A son (Proc. Rec. Crus. M/nts. 19877?) VELEST
A son (Proc. Rec. Crus. M/nts. 1987?) VELEST
Pol ey & Eaton pers. comm test &modi fy
same as PGH. test &modi fy
same as PCGH t est &modi fy
Castillo pers. comm (1991) VELEST
Jones pers. conm refract?
average from Zucca et al. (JGR 1986) refract
Mot hs pers. comm VELEST
Prodehl PP-1034 (1979) refract
Dietz pers. comm & VELEST
Wal ter & Mooney (BSSA 1982) refract
Jones & Dol |l ar (BSSA 1986) test &modi fy
i nvestigator for |ayer nodel.
regi on and gradi ent nmodel from original del ays.

pr esent

Depth-Velocity points for models with linear gradients in layers

Earthquake locations are processed by Hypoinverse-2000 using linear gradient crustal models.

Code, Depth Z (km), Velocity V (km/s)

AUB Z 0.00 1.00 34.00 36.00
V 4.80 6.20 6.85 8.00
BAE Z 0.00 4.50 18.60 28.50
V 4.20 5.80 6.05 7.80
BAR Z 0.00 2.00 19.00 21.00 29.00 31.00
V 4.00 5.46 6.08 6.60 6.80 7.80
BAS Z 0.00 7.10 28.60 32.60
V 4.00 5.95 6.60 7.85
COA Z 0.00 2.20 14.00 26.00 30.00
V 2.00 4.30 6.25 6.80 7.95
CON Z 0.00 2.00 12.00 24.00 26.00
V 2.50 4.70 5.77 6.12 7.95
COy Z 0.00 1.40 5.80 10.60 24.00 26.00
V 3.80 5.30 6.12 6.37 6.59 8.00
CST Z 0.00 2.50 8.00 23.80 26.80
V 2.95 5.13 6.20 6.65 8.12
DA Z 0.00 1.50 5.80 14.40 15.60 29.00 31.00
V 2.45 4,62 5.80 6.05 6.85 7.15 7.95
GAB Z 0.00 4.00 22.50 25.50
V 3.73 6.07 6.47 7.95
GEY Z 0.00 3.00 8.0020.0022.00
V 4.10 5.47 5.75 6.02 7.90
HAY Z 0.00 3.00 9.00 24.00 26.00
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LAS

LEW

LIV

LOM

LON

MAM

MAN

MEN

NBY

PAR

PEN

PES

PGH

PMM

PSM

PTA

SCA

SHA

TRA

TRE

< NSKNINISININININISINISININIINININISINISINISINIININISINISININISINININL
NONOWOWORORONONONONONONONOROWOWOPROWOWONOWONOWOROW

70
00
00
00
18
00
27
00
00
00
53
00
93
00
52
00
00
00
50
00
60
00
10
00
70
00
25
00
40
00
40
00
25
00
25
00
25
00
00
00
80
00
10
00
10
00
70
00
. 80

CRPONONOTOUONONAONONENENONOWAWARORONWREOWANAEDNOOGONO KU

17
50
00
00
23
80
85
00
95
50
44
60
55
30
67
10
43
20
05
00
75
00
47
50
70
60
30
00
85
00
85
60
30
60
30
60
30
50
40
50
17
00
20
00
10
00
33
20

.70

. 90

6.

38

.00 29.00

6.

55

.30 24.00

5
9
6. 28
6
5

. 89

6.

40

7.98
31.00
8. 05
26. 00
7.95

14. 00 24.00 26.00
6.10 6.44 7.95
6.70 24.00 26.00
5.94 6.64 8.00
8.90 24.00 26.00
6.29 6.69 7.98
16. 60 24.00 26.00
5.96 6.80 7.80
2.80 7.00 29.00 31.00 49.00 51.00
5.53 6.03 6.28 6.51 6.85 8.00
14. 00 24.00 26.00
5.93 6.78 7.80
22.00 24.00
6.90 7.90
4.20 10.00 24.00 26.00

5.48 6.05 6

8.00 20.00 22.00
5.75 6.02 7.90
23.00 27.00

6.80 8.05

.10

11

11

.10

.10

10
80
40
. 60
. 60
10
80
.30
.73

PO OOOOHNOWOHONOONO O

=

w W
ONODOPD©"

.40 23.

6.

.10 22.

6.

.10 22.

6.

.40 23.

6.

.40 23.

6.

.40 23.

6.

26
7

31

6.

42
7
36
8

30
70
50
48
50
48
30
70
30
70
30
70
. 60
. 80
.00
85
. 50
.95
. 80
10

27.00
8. 00
24.50
8. 06
24.50
8. 06
27.00
8. 00
27.00
8.00
27.00
8. 00

33. 00
7.80

.33 7.60

5.60 14.40 16.00 28.40 30.00
5.75 6.00 6.83 7.07 7.95
36.40 38.00
7.20 7.90

Velocity & Depth for homogeneous layer models

Initially, most models were derived with homogeneous layers. Layer models are no longer used.
Code, pairs of: (Velocity (km/s), Depth to top of layer (km))

AUB 5

BAE 4.

5.99

BAR 4.

5.97

COA 2.

6. 60

.5 0.0,
0.00, 5.12 1.50, 5.76 3.50,
.50, 6.08 15.00, 6.68 20.00,
0.00, 5.54 1.50, 5.62 3.50,
.50, 6.08 15.00, 6.68 20.00,

43
12
39
12
50
15

6.

1.0,

6.8

20. 0,

8
5
7
5
6

.0 35.0

.79 5.00, 5.95 7.50, 5.97 10.00,
.76 25.00, 7.80 30.00

.65 5.00, 5.66 7.50, 5.79 10.00,
.76 25.00, 7.80 30.00

0.00, 4.30 1.50, 4.70 3.50, 5.60 7.00, 5.80 9.00, 6.30 14.00,
.50, 7.95 28.00
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CON 2.96 0.0, 3.19 1.0, 4.72 2.0,
COyYy 4.84 0.0, 5.39 1.5, 5.70 3
6.28 8.0, 6.41 10.0, 6.50 12.5
CST 3.0 0.0, 5.7 1.5, 6.23 8.0

DIA 3.50 0.00, 5.01 1.50, 5.88 5.1
EBY 3.4 0.0, 4.7 1.0, 5.20 3.0
6.8 13.0, 8.0 25.0

GAB 3.70 0.00, 5.45 1.30, 6.13 4.50, 6.36 10.00, 7.95 24.00

GEY 4.43 0.0, 5.12 1.50, 5.47 3.00, 5.58 4.25, 5.62 6.0, 5.86 8.0, 7.9 21.0
HAY 3.77 0.0, 4.64 1.0, 5.34 3.0, 5.75 6.0, 6.00 9.0, 6.22 14.0,
7.98 25.0

LAS 4.3 0.0, 5.5 2.0, 6.0 4.5, 6.17 6.0, 6.35 9.0, 8.05 30.0
LEW3.60 0.00, 5.03 1.00, 5.24 2.00, 5.66 4.00, 5.88 8.00, 5.91 10.00,
6.16 14.00, 7.95 25.00

LIV256 00 2.75 1.0, 3.56 2.0, 4.74 4.0, 5.60 7.0, 6.28 12.0,
7.95 25.0

LOM 3.36 0.00, 4.58 1.00, 5.25 2.00, 5.91 5.00, 6.13 8.00, 6.22 13.00,
6.53 18.00, 8.00 25.00

LON 3.00 0.00, 3.99 1.00, 5.57 2.00, 6.01 5.00, 6.32 8.00, 6.46 13.00,
6.58 18.00, 7.98 25.00

MAA 4.15 0.00, 4.65 1.00, 5.49 2.50, 5.57 4.00, 5.63 6.50, 5.72 8.00,
5.81 10.00, 5.86 12.00, 5.91 14.00, 6.08 16.00, 6.68 20.00, 7.76 25.00,
7.80 30.00

MAM 3.55 0.0, 3.57 0.5, 3.70 1.0, 5.35 2.0, 5.67 3.0, 5.90 5.0,

6.02 7.0, 6.07 10.0, 6.10 14.0, 6.18 18.0, 6.67 30.0, 8.00 50.0

MAN 4.36 0.00, 5.46 1.50, 5.60 3.50, 5.63 5.00, 5.66 7.50, 5.78 10.00,
6.00 12.50, 6.21 15.00, 6.68 20.00, 7.76 25.00, 7.80 30.00

MEN 3.90 0.00, 5.10 3.00, 5.51 6.00, 5.95 12.00, 6.78 18.00, 7.60 24.00,
7.83 27.00, 7.903 0.00

MOR 3.67 0.00, 4.80 0.50, 5.27 2.00, 5.76 4.20, 6.05 10.00, 6.20 14.00,
7.60 25.00

NBY 4.43 0.0, 5.12 1.5, 5.47 3.0, 5.58 4.25, 5.62 6.0, 5.86 8.0, 7.9 21.0
NCA 4.00 0.00, 5.90 3.50, 6.80 15.00, 8.05 25.00

PAR 1.42 0.00, 3.24 0.25, 4.82 1.50, 5.36 2.50, 5.60 3.50, 5.87 6.00,
6.15 9.00, 6.60 15.00, 8.00 25.00

PEN 2.94 0.00, 4.21 1.00, 5.20 2.00, 5.93 5.00, 6.16 8.00, 6.25 11.00,
6.30 14.00, 6.35 17.00, 8.06 23.50

PGH sanme as PAR

PMM sane as PAR

PSM sane as PAR

PTA 4.40 0.00, 5.30 1.50, 5.56 3.50, 5.66 5.00, 5.67 7.50, 5.68 10.00,
5.85 12.50, 6.08 15.00, 6.68 20.00, 7.76 25.00, 7.80 30.00

SCA 5.5 0.0, 6.3 5.5, 6.7 16., 7.8 32.

SHA same as LAS

SJB 3.483 0.0, 4.426 0.5, 5.101 1.0, 5.676 3.0, 5.897 5.0, 6.140 7.0
6.212 9.0, 6.284 11.0, 6.412 13.0, 6.435 15.0, 6.812 18.0, 8.0 25.0

TRA sane as SCA

TRE 3.57 0.00, 5.35 1.50, 5.83 5.10, 6.86 15.00, 7.95 29.00

WAL 3.5 0.0, 5.8 1.0, 6.2 8.0, 6.9 22.0, 7.9 36.0

.95 4.0, 5.51 7.0, 5.96 12.0, 7.95 25.0
, 5.89 4.25, 6.13 5.5, 6.20 6.75,

0

.43 12.33, 8.12 25.33

, 6.91 15.00, 7.95 29.00

6 5.0 57 7.0, 5.8 9.0, 6.0 11.0,

Table 9. WEIGHT CODES FOR TIMES, AMPLITUDES & DURATIONS

P & Stimeweights. The weight codeis assigned by the analyst and is trandated into an applied numerical weight
used in the location. The actual weight used in hypoinverse is this applied weight, multiplied by the distance weight
times the residual weight. The latter two weights start at 1.0 and decrease to 0.0 for very distant and very high residual
stations. The resulting weight is normalized (and can thus exceed 1.0), used in the inversion, and then output as the
"weight used”. The "weight used" shows the relative influence of different picks on the solution.

The subjective error is the one the analyst envisions when assigning the weight code. The formal numerical error isthe
standard timing error (a constant for all earthquakes) divided by the applied weight. The formal error only influences
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the location errorslike erh and erz. The standard timing error is subjectively set and is presently 0.10 sec. Itisused to
scale the covariance matrix and is the net result of all unmodeled timing errors such as reading error and the deviation
of the real earth from the assumed crustal model.

code applied subjective fornal
wei ght error, sec error sec

0 1.0 0.02 0.10
1 0.5 0.10 0. 20
2 0.2 0. 20 0. 50
3 0.1 0.30 1.00
4-9 0.0 - -

Amplitude and duration magnitude weight codes. The applied weights are used in the calculation of the weighted
median event magnitude. Each station magnitude is computed individually and then sorted into increasing order. The
weighted median magnitude is the magnitude corresponding to the point in the sorted list which has accumulated

half of the total weight of al readings.

code appl i ed
wei ght
1.00
0.75
0.50
0.25
-9 0.00

A WNEFLO
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