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1. INTRODUCTION

HYP071 is a computer program for determining hypocenter, magnitude, 

and first motion pattern of local earthquakes. The original program 

was dated December 21, 1971, and a user's manual was released as an 

open-file report of the U.S. Geological Survey on March 30, 1972 (Lee 

and Lahr, 1972). In order to generalize HYP071 for worldwide usage and 

to correct a few programming "bugs", the program HYP071 was revised on 

November 25, 1973, and a note on "Revisions of HYP071" was released on 

January 30, 1974. Now that all reprints of the original HYPO71 manual 

have been exhausted, we take this opportunity to release a revised and 

updated HYP071 manual. For simplicity, HYP071 (Revised) will be referred 

to as HYPO71.

Because this report is intended as a manual for HYP071 users, 

emphasis has been placed upon how to use the program. Our experience 

indicates that locating local earthquakes accurately requires consider­ 

able efforts. One must have accurate station coordinates (better than 

+0.1 km if possible), a reasonable crustal structure model (from con­ 

trolled explosions), and reliable P and S arrivals. Naturally no computer 

program will give correct answers if the input data contain errors, so 

careful checking is essential before HYP071 is run. One should also 

remember that small residuals and standard errors are NOT sufficient to 

guarantee accurate hypocenter solution.

HYP071 is designed to catch some common mistakes in the input data, 

but this should not be counted on to find all of the errors. HYP071 

also provides an assessment of the quality of the hypocenter solution
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(see p. 26 ) and much other information. Users are urged to study the 

output carefully. We wish to emphasize that values for "TEST VARIABLES" 

(see p. 7 ) must be carefully chosen for a given application because 

they influence how the program goes about locating the earthquakes. The 

standard values in the program were developed for the large and closely 

spaced network of seismic stations in central California (with over 100 

stations and station separation usually less than 10 kilometers).

HYP071 differs from HYPOLAYR (Eaton, 1969) and its revised version 

HYPOMAG in its scope and design, except that a similar subroutine is used 

to calculate traveltimes and their derivatives. Although major results 

of HYPOLAYR (or HYPOMAG) could be reproduced with HYP071, several addi­ 

tional features are available in HYPO71 to streamline routine data 

processing. Several schemes of detecting errors in input data are used 

to prevent erroneous solutions and premature termination. Options to 

make first-motion plots, calculate duration magnitudes, map residual 

minima, and compute more realistic traveltimes are now available.

Comments and criticisms of HYP071 from users are welcome so that 

further improvements can be made. Users are urged to write or call 

Willie Lee (415-323-8111, Ext. 2630) should any problem occur in using 

HYP071.
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2. HOW TO USE HYPO71

The HYP071 program is available in two versions: one for the 

IBM 360 or 370 computer in EBCDIC punched code, and the other for 

the CDC 6600 or 7600 computer in BCD punched code. It is written 

in FORTRAN IV language and has been successfully executed under the 

FORTRAN H compiler for IBM computers or under the MNF (University 

of Minnesota FORTRAN ) compiler for CDC computers. The program 

requires approximately 150,000 bytes (or 37,500 words) of core storage 

for execution. Section 2.4 will describe how to adapt HYP071 to your 

computer, especially when the available core storage is less than what 

is required. A listing of HYP071 is given in Appendix 1 (p.45-86).

If HYP071 is to be used routinely, a load module should be created 

and stored on disk. Since compilation and link-editing are not needed 

to execute a load module, considerable savings in computer time is 

achieved (about 2 minutes per run on an IBM 360/65 computer). In the 

following two sections, a step-by-step description of how to use the 

load module of HYPO71 is presented. A listing of a test run for IBM 360 

or 370 computers is illustrated in Appendix 2 (p.87-89). 

2.1 Input Card Deck Setup.

To execute the load module of HYP071 the following input card deck 

setup is required:

(1) Job card

(2) Job control cards

(3) Input data cards

(4) End card
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Because "Input Data Cards" are independent of the computer facility, 

they will be treated in detail in Section 2.2. For NCER users, a 

load module of HYP071 has been stored on (1) USGS Computer Center at 

Reston, (2) Stanford Computation Center at Stanford University, and 

(3) Computing Facility at Lawrence Berkeley Laboratory. The input card 

deck setup for the Reston computer is illustrated in Appendix 2 (p.87-89) 

The deck setup for the Stanford computer is as follows:

----- JOB CARD FOR STANFORD IBM 360/67 COMPUTER - - -  
//HYPO EXEC PGMsHYP071
//STEPLIB DO OSNaC89b.LEEfUNIT=2314fDISP*OLD»VOL=SERs5YS10
//FT06F001 00 SYSOUT=A
//FT07F001 DO SYSOUT=B
//FT05F001 OD *
. . . - - INPUT DATA CARDS FOR HYP071 - - - - -

The deck setup for the LBL computer (BKY) is as follows:

----- JOB CARD FOR BKY coc 7600 COMPUTER - - - - -
LIBCOPY(UPGEO»BIN/BRtRHP71)
LINKtBtF*BIN,
LGOBtLCsZOOOO. (NOTE! LCsMAXIMUM NUMBER OF OUTPUT LINES)
EXIT.
7/8/9 CARD (NOTE* MULTIPLE PUNCH OF 7t8t& 9 AT COLUMN 1)
..... INPUT DATA CARDS FOR HYP071 -----
6/7/8/9 CARD (NOTEl THIS IS THE BKY END OF JOB CARD)

2.1-1. Job Card. This card must be prepared according to the computer 

facility used. One should normally allow 1 second computer time 

(IBM 360/65) and 100 lines printout for each earthquake. In addition, 

5 seconds and 500 lines should be allowed for overhead. The actual 

computer time and printout depend, of course, on the options chosen and 

on the amount of data for each earthquake.
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Job Control Cards. These cards depend on the computer facility 

used and how the load module is stored. Examples for IBM and CDC computers 

are shown in Section 2.1 above.

2.2. Input Data Cards.

These cards contain the input data for HYP071, and are 

set up as described below. A quick reference guide for variable names 

and formats of the input data is given in Figure 1. To denote a blank 

punch in the text, we use ..

Item Maximum 
Number 
of cards

(1) Heading card 1

(2) Reset list 13

(3) Selection card 1

(4) Station list 150

(5) Blank card 1

(6) Crustal model list 20

(7) Blank card 1

(8) Control card 1

(9) Phase list 100

(10) Instruction card 1

(11) Additional instruction list

(12) Recycle card

Remarks

optional 

optional

to signal end of (4)

to signal end of (6)

repeated for each quake

optional 

optional

Page

5

7

9

9

12

12

12

12

15

17

17

18

2.2-1 Heading Card. This card is optional and is used to write a 

heading above each earthquake in the output. Punch HEAD in columns 1 

to 4, and the heading in columns 26 to 74.
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2.2-2 Reset List. This list is optional and may contain any number

of cards up to a maximum of 13. The purpose of this list is to reset 

values of the test variables used in the program. The standard values 

(initiated by the program) are appropriate for earthquakes recorded by the 

USGS California Network of stations. Careful consideration should be 

given to their definitions and the values appropriate to a given set of 

data before this program is used.

An example of a reset card is:

RESET TEST(06)=0.75 starting at column 1. The subscript of the test 

variable must be punched in columns 12 and 13, and the value of the test 

variable must be punched in F-format in columns 16 to 25. Definitions for 

the test variables are given as follows:

DefinitionTest 
Variable

TEST(Ol)

Standard 
Value

0.1 sec

TEST(02) 10 km

TEST(03)

TEST(Ol) is the cutoff value for 
RMS below which Jeffreys' weighting 
of residuals is not used. It should 
be set to a value approximately 
equal to the overall timing accuracy 
of P-arrivals in seconds.*

For each iteration step, if the epi- 
central adjustment >_ TEST(02), this 
step is recalculated without focal- 
depth adjustment. TEST(02) should 
be set to a value approximately equal 
to station spacing in kilometers.

Critical F-value for the stepwise 
multiple regression (Draper and Smith, 
1966). TEST(03) should be set accord­ 
ing to the number and quality of P- 
and S-arrivals. A value between 0.5 
and 2 is recommended. If TEST(03) = 0. , 
a simple multiple regression is 
performed regardless of whether the 
matrix is ill-conditioned (p.32-33).

* Jeffreys' weighting is designed to catch large arrival-time errors.
Therefore, it is useful to use it on preliminary runs. After arrival-time 
errors have been corrected, Jeffreys' weighting is not recommended, (i.e.
Reset TEST(Ol) to a large value,such as 0.5,on your final run).
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Test 
Variable

Standard 
Value

TEST(04)

TEST(05)

0.05 km

5. km

TEST(06) 4.

TEST(07) 

TEST(08) 

TEST(09)

TEST(10)

-0.87

2.00

0.0035

100 km

Definition

This is not desirable because the 
hypocenter solution may be meaning­ 
less. On the other hand, if TEST(03) 
is set to 2 or greater, then Geiger's 
iteration may be terminated pre­ 
maturely, before a good hypocenter 
is found.

If the hypocentral adjustment is less 
than TEST(04), Geiger f s iteration is 
terminated.

If the focal-depth adjustment (DZ) 
is greater than TEST(05), DZ is reset 
to DZ / (K + 1), where K = DZ / TEST(05) 
TEST(05) should be set to a value 
approximately equal to half the range 
of focal depth expected. For example, 
most earthquakes have focal depths 
between 0 and 10 km in central Cali­ 
fornia. Therefore, we use a value of 
5 km for trial focal depth (p. 12), 
and TEST(05) = 5 km.

If no significant variable is found 
in the stepwise multiple regression, 
the critical F-value, TEST(03), is 
reduced to TEST(03)/TEST(06), and the 
regression is repeated. If TEST(06) 
<L., then the regression is repeated 
to find one variable, and the adjust­ 
ment is made only if it is greater 
than TEST(06)* standard error. If 
TEST(03) is set to be less than 2, 
then TEST(06) should be set to 1.

Coefficients for calculating the 
duration magnitude (FMAG) (Lee, Bennett 
and Meagher, 1972): 
FMAG = -0.87 + 2 log(T) + 0.0035 D 
where T is signal duration in sec, and 
D is epicentral distance in km.

If the latitude or longitude adjust­ 
ment (DX or DY) is greater than 
TEST(IO), then DX is reset to DX/(J+1), 
and DY is reset to DY/(J+1), where 
J - D/TEST(10), D being the larger of 
DX or DY.
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Test Standard 
Variable Value Definition

TEST(11) 8. Maximum number of iterations in
the hypocentral adjustment.

TEST(12) 0.5 If the focal-depth adjustment (DZ)
would place the hypocenter in the 
air, then DZ is reset to DZ * -Z * 
TEST(12), where Z is the focal depth.

TEST(13) 1. km Auxiliary RMS values are optionally
calculated at ten points on a sphere 
of radius /3 * TEST(13) centered on 
the final solution. Eight of the ten 
points fall on the corners of a cube, 
with sides equal to 2 * TEST(13). If 
the solution converged to a minimum 
of RMS, then all nearby values of RMS 
will be greater. TEST(13) should be 
set to a value approximately equal to 
the standard error of hypocenter in 
kilometers. (See p. 30 for details).

2.2-3 Selection Card. In HYP071, travel time from a trial hypocenter 

to a station is calculated from a given crustal model consisting of multiple 

horizontal layers. Each layer is specified by a P-velocity and the depth to
*

the top of the layer. Additional complexity in crustal structure may be 

modeled in two ways:

a) Station Delay Model. The selection card is a blank, and the station 

delay is simply added to the calculated travel time for each station.

b) Variable First-Layer Model. The selection card has a 1 punched in 

Column 1. To account for different travel paths, the station delay at a 

given station is converted to an equivalent first-layer thickness. This 

then alters the crustal structure under this station. In other words, all 

stations have slightly different crustal structure: the P-velocities are 

the same, but the layer thickness of the first and second layers differ 

from station to station. In addition, two delays may be assigned to a 

given station corresponding to different earthquake source regions. 

2.2-4 Station List. For each seismograph station, a station card must

- 9 -



be punched. Use Station Format No. 1 for the Station Delay Model, and 

Station Format No. 2 for the Variable First-Layer Model. A maximum of 

150 station cards is allowed in the program.

Column

2

3-6

7-8

9-13

14

15-17

18-22

23

24-27

29-33

38-42

45-49

51

Name

IW

NSTA

LAT1

LAT2
INS*

LON1

LON2

IEW *

IELV

DLY

FMGC

XMGC

KLAS

Format

Al

A4

12

F5.2

Al

13

F5.2

Al

14

F5.2

F5.2

F5.2

11

Station Format No. 1 (for Station Delay Model)

Explanation

If IW - *, then this station has 
zero weight assighed to its P 
and/or S reading(s).

Station name

Degree portion of latitude

Minute portion of latitude

Punch N or leave this column blank 
for stations in northern hemis­ 
phere. Punch S for stations in 
southern hemisphere.

Degree portion of longitude 

Minute portion of longitude

Punch E for eastern longitude. 
Punch W or leave this column 
blank for western longitude

Elevation in meters. This data 
is not used in the program

Station delay in seconds 

Station correction for FMAG 

Station correction for XMAG

System number is assigned for 
each station so that the fre­ 
quency response curve of the 
seismometer and preamp is speci­ 
fied for the amplitude magnitude 
calculation (XMAG)

Examples

Normally blank

SBSM or MOB
A

37

15.72

* INS and IEW must hg the same for all stations.

- 10 -

N or S

121

30.45

E or W

1250 or 50
AA

+0.20 or -0.08 

+0.25 or -0.50 

+0.25 or -0.50

0 for Wood-Anderson
1 for NCER Standard
2 for EV-17 & Develco
3 for HS-10 & Teledyne
4 for HS-10 & Develco
5 for L-4C & Develco
6 for L-4C & Teledyne
7 for L-4C replacing 
HS-10 & Develco

8 for 10-day recorders



Column

53-56

58-63

65

71-76

77-80

Name

PRR

CALR

ICAL

NDATE

NHRMN

Format

F4.2

F6.2

11

16

14

Station Format

1-4

5

6-7

9-13

14

15-17

19-23

24

25-28

34

36-40

42-46

48-52

54-58

NSTA

IW

LAT1

LAT2

INS*

LON1

LON2

IEW*

IELV

MNO

DLY1

DLY2

XMGC

FMGC

A4

Al

12

F5.2

Al

13

F5.2

Al

14

11

F5.2

F5.2

F5.2

F5.2

Explanation 

Standard period for XMAG

Standard calibration for XMAG

Calibration indicator: punch 1 
if one always wants to use the 
standard calibration; otherwise 
leave it blank

Year, month, and day

Hour and minute

No. 2 (for Variable First-Layer Model)

Station name

If IW=*, then this station has zero 
weight assigned to its P &/ S readings

Degree portion of latitude

Minute portion of latitude

Punch N or leave this column blank 
for stations in northern hemisphere. 
Punch S for stations in southern 
hemisphere

Degree portion of longitude

Minute portion of longitude

Examples 

0.15 or blank

A10.50 or blank 
A

1 or blank

710625 or blank

1224 or blank

SBSM or MOB
A

normally blank

37

15.72

N or S

121

30.45

Punch E for eastern longitude. Punch 
W or leave this column blank for western 
longitude E or W

Elevation in meters. This data is not 
used in the program.

Preferred model number. If MNO5*! and 
this station is nearest to the earth­ 
quake, then model 1 is used.

Station delay for model 1 in seconds

Station delay for model 2 in seconds

Station Correction for XMAG

Station correction for FMAG

1250 or ..50 AA

1 or 2

+0.20 or -0.08

+0.20 or -0.08

+0.25 or -0.50

+0.25 or -0.50

INS and IEW must be the same for all stations.
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Station Format No. 2 (for Variable First-Layer Model)

Column Name Format Explanation Examples

60

68

71-76 

77-80

KLAS 12

61-66 CALR F6.2

ICAL II

NDATE 16

NHKMN 14

System number (see explana­ 
tion in Station Format No. 1).

Standard calibration for XMAG .10.50 or blank
A

Calibration indicator: punch
1 if the standard calibration
is to be used; otherwise leave
it blank. 1 or blank

Tear, month and day 

Hour and minute

710625 or blank 

1224 or blank

2.2-5 Blank Card. Signals end of station list.

2.2-6 Crustal Model List. For each flat layer, a crustal model list card must 

be punched as follows:

Column Name Format Explanation

1-7 

8-14

F7.3 P-velocity in km/sec in a 
given layer

Examples

AA3 ' 5AA

D F7.3 Depth in km to the top of a AA0.00. for the
r AA Agiven layer first layer

2.2-7 Blank Card. Signals end of crustal model.

2.2-8 Control Card. This card selects some of the options in HYPO71 and must

be punched as follows:

Column Name Format Explanation Examples

I-5 ZTR F5.0

6-10 XNEAR F5.0

II-15 XFAR F5.0

Trial focal depth in km

Distance in km from 
epicenter where the 
distance weighting is 1

Distance in km from
epicenter beyond which
the distance weighting is 0

AAA5 *

AA50 -AA 

.200.
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2.2-8 Control Card   Continued

Column Name Format Explanation Examples

16-20 PCS

25 IQ

30 KMS

34-35 KFM

F5.2

II

II

12

40 IPUN II

45 IMAG II

Ratio of P-velocity to 
S-velocity

Quality class of earth­ 
quake to be included in 
the summary of residuals

Indicator to check 
missing data

Minimum number of first 
motion readings required 
before it is plotted. 
Leave it blank if no 
first motion plot is 
needed.

Indicator for punched 
cards

Method of selecting 
earthquake magnitude (MAG)

.1.78 is recommended

1 for class A
2 for A and B
3 for A, B, and C
4 for all

0 for NOT checking 
1 for checking

15 or blank

0 for no punched cards
1 for punching summary cards
2 for punching summary and 

station cards
3 for punching summary cards 
and new station list with 
revised residuals

4 for punching summary cards 
and new station list with 
revised system number and 
standard calibration.

0 for MAG » XMAG 
1 for MAG - FMAG

2 for MAG XMAG + FMAG

50 IR II Number of new system 
response curves to be 
read in. Normally leave 
it blank unless one wishes 
to override the NCER 
system response curves. 
See p. 57 (555-560), 
and p. 85-86.

blank
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2.2-8 Control Card   Continued

Column Name Format Explanation Examples

55 IPRN II

57

C 
0

58 D 
E

59

60

( KTEST II

KAZ

72-74 

76-80

LON1 

LON2

II

KSORT II

KSEL II

63-64 LAT1 12

66-70 LAT2 F5.2

13 

F5.2

Indicator for printed 
output. We recommend 
IPRN - 1

If KTEST - 1, then
auxiliary RMS values are
calculated at ten points
on a sphere centered at
the hypocenter. (see p.9).
This option will help to
determine if the solution
is at the RMS minimum. (See p.30).

0 for final solution 
and station residuals

1 for above plus one 
line each per iteration

2 for above plus station 
residuals per iteration

3 for above plus details 
from stepwise multiple 
regression

1 or blank

If KAZ « 1, then azimuthal 
weighting of stations is 
applied. See page 29.

If KSORT » 1, then the 
stations are sorted by 
distance in the output

If KSEL - 1, then printed 
output for each earthquake 
will start at a new page.

Degree portion of the trial- 
hypocenter latitude

Minute portion of the trial- 
hypocenter latitude

Degree portion of the trial- 
hypocenter longitude

Minute portion of the trial- 
hypocenter longitude

1 or blank

1 or blank

1 or blank

Note: If columns 63*80 are blank, then location of the nearest station is used 

as trial-hypocenter (with addition of 0.1 minute to both latitude and longitude
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to avoid "ARCTAN (0/0)" in calculating the azimuth between epicenter 

and station).

2.2-9 Phase list. For each seismographic station recording the earthquakes, 

a phase list card must be punched as follows. A maximum of 100 cards is 

allowed in the phase list. Examples of data forms for punching phase cards 

are shown in Appendix 5 (p. 111-113). 

Column Name Format Explanation Examples

1-4 MSTA A4

. / 
5

6

7

8

> PBMK <

Al

Al

Al

Fl.O

10-15

Station name

Description of onset of 
P-arrival

"P" to denote P-arrival

First motion direction, 
of P-arrival

Weight assigned to 
P-arrival

KDATE 16

16-17

18-19

20-24

32-36

KHR

KMIN

SEC

S

12

12

F5.2

F5.2

Year, month, and day 
of P-arrival *

Hour of P-arrival* 

Minute of P-arrival** 

Second of P-arrival 

Second of S-arrival

SBSM or

I denotes impulsive
or sharp 

E denotes emergent or
gradual

P or blank

U * Up « C * Compression
D * Down * Dilatation
+ » poor U or C
- * poor D
N « Noisy
blank "Not readable

0 or blank - Full 
weight

1 - 3/4 weight
2 - 1/2 weight
3 - 1/4 weight
4 * No weight

700105 for Jan. 5, 1970

18

32

15.25

20.10

* f KDATE f and f KHR f must have the same values for P and S arrivals for a 
given earthquake. For arrival times where f KHR f changes, the extra 
hour MUST be carried into ! KMIN f .

** For arrival times where 'KMIN 1 changes, 'KMIN 1 may be punched as it is, 
or if the same 'KMIN' is punched, carry the extra minute into 'SEC* & 'S'.
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2.2-9 Phase list.   Continued 

Column Name Format Explanation Examples

37

38

39

40

44-47 

48-50

Al

SRMK < Al 

Al

Fl.O

AMPX F4.0 

PRX F3.2

51-54 

59-62

CALP F4.1 

CALX F4.1

63-65

66-70

RMK A3

DT F5.2

Description of onset of 
S-arrival

"S" to denote S-arrival 

First motion direction

Weight assigned to 
S-arrival

Maximum peak-to-peak 
amplitude in mm

Period of the maximum 
amplitude in sec. Standard 
period (PRR) for this 
station as specified in 
the station list will be 
used if this field is 
blank.

Normally not used except 
as noted in next item.

Peak-to-peak amplitude of 
10 uv calibration signal 
in mm. If this field is 
blank, then CALX » CALP. 
If again CALX is blank, 
then the standard cali­ 
bration (CALR) for this 
station as specified in 
the station list will be 
used. If ICAL - 1 (in 
the station list for this 
station), then CALX will 
always be replaced by 
CALR.

Remark for this phase card. 
Any three characters (except 
CAL) may be used.

Time correction in sec. 
Normally not used for 
telemetered stations, 
so leave it blank.

I or E or blank

S or blank

U, or D, or -f, or 
-, or N, or b.lank

Same as that fa. 
P-arrival at 
Column 8

.24. or AA 24
A AA

.15

,5.4

Q05 or blank

blank
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2.2-9 Phase list.   Continued

Column Name Format Explanation Examples

71-75 FMP F5.0 F-P time in sec. This
is the duration time of 
earthquake. In NCER 
practice, one measures 
the time between the 
first P-arrival and that 
where the peak-to-peak 
amplitude of the seismic 
trace drops below 1 cm.

AA15,

2.2-10 Instruction Card. At the end of the phase list for each earthquake, 

one instruction card must be punched as follows. For routine runs, one 

usually chooses free solution (i.e. let the program decide what is the best

solution), so that the instruction card is simply a blank card.

Column Name Format Explanation Examples
5-8 IPRO A4 Normally IPRO - blank. If . , ,

TBnrt ** jjj^j i blank or ** A IPRO « .**., additional A A
A A

instruction card will follow
18 KNST II KNST - 0 implies do not 0, 1, 5, or 6

use S Data 
KNST - 1 Use S Data 
Add 5 if First motion 

plot is desired

19 INST II INST - 0 implies don't 0, 1, or 9
fix depth

INST - 1 fix depth 
INST - 9 fix lat, Ion,

and depth*
See 2.4-1 below

20-24 ZRES F5.2 Trial focal-depth. blank
Normally this field is 
left blank unless one 
wishes to replace ZTR 
(in the control card) 
by ZRES for this earth­ 
quake .

2.2-11 Additional Instruction List. Additional instruction cards may be 

optionally added to obtain other solutions for the same earthquake data. They 

are punched as follows:
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Column Name Format Explanation

5-8 IPRO A4 If this is the last card in the
instruction list, IPRO   blank. 
If more instruction cards follow,

18 

19

20-24

28-29

KNST 

INST

ZRES

LAT1

IPRO * **.. 
A A

11 

11

F5.2

Same as that described in 
section 2.3-10 (p. 17).

12 Degree portion of trial-h
latitude

31-35 LAT2 F5.2 Minute portion of trial-hypocenter
latitude

37-39 LON1 13 Degree portion of trial-hypocenter
longitude

41-45 LON2 F5.2 Minute portion of trial-hypocenter
longitude

2.3-12 Recycle Card. Previous items may be repeated by using a recycle

card to be punched on columns 2 to 4

Columns (2 to 4) Remarks

*** Repeat (1) to (12) by returning to (1)

$$$ Repeat (6) to (12) by returning to (6)

CCC Repeat (8) to (12) by returning to (8)

2.3 Additional Options*

Several additional options are available in HYP071, as follows:

2.3-1. All Fixed Solution. This option may be used to calculate the 

travel times to various stations for a known origin time and hypocenter 

(e.g. nuclear explosions or quarry blasts). This is achieved by specifying 

INST * 9, and an additional card must then be punched as follows:
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Column

1-5

6-10

11-15

16-20

21-25

26-30

31-35

2.3-2

Name

ORG1

ORG2

LAT1

LAT2

LON1

LON2

Z

Use of

Format

F5.0

F5.2

15

F5.2

15

F5.2

F5.2

S-Arrivals

Explanation

Minute portion of origin time 

Second portion of origin time

Degree portion of latitude of 
hypocenter

Minute portion of latitude of 
hypocenter.

Degree portion of longitude of 
hypocenter

Minute portion of longitude of 
hypocenter

Focal depth of hypocenter in km

Examples

AA 15 'AA 

10.05

AAA 37
AAA 

15.50

AA 121AA 

32.45

.0.00

hypocenter solution, they will appear on the output if they are punched 

on phase cards. To use S-arrivals in the solution, set KNST - 1 on the 

instruction card (p. 17 & 18).

2.3-3 Use of S-P Intervals. If the same time base is not available for 

some stations, it is still possible to include the recorded S-P intervals 

in the hypocentral solution. This is very useful when there are few 

available stations. The phase cards of the S-P interval data are punched 

as usual (see P.15). However, the weight assigned to the P-arrival 

(column 8) must be 9, and the weight assigned to S-arrival (column 40) is 

that desired for the S-P interval.

2.3-4 Calibration Changes. The system number (KLAS), and/or standard 

calibration (CALR) for any station may be changed from time to time by 

inserting a calibration card like an earthquake event. In this case, the 

phase list and instruction card are replaced by one card punched as follows
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Column Name Format Explanation Examples

1-4 MSTA A4 Station name SBSM or AMOB

10-15 KDATE 16 Year, month, and day of new 700215
calibration

16-17 KHR 12 Hour of new calibration 21

18-19 KMIN 12 Minute of new calibration 54

22 KLAS II New system number 1

59-62 CALX F4.1 New station calibration value
(10 yv signal in mm) 13.2

63-65 RMK A3 Must be "CAL" CAL only

This option therefore allows an automatic updating of instrumental changes 

so that correct magnitudes based on amplitude data will be computed.

2.4 Adapting HYP071 for Your Computer. The EBCDIC punched code of the 

HYP071 program is written for an IBM 360 or 370 computer, A listing is 

given in Appendix 1 (p.45-86), where the number in the right hand side is 

the FORTRAN card sequence number. If you have an IBM 360 or 370 computer, 

adapting HYP071 for your computer will be easy, except perhaps the error 

handling facility of your FORTRAN compiler and the amount of core storage 

available. If your FORTRAN compiler does not have ERRSET subroutines, you 

must delete HYP071 cards numbered from 22 to 27 (see p. 46 ). if the amount 

of core storage available to you is less than 150,000 bytes, you may reduce 

the dimension of the arrays and/or delete some non-critical subroutines. 

The length of various HYP071 components as compiled by FORTH on an 

IBM 360/65 computer is as follows:
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2.4 Adapting HYP071 for Your Computer, (continued)

HYP071 Components Card Sequence Number Length (bytes)

MAIN 1-98 1,588

ANSWER 99 - 133 1,520

AZWTOS 134 - 211 1,836

BLOCK DATA 212 - 248 7,676

FMPLOT 249 - 361 13,568

INPUT1 362 - 562 5,766

INPUT2 563 - 676 2,574

MISING 677 - 737 1,218

OUTPUT 738 - 1021 7,604

SINGLE 1022 - 1499   9,028

SORT 1500 - 1526 560

SUMOUT 1527 - 1652 9,048

SWMREG 1653 - 1857 5,730

TRVDRV 1858 - 2024 4,344

XFMAGS 2025 - 2123 2,502

COMMON BLOCKS 47,318 

FORTRAN LIBRARY 24,096

Total 145,976 bytes 

To execute HYP071, however, one must add several thousand bytes to this

total for buffers (this depends on the computer facility). Therefore, 

we suggest a core storage requirement of 150,000 bytes, although the 

program length is less than 146,000 bytes.

HYP071 is dimensioned for a maximum of 150 station cards (NMAX - 151), 

and 100 phase cards (MMAX = 101). If not needed, the core storage may be 

reduced by redimensioning arrays that have been dimensioned for NMAX = 151
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and MMAX * 101. In addition the statement (card number 245) which 

defines the values of NMAX and MMAX must be modified to the new values 

chosen. Savings of up to about 25,000 bytes may be realized.

Another way to reduce the core storage requirement is to remove 

non-critical subroutines and statements that call them:

Subroutine Card Sequence Number Cards Calling the Subroutine

ANSWER 99 - 133 1793, 1821

AZWTOS 134 - 211 1174

FMPLOT 249 - 361 1451

MISING 677 - 737 1450

SUMDUT 1527 - 1652 91

Up to about 30,000 bytes may be saved in this manner.

The BCD punched code for HYP071 is a modification of the IBM version 

for CDC computers. It is essentially identical except for the following:

(1) Because CDC allows 131 characters per line (vs 132 characters

for IBM), "SDFM" reads "SDF", and only one '*' follows large S- 

residuals instead of two **'. This difference has no effect 

on your result.

(2) Because CDC only recognizes BCD punched codes, please avoid 

using characters such as "+", "*", "c", "%".

(3) You can use "+" for your first P-motion, but not elsewhere. 

This restriction is not damaging, because you do not need to 

use "+" anywhere else.

(4) "c" in the IBM version (and HYP071 manual) has been replaced 

by "-" in the CDC version.
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If you do not have cither an IBM or CDC computer, adapting HYPO71 

for your computer will depend on how similar your computer is to the 

IBM 360 or 370 computers. We suggest that you consult your computer 

center staff before undertaking this work.

Finally, to facilitate your adaption, a deck of test data (see p.87-89) 

always accompanies a request for the HYPO71 program. You should 

reproduce the results (within 1 or 2 counts of the last significant 

figures) shown on p. 90-96.
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3. OUTPUTS OF HYP071

Most outputs of HYPO71 are printed by the line-printer. Cards are 

punched only when the data must be read back into the computer for subsequent 

running of other computer programs. The printer outputs are generally self- 

explanatory; the following explanations may be helpful to the users. Results 

of the test run (listed in Appendix 2) is given in Appendix 3 (p. 90-96).

3.1 Iteration Output (optional).

If IPRN » 1 on the control card, a one-line output appears for each 

iteration. This information shows what happened in each adjustment from the 

trial hypocenter to the final hypocenter.

Heading 

I

ORIG

LAT 
LONG 
Depth J

DM

RMS

SKD

I

Explanation

Iteration step number. If a particular 
step is repeated, I is also repeated.

Origin time in sec. Date, hour and minute 
are given in HYPOCENTER OUTPUT (Section 3.2).

Hypocenter location at Step I. 
See Section 3.2 for details.

Epicentral distance in km to the nearest 
station.

Root mean square error of time residuals
in sec. corrected for average P & S residual (AVRPS)

For S and D explanation, see Section 3.2. 
R denotes the status of the critical

F-value (CF) in the iteration step.
See Section 4 for more details. 

For K * 0, CF - TEST(03). 
For K - 1, CF - TEST(Q3)/TEST(06). 
For K   2, F-test is skipped in order to

calculate error estimates. 
For K - 3, On this step no variable met

the F-test entrance criterion and
termination will occur. 

For K   4, F-test is skipped, and the most
significant variable is found. This step is
taken only if the adjustment is greater than
TEST(06) times its standard error.
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3.1 Iteration Output (optional).   Continued

Heading Explanation

CF

ADJUSTMENTS (km)

PARTIAL F-VALUES

STANDARD ERRORS

ADJUSTMENTS TAKEN

Critical F-value. Its value is controlled 
by K as described above.

Under these three columns, adjustments in 
km for the latitude (DLAT), 
longitude (DLON), and focal depth (DZ) from 
the multiple regression analysis are given.

Under these three columns, the partial 
F-values for the hypocentral adjustments 
are given. Values not calculated are set 
equal to -1.00.

Under these three columns, the standard 
errors for the hypocenter adjustments are 
given in km.

Under these three columns, the actual 
adjustments taken to reach the next trial 
hypocenter are given in km.

3.2 Hypocenter Output, 

Heading Example Explanation

DATE 700630 Date of earthquake: Year, month, and day.
In this case, it is June 30, 1970.

ORIGIN 1659 24.05 Origin time: hour, minute, and second
(Greenwich civil time). In this case, 
it is 16 hr, 59 mn, and 24.05 sec.

LAT 37-48.64 Latitude of epicenter in degrees and
minutes: 37° 48.64* .

LONG 121-57.59 Longitude of epicenter in degrees and
minutes: 121° 57.59'

DEPTH 3.62 Focal depth in km: 3.62 km. A '*' may
follow the DEPTH to indicate a fixed focal 
depth solution.

MAG 1.35 Magnitude of the earthquake. User specifies
its choice from XMAG and/or FMAG.

NO 15 Number of station readings used in locating
the earthquake. P and S arrivals for the same 
station are regarded as 2 readings. If NO » 3, 
a fixed depth solution is given. If N0<3, no 
solution is given.
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3.2 Hypocenter Output.   Continued

Heading Example Explanation

DM 

GAP

M

RMS

2

110

1

0.09

ERH 0.4

ERZ 1.2

SQD A|B

Epicentral distance in km to the nearest station.

Largest azimuthal separation in degrees between 
stations.

Crustal model number. M is used for the Variable 
First-Layer Model only.

Root mean square error of time residuals in sec.

RMS - y I R 2 /NO , where R. is the time residual

for the i station.

Standard error of the epicenter in km.*

ERH - VSDX2 + SDY2 » where SDX and SDY are the 
standard errors in latitude and longitude, 
respectively, of the epicenter. If ERH   blank, 
this means that ERH cannot be computed because 
of insufficient data.

Standard error of the focal depth in km* If 
ERZ is blank, this means that ERZ cannot be 
computed either because focal depth is fixed 
in the solution or because of insufficient data.

Solution quality of the hypocenter. This measure 
is intended to indicate the general reliability 
of the solution;

Epicenter

Excellent 
good 
fair 
poor

Focal Depth

good 
fair 
poor 
poor

Q is taken as the average of QS and QD (defined 
below). For example, an A and a C yield a B, 
and two B's yield a B. When QS and QD are only 
one level apart, the lower one is used, i.e., 
an A and a B yield a B.

QS and QD rating, In this case, QS » A, and
QD - B. QS is rated by the statistical measure
of the solution as follows:

* Statistical interpretation of standard errors involves assumptions which 
may not be met in earthquake locations. Therefore the standard errors 
may not represent actual error limits.
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3.2 Hypocenter Output.   Continued

Heading 

ADJ

IN

NR

AYR 

AAR

Example 

0.0

0

17

0.00

0.07

A 
B 
C 
D

RMS (sec)

< 0.15 
< 0.30 
< 0.50 
Others

ERH (km)

<_ 1.0 
1 2.5 
< 5.0

ERZ (km)

<_ 2.0 
< 5.0

QD is rated according to the station distribution 
as follows:

NO

1 6 
1 6 
1 6 
Others

GAP

<_ 90° 
1 135° 
< 180°

Explanation

DMIN

<_ DEPTH or 5 km
<_ 2x DEPTH or 10 km
< 50 km

Last adjustment of hypocenter in km. Normally 
this is 0 or less than 0.05.

Instruction code (KNST and INST in input)

Number of station readings available. This includes 
readings which are not used in determining hypo- 
center.

Average of time residuals in sec. AVR = E R./NO. 
Normally this is 0. i

Average of the absolute time residuals in sec. 
AAR E Z |R I /NO.

NM

AVXM

SDXM

NF

AVFM

SDFM

I

1.4

0.1

3

1.3

0.2

4

Number of station readings available for computing 
maximum amplitude magnitude (XMAG).

Average of XMAG of available stations.

Standard deviation of XMAG of available stations.

Number of station readings available for computing 
F-P magnitude (FMAG).

Average of FMAG of available stations.

Standard deviation of FMAG of available stations.

Number of iterations to reach the final hypocenter.
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Items from DATE to Q Inclusive are repeated at the head of every first- 

motion plot. If summary cards are punched, these items occupy from column 1 

to 80.* However, order for M, GAP, and DMIN are changed. A heading card is 

punched preceding the summary cards, if IPUN >_ 1 on the control card.

3.3 Station Output.

After each hypocenter output of 2 lines, station output follows for 

each station.

Heading

STN

DIST

AZM

AIN

TPOBS

TPCAL 

DLY/H1

P-RES

Example

BOL 

1.3 

202

94

PRMK

HRMN

P-SEC

IPUO

1659

25.30

1.25

1.09

0.05
or
3.12

0.16

Explanation 

Station name. 

Eplcentral distance in km.

Azimuthal angle between epicenter to station 
measured from north in degrees.

Angle of incidence measured with respect to 
downward vertical.

This is PRMK from input data.

Hour and minute of arrival time from input data.

The second's portion of P-arrival time from input 
data.

Observed P-travel time in sec. TPOBS = T + DT - ORG 
where T is the P-arrival time, ORG is the origin 
time, and DT is the time correction from input data.

Calculated travel time in sec.

If the Station Delay Model is used, then DLY means 
the station delay in sec from the input station 
list. If the Variable First-Layer Model 
is used, then HI means the thickness of the first- 
layer in km at this station.

Residual of P-arrival in sec. If the Station Delay 
Model is used, then P-RES = TPOBS - (TPCAL + DLY). 
If '**' follows P-RES, it means that in the Jeffreys 1 
weighting, this P-arrival is not reliable. 
If the Variable First-Layer Model is used, 
then P-RES - TPOBS - TPCAL,

* The punch format is given on p.61 (773-775) & is used on p.64 (934-935).
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3.3 Station Output, Continued

Heading Example Explanation

P-WT 1.06

AMX 

PRX

CALX

S-RES

S-WT

DT

15.0

0.10

2.20

K

XMAG

RMK

FMP

FMAG

SRMK 

S-SEC

TSOBS

5

1.60

Q05

10.0

1.02

ES.2A

26.50

2. 45

-0.22

0.5 

blank

Weight used in hypocenter solution for P-arrival. 
This weight is a combination of quality weight 
specified in the data and other selected weightings. 
NT's are always normalized so that the sum is equal to NO 
Normalization is necessary so as to avoid distortion 
in computing standard errors.

Maximum amplitude in mm from input data.

Period of maximum amplitude in sec. from input data. 
If PRX is not given on the phase card, then PRR 
from the corresponding station card is used in the 
computation of XMAG, but is not printed here.

Calibration in mm used in computing XMAG. If CALX 
is blank in the phase card, then CALR from the 
corresponding station card is used and is printed 
here as CALX.

System number for the station from input data.

Maximum amplitude magnitude computed from AMX, PRX, 
CALX and K. A * follows XMAG if XMAG - AVXM >_0.5.

Remark from input data. 

F-P in sec from input data.

F-P magnitude computed from F-P and DIST. A * follows 
FMAG if FMAG - AVFM >^ 0.5.

This is SRMK from input data.

The second's portion of S-arrival time from input 
data.

Observed S-travel time in sec. TSOBS = T + DT - ORG, 
where T is the S-arrival time, ORG is the origin 
time, and DT is the time correction from input data.

Residual of S-arrival in sec. If the Station Delay 
Model is used, then S-RES = TSOBS - POS* (TPCAL + DLY). 
If the Variable First-Layer Model is used, then 
S-RES = TSOBS - POS*TPCAL.

Weight used in hypocenter solution for S-arrival. 
See explanation of P-WT for additional information.

Station time correction in sec. from input data. DT 
is used to correct all stations to the same time base.
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If S-P interval data are used, the meanings of some of the above headings 

are changed as follows.

Heading 

P-RES

S-RES 

P-WT

Explanation

S-P residual in sec. It is defined by 
P-RES 3 TSOBS - TPOBS - (PCS - 1) (DLY + TPCAL) 
for the Station Delay Model. DLY is multiplied 
by zero for computing P-RES as above for the 
Variable First-Layer Model.

Same as P-RES

Weight used in hypocenter solution for S-P interval 
data.

S-WT Will always be **** to denote S-P interval data.

TSOBS Observed S-P interval in sec. 

3.4 Map of Auxiliary RMS Values.

This is an optional output for which KTEST is set to 1 on the Control 

Card (see p. 14). RMS values are computed at 10 points on a sphere centered 

on the final hypocenter. Each RMS value corresponds to an origin time which 

has been corrected for the average residual of the P and S arrivals (AVRPS) 

given at that point. A 3-dimensional view of the auxiliary RMS value minus 

the final hypocenter RMS value is printed (DRMS). An example is shown 

below; the view is looking down to the northwest. It is necessary by NOT 

sufficient for all DRMS values to be positive for a good solution. If 

any DRMS value is negative, then the solution has not converged to a 

minimum. It is important to set the radius of the sphere appropriately 

for a given application (see p.9, TEST(13) ).

LAT LON

8.17 14*76
8.17 8.02
8.17 U.76
8*17 8.02

5*47 11*39

0.0
0.0
9.62
9.62

0.0

5.47 11.39 13.28

2.77 14.76
2.77 8.02

0.0
0.0

2.77 14.76 9.62
2.77 8.02 9.62

AVRPS

-0.39
-1.42
-0.31
-1.19

-0.26

-0.56

0.50
-0.88 
0.37

-0.74

RMS

0.63
0.23
0.81
0.30

0,34
0.11
0.48

0.27
0.60
0.63
0.70

DRMS

12

20)

59)
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4. COMPUTATIONAL PROCEDURES IN HYP071

The program HYP071 consists of a main program and 14 subroutines: 

ANSWER, AZWTOS, BLOCK DATA, FMPLOT, INPUT1, INPUT2, MI SING,-OUTPUT, SINGLE, 

SORT, SUMOUT, SWMREG, TRVDRV, and XFMAGS. A complete listing of the program 

(with a fair amount of comments) is given in Appendix 1. Before we give some 

program notes, a brief outline is given of Geiger*s method (Geiger, 1912) of 

determining the hypocenter of local earthquakes.

4.1 Geiger 1 s Method.

Let the coordinates of the i station be (x , y., z.), and the observed 

arrival time be T . Let t. be the computed arrival time based on a trial 

solution [i.e., an assumed origin time (t), and hypocenter (x, y, z)]. If the 

time residual

Ri ~ T i " ti (1) 

is small, Taylor expansion of it will give:

Ri * dt + !li d* + !li dy + !ll dz + ct (2 ) 
3x 3y 3z

Since the travel time and derivatives can be computed from the given 

crustal model, we may obtain the adjustment vector (dt, dx, dy, dz) by least 

squares, i.e., demanding that the error e be such that:

Z e. 2 » a minimum (3)

where £ denotes summation over all stations, i.e., i - 1 to i - n. This is 

accomplished by solving the following normal equations which are derived from 

applying condition (3) to equation (2):
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ndt 4- Ea.dx 4- Eb.dy 4- Ec^dz   ER. 

Ea.dt 4- Ea. 2dx 4- Ea.b.dy 4- Ea c dz

(4) 

Eb ±dt 4- Ea^dx 4- Eb^dy 4- Eb^dz * Eb^

EC dt 4- Ea.c dx 4- Eb.c.dy 4- EC 2dz - EC R 

where

, at. , _ at. _ at. /CNa. = _1 ; b = _i ; c. = _i (5)
ax ay az

The improved origin time and hypocenter then becomes:

t 4- dt, and (x 4- dx, y 4- dy, z 4- dz) (6)

Now (6) may be taken as the next trial solution, and the same procedure 

is repeated until some cutoff criteria are met.

In the case of S-P interval data, T. and t. become the observed and 

calculated S-P intervals respectively. Because there is no dependance on 

the origin time, equation (2) becomes

R. - 3ti dx 4- 9ti dy 4- 3ti dz 4- e. (7)
i _ - .. _ x 

3x 3y dz

and the normal equations (A) are modified accordingly.

Since the normal equations (4) are a set of 4 simultaneous linear 

equations for four unknowns: dt, dx, dy, dz, they may be solved by the usual 

method of matrix inversion. In practice, however, this matrix is often
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ill-conditioned, and computational difficulties arise. In HYPO71 a new 

method of finding the adjustment vector is introduced. Instead of carrying 

out the traditional procedure (which is equivalent to a simple multiple 

regression), a step-wise multiple regression is used. Equation (2) defines 

the time residual R. as a function of dt, dx, dy, and dz. A statistical 

analysis is first performed to see which independent variable should be 

included in the regression and the normal equations are then set up for only 

those significant variables. Therefore, the adjustment vector is obtained 

by solving a matrix which is never ill-conditioned. Furthermore, convergence 

to a final hypocenter solution is also more rapid. 

4.2 Program Notes.

These notes serve as extended comments on HYF071, and are given in 

the order of the program listing (see Appendix 1).

(1) MAIN: The main program controls the flow of data processing by initiali­ 

zations and calls to various subroutines.

(2) ANSWER: It prints the intermediate results of the regression analysis 

(SWMREG), and is used only for tracing the computation of a given earthquake.

(3) AZWTOS; It performs the azimuthal weighting of stations by quadrants. 

Each occupied quadrant is given an equal weight. The quadrants are set up so 

as to minimize the number of quadrants without stations.

(4) BLOCK DATA; Initialize values for short-distance calculation, and for 

various constants used in the program.

(5) FMPLOT; Plot first-motion pattern of the lower focal hemisphere in an 

equal area projection. It is modified from subroutine PPROJ (NCER PROGRAM 

LIBRARY No. S007) written by M. S. Hamilton. For each observation, we have 

the azimuth a, the angle of incidence 8, and a symbol SYM, where 0° <_a <_ 360°, 

°° 1 e 1 180°, and SYM - C (or +) for compression, or D (or -) for dilatation.
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If 6 > 90°, we let a « 180° + a and 0 * 180° - 8 so that all points plotted 

are in the lower focal hemisphere. The observation is transformed into 

polar coordinates (r,9) in an equal area projection by the formulas:

sin(e/2) 

8 - a

A symbol is plotted on the graph at the point (r,8). The symbol to be plotted

is determined by the following rules:

If SYM - C, then plot one of the following:

C If no other observation occupies the position (r,9).

B If one 'C 1 already occupies (r,8).

A If two or more f C* already occupy (r,8).

X If at least one *D* already occupies (r,8). 

If SYM * D, then plot one of the following:

D If no other observation occupies the position (r,9).

E If one 'D* already occupies (r,9).

F If two or more 'D 1 already occupy (r,8).

X If at least one 'C' already occupies (r,6). 

If SYM « 4- or -, it is plotted only if the position (r,8) is not occupied.

(6) INPUT 1; Read in heading card, reset test-variable list, station list, 

crustal model, and control card. If any array dimension is exceeded, an 

error message will be printed out and the program will then stop.

(7) INPUT2 : Read in phase list and instruction card. If 'CAL* is encountered 

in RMEC columns, system number and standard calibration are revised.

(8) MI SING : This subroutine checks if any station in the station list which 

should record the earthquake is missing from the input data. A "missing" 

station will be printed if its epicentral distance is less than the nearest
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station, or if it would reduce the azimuthal gap between its two neighboring

stations (EX-GAP) by not less than 30*. The latter check applies only to

2 a radius of 25*(MAG) km (100 km if MAG is not given of the final epicenter)»

where MAG is the earthquake magnitude. The amount by which the missing station

would reduce the EX-GAP is given by RD-GAP.

(9) OUTPUT; See Section 3

10) SINGLE; This routine processes one earthquake at a time, and involves

the following steps.

a. Set up a trial hypocenter: The first trial epicenter is normally

set to be the latitude and longitude of the station with the earliest 

P-arrival. 0.1* is added to the latitude and longitude of the trial 

epicenter to avoid difficulties in computing azimuthal angle. The 

first trial focal-depth is set equal to that given in the control 

card, unless specified on the instruction card. The first trial 

origin-time is set so that the average residual of P and S-arrivals 

is zero.

b. Geiger's adjustments: A maximum of TEST(ll) Op.9) iterations are 

allowed in this DO loop to adjust the trial hypocenter to the 

final one. Latitude-longitude coordinates are converted to x-y 

coordinates using a short distances' calculation by Rienter 

(1958, p. 701-705). Epicentral distance is then computed and distance

weighting is combined with quality weighting. Other weightings (azimuthal
and Jeffreys') are also included if chosen.
Subroutine TRVDRV (see Appendix 4, p.97ff. for details) is called

to compute travel time and derivatives. S-arrivals are treated like 

P-arrivals by multiplying the calculated P travel time by the ratio of 

P-velocity/S-velocity* S-P interval data are treated analogously. 

Subroutine SWMREG is called to carry out a stepwise multiple regression

of the time residuals and obtain the adjustment vector (dx, dy, dz, dt) and
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its standard errors. If the horizontal adjustment, ^v/dx2 + dy2 , 

is greater than 10 km (TEST(02)), the adjustment vector is re-computed 

with fixed focal-depth. Focal-depth adjustment is restricted so 

that the hypocenter will not be placed in the air (see TEST(12)) 

and it must also not exceed 5 km (TEST(05)) in any one adjustment. 

These are accomplished by changing dz by the necessary amount, and 

any modification of dz is compensated by a change in dt. If the

hypocentral adjustment, ydx2 + dy2 + dz2 , is less than 0.05 km 

(TEST(OA)), then the iteration is terminated.

During the iteration process, if the RMS value increases, then the 

trial hypocenter is moved back by 1/5 of the previous adjustment, 

and the iteration step-number is not incremented. This procedure 

is repeated until the RMS value decreases or for a maximum of 4 times. 

The variable accounting for the largest portion of the adjustment 

is then deleted in the next multiple regression step.

c. Compute error estimates: Standard errors of adjustments dx, dy, and 

dz are computed by forcing subroutine SWMREG to make a simple multiple 

regression analysis. These errors correspond to the uncertainties 

involved if the final hypocenter were to be adjusted in all co-ordinates 

(x, y, z) once more.

(11) SORT: This is a utility subroutine to sort X., i » 1, . . ., N by__»^_ i

increasing value.

(12) SUMOUT: This subroutine prints a table of the number and percentage of 

earthquakes in each quality class, Q, (see P. 26). It also prints a summary 

of travel time, X-magnitude, and F-magnitude residuals by station.
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(13) SWMREG; This subroutine computes the Geiger adjustment vector (and 

its standard errors) by a step-wise multiple regression of travel time 

residuals. The method used here is that given in Draper and Smith (1966, 

p. 178-195), and will be briefly summarized as follows: 

Equation (2) of Section 4.1 may be written more compactly as

e - Y - B - E B X for i-l,...,n 
i i o j j,i

If there are stations with only S-P intervals then this equation is 

modified to the form:

e. - Y. - X . B - E B. X. . for i - l,...,n 
i i o,i o . ml j j,i '

where Y. » R.

dt; B - dx; B » dy; B - dz

j 1 for P or S data

! 0 for S-P interval data

n 2 n 3 2 
let Q - I e, - E (Y, - X_ , B^ - E B, X, . )

By minimizing the sum of the squares, Q, the maximum likelihood estimates of 

BQ , BI , B2 , and B3 will be obtained.

Setting -r|-   0 yields these four equations. In the following 3 pages, repeated

indices i imply summation over i » 1, . . . , n.
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3
X .X . B + Z B..X . X. 4 - X , Y, o,i o,i o ^ j o.i j,i o,i 1

X, . X . B T L a, X- . X,T.,1 o,i o j 1,1 j,

Xo . X. B + Z B. X_ . X. . « X_ . Y 
2,1 o,l o J 2,1 j,i 2,1 1

-i « -i « 4 ^ 4 -i i -» j ,1 0,1 o . ^ j 3,1 3,1 3,1 1

We can solve the first of these four equations for B .

Of the n original equations let q be the number based upon S-P interval data, 

Then set m « n - q. 

X . X . - m

Define V. * I X . V m oi

Then:
3

B - Y - Z B., X. 
J-l j

Use this value of B in the other three equations. Kth equation (k mayo

equal 1, 2, or 3) becomes 

. 3
X . Y + Z (B. X. 4 X. . - B X. . X . X.) - X. lc,i o,l j' Tt,i

3 
or £ *k i (X1 i " Xo i V B1 " *k i (Yi " Xo i Y)  
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But note that:

o,:

The K equation can then be written:

3
I (\fi - Xo>i Xk) (Xj>t - Xo ^ X.j) B,

for k * 1, 2, or 3

,i V

These are a set of 3 simultaneous linear algebraic equations in the B. 

and are known as the normal equations. They can be solved by a number of 

methods. Ifere we choose the abbreviated Doolittle method which is a variation 

of the usual Gaussian elimination. At each stage in the elimination, we 

make a decision as to what variable shall next be included in the regression.

The computational procedure is basically applying linear transformations 

to the augmented correlation matrix A:

^2 R13

R22 R23 R24 °

; R31 R32 R33 R34 °

R41 R42 R43 R44°

,; -1 0 0
i
! o -i o

0 0-1 00
I

0000

0000

0 0

where
- X

o,i
1/2
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with the understanding that 

X4,l ; Yi and X4

In the program, we use

,i xj.A

s ,and set R.. - _____jk

Matrix A is successively transformed whenever a variable (X, ) enters or leaves 

the regression. Whether a variable enters (or leaves) the regression depends 

only on whether the variance obtained by adding the variable to the regression 

is significant (or insignificant) at a specified F-level. This is accomplished 

by computing:

V(A**' V

where $ is the degrees of freedom (n-1-number of variables in regression), and

\ - *MA*k/Akk

If F. exceeds the specified critical F-value (CF), then variable X, enters the
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regression by transforming the elements of matrix A in two steps. First we 

compute

Tkj " ^cj/^ck for j-l,...,7.

A±j - AlkAkj /Akk for 1-1,. ..,7 and j«l,...,7.

We then replace elements of matrix A by that of matrix T just computed 

Similarly to delete a variable from the regression we compute

Fk '

If F. is less than the specified critical F-value (CF) , then variable X.

leaves the regression by transforming the elements of matrix A in two steps, 

First ve compute

Tkj ej^.k+A for J-1,.,.,7.

A±j

for 1*1,.. -, 7 and J»l,    ,?.

Then we replace elements of matrix A by that of matrix T just computed. 

After all variables are examined, we obtain the regression coefficients and 

their standard errors by
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BJ - AjA

where Sjk - I

for j«l,...,4 and k»l,...,4.

The regression constant is then obtained by

~ 3 ~ 
B - ? - I B.X..
° J-l j j

Because all indices are dummies, they are named differently in the program. 

Furthermore, a simple extension takes into account the weighting factors 

provided that they are normalized to equal the number of observations.

TRVDRV; This subroutine is a modification of TRVDRV written by J. P.

(Eaton, 1969) . It computes the travel time and derivatives for a 

horizontal-layer model. Please see Appendix 4 (p.97ff . ) for details. 

(15) XFMAGS; This subroutine computes maximum amplitude magnitude (XMAG) 

and F-P magnitude (FMAG) for each station. The former is computed according 

to Eaton (1970). In brief:

XMAG - log(A/2C) -

where A   Maximum peak-to-peak amplitude in mm.
C  * Calibration peak-to-peak amplitude in mm.

R. -   Frequency response of system number k and frequency f (f   I/T , where T 
is the period in sec.)
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B. - 0.15
1 >  for 1 km < D < 200 km 

B2 - 0.80

B. - 3.38]
> for 200 km <_ D <_ 600 km 

B, -l.SOj

12 2 D -/y A + Z , where A is the epicentral distance and Z, the
focal depth.

G » station XMAG correction.

FMAG is computed according to an empirical equation (Lee, Bennett and Meagher, 

1972):

FMAG - GX + C2log F + C3A + y

where

C. » -0.87, or TEST(07) 

C2 - 2.0, or TEST(08) 

C. » 0.0035, or TEST(09) 

F » F-P time in sec. 

A - epicentral distance in km. 

» station FMAG correction.
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APPENDIX 1 

A Listing of HYP071

The following listing of HYP071 is given in the EBCDIC (029) punched 
code for an IBM 360 or 370 computer. Each subroutine starts at a new 
page, and the number to the right of each FORTRAN statement is the 
card sequence number. A brief index for the HYP071 program is as 
follows:

MAIN

ANSWER

AZWTOS

BLOCK DATA

FMPLOT

INPUT1

INPUT2

MISING

OUTPUT

SINGLE

SORT

SUMOUT

SWMREG

TRVDRV

XFMAGS

FUNCTION

Main Program

Print results of regression analysis

Azimuthal weighting of stations

Initialize constants

First-Motion Plot

Input station list, crustal model, & control card 54

PAGE 

46

48

49

51

52

Input phase list 58

Check Missing stations 60

Output hypocenter solution 61

Hypocenter solution for a single earthquake 66

Sort an array of numbers . 74 

Output summary of time and magnitude residuals 75

Compute Geiger adjustments 78

Compute traveltimes and derivatives 82

Compute amplitude and duration magnitudes 85

A copy of HYPO71 in either EBCDIC (029) punched code or BCD (026) punched 
code in the form of punched cards may be obtained by writing to the authors
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(DEC. 2lt 1971? REVISED NOV. 25t 1973) -PROGRAM: HYP071
INTEGFR*2 SYM
REAL** TIMEUTIME2
REAL LATtLON»LAT2»LON2»LATFP»LQN£PfMAG»LATR»LQNR
COMMON /A3/ NRES(2.151)>NXM(151).NFM(151)«SW(?tl5l)tSRSQ(2»151)t

SRWT(2»151)fSXM(lSl)fSXMSO(lSl)»SFM(151)tSFMSQUSl)»QNO<4) 
COMMON /AS/ ZTR»XNEAR»XFAR«POS»IQ»KMSfKFM»IPUNtIMAG»IRtOSPA(9»40) 
COMMON /A6/ NMAX.LMAX»NS.NL»MMAXfNR»FNO»Z»X(4f101)»ZSOtNRP»DF(101) 
COMMON /A7/ KP»KZ»KOUT,wlTU01>tY(4)»SE(4)tXMEAN(4)tCP(180).SPU80) 
COMMON /Afl/ CAL(lOl).XMAG(lOl)»FMAG(101)»NM»AVXMtSDXM»NFtAVFM,

SOFM»MAGfKDX(ini)tAMX(lOl)fP«X(10D »CALX(101)tFMP(iOl) 
COMMON /A12/ MSTA(lOl) »PRMK<101) »W(101) tJMINUOD .P(lOl) t

KMK(lOl),WRK(101),TP(101) .OTU01),COSL(701)
COMMON /A14/ MRKfMDOL»HLANK»MSTAR»DOTtSTAR4iQUES»CRMK»MCENT,ISTAR 
COMMON /A15/ MtL»J»ORG»JAV»PMIN»AZRES(101).NEAR»!OXStLATEP»LONEP 
COMMON /A17/ TlMEltTIME2»LATR.LONR,KTEST»KAZ»KSORT»KSEL»XFN 
COMMON /A19/ KNO,IELV(151)tTEST(15)tFLT(2t!51)iMNO(151)»IW(15l) 
COMMON /A21/ KSMP(lSl)»FMO»ONF»8(4)»IPHtKF»AVRPS»lEXIT 
COMMON /A?3/ AIN(IOI)«RMS.ADJ»SYM(101) 
COMMO^' /A25/ INS(lSl) t IFW(lSl) tJPH

,     RESET SOME LIMITS OF ERROR HANDLING FACILITY OF IBM FORTH 
CALL ERHSET(207»256»lfO) 
CALL ER*SFT(208t256»l»0) 
CALL F_R«SET(209»256iltO)
CALL
CALL 

.     SFT UP SINE & COSINE. TABLES FOR CALCULATING DISTANCES
DO 10 1=1.180
PI = 1*. 0.149066
CP(I)=COS(P'I) 

10 SP(I)=SIN(PI)
DO 20 Isl»701

20 COSL(I>sCOS((I-l)».00174=51) 
30 MsQ
.     INPUT STATION LlSTi CWUSTAL MODEL* & CONTROL CARD     
40 CALL INPUT 1

IFCIPUN .CO. 0) GO TO 44
WRlTM7t41) INS(1) »IEW(1)

41 FORMAT(  DATE ORIGIN LAT «fAi.
1AG NO GAP DMIN RMS ERH ERZ QMM

.    INITIALIZE SUMMARY OF RESIDUALS
44 DO 4fl L=liNS 

NRESd »L)=0

LONG »»A1,» DEPTH M

48

49

NXM(L)=0
NFM(L)«0
SR(1»L)«0.
SR(2»L)sO.
SRSQ(1»L)=0.
SRSO(2tL)sO.
SRWT(1»L)=0.
SRWT(2»L)=0.
SXM(L)=0.
SXMSO(L)=0.
SFM(L)*0.
SFMSO(L)aO.
CONTINUE
DO 49 1=1.4
QNO(I)=0.
XFN=XFAR-XNEAR*0. 000001

1.
2.
3.
4.
5.
6.
7.

»8.
9,
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27. 
2«.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39. 
*0.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
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TIMElsO,D+00 . 62.
50 CALL INPUT2 63.
   TO PROCESS ONE EARTHQUAKE    -        -     -   ....... 64.

IF <M .EQ. 1) GO TO 900 65.
IF <NR .GE. 1) GO TO 100 66.
WRITE<6,55) 67. 

55 FORMAT< ///f»  » »  EXTRA BLANK CARD ENCOUNTERED **»«» ) 68.
GO TO 50 69.

100 CALL SINGLE 70.
IF UFXIT .EQ. 1) GO TO SO 71.

COMPUTE SUMMARY OF MAGNITUDE RESIDUALS -   -        .   72.
110 IF UAV ,GT. IQ> GO TO 50 73.

DO 150 I=1»NRP 74.
IF (XMAG(I) .EQ. BLANK) GO TO 120 75.
JIsKDXU) 76.
DXMAG=XMAGU)-AVXM 77.
NXM(JT)=NXM(JI)*1 , 78.
SXM(JI)=SXM(JI)»DXMAG 79.
SXMSQ(JI)=SXMSQ(JI)»DXMAG»*2 80.

120 IF (FMAG(I) .EQ. BLANK) GO TO 150 81.
JI=KQX(I) 82.
DFMAG=FMAG(I)-AVFM 83.
NFM(JI)=NFM(JI)»1 84.
SFM(JI)=:SFM<JI) »DFMAG 85.
SFMSCMJJ)=SFMSU(JI)»OFMAG»»2 86.

150 CONTINUF. 87.
GO TO 50 fl8.

900 CONTINUE ft9.
END OF ONE DATA SET: PRINT SUMMARY OF RESIDUALS & RETURN       90.

CALL SU'-iOUT 91.
IF (MSTMNR*!) .EQ. MSTAR) GO TO 30 92.
M=l 93.
IF (MSTMNR*!) .EQ. unou GO TO 40 94.
M=2 95.
IF (MSTA(NR»1) .EQ. MCENT) GO TO 40 96.
STOP 97.
END 98.



400 
410

450

SUBROUTINE ANSWER ( A ,S»XMEAN f SIGMA * IDX »PHI tL »M,MM,PF»NDX, ADX] 
... PRINT INTERMEDIATE RESULTS OF REGRESSION ANALYSIS (SWMRE<
REAL*« AOX 
DIMENSION A(7,7) ,S(4,4) 
OIMENSION XMEANU) ,SIGMAC1) ,IDX(1) ,8(4)tBSE(4) fPF(l)

DO 410 1=1, MM 
WRITE(A«400) (A(I,J) ,J=l,MM) 
FOHMAT(7E18,8) 
CONTINUE 
FVE=1.-A(M,M) 
80=XMFAN(M) 
YSE=77,f

1 99. 
5)    100. 

101. 
102. 
103.

105. 
106. 
107. 
108. 
109. 
110. 
111.

IF (PHI ,GE. 1) YSE=5IGMA(M)»SQRT(ABS(A(M,M)/PHI)) 112,
DO 5 1=1,L 113.
IF (IDX(I).EO.O) GO TO 5 114.
8(I)sA(I«M)» SORT(A3S(S(M,M)/S(Iil))) 115,
8SE(I)=YSE* SQHT(ABS(A(I*M,I*M)/S(I,I))) 116.
80=BO-H(I)»XMEAN(I) 117,

b CONTINUE 118.
WWITE(6»10) AOX,NOX,FVE»YSE»80 119.

10 FORMAT(/»» VARIABLE », A^» '................*»15 120.
2» /»» FRACTION OF VARIATION EXPLAINED,.»,E18.8 121.
3* /*  STANOARO EWROR OF Y...............t£18.8 122.
4» /»» CONSTANT IN REGRESSION EQUATION..« .E18.8) 123.
WWITE(A,20) 124,

20 FORMAT</,» VARIABLE COEFFICIENT STANu«RD ERROR» 125,
1»» PARTIAL F-VALUEO 126.
DO 40 I=i,L 127.
IF (inX(I).EQ.O) GO TO 40 128,
WRITE(6»30) I«B(I)tBSe(I>*PF(I) 129.

30 FORMAT(I5,3E?0.6) 130.
**0 CONTINUE 131.

RETURN 132.
END 133.
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1

6
7

10

20

124

125

12f

127

SUBROUTINE AZWTOS

COMMON /A2/ LATU51) .LONU51) .OELTAUOl) ,OX(101) »DY(101) »T(101)
COMMON /Aft/ NMAX»LMAX,NS»NL»MMAX,NR»FNO»Z»X(4»101) »ZSO»NRP f OF ( 101 )
COMMON /A7/ KP»KZ»KOUT»-WT(101) »Y(4) »SE(4) ,XMEAN(4) »CP(1«0> »SP(180)
COMMON /A8/ CAL(lOl) »XMAG(101) .FMAGUOl) ,NM, AVXM.SOXM ,NF , AVr M,

SI3FM»MAG,KOXU01) , AMX ( 101 ) »PRX ( 101 ) .CALX (1 01) tFMP(lOl)
COMMON /A10/ ANINU01) .AZU01) .TEMP(lOl) »CA(71) »C8<71)
COMMON /A13/ JUX(151) .LDX(lOl) »KEY(101) ?CLASS(4)
COMMON /A25/ INSU51) ,IEW(151) »JPH
DIMENSION TX(4) ,TXN(4) ,KTX(4) »KEMP(101)
DATA KSI»KW1/»S«,»W»/

JsO
DO 10 1=1. N*
IF (WT(I) .EQ. 0.) GO TO 10
OXIsDX(I)
DYlsDY(I)
IF ( (DXI.EQ.O.) .AND. (DYI.EQ.O.) ) GO TO 6
JI=KOX(I)
IF (INS(JI) .EO. KS1) DYIs-DYI
IK (IFW(JI) .F.O. KW1) OXIs-DXI
AZ(I)=AMOD(ATAN2(DXI.DYI)»57. 29578 * 360.. 360.)
GO TO 7
AZ(I)=999.
J=J*1
TtMP(j)=AZ(I)
CONTINUt
CALL SOPT(TEMPIKEY»J)
GAP=TFMP(1) * 3f>0. -TEMP (j)
IG=1
DO 20 I=2tJ
()TFMP = TfcMP ( I ) -TEMP ( I -1 )
IF (DTEMP .LE. GAP) GO TO ?0
GAPaOTEKP
IG=I
CONTINUF.
TX ( 1 ) sT£MP { IG) -0.5»GAP
TX(2)=TX(1) *90.
TX(3)»TX(U*1&0.
TX(4)=TX(1)*270.
00 li»4 1 = 1,4
rXN(I)=0.
IF (TX(I) ,LT. 0.) TX(I)=TX(I)*360.
IF (TX(I) .GT.360.) TX(I)=TX(I)-360.
CONTINUE
CALL SO*T (TX»KTX»4)
DO 130 I=1»NR
IF (WT(I) .EO. 0.) GO TO 130
IF (A7(I) .GT. TX(U) GO TO 126
TXN(1)=TXN(1)*1,
KEMP(I)al
GO TO 130
IF (AZU) .GT. TX(2)) GO TO 127
TXN(2)=TXN(2) *1.
KEMP(I)=2
GO TO 130
IF (AZ(I) .GT. TX(3M GO TO 128
TXN(3)=TXN(3) *1.
KEMP(I)s3
GO TO 130

134.
135. 
136.
137.
138.
139.
140.
141.
142.
143.
144.
145. 
146.
147.
148.
149.
150.
151.
152.
153.
1S4.
155.
156,
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
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128 IF uzm .GT. TXC»M GO 10.125 195.
TXN(4)sfXN<4)*l. 196*
KEMPCI>=4 197.

130 CONTINUE 198.
AN»4   199.
IF (TXNCn.EQ.O.) XN=XN-1 200.
IF <TXN<2).EQ.O.) XNsXN-1 201.
IF (TXN(J).£0.0.) XNsXN-1 202.
IF (TXN(4).EQ.O.) XNsXN-1 ?03.
FjsJ/XN 204.
1)0 ISO IsltNR 205.
IF <WTU) ,EQ. 0.) GO TO 150 206.
KI=K£MP(l) 207,
WT(t)srfTU)*FJ/TXN<KI) 208.

150 CONTINUE 209.
«F.TU«N 210.
END 211.
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BLOCK DATA
  INITIALIZE CONSTANTS IN COMMON STATEMENTS          
COMMON /A6/ NMAX,LMAX,NS,'>JL»MMAX.NR»FNO.Z.X<4»10n*ZSQ*NRP.nF(101)
COMMON /A10/ ANIN(lOl),AZ<101).TEMP(lOl)»CA(71),Cfl(71)

/A13/ JOXU51)  LOXUOl)*KEY<101>»CLASS<4)
/A14/ MHK,MDOL.BLANK.MS7AW»OOT.STA«4,QUES.CRMK»MCENTtISTAR
/A22/ F(21*21),G<4*21>*H<21)tDEPTH(21), IONE
/A?4/ FLT£P.IPRO,ISTTT.ISKP(4) ,AHEAD(12) *FLIM,AF<3) »NDEC

COMMON 
COMMON 
COMMON 
COMMON
DATA TAX 1.855365*1.855369,1.855374*1.855383.1.855396,1.855414,
1.8S5434, 1.855458,1 
1.85*683,1.855733,1 
1.856100,1.856173.1 
1.8566*1,1.856750,1 
1.857331*1.857435,1 

85P074, 1 858184. I

855487, 1.855520,1
855746, 1.855842,1

856325,1
856937,1
857643,1
858403,1

,856248,1
,856843,1
,857538,1
,858294,1

,855555.1 
,855902*1 
,856404*1 
,857033*1 
,857750,1 
,858512*1

855595,1,855638, 
,855966*1.856031, 
,85648«»1 
,857132.1 
,857858*1 
,858623.1

85959?* 1 
^60279,1

,859061*1.859170,1.859276.1 
,859798,1.859896*1.859995*1 

,860544,1

DATA CB/ 1

H4375b,l 
84^998,1

,860459,1

,842813.1 
,843170.1 
,844062*1 
,845437,1

,860627,1

,859384,1
,860094,1.860187,
,860709,1.860787,

856573. 
857231. 
857964, 
858734, 
859488,

859695,1
860369,1
860934/
842808,1
843085,1
843903.1
845213,1
846938,1
848980,1
851217,1
853515,1
855742,1
857762,1 

1.8S92.1b,1.859452/
MHh ,l>OT,MSTA*»'<<nOL» MCFNT/»
ism/* *«  /
MLA.N*,STAK4,CLASS/* *,t<nnn»t,tA«,*B»»»C»»»0*/,OUES/*?»/
I.M,\X,MMAX,NMAX/?1,101 ,151/,C^MK, IS T A« , IONE/   CAL   »»* »  1  /

842830*1 
843265*1 
844230.1 
845668.1

8S0890,!

,85^433,1

847213.1.847495*1 
,«49?90«1.849605*1 

,851373*1 
,854165,1 
,856345,1 
:858283.1

I
4538^2,1 
,856045,1 
,85»025,1

,842858,1.842898,1 
,843372,1.843488,1 
,844408,1.344595*1 
,845907,1.846153,1 
,847781,1.848073,1 

,850242,1 
,852531,1 
,854805,1

«49922,1 
852202-1 
,854487,1 
,856640,1 
,858533,1

856928.1
,858775,1

842950. 
843617, 
844792* 
,846408, 
,848372, 
850565, 
,852860, 
,855122, 
857212, 
859008,

DATA
OATA 
OATA
DATA 
DATA 

1  
ENO

t , i »»», , i  $$$» , t

AHF AO/» 
t . i

212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245. 
2*6. 
247. 
?48.
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SUBROUTINE FMPLOT . 249.
c     PLOT FIRST-MOTION DIRECTIONS OF THE LOWER FOCAL HEMISPHERE 250.
O      IN EQUAL AREA PROJECTION* WHERE C DENOTES COMPRESSION AND 251. 
C     .- D DENOTES DILATATION                                      252.

INTEGFR»2 GRAPH(95.59)tSYM.TEMP 253.
INTEGER** BORO»BLANK,PL»CR»DOT*SI»A»8»C»0»E»F»CD»SNtUP 254.
REAL LAT2»LON2«MAG 255.
COMMON /AS/ ZTRtXNEAR,XFAR,POS»IQ»KMS»KFM»IPUN»IMAG»IR»QSPA(9»40) 256.
COMMON /Aft/ NMAX,LMAX»NS»NL»MMAX,NR,FNO,Z»G(4»101)»ZSO»NRP«DF(101) 257.
COMMON /A7/ KP,KZtKOUT,WT(lOl) »0(4) ,SE(4) ,XM£AN(4) ,CPU80) »SP<180) 258.
COMMON /A8/ CALU01) ,XMAG(101) »FMAG(101) ,NM,AVXM»SDXM»NF»AVFM, 259.

1 SOFM,MAG»KDX(101).AMX(lOl),PRX(10D»CALX(101)»FMP(101) 260.
COMMON- /AlO/ ANINU01) ,4Z(101) ,0000(101) »CA<71) ,CR(71) 261.
COMMON' /AH/ KOATF.,KHP,KMiN,SEC*LATl,LAr2»LONl,LON2»RMKl,RMK2» ?62. 

I IGAP»UM[N,*MSSO»FWH,0,US»QO»AnjSQtINST»AVR,AAR»NI,KNST,JHR 263.
COMMO^ /A19/ KNO,IFLV(15l) »TEST(1S) ,FLT(2»151) tMNQUSl) »IW(151) 264.
COMMON /A?3/ AIN(IOI),RMS»ADJ»SYM(101) 265,
COMMON /A?5/ INSU51)tlFW(lSl)tJPH 266.
DATA ^O^U,BLANK,PL»CP,OOT,SI/»»»t» »»«+ » - » .»» I / 267.
DATA A»H»C»L)»E»F,Cn»SN,UP/»A»    n'.'C'^O'f'E't'F't'X'.'N'f'U 1 / 268.
DATA NOX,NOY,IX,IY,NOY1,MOX2»NOY2/95,59,39,24»57»48»30/ 269.
DATA PMAX,XSCALE»YSCALE»AOO/3.937008,0.101064*0.169643*4.75/ 270. 

C----------------------------------------------------------------------- 271.

NFMR=0 272.
NO=FNO 273.
DO 1 I=l«NRP 274.
IF (SYM(I) .F.O. SN) SYM(I)=BLANK 275.
IF (SYM(I) .FO. BLANK) GO TO 1 276.
IF (SYM(I) t EO. UP) SYM(I)aC 277,
n| f MW *    r '"* ^ x ^? * f5  

1 CONTINUE 279.
IF (NFMW .LT. KFM) ^FTURN 280.
«WIfF(6,2) INS(l),IEW(1) 281.

? FORMAT(IH1,« DATE ORIGIN LAT »,Al,« LONG »»A1»» DEPTH 282.
1 MAG NO GAP DMIN PMS ERH ERZ 0 Mt) ?83.
WRITE(6.5) KOArE,KHrt,KMlN,SFC»LATl,LAT2tLONl,LON2,RMK1,Z,RMK2 284.

i ,MAG»NO»IGAP»DMIN,W-«IS,EWH»SE<3) »Q»KNO 285.
5 FORMAT(?X,I6,U,2I?,F6.?,I3» -»»F5.2,I4,i-»,F5,2.Al»F6.2,Al 286.
l»Ff..?»I.l,l4,F5.1,FS.2.2F5.1tlX,Al,lX,Il) 287.
UO 10 1=1,NOX 28tt.
DO 1C J=1,NOY 289.

' 10 GRAPH(I«J)st*LANK 290.
UO 2^ 1=1,160 291.
XsRMAX»CP(I)»ADO 292.
YsRMAY«SP(I)*AOD . 293.
JX=X/XSCALE*1.5 294.
JY=Y/YSCALE».5 295.
JY=NOY-JY-1 296.

?0 GRAPH(JX,JY)=BORD 297.
ITsNOx2-IX-l 298.
GRAPH ( IT,f40Y2)=CR 299.
IT=NOK2*IX»1 300.
GRAPH(IT,NOY2)sCR 301.
ITsNOY2-IY-l 302.
GRAPH(NOX?»IT)=SI 303.
IT=NOY2»IY»1 304.
GRAPH(NOX2,IT)=SI 305.
DO 50 Isl,NRP 306.
IF (SYM(I) .EQ. PLANK) GO TO 50 307.
IF (AIN(I) ,GT. 90.) GO TO 31 308.
ANNsAlN(I) 309.
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AZZsAZd)*. 0174533 . 310,
GO TO 32 311 

31 ANN=lflO.-AlN(I) 312.
AZZs(100.+AZM))».0174533 313.

32 R=RMAX«1.414214»SIN(ANN».0087266) 314.
XsR»SJN(AZZ)*AOD 315.
Y=R»COS(AZZ)*ADD 316.
JX=X/XSCALE*l.b 317.
JY=Y/YSCALE*.5 318.
JYsNOY-JY-1 319.
TEMP=GRAPH(JXtJY) 320.

C    OVER-WRITE TEMP IF IT IS EOUAL TO BLANKtDOTt't*iOR - 321.
IF ((TEMP.EQ.BLANK).OR.(TFMP.EQ.80RO).OR.(TEMP.EQ,PL) 322.

1.0R.(TE"P.EQ.CR).OR.(TEMP.EQ.nOTM GO TO 47 323.
C    TEMP IS OCCUPIED SO TF SYS<I)=* OR - SKIP THIS STATION 324.

IF USYMU) .EO.PL).OR.(SYMd) .EQ.CR) ) GO TO 50 325.
IF (SYM(I) .EO. C) GO TO 40 326.
IF (GRAPH(JX»JY) .NE. 0) GO TO 35 327.
GRAPH(JX,JY)=E 328.
GO TO 50 329.

35 IF (GWAPH(JX*JY) .ME. E> GO TO 37 330.
GRAPH(JXtJY)=F 331.
GO TO 50 332.

37 IF (G»APH(JX«JY) .EO. F) GO TO 50 333.
GRAPH(JX,JY)=CO 334.
GO TO 50 335.

40 IF (ORAPH{JX,JY) .NF. C) GO TO 43 336.
GRAPH(JX»JY)=B 337.
GO TO S<> 138.

43 IF (GWAPH(JXtJY) .NF. B) GO TO 45 339.
G«APH< JX».JY)=A 340.
GO TO 50 341.

45 IF (GPA»H(JX»JY) .EO. A) GO TO 50 342.
GRAPH(JXtJY)=CD 343.
GO TO 50 344.

47 GttAPH(JXtJY)*SYM(!) 345.
50 CONTINUE 346.

G^APH(N()X2.NOY2)=80RO 347.
WH!TE(6t61) 348.

61 FORMAT(1HO»67X»*0 I ) 349.
00 80 I=3,NOY1 350.
IF (I .KO .NOY2) GO TO 70 351.
*«ITF(6.65) (GHAPH(J.I),J=ltNOX) 352.

65 FORMAT MM »20X»95A1) 353.
GO TO 80 354. 

70 WRlTK(6t75) (GRAPH(J,I),J=l«NOX) 355. 
75 FORVATMH t!6X,»270 t.9SAl,« 90») 156.
80 CONTINUE 357.

wRITE<6.85) 358.
85 FORMAT(67X,«180») ' 359.

RETURN 360.
END 361.
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SUBROUTINE INPUT1 . 362.
.    INPUT STATION LIST*CRUSTAL MOOELtANO CONTROL CARD          363.

INTEGER HEAO/»HEAD»/ 364.
«EAL*8 TIME1»TIME2 365.
HEAL LAT.LON.LAT2»LON2»LATRiLONR 366.
COMMON /Al/ NSTA(lSl) .OLY(2.151) .FMGC(151).XMGC(151) .KLASdSl) , 367.

1 PKRdSl) .CALR(151) .ICALdSl) t IS (151) .NDATE(151) .NHHMNdSl) 368.
COMMON /A2/ LAT(lSl) *LON(151) tOELTAdOl) »DX(101) tDYdOl) fTdOU 369.
COMMOM /A5/ ZTR.XNEAR»XFAR,POS»IQ»KMS»KFM,IPUN»IMAG»IR*QSPA(9»40) 370.
COMMON /Aft/ NMAXtLMAXtNStNL»MMAX«NRtFNO»2»X(4*lOl) »ZSO*NRPtOFd01) 371.
COMMON /A14/ MbK.MDOL»BLANK,MSTAR»nOT»STAR4,aUEStCRMK*MCENT»ISTAR 372.
COMMON /AJ5/ M,L»JtORG*JAV*PMlN*AZRES(101)tNEAR»IDXS*l.ATEP»LONEP 373.
COMMOM /A16/ KLSSdSl) »CALS(151) »MOATE(151) .MHHMNdSl) tIPHN»ISW 374.
COMMON /A17/ TlMF.l,TlME2tLATR.LONR,KTEST*KAZ.KSORT.KSFLtXFN 375.
COMMON /A19/ KNOtlELVdSDtTESTdS) tFLT(2tl51) tMNOdSl) tlrfUSl) 376.
COMMON /A20/ V<21)»0(?1>»VSO<21)*THK(21)*TID<21»21)»DID(2i»21) 177.
COMMON /A22/ F(21»21)tG(4.21)»H(21).OEPTH121)tlONE 378.
COMMON /A24/ FLTEPtIP»0.ISTTTtISKP(4)tAHEAD<12)tFLlMtAF<3)tNDEC 379.
COMMON /A25/ INS(lSl) tlffWdSl) tJPH 380.
DIMENSION BHEAOd2)t ATEST(IS) 381.
DATA 181»KNl*KWl/» tf'N*.'^'/ 382.

......---..-.-.-.--...---  --.--.-. .-«--.--.---.  .--.-.--.-  ..--- 383.
DO 350 1=1.15 384.
ATEST(I) = 1.23456 385.

350 CONTINUE 386.
WWITE(6«300) 387.

300 FORMAT dHl) 388.
IF (M-l) 1»100»200 389.

,    INITIALIZE TEST VARIABLES                         390.
1 TESTd)=0.10 391.

TFST(?) = 10.' 392.
TEST(3)s2. 393.
TFST(a)=0.05 394.
TF.ST(S)=5. 395.
TESTt^Js 4, 196.
TK.ST(7)s-0.87 397.
TtST(«)=*?.00 398.
TEST(9)=*0.0035 199.
T£ST(10)=100. 400.
TEST(11)=8.0 401.
TEST(12)=0.5 402.
TEST(13)= 1. 403.
IFLAG=0 404.

.      INPUT RESET TEST-VARIABLE CARDS AND SELECTION CARD            405.
00 5 T»ltl6 406.
HEAO(5«<+) ISW,J, rESTj,BHEAO 407.

.4 FORMAT U<»,T12« I2» Tl6*F9.4t 12A4) 408.
11 IK ( (ISW.F.O.MHK) .OP. (ISW.EO.IONE)) GO TO 6 409.

IFdSW .NE. HEAD) GO TO 12 410.
00 13 11*1.12 411.
AHEAD (ID a BHEAD(II) 412. 

13 CONTINUE
GO TO 5

12 IFLAG=1 415.
ATEST(J)=TESTJ 416.

5 CONTINUE 417.
6 WHITE(6.14) AHEAD 418.

14 FORMAT «»OX.12A4) 419.
WRITE(6,2)   420.

2 FORMAT(///.« «»***»»»«* PROGRAM: HYPOTI REVISED d1/25/73) *       421.
1». ///.13X,»TEST(1) TEST(2) TEST(3) TEST(4) TEST(5) TEST(6 422.
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2> TESTC7) T£ST<«) TESTC9-) TEST(IO) TEST(U) TtSTU2) TEST(13)») 423.
rfRITE<6,3) (TFST(I)»I«lf13) 424.

3 FORMAT(  STANDARD »«13F9.4) 425.
IF (IFLAG .EQ, 0) GO TO 8 426.
DO 16 I = Itl5 ' 427.
IF(ATESTU) .ME. 1.23456) TEST (I) sATEST (I) 428.

Iff CONTINUE 429.
WRITE<6,7) (TEST(I)tl*ltl3) 430.

7 FQRMAT<» RESET TO »*13F9.4) 431.
.     SQUARE SOME TEST-VARIAHLES FOR LATER USE                    432.
8 TEST(1)=TF.ST(1)»*2 433.

TEST(?)=TEST<2)«»2 434.
TFST(4)=T>ST(4)»»2 435.

.     INPUT STATION LIST                                         436,
IF (IS* .EQ. IONE.) GO TO 10 437.
KNO=1 433.
WRITE(6t9) 439.

9 FORMAT(/t4Xt»L STN LAT LONG «»« ELV DELAY»»5X 440.
1»»FMGC XMGC KL PRR CAL« 1C DATE HRMNt) 441.
GO TO 20 442.

10 WRITE(6tl5) 443,
IS FORMAT(/»4X,»L STN LAT LONG ELV M OLY1 DLY2»» 444.

1» XMGC FMGC KL CALR 1C DATE HRMNM 445.
20 DO 50 L=ltNMAX 446.

IF (ISW .F.Q. IONE) GO TO 30 447.
READ(St^b) Iw(L)tNSTA(L)tLATl»LAT2tINS(L)tLON* *LON2tIFW(L)tIELV(L) 448.
ItDLY(l.L)*FMGC(L)»XMGC(L)tKLAS(L)tPRR(L)tCALRC.)tICAL(L)tNQATE(L) 449.
2»NHRMN(U) 450.

25 FORMAT(lX,AltA4,I2tF5.2tAltI3*F5.2tAltI4fF6.2f4XfF5.2*2X.F5.2tlX 451,
l»IltF5.;?*F7.2»lXtIlf5X,If»,I4) 452,
IF (NSTA(L) .E'J. M8K) GO TO 60 453.
IF (INS(L> .EO. 181) INSdJsKNl 454.
IF (IFW(L) .fcO. IB1> ItW(L>=KWl 455.
WRITE(6,26) L»IW(L> »NSTA(L).LAT1«LAT2«INS(L)tLONl,LON2»IEW(L) 456.

1»IELV(L> »HLY(1tL)»FMGC(D »XMGC(L).KLAS(L)tPRR(L)tCALR(L)tICAL(D 457.
2,NDATF(L)tNHRMN(L) 458,

2ft FORMAT(T5»3X»Al,A4tI3,FS,2,AltI4tF5.2fAltI5tF6.2t4XtF5.2t2XtF5.2 459.
l.lX,Il,FS,2tF7.2,lX,Il,5X,I6tI4) 460.
GO TO 40 461.

30 READ(5f35) NSTA(L)t IW(L)»LAT1tLAT21INS(L)tLONltLON21IFW(L)tIELV(L) 462.
1,MNO(L)fl)LY(l,L)tOLY(?fL)»XMGC(L)tFMGC(L)tKLAS(L)tCALR(L)tICAL(L) 463.
2iNOATF. (L> tNHRMN(L) 464,

35 FORMAT(A4,Altl2,lX,FR,2.A! 9 I3*lX,F5.2fAltI4»5XtII 465,
lt4F6.?*lX«IltF6.2tU*Ilt2XtI6tI4) ^66.
IF (NSTA(L) ,EO. M8K) GO TO 60 467.
IF (INS(L) .EQ. 181) INS(L)=KN1 468.
IF (IFW(L) .EQ, 181) IEW(L)=KW1 469,
wkITE(b.36) L.NSTA(L),IW(L)»LAT1»LAT2tINS(L)tLONltLON2»IEW(L) 470.
ItlELV(L)fMNO(L)tOLYd,L)tOLY(2tL)»XMGC(L)tFMGCCL)tKLAS(L)»CALR(L) 471.
?f ICAL(L) »MDATE(L) »NHPMN(|.) 472.

3^ FORMAT(IS,2XfA4,Al»I2tlXtF5,2fAltI4»lXtF5.2.Al«I5,5X,Il 473.
lf4F6.2tlX,Il,F6.2»lX,Il»2XtI6t14) 474.
PRR(L)=0. 475.

40 LAT(L)=60.«LAT1*LAT2 476.
LON(L)=^0.«LON1*LON2 477.
MOATE(L)=NDATE(L) 478.
MHRMN(L)=NHRMN(L) 479.
KLSS(L)=KLAS(L) 480.
CALS'D=CALR(L) 481.

50 CONTINUE 482.
WRITE(6t55) 483.
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V*

;>

C-

W

55

60

100
105

115

125

130

115

140

145
...

150

165

160
170

...

180

200

FORMAT </// »   »»  ERROR! STATION LIST EXCEEDS ARRAY DIMENSION!)
STOP
NSsL-1 
   INPUT CRUSTAL MODEL       .      .       ,-....... ..-..  .....-
*PITF.<6«105)
FORMAT <///,7Xt»CKUSTAL MODEL 1   t/«5X,   VELOCITY DEPTH')
00 130 L=1»LMAX
WEAD(5tll5) V(L)«0(L)
FORMAT(?F7.3)
IF (V(L) .LT. 0.01) GO TO 140
WRITF(6»125) V(L)tD(L)
FORMAT(3X,2F10.3)
OEPTH(L)=D(L)
VSCHL)»V(L>»»2
CONTINUF
WHITE<6,135)
FORMAT (///,» *»»** EPRORt CRUSTAL MODEL EXCEEDS ARRAY DIMENSION*)
STOP
NL=L-1
NlsNL-1
-LAYER THICKNESS THKtF & G TERMS
00 145 LMtNl
THK(L)=0(L*D-D(L)
H(L)=THK(L)
COMPUTE FID AND DID
DO ISO J=ltNL
G(1»J)=SU^T(ARS(VSO(J)-VSO(1) ) ) / ( V ( 1 ) «V ( J) )
G(2»J)=SiJ^T(APS(VSO(j)-V<iO(2) ) >/ (V (2) *V ( J) )
G( 3. J)=V(l)/SO«T(A8S(VSC(J)-VSQtl))»0. 000001)
G(4tJ)=v(2)/SORT(ABS(VSO(J)-VSQ(2) )» 0.000001)
IF (J .LE. 1) G(ltJ)=0.
IF (J .Lt. 2) G(2iJ)=0.
IF (J .LE. 1) G(3»J)=0.
IF (J .LE. 2) G(4»J)=0.
f)0 150 t. = ltNL
F ( L t J ) = 1 .
IF (L .r,E. J) F(L»J)=2.
CONTINUK
DO 165 JaltNL )
DO 165 Msl,NL
TIO(J.M)=0.
OID(J»M)=0.'
DO 170 J=ltNL
DO 170 Msj f NL
IF (M .KQ. 1) GO TO 170
M1=M-1
DO 160 Lsl t Ml
SUT=SORT (VSO(M)-VSQ(L) )
TIM=THK(L)»SOT/(V(L)»V(M))
DIM=THK(L)»V(D/SQT
TID(J.M)rTID(J.M)»F(L»J)»TIM
OID(J.M)=DID(J»M)»F(L»J)»DIM
CONTINUF.
IF (ISW ,NE. I ONE) GO TO 200
VARlARLe FIRST LAYER
VC=V(1)*V(2)/SORT(VSO(2)-VSOCD)
00 180 1*1, NS
FLT ( 1 . I ) =DL Y ( 1 f I ) »VC»0 (2)
FLT(2.I)=OLY(2tI)»VC»D(2)

WRITE(6.205)

484.
485.
4*6.
f rt   487. 
488.
489.
490.
491.
492.
493.
494.
495.
496.
497.
498.
499.
500,
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
511.
512.
513.
514.
515.
516.
517.
518.
519.
520.
521.
522.
523.
524.
525.
526.
527.
528.
529.
530.
531.
532.
533.
534.
535.
536.
537.
538.
539.
540.
541.
542.
CA.1  D*» J.

544.
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205 FORMAT (///«  ZTR XNF.AR XFAR. POS 10 KMS KFM 1PUN IMAG IR» 545,
It* IPRN CODE LATR LONR») 546,
HtAD(S»215) ZTW,XNEAR,XFAR,POStlQ»KMStKFMtIPUNtIMAG*lP»IPHN 547,
l»KTESTtKA7»KSOHTfKSEL»LATl,LAT2»LONl»LON2 54*.

21 r, FORMAT(3F5.0»F t5.2»7I5tlXt4Ilt2U4,F6.2» 549.
WWITF(6»215) ZTW,XNEA«tXFARtPOS»IQtKMStKFM»IPUNtlMAG»IRtIPRN 550.
l»KTEST»KA/,KSOHT,KSEL«LATltLAT2»LONl,LON2 551.
LATR=60.«LAT1*LAT2 552.
LONR=fiO.*LONl+LON2 553,
IF d» .EQ. o) RETURN 554.
00 240 I«1,I« 555,
HFAO(5»*?S) (QSPA(ItJ).J=l»40) 556.

2?5 FORMAT(20F4.2) 557.
WPITR (6.^35) I*(OSPA(I,J) »Jslt40) 55>8.

215 FORMAT(/»» QSPA(».I1,») :  ,20F5.2t/»10X«20F5.2) 559.
240 CONTINUE 560.

RETURN 56i.
END 562.
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COMMON 
COMMON

COMMON 
COMMON

SUBROUTINE INPUT2
  INPUT PHASE LIST             -   -      -  «   -
INTEGFR»2 SYM
REAL»8 TlMEltTIME2
REAL LAT2«LON2tLATEP.LO'NEP.MAG
COMMON /Al/ NSTAC151) .OLY(?,151),FMGC(151).XMGC(151) tKLASUSl) ,

PRRC151) tCALR(lSl) tICALdSl) .15(151) .NOATE (1S1) .NHRMNdSl)
/A6/ NMAX,LMAX.NS.NL»MMAX.NR.FNO.ZtX(4.l01)»ZSO.NRP.DF(101
/A8/ CALdOl) .XMAG(lOl) .FMAG(lOl) ,NM,AVXM,SOXM,NF»AVFM,
SOFM.MAGtKOXdOl) ,AMX(101) tPRX(lOl) »CALX(10l) tFMPdOl)
/AID/ ANIN(101)tAZ(lOl)tTEMP(101)tCA(71)tCB(71)
/All/ KL>AT£»KHRtKMINtSECtLATltLAT2»LONlfLON2tRMKl»«MK2»
tGAP»OMlN f RMSSO.ERH,Q,QStGDtAOJSQtINSTtAVR,AARtNI.KNST,JHP

COMMON /A12/ MSTAdOl) .PRMK(lOl) tWdOl) tJMIN(lOl) ,P(101) , 
RMKdOl) twKKdOl) tTP(lOl) tDTdOl) tCOSL(701) 
/A13/ JOX(lSl)tLDX(lOl)tKEY(ini).CLASS(4)
/A14/ MBK,MOOL tBl ANKiMSTAR tOOT *STAR4»QUES »CRMK tMCENT tISTAR 
/A15/ M,LtJtORr,,JAViPMIN,AZRES(101) »NEAR»IDXStLATEPtLONEP 
/A16/ KLSSdSU »CALS(151) »MDATE(151) tMHRMNUSl) tIPRNtlSW 
/Ai7/ TIME1tT!ME2»LATR,LONR,KTESTtKAZtKSORTtKSFL»XFN 
/A18/ SdOi) tSRMKUOl) tWS(lOl) tTS(lOl) »NOS,QRMK(101) 
/A19/ KNO,IELV(151) .TEST (15) tFLT(2t!51) .MNOdSl) tlWdSl) 
/A21/ KSMPdSl) »FMO»ONF.B(4) .IPH.KF.AVRPSf IEXIT 
/A?3/ A INC mi) »RMS,ADJ»SYM(101) 
/A24/ FLTEP»IPRO.ISTTT.ISKP(4) ,AHEAD(1?) .FLIMtAFO) .NOEC

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMQM 
COMMON 
COMMON 
COMMON

563.
564.
565.
566.
567.
568.
569.
570.
571.
572.
573.
574.
575.
576.
577.
578.
579.
580.
581.
582.
583.
584.
585.
586.
587.

DIMENSION ICAHLH20)
589.
590.
591.
592.
593.
594.
595.
596.
597.
598.
599.
600.
601.
602.
603.
604.
605.
606.
607.
608.
609.
610.
611.
612.
613.
614.
615.
616.
617.
618.
619.
620.
621.
622.
623.

10

20 
?5 
30

35

lOXSsO
00 20 1=1. NS
KSMPU)=0
JOX(I)=0
L=l
READ(5»3b»ENDs300) MSTA(L) »PRMK(L) »W (D   JTIME, JMIN (L) »P (L) »S (L)

) *WS(L) »AMX(L) »PqX(L) »CALP»CALX (L) .RMK(L) »OT(D .FMR(L) 
(L) »SYM(L) .AStTCA«0,ORMK(L) »IPRO

FORMAT (/?A4.Tfl»Fl.O»T10,ia»I2.F5.2»T32»F5.2»A4.T40,F1.0.T44,F4.0 
1 tF3.2.F4.1,T59,F4.1tA3»F5.2,F5.0*T21.A4,T7.Al.T32»A4,Tl»20A4 
2»Tft3*Al*T5tA4J
IF ( (MSTA(L) .F.O.MSTAR) ,OR. (MSTA(D .EQ.MOOL) ,OR, (MSTA(L) ,EO.MCENT) ) 

1GO TO 300
IF (MSTA(L) .hQ.MRK) GO TO 350
IF (CALX(L) .LT, 0.01) CALX(L)=CALP
00 40 Isl.NS
IF (MSTA(L) .FO. NSTA(D) GO TO 50

40 CONTINUE
WRITE(6.*5) ICAROtMSTA(L) 

45 FORMAT(///.»  »»*» »t20A4.« 
1ISTM
GO TO 30 

50 KDX(L)sI
LDX(L)»0
JOX(I)sl
IF (FMP(L)
IF (L .GT.
KTIMF=JTIME
KDATE=KTIME/100
KHHsKTlM£-KOATE»lOO 

60 IF ( ITIME .EO. KTIME)
w»RITE(6.65) ICARD 

65 FORMAT(///.» »     »t20A4,t

DELETED: »»A4 t » NOT ON STATION L

 LE. 0.) 
1) GO TO

FMP(L) 
60

BLANK

GO TO 70

DELETED* WRONG TIMEM
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GO TO 30
70 IF (RMK(L) .EQ. CRMK) GO TO 200
80 W(L)=(4.-W(L) )/4.

IF (IW(I) .EQ. ISTAR) W(L)=0.
rP(L)=60.»JMlN(L)*P(L)*BT(L)
WHK(L)=8LANK
IF (V(L) .EQ. 0.) GO TO 90
IF (W(L) .GT. 0.) GO TO 89.

W(L)=(4.-WS(L) )/4.
KSMP(L)=1
IF(TP(L).GE.PMIN) GO TO 95
PMIN=TP(L)
NEAR=L
GO TO 95

89 IF (TP(L) .GE. PMIN) GO TO 90
PMIN=TP(L)
NF.AR=L

90 IF (AS .EQ. BLANK) GO TO 100
-.       5 DATA                       -         -      .-.-. .       .. 

IDXS*1
LDX(L)=1
WS(L)=<4.-WS(L) )/4.
IF <I*(I) .EG. ISTAR) wS(L)=0.

95 TS (L) =60 .»JMJf4 (L) *S(L) *OT(L)
100 L=L*1

IF (L .I.T. MMAX) GO TO 30
W*ITE(6»105)

105 FORMAT (///»« »»»»» FPROK : PHASE LIST EXCEEDS ARRAY DIMENSION;
1A DATA THEATER AS NEXT EARTHQUAKE 1 )
GO TO 3SO

C        CALIBRATION CHANGE IN STATION LIST                     -      
200 IF (P(L) .NE. 0.) KLAS(I)=P(D

CALMT)=CALX<L)
TjME2=l.i^06»KDATE*i.n*04»KHR*l.D*02»JMlN(L)
IF (TTMt2 .Gt. TIMED GO TO 250

624.
625.
626.
627,
628.
629.
630.
631.

.     <S32.
633.
634.
635.
636.
637.
638.
639.
640,
641.
642. 

.     643.
644.
645.
646.
647.
648.
649.
650,
651.

EXTR 652.
653.
654.

    655. 
656.
657.
65B.
659.

205 FORMAT(///»' « *«»  « « THE FOLLOWING EVENT IS OUT OF CHRONOLOGICA 661.
1L OROfrR «»«»»«»»«»i) A6?.

250 W«ITE(f).2S5) KOATE tKHRt JMIN (L) »MSTA (L) »KLAS (I) »CALR (I) 663.
255 FORMAT(///»» «»»««  tI6»!X,2I2»»  «**  CALIBRATION CHANGE FOR »»A4 664.

!» : KLAS s »«I1»«» CALR = »»F4.1) 665.
MOATE(D=KOATE 666.
MHRMN<I)=100«KHH»JMIN(L) 667.
TIME1=TIME2 ' 668.
GO TO 10 669.

300 Msl 670.
NR=L-1 671.
HETURN 672.

350 MaO 673.
400 NR»L-l 674.

RETURN 675.
END 676.
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SUBROUTINE MISlNG . 677, 
,     CHFCK MISSING STATIONS                                   678.

REAL*8 TIME1»TIM£2 679,
REAL LAT«LON»LAT2«LON2»LATEP«LON£P«MA6 680,
COMMON /Al/ NSTA(151),DtY(2tl51)«FMGCd51) .XMGC(151)«KLASd51)   681.

1 P*R(151) «CALRd51) ,ICALd51) »IS(151) .NOATEC51) ,NHRMN(15U 682.
COMMON /A2/ LATdSD »LONdSD tDELTAdOl) «DX(101)  OYdOl) .TdOl) 683.
COMMON /A5/ ZTR»XNEAR,XFAR.POS«IQ.KMS»KFM,IPUN,IMAG«IR,QSPA(9 t 40) 684.
COMMON /A6/ NMAX,LMAX,NS»NL»MMAX«NR»FNO«Z»X(4»10l)tZSQiNRPiDF(101) 685.
COMMON /A?/ KP,KZ»KOUT»WT(101)«Y<4)«SE(4),XM£AN(4)«CP(180)«SP(180) 686.
COMMON /A*/ CALdOl) .XMAG(lOl) .FMAGdOl)  NM,AVXM«SDXM«NF»AVFM, 687.

1 S'jFM.MAG.KDXdOl) »&MXdOl) tPRXdOl) »CALXdOl) tFMPdOl) 688.
COMMON /A10/ *NIN(101),AZtlOl)«TEMP(lOl)«CA(7l)«CB(71) 689.
COMMON /All/ Kt)AT£»KHW,KvTN,SFC«LATl.LAT2»LONl»LON2«RMKl,HMK2« 690.

1 ' TGAP»OMlN,RMSSQ»EWH,0»QS.QO»AnjSa»INST»AVR,AARtNI«KNST,JHR 691.
COMMON /A12/ MSTA(lOl) .PRMK(lOl) »W(101) »JMIN(10l) .PdOU   692.

1 HMKdOl) »WRK(101) tTPdOl) »DTdOl) iCOSL(701) 693.
COMMON /A13/ Jl)X(151) .LOXdOl) »KEY(10l> »CLASS(4) 694.
COMMON /A14/ MBK,MQOL»BLANK,MSTAR»DOTtSTAR4»QUES»CRMK,MCENT«ISTAR 695.
COMMON /A15/ M.L«J»OWG,JAV»PMIN«AZRESd01)tNEAR«lnXS»LATEP«LONEP 696.
COMMON /A25/ INS(lSl)»IEW(151)*JPH 697.
DATA KSUKW1/«S»,»W»/ 698. 

....................................................................... 699.
iHOsO 700.
NJ=J*1 701.
TEMP(NJ)=TEMP(1)*360. 702.
TDEL=25.»MAG»»2 703.
IF (MAG .EG. BLANK) TO£L=100. 704.
00 30 1=1fNS 705.
IF (JDX(I) .EO. 1) GO TO 30 706.
AVL=(t.AT d)'*LATEP)/120. 707.
i«l=AVL+].5 708.
M2=AVL»10.*1.5 709.
UM = (LO'MI)-LONEP)»CA(M1)*COSL(M2) 7 lO»
DYI=(I.AT (p-LATEP)»CB(Ml) 711.
DELI=SOWT (DXi»*»2*OYI»»2) *0.00000l 712.
IF (OFLI ,GT. TOED GO TO 30 713.
CHECK LATITUDE ANQ LOMGITUOE 714.
IF (INSd) .EQ. KS1) OYIs-OYI 715.
IF (IFW(I) .FO. KW1) nXI=-OXI 716.
AZI=AMOi>(ATAN?(OXl.OYl)»S7.29578 * 360.t 360.) 717.
IF (A/I .LE. TEMP(D) A7I=AZI*360. 718.
00 10 J=2»NJ 719.
IF (A7I .LT. TtMP<J)) GO TO 20 720.

10 CONTINUE 721.
JsNJ 722.

20 EXGAP = 7EMP(J)-TEMPU-1) 723.
HOGAPsTKMP(J)-AZI 724.
TGAP=AZI-TEMP(J-1) 725.
IF (TfiAP .LT. ROGAP) ROG4P=TGAP 726.
IF ((DEUI.GT.OMIN).AND.(ROGAP.LT.30.)) GO TO 30 727.
IF (A7I .GE. 360.) AZI«AZI-360. 728.
IF (IHO .EQ. 1) GO TO 22 729.
WRITE(6.5) 730.

5 FORMAT(/»10X.'MISSING STATION DELTA AZIM EX-GAP RO-GAPM 731.
IHO«1 732.

22 WRITE(6.25) NSTA(I)«OELI   AZI«EXGAP«RDGAP 733.
25 FORMAT(2lX.A4,2F7.l«2F8.l) 734.
30 CONTINUE 735.

RETURN 736.
END 737.
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SECsOPG-60.0*KMIN 799.
ERH*SQKT<SEU)*»2+SE<2)**2> ' 800.
NOsFNO 801.
HMKlxRLANK 802.
KMK2sBLANK . 803.
HMKOsRLANK 804. 

C-   KZ*1 FOW FIXED DEPTH! ONFsO FOR ORIGIN TIME BASED ON SMF'S 80S.
IF (ONF ,FQ. 0.) RMKO«STAR4 806.
IF (K7 .EQ. 1) RMK2=STAR4 807.
J=0 808.
DO 10 IsltNHP 809.
DXI=DXU) 810.
OYI=DY(I) 811. 
IF ((DXI.EQ.O.) .AND.tOYl.FQ.O.M GO TO 6 812.
JI=KOX(I) 813.
IF (INS(JI) ,EO. KSl) DYI=-DYI 814.
IF (IFW(JI) .EQ, KW1) DXI=-DXI 815. 
AZ<I)=A*OQ<ATAN2<OXI,OYI)»57.29578 * 360.t 360.) 816.
GO TO 7 817.

6 AZ(I)a 999. 818.
7 CONTINUE 819.

AIN(I)=AWSIN(ANIN(I))*57.?9578 820. 
IF (AINU) .LT. 0.) AINU)=180.*AIN<I) 821.
AIN(I)s]80.-AIN(I) 822.
SWT=0. 823.
IF <LDX(I) .EO. 0.) GO TO 8 824.
KKrLDX(I) 825.
SWT=WT(KK) 826.

8 IF ((WT(D.EO.O.).ANO.(SWT.EO.O.)) GO TO 10 827.
J=J*1 828.
TEMPUJsAZCn 829.

10 CONTINUE 830.
CALL SO*UTEMP,K£Y».J) 831.
GAP=TEMP(l)*360.-rEMP(j) 832.
DO ?0 I=2»J 833.
OTFMP=TFMP(I)-TEMP(I-1) 834.
IF (OTE-MP .GT. GAP) GAPsQTEHP 835.

20 CONTIWUF. 836.
IGAP«GAP*0.5 837.
DO 25 I=ltNHP 838.

25 OEHP(l)=oeLTA(I) 839.
CALL SO*T<DE:MPfKEY,NRP) 840.
00 27 I=1»NHP 841.
K=KEY(I) 842.
SwTsQ. 843.
IF (LOX(K) .EQ. 0.) GO TO 26 844.

. KK=LOMK) 845.
SWT=WT(KK) 846.

26 IF <(WT(K).GT.O.).OK.(SUT.GT.O.)> GO TO 28 847.
27 CONTINUE 848.
28 OMIN=DEMP(I) 849.

IDMIN=OMIN*0.5 850.
OFD=Z 851.
TFD=2.*Z 852.
IF (OFO .LT. 5.) OFD=5. 853.
IF (TFD .LT. 10.) TFOalO. 854.
JS=4 855. 
IF «RMS.LT.0.50).ANO.(ERH.LE.5.0)) JS»3 856. 
IF MRMS.LT.0.30) .ANO. (F.PH.LE.2.5) .ANO.(SE<3) .LE.5.0M JS*2 857. 
IF ( (PMS.LT.0.15) .AND. (F.RH.LE. 1.0) .AND. (SE(3) .LE.2.0)) JSal 858.
JD»4 859,
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IF (NO .LT. 6) GO TO 30 . 860.
IF ((GAM.LE.l80.).ANn.(DMIN.LE.50.M J0=3 861.
IF ((fiAP.LE.13S.).ANO.(DMIN.LE.TFO)) J0=2 862.
IF UfiAP.LE. 90.).AMO.(OMIN.LE.OFO)) JOsl 863.

3C JAV=(JS*JO*l)/2   864.
Q=CLASS(JAV) 865.
QS=CLASS(JS) 866.
(JDsCLASSUD) 867. 

50 TIME2=SEO1.D*02»KMIN*1.0*04»KHW*I.D*06«KDATE 868.
IFUPRN .F.Q. 0) GO TO 52 869.
IF(NI .Nt. 1) GO TO 60 870.
IFtNOFC .GE. 1) GO TO 60 871.
IF (JPH .FQ. 1) GO TO 60 872.

52 KKYR=KDATE/10000 873.
KKMO=(KOATE-KKYR»10000)/100 874.
KKDAYs(KOATE-KKYR»10000-KKMOMOO) 875.
JPH=1 876.
IF(KSFL) 50lt501f505 877.

501 WHITE(6«502) 878.
502 FORMAT(///) 879.

GO TO 535 880.
505 WRITF(6.506) 881.
506 FORMAT UH1) 882. 
51 WRITE(6«S3) AH£AD»KKYR«KKMO»KKDAY»KHR,KMIN 883.
53 FORMAT(/»30X«12A4»T112»I2»»/»»I2»»/»«I?»4X»12iM t12) 884.

535 IF( TIMF2 - TIME1 .GT. -2n.)GO TO 60 885.
WRITE(6.54) 886.

54 FORMAT (  *»»** FOLLOWING F.VENT IS OUT OF ORDER » »»»!) fl87.
60 IF ((KP.F-0.1) .AND. (IPRN.EQ.O)) GO TO 67 888.

IF (IPH .F.Q. 1) GO TO 62 «89.
W*ITF(6«61)' INS(1)tlFW(l) 890.

61 FORMAT(/»59X»» ADJUSTMENTS (KM) PARTIAL F-VALUES STANDARD ERROR R91.
IS ADJUSTMENTS TAKF.Ni,/,t i QRIG LAT »»A1 A92.
2»» LONG ».A1»   DEPTH DM RMS AVRpS SKD CF OLA 893.
3T DLON DZ OLAT DLON DZ DLAT ULON OZ DLAT ULON D 894.
4Z») 895.
IF (IPR< ,EQ. I) IPH=1 896.

6? WRITE(6»63) NI»SFC»LAT1«LAT2tLONl»LON2»Z»RMK2»IOMIN,RMSfAVRPS» 897.
1 <JS«KF.OIJ,FLIM«B(2) »M(1) ,R(3) »AF(2) «AF(1) «AF(3) tSE(2) »SE(1) t 898.
? SE(3)»Y(?),Y(1),Y(3) 899. 

63 FORMAT(IJ,F6.2»13. - «F5.2«I4t«-t,F5.2»F6.2»Al»I3,F5.2»F6,2» 900.
1 1X,A1«II.A1,13F6.?) 901.
IF (KP .F.O. 0) GO TO 100 902.

67 JNST=KN5T*10*INST 903.
IF (NM .FQ. 0) AVXM=0.' 904.
IF (NF .EQ. 0) AVFM=0. 905.

. FMT1(14)=F1 906.
FMT1(19)=F2 907.
FMT1(21)=F2 908.
FMT2(14)=F1 909.
FMT2(?0)=F2 910.
FMT2(22)=F2 911.
IF (MAG .NE. BLANK) GO TO 68 912.
FMTU14)=G1 913.
FMT2(14)=G1 914.

68 IF (SF(3) .NE. 0.) GO TO 70 915.
SE(3)=8LANK 916.
FMT1(21)=G2 917.
FMT2(?2)=G2 918.

70 IF (F.PH .NE. 0.) GO TO 72 919.
ERHsBLANK . 920.
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FMTU19>aG2 . 921,
FMT2(20)=G2 922.

72 *RITE<6.75> INSU)»IEW<D 923.
75 FORMAT<//, t DATE ORIGIN LAT »»Alt» LONG »*Alt» DEPTH 924.

1 MAG NO OM GAP M RMS ERH ERZ Q SOU AOJ IN NR AVR AAR NM A 925.
2VXM SOXM NF AV/FM SDFM p) 926.

80 WHITE(6»FMTl)KDAT£»RMKO.KHRfKMIN«SEC»LATltSYMltLAT2»LONl,SYMl,LON2 927.
1»»MK1.Z.RMK2»MAG»NO»IDMIN»IGAPfKNOtHMS»ERH»S£<3)»OtQStSYM2tQ0»ADJ 928.
2»JNST.N*»AVR»AAR,NM»AVXM*SOXM,NF»AVFM,SOFMtNI 929.
IF (IPUN .EQ. 0) GO TO 100 930.
IF ((ORMK(l),NE.SYMBOL(4)).AND.(QRMK(1).NE.SYMBOL(5))) 931.

1QRMK(1)=SYMBOL(1) 93?.
SYM3=SYMHOL(KNO*1) 933.
w^ITF(7tFMT2) KDArE*KHP,KMIN»SEC»LATl*SYMltLAT2»LONl,SYM1»LON2 934.
ItRMKl,2,HMK2»MAGtNO»IGAP,OMINtRMS»ERH,SE<3),URMK<1)*Q»SYM3 935.

100 IF (KP .EQ. 1) GO TO 105 936.
IFdPPN .LE. 1) GO TO 300 937.

105 WRITF(6f110) 938.
HO FORMAT(/   STN DIST AZH AlN PRMK HRMN P-SEC TPOBS TPCAL DLY/H1 P 939,

1-HES P-wT AMX PRX CALX K XMAG PMK FMP FMAG SRMK S-SEC TSOBS S-RES 940.
2 S-WT DT») 941.
DO 200 I=1»NRP 942.
K=I - 943,
IF (KSO^T .EQ, 1) K=KEY(I) 944.
KJI=KDX(K) 945,
TPK=TP(K)-ORG 946.
IF (TPK .LT. 0.) TPK=TPK*3600. 947.
FMT3(10)=F1 948.
IF ((AZWES(K).NE.OOT).AND.(AZRES(K).NE.BLANK).ANO. 949,

1(AZRES(K).NE.ZDOT)) GO TO 114 950,
X{4,K") s^LANK 951,
FMT3(10)=G1 952,

114 RMK3=MLANK 953,
IF (XMACi(K) .EQ. BLANK) GO TO 115 954,
IF (ABS<XMAG(K)-AVXM) ,GE. 0.5) RMK3=STAR4 955.

115 RMK4»RLANK 956.
IF <FMAt.i<K) .EQ. BLANK) GO TO 130 957.
IF (AHS(FMAG(K)-AVFM) .GE. 0.5) RMK4sSTAR4 958.

130 FMT3(17)=F4 959.
FMT3(?1)=F5 960.
FMT3(?2)«F4 961.
FMT4(P)=F1 962.
FMT4(11)=F1 963.
IF (XMAG(K) .NE. BLANK) GO TO 160 964.
FMT3(17)sG3 965.
FMT4(fl)=Gl 966.

160 IF (FMAG(K) .NE. BLANK) GO TO 162 967.
FMT3(?1)=G4 968.
FMT3(22)=G3 969.
FMT4(ll)=Gl 970.

162 FMT3(26)=F1 971.
FMT3(?8)aF6 972.
IAZ=AZ(K)*0.5 973.
IAIN=AIM(K)*0.5 974,
lAMXsAM*(K) 975.
IPRXalOO.»PRX(K)*0.5 976.
IFMPaFMP(K) 977.
IF (LOX(K) .NF.. 0) GO TO 163 978,

C   CHECK FOR SMP DATA 979,
IF (KSMP(K) .EQ. 0) GO TO 165 980.

	981.
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RMKSsRLANK   982,
StoTsUUi, 983.
TSKsS(K)-P(K) 984,
GO TO 168 . 985,

16.5 KKsLDX(K) * 986,
SRES=X(4,KK) 987,
RMK5=WRK(KK) 98A,
SWIsWT(KK) 989,

164 TSKsTS<K)-0«G 990,
GO TO 168 991,

165 S(K)sRLANK 992,
TSKsHLANK 993.
S^FSsRLANK 994.
HMK5=HLANK 995,
SwT=ftLANK 996,
FMT3(26)=G1 997,
FMT3(28)=G3 998.

168 FMT3nO)=Fl 999.
DLYKsOLY(KNO»KJI) 1000.
IF (ISW ,EQ. IONE) OLYK=FLT(KNO»KJI) 1001.
DTKsOT(K) 1002.
IF (DTK .NE. 0.) GO TO 170 1003.
OTK=Bt.ANK 1004.
FMT3(30)=G1 1005.

170 W*ITE(6»FMT3> MSTA(K)tOELTA(K) IAZ»IAlNtPRMK(K)»JHRtJMIN(K)»P(K) 1006.
It TPK,T(K).OLYK,X(4,K)tWRK(K)tWT(K)«IAM/ ,IP«X»CAL(K) 1007.
2tKLAS(KJl),XMAG(K)t«MK3,RMK(K).IFMP,FMAG(K)i«MK4t$RMK(K)tS(K) 1008.
3»TSKtSHF.S,RMK5»SWTtf)TK»IW(KJI) 1009.
IF (IPUN .NE. 2) GO TO 200 1010.
ISEC = 100..»SEC 1011.
rf*ITE(7,FMT4) MSTA(K)»DELTA(K)tAZ(K)tAlN(K)»PRMK(K)»TPKtX(4.K) 1012.
1«wT(K)iXMAG(K)»RMK(K)tFMAG(K)»KOATE»KHRtKMlN»ISEC»KJI»SYM3 1013.

200 CONTINUF 1014.
IF (IPU-M .NE. 2) GO TO 300 1015.
WWITF(7i205) 1016.

205 FORMAT(  *$$») 1017.
300 KHR * JHW 1018.

OKG = OSAVE 1019.
RETURN 1020.
END 1021 .
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SINGLE EARTHQUAKE
SUBROUTINE SINGLE 
    SOLUTION FOR A 
INTEGER*? SYM 
REAL** TIME1»TIME2 
REAL LATRTt LONRT. LATSV, LONSV
REAL LAT.LON.LAT2tLON2.LATEP»LONEP»MAGtLATR,LON9 
COMMON /Al/ NSTAdSl) »OLY(2tl51)  FMGC(lSl) »XMGCd51) iKLASUSl) t

PR* (151) »CAL«U-51)tICAL(151) »ISd51).NOATEd51).NHrtMN(151) 
/A?/ LAT(lSl) .L'JN(lSl) .DELTA d 01) tOX { 10 1 ) »OY ( 101 ) »T ( 101 ) 
/A3/ NRES(2.15!) tNXM(lSl) «NFM(151) .SR(2.15D »SRSQ(2»151) t 
SRWT<2»151) .SXNM51) .SXMSQdSl) tSFM(151) tSFMSQ(lSl) »ONO(4) 
/AS/ ZTR.XNEA9.XFAP,POS.IQ.KMS»KFM.IPUN.IMAG»IP.aSPA<9,40) 
/A*/ NMAX,LMAX,NS.NL»MMAX,NR.FNO»Z»X(4»101) » ZSO iNRP »DF ( 1 0 1 ) 
/A7/ KP.KZtKOUT.WT(lOl) »Y(4) »SE<4) ,XM£AN<4) »CP (180) .SP { 180) 
/A*/ CAL(lOl) .XMAGdOl) tFMAG(lOl) .NM, AVXM.SDXM.NF. AVFM, 
SOFM.MAG.KOXdOl) «AMX(101) .PRXdOl) iCALX(lOl) tFMP(lOl) 
/A10/ ANIN(IOI) .AZdOl) .TEMPdOl) .CA(7l) .CR(71) 
/All/ KDATEfKHRtKMlNtSECiLATl »LAT2»LONl»LON2»RMKl»RMK2t 
IGAPtDMlN,RMSSQ»£ttH;QtOS»OD»ADJSU»INSTtAVRtAAR»Nl,KNST»JHR 

COMMON /Al?/ MSTAdOl) i^RMKdni) ,W(101) tJMlNdOl) f P(101) , 
RMKdOl) tWRKdOn .TP(lOl) ,DT(101) iCOSL(701) 
/A13/ JDX(151) .1 )X(101) »KEY(101) »CLASS(4)

M8K,MDOL»fc-.ANK»MSTAR»nOTtSTAR4tOUES»CWMK»MCENTtISTAR
M,L»JfO»Gf .»AVtPMIN»AZRES(101) iNEARtinXS»LATEP»LONEP
KLbSdSl) :ALS (151 ) »MOATE (151 ) »MHRMN ( 151 ) t IP*N» ISW
TlMEl»TlMt2,LAT9»LONR«KTEST f KAZtKSORTtKSFL>XFN
SdOl) iSWMK(lOl) »WS(101) »TS(101) .NOS.QRMKdOl)
KNO.IELVdSl) ,TEST(1«5) »FLT(2»151) tMNOdSl) »IW(151)
V(2l) »D(?1) .VSO(21) »THK(2D »TIO(21i2l) tOID(2lt21)
KSMPdSl ) »r-MO»ONFtB(4) »IPH»KFiAVRPStlEXIT
F(?l«21) ,G(4t?l) »H(21) tDEPTH(21) »IONE
AlN( mi ) ,WMS,AOJ»SYM(101 )
FLTFP,IP90»ISTTTi ISKP(4) t AHEAD (12) »FLlM f AF(3) tNOEC
INS (151 )   IFW d^U »JPH

COMMON 
COMMON

i
COMMON 
COMMON 
COMMON 
COMMON

L
COMMON 
COMMON

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON' 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON
COMMON

/A14/ 
/A15/ 
/A16/ 
/A17/ 
/A18/ 
/A19/ 
/A?0/ 
/A?l/ 
/A22/ 
/A?3/ 
/A?4/
/A?S/

DIMENSION SUM(b) »YSAVF. (4) ,WF(4l) lALZdO) tLA(10) »LO(lO)
.0.95.0.95.0.95.0.94.0.94.0.94.0.93. 
,0.9n»0.88.0.87.0.85.0.83.0.flO.O.77.

,41.0.34.0.28.0.23.
, 03.0.02.0.01.0.01.0./

,47.0 
,04,0

DATA WF/.95.0.95,0
1 0.9?.0.92.0
2 0.73.0.fto,U
3 0.1H,0.14,0.11,0.08,0.06,0
DATA LA/l,l.l,l,0-0.-l»-l»-l.-l/»

1 LO/*].-!.*1.-1.0.0»>1--1.* 1   -1 /  
2 AL//-1.0.-1.0.* 1.0. *l.O.-1.732.*1.732.-1.0.-1.0»*1.0»*1.0/
»««iMM«»M««»««4»«B4»a»« «« »   « »   WM«»«a»«»«M**»Va»a»a»a»a»a»«i«»a»a»«*«»M»«   »   » »  »«* » » » » »*

AVRPS = 0.0 
lEXITsO 
LATRTaO. 
ZRES=P(NR*1)

= JMIN(NW*D-KNST«10
NRPsNR

30 IF (IOXS .EQ. 0) GO TO 80 
,.    TREAT S DATA BY AUGMENTING P DATA  

NOS = 0
00 65 Isl.NRP
IF (LOX(I) ,EQ. 0) GO TO 65
NOSsNOS*!
N«S=NRP*NOS
TP(NRS)=TS(I)
W(NRS)sWS(I)
KSMP(NRS)=0
IF ((KNST.NE.U.ANO.(KNST.NE.6)) W(NRS>=0.

1022.
1023.
1024.
1025.
1026.
1027.
1028.
1029.
1030.
1031.
1032.
1033.
1034.
1035.
1036.
1037.
1038.
1039.
1040.
1041.
1042.
1043.
1044.
1045.
1046.
1047.
1048.
1049.
1050.
1051.
1052.
1053.
1054.
1055.
1056.
1057.
1058.
1059.
1060.
1061.
1062.
1063.
1064.
1065.
1066.
1067.
1068.
1069.
1070.
1071.
1072.
1073.
1074.
1075.
1076.
1077.
1078.
1079.
1080.
1081.
1082.
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102

104

105

109

111

no

KDX(NKS)=KOX(I) 
LOX ( I ) sNWS 
WRK<NRS)=8LANK 
CONTINUE

TRIAL HYPOCENTER.     INITIALIZE 
80 KsKOX(NEAR)

SVY1 a 0.0
SVY2 « 0.0
SVY3 = 0.0
ERLMT = 0.
no 25 I = 1.3
ISKP(T)=0 

25 CONTINUE
IF UK'ST .NE. 9) 30 TO 90
MEAO(5«fl5) OHG1.0RG2,LATl,LAT2.LONl.LON2.7 

85 FORMAT(FS.O.F5.2»I5.F5.2iI5.2F5.2)
ORG=60.»0«Gl*OKG2
LATEP=60.»LATl*LAT2
LONEP=60.«LON1*LON2
GO TO 105 

90 IF <NR .GE. 3) GO TO 100
96 WMITE(6.97)
97 FORMAT(///   *««** INSUFFICIENT DATA FOR LOCATING THIS QUAKE!») 

1F< NRP ,KQ. 0 ) NRP = 1 
00 9ft L=l»NMP

98 ««ITE(6f99) MSTA(L)»PRMK(L>.KOATE.KHR*
99 FORMAT(5X.2A4,IX,16.212.F5.2.7X.F5.2) 

IEXIT=1
IF (N>RP .EQ. I) RETURN 
GO TO 575

(L) tP(L) tS(L)

100 Z =
Z=ZRES

102

0.) GO TO 104

IF <AZRFS<N«p*u .NF.
OWG=PMlN-7/5.-l. 
IF<LATRT.EO.O.) GO TO 
LATEP=LAFRT 
LONEP=LONRT 
GO TO 105 
IF (LATR .EQ 
LATEP=LATR 
LONEP=LON« 
GO TO 105 
LATEPsLAF(K)*0.l 
LONEPsLON(K) *0.l 
AOJSQsO. 
IPH=0 
NOEC=0
PRMSSO=100000.
IF (ISW .EQ. IONE) KNOaMNO(K) 
IFUSW ,EO. IONE) FLTEPsFLT(KNO.K) 
NIMAX=TEST(ll)*.OOOl

    GEIGERtS ITERATION TO FIND HYPOCENTRAL ADJUSTMENTS 
NI s 1

9) NI=NIMAX
0.) GO TO 110
* LA(NA)*OELAT
* LO(NA)»OELON 

ALZ(NA)*»OEZ 
0.) Z=0.

IF (INST .EQ. 
IFtERlMT .EQ. 
LATEP = LATSV 
LONEP = LONSV
z * zsv *
IF(Z .LT.
FMOaO. 
FNOsO.

1083.
1084.
1085.
1086.
1087.
 1088.
1089.
1090.
1091.
1092.
1093.
1094.
1095.
1096.
1097.
1098.
1099.
1100.
1101.
1102.
1103.
1104.
1105.
1106.
1107. 
110A.
1109.
1110.
1111.
1112.
1113.
1114.
1115.
1116.
1117.
1118.
1119.
1120.
1121.
1122.
1123.
1124.
1125.
1126.
1127.
1128.
1129.
1130.
1131.
1132.
1133.
 1134.
1135.
1136.
1137.
1138.
1139.
1140.
1141.
1142.
1143.
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c-

c-

c-

V*

c-

c-

c-

00 112 I=l»5 
112 SUM(I)=0,

.       CALCULATE EPICENTRAL DISTANCE BY RICHTER'S METHOD   
DO 120 1=1 »NR 
JI=KDX(I) 
AVL=(LAT(JI)*LATEP)/120. 
M1=AVL*1.5 
M2=AVL»10.*1.5 
OX ( I ) = (LOM ( JI ) -LONEP) »CA (Ml ) »COSL <M2) 
DY(I)s(LAT(JI)-LATtP)»C8(Ml) 
DELTA ( I ) =SQRT (DX ( I ) »»?*OY ( I ) »»2) +0. 000001

IF (f>4! .LE. 1) GO TO 115.    .- DISTANCE WEIGHTING             ..    ......    .   .
IF (OFLTA(I) .LE. XNEAW) GO TO 115 
WT <I)=W(I)<MXFAH-OELTA(I))/XFN 
IF (WTU) .LT. 0.005) WT(I)=0. 

115 IF (WT(I) .EO. 0.) GO TO 120 
IF (KSMP(I) .EQ, 1) FMO=FMd*l. 
FNO=FNO*1. 
SUM(4)=SUM(4)*WT(I) 

120 CONTINUE 
IF (FNO .l.T. 3.) GO TO s»6 
AVWT=SUM(4)/FNO

.       NORMALIZE DISTANCE WEIGHTS      -    -           -     
SUM (4) =0.0 
DO 122 1=1 »NR 

122 WTU)=WTU)/AVWT 
IF ( (NI.LF..2) .0*. (KAZ.EQ.O) ) GO TO 130

.       AZIMIJTHAL WEIGHTING        -    -    -                  
CALL AZWTOS

.       COMPUTE TRAVEL TIMES s. DERIVATIVES-                 
130 ZSQ=2**2

CALL TRVUWV
FDLYsl.
IF (isw .F:Q. IONE) FOLY=O.

.       CALCULATE TRAVEL TIME RESIDUALS X(4*I) i MODIFY THF 
140 DO 150 I=ltNR 

JI=KOX(I) 
IF (I .LE. NRP) GO TO 145

T(I)sPOS»T(I) 
X(lt!)8POS»X(l»I) 
X(2tI)aPOS*X(?*I) 
X(3,I)=POS»X(3tI) 
X (4* I ) =TP ( I ) -T ( I j -ORG-POS*DLY (KNO* Jl ) »FOLY 
GO TO 150 

145 IF (KSMP(I) .EO. 0) GO TO 146

X(2*I)=(POS-l!)»X(2«I)
X<3tI)*<POS-l.)«XC3tI> 
X(4,I)=TS(I)-TP(I)-(POS-1.)»(DLY(KNO*JI)»FOLY*T(I))
GO TO 150

.       p TRAVEL TIME RESIDUAL                            
146 X (4* I ) =TP ( I ) -T ( I ) -OWG-OLY (KNO* JI ) »FOLY 
150 CONTINUE

.    -. COMPUTE AVR* AAR* RMSSO* & SOR        -   .....   .     
ONF=O.O
DO 152 1=1. NR 
ONF s ONF * WT(I)*(1-KSMP(!»

1144. 
1145.

.           U46. 
1147. 
1148. 
1149. 
1150. 
1151. 
1152. 
1153. 
1154. 
1155. 
1156.

1158. 
1159, 
1160, 
1161. 
1162. 
1163. 
1164. 
1165, 
1166. 
1167.

1169. 
1170. 
1171. 
1172, 

.           H73.
1174.

.           U 7s.
1176. 
1177. 
1178. 
1179. 

OEHIV'S    1180. 
1181. 
1182. 
1183. 

-           1184.
1185. 
1186. 
1187. 
1188, 
1189. 
1190. 
1191.

1193. 
1194. 
1195. 
1196. 
1197.

1199. 
1200. 

...         1201.
1202. 
1203. 
1204.

- 68 -



XwT a X(AfI)«*Td> 1205.
SUMd)=SUM(l)*xwT 1206.
SUM<2)=SUM(2)*AHS(XUT) 1207.
SUM<3)=SUM(3)+X(4tI)*X*T 1208.
SUM(5)=SUM(5)*XWT»d-KSMP< I) ) 1209.

152 CONTINUE 1210. 
IFCFNO .GT. FMO) AVRPS=SUM(5)/(ONF) 1211.
AVR=SIJM(1)/FNO 1212,
AAR = SLIM(2)/FNO 1213.
RMSSO=SUM(3)/FNO 1214,
SQRsSORT(ABS(RMSSQ-AVR»»2)) 1215,
00 153 I=lfS 1216,
SUM(I)= 0,0 1217,

153 CONTINUE 1?18, 
IF (RMSS'J ,GE, TEST(l)) GO TO 154 1219,
IFtERLMT .EO. 1.) GO TO 167 1220,
IFdNST.E0.9) GO TO 501 1221.
IFCNI ,GF. 2) GO TO 167 1222,
GO TO 165 1223, 

,      JEFFREYS' WEIGHTING                                       1224.
154 FMO=0. 1225,

FNOsO, 1226,
00 160 I=1«NR 1227,
W«Kd)=8LANK 1228,
IF (WT(I) .£0, 0.) GO TO 160 1229,
K=10.«AHS(X(4tI)  WR)/SDR*1.5 1230,
IF (K ,GT. 41) K='-l 1231,
WT(l)sWTd)*WFCK) 1232,
IF (K .GT. 30) WRKCI)=STAR4 1233,
IF (WT(I) .LT. 0.005) wT(I)=0, 1234.
IF (WT(I) .EQ. 0.) GO TO 160 1235.
IF (KSMP(I) .FQ. 1) FMO=FMO*1, 1236,
FNOsFMO*!. 1237,
SUM(4)=SUM(4)*WT(I) 1238,

160 CONTINUE 1239.
IF (FNO .LT. 3.) GO TO 96 1240,
AVWT=SUM(4)/FNO 1241.
SUM(4)=0.0 1242,
ONF=0.0 1243.
1)0 164 1 = 1,NR 1244.
WT(I)=WTd)/AVWT 1245.
ONF = ONF * WTd)*d-KSMPdM 1246,

K(4»I)»wTd) 1247.

164 CONTINUE 1249. 
,.-    RECALCULATE AVRPS        -                      -1250.

IFCFPLMT .EQ. 1.) GO TO 163 1251.
IFdNST ,NE, 9) GO TO 163 1252.
AVRPS = 0.0 1253.
IF(FNO .NE, FMO) AVRPS = SUM(5)/ONF 1254.
GO TO 501 1255.

163 IF(FNO,F(J.FMO) AVRPS=0,0 1256.
IF(FNO.EQ.FMO) GO TO 167 1257.
AVRPS=SUM(5)/(ONF) 1258.
SUM(5)=0.0 1259.
IFtEKLMT .EO. 1.) GO TO 167 1260. 

,      RESET FIRST ORIGIN TIME                                   1261.
IFtNI.GE. 2) GO TO 167 1262.

165 ORG=ORG+AVRPS 1263.
00 166 1=1tNR 1264.
IF(KSMPCI) .EO, 0) X(4tI)=X(4tI)-AVRPS 1265.
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i66

167

168

1
601

2
802

3
803

4
804

5
805

H07

6 
H06

169

SUM(5)=SUM<5)*XWT*a - KSMP(I))
SUM(2)sSUM<2)*ABS(XWT)
SUM<3)=SUM(3)*X(4tI)»XVlT
CONTINUE
IF(FNO ,GT. FMQ) AVRPS=SUM<5)/(ONF)
AAR=SUM(2)/FNO
RMSSQ = SUM(3)/FNO
GO TO 169 
.  pop NI>1, COMPUTE AAR» 8. RMSSQ AS IF AVRPS=0,
00 168 1=1»NR
X*T=WTm*(X(4tI)-AVPPS<Ml-KSMPU) ) )
SUM{?) = S'JM(2) *ABS (XWT)
SUM(3)=SUM(3)*(X(4»I)-AVPPS»(1-KSMP(I)))»XWT
CONTINUE
AARsSUM(/?)/FNO
RMSSO=SUM(3)/FNO
IF(ERLMT .EQ. 0.) GO TO 169 
   OUTPUT RMS ERROR OF AUXILIARY POINTS        
L = LATfcP/60.
ALA = LATEP - 60.»L
L = LONF;P/60.
ALO = LONEP - 60.«L
RMSX= SOWT(WMSSO)
OHMS s WMSX - RMSSV
GO TO U*2f3f4f5«6»lt2«3»4)t NA
WRITE(6.801) ALAfALO.ZfAVWPSfRMSX.ORMS
FORMAT(SF10.2t10XiF6.2)
GO TO 174

GO TO 1 74
WrtlTF (6.803) ALA.AL0.7.AV^PStWMSXfORMS
FORMA T(SF10.?tl3Xt ' <«tF6.2.')  )
GO TO 174
WHIT*: (6.804) ALA.ALOtZ.AVKPSfRMSXtORMS
FORMAT (SF10.2.11X.   (   .F6.2f»)  )
IF(NA ,tO, 10) GO TO S50
GO TO 174
WRITE (6. 80S) ALA.ALO.Zt AVKPStRMSXfQRMS
FORMAT (/6F10.?»19X»F6,2)
wPITf. (6.807) WMSSV
FORMAT(40X,Fl0.2f23X,«0.00»)
GO TO 174

ALA,ALO.Z«AVRPS»RMSXtORMS 
tF6.2 f   ) '/)

\77

WRITF(btHn6) 
FORMAT(SF10.2.22Xf» 
NA s NA » 1 
GO TO ill 
   CHFCK IF 
IF«NI .EQ. 
IF(PRMSSO.GE.RMSSQ) 
NOEC = MUEC *1 
IF(NOEC .GT. 1) GO TO 
00 177 1= It3 
B(I) = 0.0 
AF(I)=-l.O 
SE(I) = 0.0 
CONTINUE 
NI s NI -1 
BMlsY(l) 
BM2*Y<2)

SOLUTION IS RETTEH THAN 
1) .AND. (NOEC .EQ. 0)) 

GO TO 170

175

PREVIOUS ONE 
GO TO 170

1266.
1267.
1268.
1269.
1270.
1271.
1272.
1273.
1274.
 1275.
1276.
1277. 
1?78. 
12/9.
1280.
1281.
1282.
1283.
 1284.
1285.
1286.
1287.
1288.
1289.
1290.
1291.
1292.
1293.
1294.
1295.
1296.
1297.
1298.
1299.
1300.
1301.
1302.
1103.
1304.
1305.
1306.
1307.
1308.
1309.
1310.
1311.
1312.
1313.
 1314.
1315.
1316.
1317.
1318.
1319.
1320.
1321.
1322.
1323.

1325.
1326.
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8M3sY<3) 1327.
8MAX a AASmiM . 1328.
UMAX a 1 1329.
DO 176 I a 2t3 1330.
IFCABSmm.LE.BMAX) GO ", 0 176 1331.
8NAX a ABS(Y(D) 1332,
UMAX » 1 1333.

176 CONTINUE 1334.
ISKPUlMAX)al 1335.
YU)=-BMl/5. 1336.
Y(2)=-8M2/5. 1337.
Y(3)=-BM3/5. 1338.
V(4)a-Y(l )*XMF_ANU)-Y(2)«XMEAN(2)-Y(3)*XMEAN<3) 1339.
XAOJSO=Y (1 ) »<»2*Y (d) **?* Y ( 3) »*? 1140.
KP=0 1341.
IFUADJSO .LT. 4.»TEST<4)/25.) GO TO 170 1342.

175 IF(NDEC .EQ. 5) GO TO 170 1343,
GO TO 325 1344.

C       STFPfllSE MULTIPLE REGRESSION ANALYSIS OF TRAVEL TIME RESIDUALS-1345.
170 IFtNOEC .GE. 1) NI = NI + 1 1346.

IF UNST.FQ.l) GO TO 250 1347.
IF(ISKP(3) .EQ. 1) GO K 250 1348,
IF (INST .EQ. 9} GO TO ViOl 1349,
IF «FNO.F_Q.3) .AND, (F'iO.LT.3)) GO TO 250 1350.

C    FREF SOLUTION 1351.
200 KZ«0 1352.

KF«0 1353.
CALL SWMREG 1354, 

C      AVOID COMPECTING DEPTH IF HORIZONTAL CHANGE IS LARGE         1355.
IF (Y(1)»»2*Y(2>*»2 .LT. TEST(2)) GO TO 300 1356.

C    FIXEO DEPTH SOLUTION 1357.
2SO KZ=1 1358.

KF=0 1359.
CALL SWMWFG 1360.

C       LIMIT FOCAL DEPTH CHANGE & AVOID HYPOCENTE* IN THE AIR -      1361.
300 00 275 1= It3 1362,

ISKP(I>=0 . 1363.
275 CONTINUE 1364.

OLDY1=Y(1) 1365.
OLDY?sY(2) 1366.
OLDY3=Y<3) 1367.
ABSY1=AHS(Y(1)) 1368.
ABSY?sAMS(Y(2» 1369.
ARSY3=ABS(Y(3)) 1370.
IFUBSYI.GT.ABSY2) GO TO 305 1371.
ABSGK=ABSY2 1372.
GO TO 308 1373.

305 ABSGP=ABSYl 1374.
308 IF(ABSY3.I.E.TEST(5» GO TO 310 1375.

I=A8SY3/TEST(5) 1376.
Y<3)=Y (.!)/(1*1) 1377.

310 IF«Z»Y<3)> .GT. 0.0) GO TO 315 1378.
Y(3)=-Z*TFST(12)*.000001 1379.
ISKP(3) = 1 1380.

C      LIMIT HORIZONTAL ADJUSTMENT OF EPICENTER             -  -1381.
315 IF(ABSG«.LE.TESTUOM GO TO 320 1382.

I=ABSGW/TESTUO) 1383.
YU)=YU)/U*1) 1384.
Y(2)=Y(2)/(I*1) 1385.

320 Y(4)=Y(4)-(Y(3)-OLDY3)*XMEAN(3)-(Y(1)-OLDY1)«XM£AN(1) 1386.
1 -<Y(2)-OLOY2)*XMEAN(2) 1387.
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CALL OUTPUT   1449.
IF (KMS .EQ. U CALL MISIMG 1450. 
IF ((KNST.GE.5) .OR. (KFM.OE.l)) CALLFMPLOT 1451.
QNO(JAV)=QNO<JAV>*1. 1452.
IF UAV .GT. IQ) GO TO *523 1453. 

C       COMPUTF SUMMARY OF TRAVEL TIME RESIDUALS                    1454.
00 52? I»1»NRP 1455. 
IF ((WT(I).EQ.O.) .OR. (KSMP(I).EQ.D) GO TO 522 1456.
JI=KDXd) 1457.
NRES(KNO«Jl)=NRES(KNOtJI>*l 1458.
SR(KNO»JI)3SR<KNO.JI)*X(4,I)«WTd> 1459.
SRSQ(KNO,JI)=SRSU(KNO»JI)*X(4»I)»»2«WTd) 1460.
SRWT(KNO,.JI)=S«WT(K?JOtJI)*WTd) 1461.

522 CONTINUE 1462.
523 IF (KTEST .Nr. 1) GO TO 550 1463. 

C    - COMPUTF. RMS AT AUXILIARY POINTS                  1464.
RMSSV = SORT(RMSSO) 1465.
IFdNST.EQ.9) RMSSV = SORT(RM9SV) 1466.
ERLMT s 1. 1467.
LATSV = LATEP 1468.
LONSV = LONEP 1469.
ZSV = Z 1470.
AVL = LATFP/60. 1471.
Ml a 4VL * 1.5 1472.
M2 = AVL»10. * 1.5 1473.
DFLAT = TFSf(13)/CB(M1) 1474.
DELON = TPSTd3)/(CA(MD*COSL(M2)) 1475.
OEZ = TFST(13) 1476.
WRITE (6t525> 1477.

525 FORMAT (/t . LAT LON Z AVRPS RMS 1478.
1 DRMS»/) 1479.
NA=1 1480.
GO TO 111 14«1.

550 TIMEl=TIMf2 1482.
575 CONTINUE 1483.

c       CHFCK FOR MULTIPLE SOLUTIONS OF THE SAME EARTHQUAKE -         1484.
IFdPPO.NF.JSTTT) RETURN 1485.
NR=NRP 1486.
NRP1=NR *l 1487.
REAO(5««SOO) CHECKtIPRO,KNSTtINST,ZRES.LATl,LAT2»LONl,LON2f 1488.

1 AZRES(NRPl) 1489.
WRITE(6«601> CHECK,IPRO,KMST.INSTtZRESfLATltLAT2fLONl,LON2 1490. 

601 FORMAT(//2A4,9X,?H»F5.2tlX,2d4,F6.2) f     RUN AGAIN    ) 1491. 
600 FORMAT{/^A4,9X,2IlfF5.2tlX,2d4,F6.2) tT21,A4) 1492.

LATRT=60.«LAT1*LAT2 1493.
LONRTs6n.«LONl*LON2 1494.

  IFCCMECK.EO.BLANK) GO TO 30 1495.
WRITE(6»610) CHECK 1496. 

610 FORMAT(/» ERROR «»A4,« SKIPPED. INST. CARD DID NOT FOLLOW «««*) 1497.
RETURN 1498.
END 1499.
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SUBROUTINE SOSTU.KEY.NO) 1500.
DIMENSION X(NO).KEY(NO) 1501.

I.....----..-------------------- ----«.  - --«..--..--  ----..---..----1S02.
DO 1 IMtNO 1503.

1 KEYU>»I 1504.
MOsNO 1505.

2 IF (MO-15) 21*21.23 1506.
21 IF (MO-1) 29.29.22 1507.
22 MQ=2*(MO/4)*1 1508.

GO TO 24 1509.
23 MQ=2*(MO/8)*1 1510.
24 KOsNO-MO 1511.

J0=l 1512.
25 I=JO 1513.
26 IF (X(!)-X(I*MO)) 2'^*?fl.27 1514.
27 TEMPsXU) 1515.

X(I)=X(I»MO) 1516.
XU*MO)=TEMP 1517. 
KEMP=KEY(I)   1518.
KEY(I)=KEY(I*MO) 1519.
KEY(I»MO)=KEMP 1520.
I=I-MO 1521.
IF (1-1) 28.26.26 1522.

28 JO«JO*1 1523.
IF (JO-KO) 25.25.2 1524.

29 «ETU«N 1525.
END 1526.
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10

15

SUBROUTINE SUMOUT
  OUTPUT SUMMARY OF TIME AND MAGNITUDE RESIDUALS    «         -
REAL LAT*LON*LAT2»LON2
COMMON XA1X NSTA(151),DLY(2*151)»FMGC(151)»XMGC(151)»KLAS(151)*

PRR(151) *CALR(151),ICALd5l)»IS(151) *NDATE (151) .i'JHSHN (151) 
XA2X LATdSl) ,LON(151) tDELT A (101) ,DX (101) *DY (101) *T(101) 
XA3X NRES(2,151),NXM(151),NFM(151),SR(2*151)tSRSO(2*151), 
SRWT(2,151),SXM(1S1),SXMSQ(151),SFM(151)»SFMSO(151)»ONO(4) 
XA5X ZTR,XNEAR,XFAR,POS,IQ*KMS*KFM,IPUN,IMAG»;R»QSPA(9,40) 
XA6X NMAX,LMAX»NS»NL»MMAX,NR,FNO»Z»X(4,101),ZSO»NRP,DF(101 
XA16X KLSS(151),CALS(151) »MDATE(151) tMHRMNd^l) , IPRN, ISW 
XAJ9X KNO,IELV(151),TEST(15)*FLT(2»151)»MNO(151) 
XA?2X F(?1,?1),G(4,?1)»H(?1),DEPTH(21),IONE 
XA^?5X INS(151),IEW(151)tJPH

DIMENSION AVWES(4,lbl) »SiDPES (4, 151)
DATA KSi«Kwix»s»,»w»x

OSUM=ONO(1)*QNO(2)*QNO(3)*<JNO(4) 
IF (OSUM ,EO. 0.) GO TO 72 
WRITE(6,5) (QNO(I),1=1,4),QSUM 
FORMAT(1H1,»   «»<»«* CLASS! ABC 
1,XX,7X,»MUM8ER:»,SF6.1) 
DO 10 1=1,4
QNO (I) = 1 0 0 .  QNO (I) X'JSUM 
WRITE (6, 15) (QNOd) ,1 = 1,4) 
FORMAT(X»12X, %: ,4F6.1) 
WRITE(6»20) 
FORMAT(XXXtlOX»»TRAVELTlMF. RESIDUALS (MODEL*!)*,5X

COMMON 
COMMON

I
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON-

D TOTAL

1527.
 1528.
1529.
1530.
1531.
1532.
1533.
1534.
1535.
1536.
1537.
1538.
1539.
1540.
1541.
1542.
 1543,
1544.
1545.
1546.
1547.
1548.
1549.
1550.
1551.
1552.
1553.

20 FORMAT(XX/,10X»»TRAVELTIMF. RESIDUALS (MODEL*! ) * ,5X 1554. 
1»»TRAVELUME RESIDUALS (MOOEL=2)   t5X, »X-MAGNITUQE RESIDUALS* 1555. 
2*6X,»F-^AGNITUDE RESIDUALS »Xt» STATION NRES SRWT AVRES S1556. 
3DRES NRES SRwT AVRES SORES NXM AVXM SDXM1557.

30

> NFM 
00 70 1=1,NS 
DO 30 J=l,4 
AVRES(J,I)=0. 
SORES(J,I)=0. 
IF (NRESd.I)

AVFM SDFMM

.EQ. 0) GO TO 35 
AVHESd ,I)=SR(1,I)XSR^T (1,1)
SORES(lil)=SORT(SRSQ(1,1)XSRWT(1,1)-AVRES(1,1)  2*0.000001) 
IF (NREM2.I) ,E<J. 0) GO TO 40 
AVRES(2tI)=SR(2,I)XSRWT(2,I)
SORES(2.i)=SORT(S«S-J(?,I)XSRWT(2»I)-AVRES(2,I)  2*0.000001) 
IF (NXM(I) .EQ. 0) GO TO 50 
AVRES(3,1)=SXM(I)XNXM(I)
SORES(3»I)=SORT(SXMSO(I)XNXM(I)-AVRES(3,1)  2*0.000001) 
IF (NFM(I) .EO. 0) GO TO 60 
AVRES(4,I)=SFM(I)XNFM(I)
SURES(4,I)=SORT(SFMSO(I)XNFM(I)-AVRES(4,I)  2*0.000001) 
WRITE(6,65) NSTA(I)tNRES(1,1),SRWT(1,1),AVRES(1,1),SORES(1,1) 
1,NRES(2,I)»SRWT(2,1),AVRCS(2»I),SORES(2,I),NXM(D,AVRES(3,I) 
2»SDRES(3»I),NFM(I),AV«ES(4,I),SORES(4,I) 

65 FORMAT(4X,A4,2X,I5,3F8.2»6X,I5»3F8.2»2(6X,I5t2F8.2)) 
70 CONTINUE
72 IF (IPUN .NE. 3) GO TO 200
...    PUNCH STATION LIST WITH REVISED DELAYStXMGCtAND FMGC         

IF (iSW .EU. IONE) GO TO 80 
WRITE(6t75) INS(D»IEW(1) 

7* FORMAT(1H1,» »»«*» NEW STATION LIST »» »»»
ItXXXt 4X,»I STN LAT »,Alt» LONG  »A1»» ELV DELAY'tSX 
2t»FMGC XMGC KL PRR CALR 1C IS DATE HRMN») 
GO TO 90

35

40

50

60

1558.
1559.
1560.
1561.
1562.
1563.
1564.
1565.
1566.
1567.
1568.
1569.
1570.
1571.
1572.
1573.
1574.
1575.
1576.
1577.
1578.
1579.
1580. 
 1581.
1582.
1583.
1584.
1585.
1586.
1587.
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80 WRITE(6t85) INS(I)tlEtfU)
85 FORMAT(IHlt* »»**« NEW STATION LIST ***«*  

lt///t4X.»I STN LAT «tU»» LONG »fAli» 
2DLY2 XMGC FMGC K CALR 1C DATE HRMNM 

9C 00 120 I«ltNS
OLY(1tI)=OLY(1fI)*AVRESU 11 >
IF USW.EQ.IONE) OLY(2tI)=OLY<2tI)*AVRES(2tl)
XMGC(I)=XMGC(I)*AVRES{3t I)
FMGC(I)sF MGC(I)*AVRF,S (411)
LATlstAT(I)/60,
LAT2=LAT(I)-60,»LAT1
LON1=LON(I)/60,
LONZaLON(I)-60.»LON1
IF (ISW ,FQ. TONE) 00 TO 115
WWITE(6,105) 
ItOLY(ltl) ,FM 
2fNHRMN(I)

105 FORMAT(I5t2XtA<»tI2tF5.2fAl,I4,F5,2tAltI5tF6,2t4X»F5,2t2XiF5,2tI2 
ltlXtF4.?tlX*F6.2*I2t5Xt!AtI4)
WrtITE(7.1
ItOLY(ltl)
2tNHRMN(I)

110 FORMAT(?X
1.I2.1X,F4,2.1X,F6.2.I2»T71,
GO TO 120

115 w» I TIT (6,116) ItNSTA(T) ,LAT1 
1,MNO(I) OLY(ltl)tULY(2,I),X 
2»NDATE(I),NH«MN(I)

116 FORMAT<I5,2X»A4,I3,»-»tF5.2tAltI4t»-»tF5.2tAltI5tI6f2F6,2 
lt2F6.2.I2»F6.?.I2,2X,I6tI4)
WKlTF(^.117) NSTA(I).LAT1,LAT2tINS(I) 
1»MNO(T) tOLYM . I) ,OLY(2tI) .XMGC(I)   FMGC ( 
?»NDATF(I)»NHMMN(I>

117 FORMAT U4,I3t»-».F5.2.AltI3»'- l »F5,2tAltI4tI6t 2F6,2
1«2F6.?*I 

120 CONTINUE
WETUKM 

..  .- PUNCH
200 IF (IPUN 

IF US*

STATION LIST WITH REVISED CALIBRATIONS 
 WE. 4) RETURN 

.EO. IONE) GO TO 205 
WRITE(6t7S) INS(I) 
GO TO 206

205 WKITE<6.*5) INS(D
206 00 220 1=1,NS

LATlsLAT<I)/60.
LAT2=LAT(I)-60.*LAT1 

. LONlsLQN<n/60,
LON2=LON(I)-60.»LON1
IF (ISW ,EO, IONE) GO TO 210
WRITE (6,105) ItNSTAU) tLATl tLAT2t INS (I) tLONl «LON2 
l.DLY(ltl) tFMGCd) tXMGCd) tKLAS (I ) tPRR (I) «CALR (I) i 
2tMHRMNU)
WRITE(7,110) NSTA<I)tLATltLAT2tINS(I)tLONl»LON2 
ItOLY(It I)tFMGC(I)tXMGC(I)tKLAS(I),PRR(I)tCALR(I)» 
2tMHRMN(I)
GO TO 220

210 WRITE(6,116) IffNSTA(T)tLATltLAT2tINS(I)tLONltLON2 
ItMNO(I)ffOLY(lffl)tOLY(2tI),XMGC(I)tFMGC(I).KLAS<I) 
2iMOATt:<I) tMHRMN(I)
WRITE(7,117) NSTA(I)tLATltLAT2tINS(I)tLONltLON2 
ItMNO(I)tDLY<ltI)*OLY(2tI)tXMGC(I)*FMGC(I)tKLAS<I)

ELV M OLY1

2tIEW(I) tlFLV(I)
tlCAL(I) »NOATEU)

,F5.2t2XffF5.2,I2

2,IEW(I),IELV(I)
»ICAL(I)»NOATE(I)

5.2,T45ffF5,2

2,IEW(I) tlELV(I)
) tCALS(I) tlCAL(I)

tI6«2F6.2

2tIEW(I)tlELV(I)
) tCALS(I) tlCAL(I)

6,2

2tIEW(I)tIELV(I)
 ICAL(I) tMOATE(I)

2ffIEW(I)tIELV(I)
fflCAL(I) tMOATE(l)

12, IEW (I) tIELVU)
)fCALR(I) t ICAL (I)

2,IEWU) tIELVd)
) ,CALRU) fflCAL(I)

158ft,
1589.
1590,
1591,
1592,
1593.
1594,
1595,
1596.
1597,
1598,
1599,
1600,
1601, 
1602.
1603.
1604,
1605,
1606,
1607,
1608,
1609.
1610.
1611.
1612.
1613,
1614,
1615,
1616.
1617.
1618.
1619,
1620,
1621,
1622,
1623,
1624.
i e~ 1C"1625.

1626,
1627,
1628,
1629,
1630,
1631.
1632.
1633,
1634,
1635.
1636.
1637,
1638,
1639.
1640.
1641.
1642.
1643.
1644.
1645,
1646,
1647,
1648,

- 76 -



2»MOATEU)»MHRMN(1)
2?0 CONTINUE ' 1650. 

RETUWN 1651.
END 1652.
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140

45

46
47

75

76

77

78

85

90
95

8SE(I)=0.
IDX(I)=0
IF (IPRN .LT. 3) GO TO 150
WRITE<6»45)
rORMAT(///f    * * DATA'        t//»4Xf »K»f8X»«W»
t 14X»»X1» i!4Xf «X?» il4X t »X3»f 14X»'X4't/)
00 47 KsUNR
WRITE (6, 46) K.W(K) f <X(I,K)f I»lfM)
FORMATU5»8E16.8>
CONTINUE
WRITE(6.75) (XMEAN(I) f I»1.M)
FORMAT</.» MEAN* t 16X f RE16.8)
*»ITF(6«76) (SIGMA(I) »I=1»M)
FO«MAT(/»» SIGMA* .l5x»7E16.ft)

FORMAT(///»» 
00 78 1=1.M 
WWITE(6.95) 
WRITE(6.85) 
FORMAT(///f  
00 90 1=1.M

*»«»» CORRECTED SUMS OF SQUARES MATRIX 

(S(I.J).J=lfM) 

»««»« CORRELATION MATRIX R *«««« ./)

(A(I.J)«J=1.M) 
FORMAT(7E18.8)

 STEPWISE MULTIPLE REGRESSION 
WRITE(6«125) NR.L.TEST(3)

125 FORMAT(///. STEPWISE MULTIPLE REGf^SSlON ANALYSIS* 
NUMBER OF DATA.............r......»f15

2. /.» NUMBER OF INOEPENDENT VARIABLES... »15 
3f /»  CRITICAL F-VALUE................,.»»F8.2)

150 00 300 NSTEP=1.L 
NU=0 
MU=0
IF (IPRN .LT. 3) GO TO 155 
WPITE<6»154) NSTEP.K7.KF

154 FOHMAT(//.»  »«»  STEP NO.*tI2«* *   » »5X.»KZ =««I2»5X»»KF =  
C    FIND VARIABLE TO ENTER REGRESSION

155 VMAXsO.
MAXsNSTFP
DO 160 1=1.L
IF(ISKPU) .EO.l) GO TO 160
IF (IOX(I) .EO. 1) GO TO 160
IF ((I.EO.3).AND.(KZ.EO.l)) GO TO 160
V(I)=A(I»M)»A(M.I)/A(If I)
IF (V(I) .LE. VMAX) GO TO 160
VMAXaVU)
MAX=I 

160 CONTINUE
F = 0.0
IF(VMAX.EQ.O.O) GO TO 163 
F=(PHI-1.)»VMAX/(A(M,M)-VMAX) 
IF(F ,GF. 1000.) F=999.99 

163 AF(MAX)=F
IF(KF .GF. 2) GO TO 165
IF (F .LT. TEST(3)) GO TO 400

165 IF ((MAX.EO.3).AND.(KZ.EO.l)) GO TO 300
166 NU=MAX

IDX(NU)=1
PHI=PHI-1. 

C    COMPUTE MATRIX T FOR THE ENTRANCE OF VARIABLE X(NU)
DO 170 J=lfMM 

170 TtNUf-J)=A(NUfJ)XA(NU.NU)

1714.
1715.
1716.
1717.
1718.
1719.
1720.
1721.
1722.
1723.
1724.
1725.
1726.
1727.
1728.
1729.
1730.
1731.
1732.
1733.
1734.
1735.
1736.
1737.
1738.
1739.
1740.
1741.
1742.
1743.
1744.
1745.
1746.
1747. 

.12)1748.
1749.
1750.
1751.
1752.
1753.
1754.
1755.
1756.
1757.
1758.
1759.
1760.
1761.
1762.
1763.
1764.
1765.
1766.
1767.
1768.
1769.
1770.
1771.
1772.
1773.
1774.
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) GO TO 195

00 180 1=1. MM
IF (I .EQ. NU) GO TO 180
00 175 JM.MM

175 T(I,J)-A(I,J)-A(I»NU)*A(NU»J)/A(NU.NU) 
180 CONTINUE

OC 190 I»1»MM
00 190 Jsl.MM 

190 A(ItJ)«TUtJ>
00 ZOO 1=1. L
IF (IOX(I) .EQ. 0) GO TO 200
IF <ABS<A(M.M)*A(I+M,I*M)) .LT. .000001
PF(I)=PHl»A(I.M)»»2/(A(M,M)«A(I*MtI*M))
IF(PF(I) .GE. 1000.0) PF(T)=999.99
AM I ) = »t ( I )
30 TO 200

195 PFU) = 999,99 
200 CONTINUE

IF (IPRfM .LT. 3) GO TO ?10
CALL ANSwER(AtS»XMEAN,SIGMA.IDX»PHI»LtM,MM,PF.NUtENT) 

210 IF (KF .EO. 2) GO TO 300
IF(KF .GE. 3) GO TO 450
FIND VARIABLE TO LEAVE ^EGRESSION
DO 250 KSI,L
IF (IDX(K) .EQ. 0) GO T.i 250
IF (PF<K> .GE. TESTC3M GO TO 250
MU=K
F=PF(MU)
IOX(MU)=0
PHI=PHI*1.
00 220 Jsl.MM 

220 T (MU» J)=A(MUt J) /A(M»j4.M,MU + M)
00 230 1 = 1 »MM
IF (I ,fO. MU) GO TO 230
00 2?5 J=1,MM
IF (J .EQ. MU) GO TO 225
T(I,J)sA(I«J)-A(I tMU*M)*A(MU*M,J)/A(MU+MtMU+M) 

225 CONTINUE 
230 CONTINUE

00 240 1=1 tMM
IF (I .EO. MU) GO TO 240
T { I ,MU) sA ( I ,MU) -A ( I *^MJ*M) /A (MU*M f MU*M) 

2^0 CONTINUE
00 245 1=1 »MM
00 245 JaltMM 

245 A(I,J)=T(ItJ)
IF (IPRN .LT. 3) GO TO 250
CALL ANSWF.R ( A tS*XMEANtSIGMAtIOX»PHltLtM tMM fPFtMU»ELM) 

250 CONTINUE 
300 CONTINUE

CHECK TERMINATION CONDITION 
400 KOUTsO

00 410 IMtL 
410 KOUTsKOUT+IDX<I)

8(4)=XMEAN(M)
IF (KOUT .NE. 0)
IF<KF .NE. 1) GO

420

GO TO 450 
TO 420

KF s 3
GO TO 150
TEST<3)« TEST(3)/TEST(6)
FLIMsTESTO)

1775.
1776.
1777.
1778.
1779.
1780.
1781.
1782.
1783.
1784.
1785.
1786.
1787. 
17**.
1789.
1790.
1791.
1792.
1793.
1794.
1795.
1796.
1797.
1798.
1799.
1800.
1801. 
1602. 
1803. 
1«04.
1805.
1806.
1807.
1808.
1809.
1810.
1811.
1812.
1813.
1814.
1815.
1816.
1817.
1818.
1819.
1820.
1821.
1822.
1823.
1824.
1825.
1826.
1827.
1828.
1829.
1830.
1831.
1832.
1833.
1834.
1835.
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KFLAG * 0 1836.
IF(TEST(6) .GT. 1.) GO TO 150 1837.
KFLAG » 1 1838.
KF s 4 1839,
GO TO 150 1840.

c  COMPUTE REGRESSION CONSTANT»COEFFICIENTS»AND STANDARD ERRORS i84i.
450 YSE=77.7 1842. 

IF (PHI .GE. 1) YSE=SIGMA(M)*SOrtT(A8S(A(M,M)/PHD) 1843.
DO 500 1=1tL 1844.
IF (IDX(I) .EQ. 0) GO TO 500 1845.
8(!)«A(!fM)*SQRT<S(M 9 M)/S(IfI» 1846.
8SE(I)=YSE*SQRT(A8S (A(I+M 9 I+M)/S(I I)» 1847.
IF(KF .NE. 3) Y(D=8(I) 1848.
IF (KFLAG .EO. 0) GO TO 480 1849.
IF(AHS(H(I)> .LE. TEST(6)»8SE(IM Y(I)aO. 1850.

480 IF(PHI .LT. 1.) HSE(I) = 0. 1851.
B(4)=8(4)-Y(I)«XMEAN(I) 1852.

500 CONTINUE 1853.
IF(KF .NE. 3) Y(4)=R(4) 1854.
TEST(3)=SVTEST 1855.
RETURN 1856.
END 1857.
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SUBROUTINE TRVORV
  COMPUTE TRAVEL TIME AND DERIVATIVES FROM CRUSTAL MODEL     
REAL»8 TIME1.TIME2
REAL LAT»LON
COMMON /A2/ LAT.(151),LOM151) tDELTA < 101) ,DX (101) »DY U01) tf(lOl)

/Aft/ NMAX,LMAXtNS«NL»MMAX»NR,FNOtZtX(4.101) tZSQtNRPtOF (101
/A8/ CAL(lOl),XMAG(101).FMAG(lOl)»NM,AVXMtSDXM,NF,AVFM t
SOFM»MAG«KOX(10i)«AMX<101)tPWX(lOl) tCALXC101)tFMP(101)
/A10/ ANINU01)tAZ(101)tTEMP(101)«CA(71)tC8<7l)
/A16/ KLSS(lSl) tCALS(151) tMDATEdSl) tMHRMN(151)»IPHNtISW
/A17/ TlMFltTIME2,LATR«LONR»KTESTtKAZtKSOHT»KSELtXFN
/A19/ KNO,IELV(151)tTEST(IS)tFLT (?, 151) tMNO dSl)* IrtdSl)
/A20/ V(21)«D(?l),VSO(21)*THK(?1).TID(21t21)»DIO(21t21)
/A22/ F(21»2l)tft(4t21)tH(21)tDEPlH<21)tlONE
/AJ?4/ FLTEP»IP°0»ISTTTtISKP<4) ,AHFAO(12) tFLlMtAFO) «NOEC

COMMON 
COMMON

I

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON
DIMENSION TINJ(21)«OIOJ(2i) tTR(21)

1858, 
-1859.
1860.
1861*
1862. 

)1863.
1864.
1865.
1866.
1867.
1868.
1869.
1870.

1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889. 
1«90.
1891.
1892.
1893.
1894.
1895.
1896.
1897.
1898.
1899.
1900.
1901.
1902.
1903.
1904.
1905.
1906.
1907.
1908.
1909.
1910.
1911.
1912.
1913.
1914.
1915.
1916.
1917.
1918.

LAYER MODEL

C

IF (ISW .EO. IONE) GO TO 
 INITIALIZATION FOR FIXED

DO 1 LsltNL
IF (D(L) .GT. Z) GO TO 2 

1 CONTINUE
JL«NL
GO TO 3

JL=L-1
3 TKJsZ-DCJL)

TKJSQsTKJ»*2*O.OOOOni
IF (JL .EO. NL) GO TO 5
00 4 L=JJ«NL
SQTsSORT(VSO(L)-VSQ(JL) )
TINJd )=TIDUL»L)-TKJ«SOT/(V(L)*V(JL))

4 OIDJCt )sOID(JLfL)-TKJ<W(JL)/SQT
XOVMAX = V(JJ)»V<JL)<MTINJ(JJ)-TIDULiJL) ) / < V (JJ) -V (JL)

5 DO 300 1=1«NW
IF (ISW .NE. IONE) GO TO 45 

  INITIALIZATION FOrt VA«IABLF. LAYER MODEL           

OEPTHt2)=FLT(KNO,JI)
IF (7 .LT. FLTEP) DEPTH (?) =0.5*(FLT(KNOtJI)*FLTEP)
THKd )aOEPTH(?)
THK(2)=0(3)-D£PTH(2)
DMlsTHK(l)-Hd)
OH2=THK(2)-H(2)
DO 10 L=ltNL
IF (DFPTH(L) .GT. Z) GO TO 20 

10 CONTINUE
JL»NL
GO TO 30 

20 JJsL
JLsL-1 

30 TKJ=Z-DFPTH(JL)
TKJSQaTKJ»«2*0.000001
IF (JL .EO. NL) GO TO 100 

C    CALCULATION FOR REFRACTED WAVES         -  -  -
DO 40 LaJJtNL
SQTsSORT(VSQ(L)-VSO(JD)
TIXaFd.JL)»OHl*GdtL)*F(?,JL)*OH2«G(2tL)*TID(JLtL)
DIXsFd.JL)»DHl*0(3«L)*F(2»JL)»OH2*G(4.L)*DID(JL*L)
TINJU )sTlX-TKJ»SQT/(V(L) <»V(JL)) 

40 OIOJ(L)aDIX-TKJ*V(JL)/SQT
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TIX*F(l»JL)»OHl»G(l»JL)*F(20L)»nH2«»G<2«JL)*TIOUL»JL>
XOVMAXsV(JJ)»V(JL>»(TINJ(JJ)-TIX)/(V(JJ)-V(JL)) 1920.
GO TO 50 ' 1921.

45 IF (JL .EQ. NL) GO TO 100 1922.
50 DO 60 MssJJtNL 1923.
60 TR(M)sTINJ(M)*OELTAU)/V{M) 1924.

TMIN=999.99 1925.
00 70 Majj,NL 1926.
IF (TR(M) .GT. TMIN) GO TO 70 1927.
IF (OIDJ(M) .GT. OELTA(D) GO TO 70 1928.
KaM 1929.
TMINsTH(M) 1930.

70 CONTINUE 1931.
IF (OFLTA(l) .LT. XOVMAX) GO TO 90 1932.
TRAVEL TIME «, DERIVATIVES FOR REFRACTED WAVE 1933.

80 T(I)=TR<K) 1934.
OTOD=1.0/V(K) 1935.
DTDH=-SORT(VSQ(K)-VSQ(JL))/<V(K)»V<JL)) 1936.
ANlN(I)s-V(JL)/V(K) . 1937.
GO TO 260 1938. 

  CALCULATION FOR DIRECT WAVE           -               1939.
90 IF (JL .NF. 1) GO TO 100 1940.

SQT=SORT(7SO*OELTA(I)»», ) 1941.
TDJ1=SQT/V(1) 1942.
IF (TPJ1 .GE. TMIN) GO 0 BO 1943.
TRAVEL TIME & OERIVATIV S FOR DIRECT WAVE IN FIRST LAYER 1944.
TU)=TDJ1 1945.
DTDO=OELTA<I)/(VU)«SOT) 1946.
DTDHrZ/(V(l)»SQT) 1947.
ANIN(I)=DELTA(I)/SQT 1948.
GO TO 240 1949.
FIND 4 DIRECT WAVE THAT WILL EMERGE AT THE STATION 1950.

100 XHIG=OELU(I) 1951.
XLIT=DELTA(I)»TKJ/Z 1952.
UB=XHIG/S«m (XPIG»»2*TKJSO) 1953.
UL=XLIT/SORT(XL IT»»2*TKJSQ) 1954.
UbSQ=UH»»2 1955.
ULSQ=UL»»2 1956.
OELBIG=TKj»U8/SrjPT(l ,000001-UBSQ) 1957.
DELL IT = TKJ»UL/SO«T(1.000001-ULSO) 1958.
J1=JL-1 1959.
DO 110 LM.J1 1960.
DELHIG=OELRIG*(THK(L)«UH)/SORT(VSO(JL)/VSQ(L)-UBSO) 1961. 

110 DELLIT=DELLIT*(FHK(L)»UD/SORT(VSQ(JL)/VSQ(L)-ULSO) 1962.
DO 170 LL=1.25 1963.
IF (DELBIG-DELLIT .LT. 0.02) GO TO 180 1964.
XTR=XLIT+(0£LTAU)-DFLLIT)<MXBIG-XLIT)/(DELBIG-DELLIT) 1965.
UsXTR/SCRT(XTR«»2*TKJSQ) 1966.
USQ=U»»2 1967.
DELXTR=TKJ«U/SORT(1,000001-USQ) 1968.
DO 120 L*1»J1 1969. 

120 DELXTR=f)£LXTR«.(THK(L)«»U)/SORT(VSQ(JL)/VSQ(L)-USO) 1970.
XTEST=DELTA(I)-OELXTR 1971.
IF (ABS(XTEST) .LE. 0.02) GO TO 190 1972.
IF (XTEST) 140.190*150 1973.

140 XBIG=XTR 1974.
DELBIG=OELXTR 1975.
GO TO 160 1976.

150 XLlTsXTR 1977.
DELLITsDELXTR 1978.

160 IF (LL .LT. 10) GO TO 170 1979.
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IF U.O-U .LT. 0.0002) GO TO 190 
170 CONTINUE 
180 XTRs0.5»UBIG*XLIT)

UsXTR/SOHT(XTR»»2*TKJSQ)

190 Ifc-    IF
IF

195

200

210

U.O-U .GT. 0.0002) GO TO 220
u is TOO NEAR it COMPUTE TOIR AS WAVE ALONG THE TOP OF LAYER
USW .EG. IONE) GO TO 195 

TDCsTIO ( JL t JL) 'DELTA ( I ) /V ( JL) 
GO TO 200
TIX=FUtJL)*OHl»G(ltJL)+F<2tJL)*OH2»G(2tJL)*TID<JLt-U 
TDCsTlX*OELTAU)/V(JL) 
IF (JL .KQ. NL) GO TO 210 
IF (TOC .GE. TMIN) 00 TO «0 
T(I)=TOC 
DTOOsl.O/VUL) 
DTOHsQ.O
ANIN(I)=0. 9999999 
GO TO 2*0
TRAVEL TIME fc DERIVATIVES FOR DIRECT WAVE BELOW FIRST LAYER 
TOIRsTKJ/(V(JL)*SQRT(1.0-USO)) 
DO 240 L=ltJl
TDIR=TDIW*(THK<L)*VUL))/(VSQ(L)«»SQRT<VSQ(JL)/VSQ<L)> JSQ) ) 
IF (JL .P.O. NL) GO TO 245 
IF (Tnm .GE. THIN) GO TO 80 
T(I)=TDIW 
SRR=SORT(1.-USO)

220

240

245

ALFA=TKJ/SRT
BETA=TKJ»U/(V(JL)»SRT)
00 250 l.altJl
STK= ( SOW T ( VSQ ( JL ) /VSQ ( L > -USQ) ) »«3
VTK=THK(L)/(VSO(L)»STK)
ALFA=ALFA*VTK«VSQ(JL) 

250 8ETA=RETA»VTK»V(JL)»U
DTDD=HETA/ALFA
OTDHa (1.0.V(JL)»U*OTnO)/(V(JL) <»SRR)
ANIN<I)=U

C      SET UP PARTIAL DERIVATIVES FOR REGRESSION ANALYSIS 
260 X(l,I)=-l)TDr)»OX(I)/OPLTA(n

X ( 2» I > =-nTDO»OY ( I ) /DELTA ( I )
X(3tI)*DTDH

300 CONTINUE 
RETURN
END

1980.
1981.
1982.
1983.
1984.
1985.

JL1986.
1987.
1988.
1989.
1990.
1991.
1992.
1993.
1994.
1995.
1996.
1997.
1998.
1999.
2000.
2001.
2002. 
?003.
2004.
2005.
2006.
2007. 
200B.
2009.
2010.
2011.
2012.
2013.
2014.
2015.
2016.
2017.
2018.
2019.
2020.
2021.
2022.
2023.
2024.
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SUBROUTINE XFMAGS 2025.
...     COMPUTE X-MAGNITUQE AND F-MAGNITUOE                           c» t«. 

REAL LAT,LON,MAG 2027. 
COMMON /Al/ NSTA(151) ,OLY(2,151) ,FMGC(151) ,XMGCd«-;i) ,KLAS(151) , 2028. 

! PRR(151) ,CALR(15-1) ,ICAL(15l) ,15(151) ,NDATE (151 ) ,NHHMN( 151) 2029. 
COMMON /A?/ LATdSl)*LONd51) tOELTAdOl) tDXdOl)ffPY(ini) tT(lOl) 2030. 
COMMON /AS/ ZTK»XNe;AR,XFAR»POS,IG»KMS»KFM,IPUNf IMAG»IR»QSPA(9,40) 2031. 
COMMON /A6/ NMAX,LMAX,NS,NL,MMAX,NR,FNOfZ,X(4,10l) »ZSO»NRP,OF ( 101 ) 2032. 
COMMON /A8/ CALdOl) ,XMAG<101) ,FMAG(101) »NM,AVXM,SDXM,NF,AVFM, 2033. 

1 SDFM,MAG,KDX(101) ,AMX(101) ,PRX(101) ,CALX(101) ,FMP(10i) 2034. 
COMMON /A16/ KLSS(lbl) ,CALS(151) ,MOATE(151) »MHRMN(151) ,IP«N,ISW 2035. 
COMMON /A19/ KNO,IELV(151) *TEST(15) »FLT(2*151) »MNO(151) »IWd51) 2036. 
DIMENSION RSPA(b,20) 2037.
DATA 7MC1»ZMC2»PWC1»PWC2/0. 15,3.38
DATA RSPA/-0.02* 1.0S»-0.15«-0.13,

? 0*14, 1.18, -0.01, 0.01,
3 0.30, 1.29, 0.12, 0.14,
4 0.43, 1.40, 0.25, 0.27,
5 0.55, 1.49, 0.38* 0.41,
6 0.65, 1.57, 0.53, 0.57,
T 0.74, 1.63* 0.71, 0.75,
8 0.83, 1.70, 0.90, 0.95,
9 0.92, 1.77, 1.07, 1.14,
A 1.01, 1.86, 1.23, 1.28,
B 1.11, 1.96, 1.35, 1.40,
C 1.20, 2.05, 1.45, 1.49,
0 1.30, 2.14, 1,55, 1.58,
E U39, 2.24, 1.6S, 1.67,
F 1.47, 2.33* 1.74, 1.76,
6 1.53, 2.41, 1.81, 1.83,
H '1.56, 2.45, 1.8S, 1.87,
I 1.53* 2.44, 1.H4, 1.86,
J 1.43* 2.36* 1.76, 1.78,
K 1.25, 2.18, 1.59, 1.61,

NM=0
AVXMsO.
SOXMsn.
NF=0
AVFMsO.
SL)FM=0.
oo 40 IS!*NRP
XMAG(I)=HLANK
R A02*OEL T A (I ) «*2* ZSQ

,0.
0.
0.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
2.
2.
2.
1.
1.

80, 1.50/, BLANK/' «/
66
79
90
00
08
16
23
30
38
47
57
67
77
86
95
03
07
06
98
82

IF ( (PA.)?.LT.l.) .OR. (RA02.GT. 360000.) )
JI=KOXd)
KsKLASUI)
AMXIsABS(AMXd) )
CALd)sCALX(I)
IF ( (CALd) .LT.0.01) .OR. (ICAL(JI) .
IF ( (AMX I. LT.0.01) .OR. (CftL(I) .LT.O
IF ( (K.LT.O) .OR. (K.GT.8) ) GO TO 30
XLMRsO.
IF (K .EQ. 0) GO TO 20
PRXI=PRXd)
IF (PRX1 .LT. 0.01) PRXIaPRR(JI)
IF (IP .EQ. 0) GO TO 10

EQ.
.01

IF ( (PWXI.GT.20.) .OH. (PRXI.LT.0.033M
FOaio.»ALOG10d./PRXT)+20.
IFQsFO
XLMRsQSPA<K»IFQ)+(FU-IFO)»(QSPA(K,

1)
))

, 0
, 0
, 0
, 0
, 0
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
* 1

GO

 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

55,
66,
76,
86,
93,
00,
07,
15,
25,
35 1
46,
56 »
66,
76,
85,
93,
97,
96,
88,
72,

0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1

.17

.27

.35

,
,
,

.43,

.49

.55

.63

.72

.83

.95

.08

.19

.30

.40

.SO

.58

.62

.61

.53

.37

,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,

0.
0.
0.
0.
I.
1.
1.
1.
1,
1.
1.
1.
I.
2.
2.
2.
?.
?.
1.
1.

42,
64,
84,
95,
04,
13,
24,
40,
50,
62,
73,
84,
94,
04,
14,
24,
31,
31,
92,
49/

TO 30

) CAL(I)
GO

aCALR (JI)
TO 30

GO TO

IFQ»1

30

)-QSPA(K, IFQ)>

2038.
2039.
2040.
2041.
2042.
2043.
2044.
2045.
2046.
?047.
2048.
2049.
2050.
2051.
2052.
2053.
2054.
2055.
2056.
2n57.
2058.

    2059.
2060.
2061.
2062.
2063.
2064.
2065.
2066.
2067.
2068.
2069.
2070.
207U
2072.
2073.
2074.
2075.
2076.
2077.
2078.
2079.
2080.
2081,
2082.
2083.
2084.
2085.
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10

20

GO TO 20
IF ((PRXI.GT.3.). OR. (PRXI.LT.0.05)) GO TO 30
FQ:*10.»ALOG10(1./PRXI)*6.

JO

40

50

60

70

80

90

XLMRsRSPA(KtlFQ) *(FQ-IFQ)« (HSPA(KtIFO+l)-«SPA(KtIFQ)
BLACaALOG10(AMXI/(2.*CAL(I)))-XLMR
HLD2sAL<>G10(RA02)
BLNTsZMCl-PWCl»RL02
IF (RA02 .GE. 40000.) BLNTsZMC2-P*C2*«LD2
XMAG(I)sBLAOBLNT*XMGCUI)
NMsNM*l
AVXMsAVXM + XMAGU)

FMAGU)=BLANK
IF (FMP(I) .EQ. BLANK) GO TO 40
FMAG ( I ) = TEST (7) *TEST { 8) »ALOG1 0 (FMP ( I ) ) *TEST (9) "DELTA ( I ) *FMGC ( JI )
NF*NF*1
AVFMsAVFM+FMAGU)
SOFM=SDFM+FMAG(I)»«2 '
CONTINUE
IF (NM .EQ. 0) GO TO 50
AVXMsAVXM/NM
SDXM=SQKT(SOXM/NM-AVXM**2)
IF (NF .EG. 0) GO TO 60
AVFMsAVFM/NF
SOFMsSQ*T(SDFM/NF-AVFM«*2> 
IF (NM .fc.0. 0) AVXMsBLANK 
IF (NF .EQ. 0) AVFM=8LANK 
IF (IMAO-1) 70tflOt90 . 
MAG=AVXM
RETURN
MAG=AVFM
KETURN
MAG=0.5«(AVXM*AVFM)
IF (AVXM .EQ. BLANK) GO TO 80
IF (AVFM .EQ. BLANK) GO TO 70
RETURN .
END

2086.
2087.
2088.
2089.
2090.
2091.
2092.
2093.
2094.
2095.
2096.
2097. 
209H.
2099.
2100.
2101.
2102.
2103.
2104.
2105.
2106.
2107.
2108.
2109.
2110.
21 11.
2112.
2113.
2114.
2115.
2116.
2117.
2118.
2119.
2120.
2121.
2122.
2123.
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APPENDIX 2 

A Listing of a Test Run of HYP071

On the following two pages is a listing of a complete input card deck 
for running a load module of HYP071. This load module has been stored 
in the IBM 370/155 system at the USGS Computer Center in Reston. Some 
mistakes are introduced in the input data so that errors detected by 
HYP071 may be illustrated (see Appendix 3, p. 90-96). Otherwise, the 
data used are real.
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//MG992601 JOB (993001173tE230.3»10.900)t»LEE - 800«.CLASS«D
//GO EXEC PGH«£230»REGION«160K,TIME-1
//STEPLIB DO DSNAME«A993001.AZ173.MG9E230.HYP071tUNlT«ONLINEt
// VOL»SER«SYS011tOlSP»SHR
//FT06F001 00 SYSOUT»A
//FT07F001 00 SYSOUT»B
//FT05F001 00  
HEAD SOME SANTA ROSA QUAKES FOR TESTING HYP071
RESET TEST(06)»1.

3.
5.
5.
6.
8.

SR013842.55
5*023827.28
SR033814.15
5*043817.20
SR053829.55
5*063842.58
5*073832.20
SR8A3835.50
SR083835.92
SR093829.42
5*103825.00
5*113833.58
SR123833.95
5*133828.50
5*143823.08
SR153829.40
5*163832.02
5*173845.95
SR183817.75
5*193840.25

30 0.0
00 1.0
70 4.0
70 15.0
00 25.0

12259,
12304,
12251,
12231,
12224,
12232,
12242,
12249,
12248,
12251,
12238,
12239,
12246,
12241,
12249,
12235,
12258,
12248,
12244,
12240,

,17
,80
,29
,92
,33
,22
,78
,38
,25
,00
,75
,48
,20
,10
,38
,95
iS 1*
, 35
.48
,08

-0
0.
0.
0.
0.
-0
0.
0.
0.
-0
-0
0.
0.
-0
0.
0.
0.

-0
-0

.15
09
12
14
07
.19
03
04
07
.19
.16
02
19
.01
01
07
04

.11

.05

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
 

.

.

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25
,25
.25
.25
.25
.25
.25

8
8
b
8
8
8
8
8
8
H
8
8
8
8
8
8
8
8
8
8

5. 50. 100. 1.78 2 
SR01EP-2 691005111259.78 
SR02IPUO 69100S111259.42 
SR03IPOO 691005111258.41 
SR04IPUO 691005111258.05 
SROSIPUO 691005111258.12 
SR06IPOO 691005111258.53 
SR07IPOO 691005111254.81 
SR8AIP*! 69100S111256.51 
SR09IPUO 691005111255.66 
SR10IPUO 691005111254.80 
SR11IPOO 691005111255.32 
SR12IPOO 691005111255.77 
SR13IPOO 691005111254.89 
SR15IPUO 691005111255.21 
SR16IPOO 691005111258.04 
SR18IPOO 691005111256.94 
SR19IPOO 691005111257.26

10
SR01IPOO 691005120651.22 
SR02IPUO 691005120651.02

18

62.45ISUO 

62.59IS 0

23. .15 
29. .20

11

0.65
0.78

12
10

15
CLP 

CLP



SR03IPOO 
SR04IPUO 
SR05IPUO 
SR06IPOO 
SR07IPOO 
SR8AIPUO 
SR09IPUO 
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APPENDIX 3 

Printed Results of the HYP071 Test Run

The following six pages are actual output printed by HYP071 using the 
test data shown in Appendix 2 (p. 87-88). Users adapting HYP071 for 
their computers should reproduce these results to ± 1 or 2 counts of 
the last significant figures. Please note that the error messages 
shown are for the purpose of illustrating some common mistakes in the 
input data.
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APPENDIX 4

Calculation of Traveltimes, Derivatives, and Angle of Incidence

(by J. P. Eaton)

This section is taken from Eaton (1969, p. 26-38), and explains how 
traveltimes, derivatives, and angles of incidence are calculated in 
HYP071.
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CaIcuI at Ion of Trave11 \ mes, Perlvat Ives, and

AhgIes of 1nci dence 

(Subroutines TPAR and TRVDRV)

Program TRYDRV, on which these subroutines are based, was designed 

to calculate travel times and derivatives of travel times with respect 

to epicentre I distance and focal depth for events in an "earth11 consisting 

of N-l flat layers above a homogeneous half space. The earth model Is 

described by the depth to the top of layer L and the P-velocIty in 

layer L; I.e., by D(L), V(L), L = I, N, where the index N refers to 

the half space.

The course of the program can be outlined as follows:

1. Determine the layer, J; that contains the focus at depth, H.

2. Determine which of the several possible waves (direct, and 

refractions from successively lower horizons) is the first arrival at 

distance DELTA.

3. Calculate the traveltime and derivatives by an appropriate 

method: for refracted waves these calculations are straightforward, but 

for the direct waves a numerical solution must be employed.

Because the traveltime, derivative, and angle of incidence 

calculations are a critical central part of the hypocenter determination, 

these subroutines are treated more thoroughly than other subroutines In 

the program. This wrlteup describes a somewhat more elaborate version 

of the subroutine that constitutes a self-contained program as well as 

a test of the program on an actual earth model (the 3-layer "Hawaii Bn 

structure). It Is supplemented by an Independent flow chart and a 

FORTRAN listing of the TRVDRV program. The variables used In the program
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and flow chart are identified in the accompanying list. The same 

notation will be used, generally, in the following section of the writeup, 

which outlines the mathematical formulation of the program and discusses 

some of the principal problems that must be solved. The notation used 

in this section is nearly identical (but not exactly) to that used in 

HYPOLAYR and its subroutines. 

Travel time of Refracted Waves 

(See Sketch A)

The travel time, to distance DELTA, of seismic waves from a focus 

In layer J that are refracted along the top of layer M can be written:

T - TIiVJM + DELTA /v/TW

The intercept, T1A/ J(M) > can &e written:

TK J *  "3 s &^
TI.VjfAt) = T1DC JJM) - -    7TT  ~

v ( J /
where TJD'^M; is the intercept of a wave with its focus at the top 

of layer J (at depth D(J» that is refracted along the top of layer 

M (at depth D(M)).

Finally,

L ~
S©-M ~~

In these equations, @M is the angle of incidence In layer L of a wave
A^

that Is refracted horizontally in layer M.
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Critical Distance (Initial Point) of Refracted Waves

Analogous equations can be written for the distance to the Initial 

point (distance of critical reflection) of the wave from a focus at 

depth H (In layer J) that is refracted along the top of layer M.

where D.Mj is the critical distance for a wave with a focus at 

the top of layer J (depth D(J)) that Is reflected from the top of 

layer M (depth 0(M)).

For waves that are refracted along or critically reflected from 

the top of layer M, the angle of incidence in layer M is "/2.

Critical Distance and Intercept Formulas in Terms of Layer Velocities 

and Thicknesses

From Snell's law S/fl © -

The expressions for TID(J,M), DIO(J,M) TINJ(M), and DIDJ(M) can 

be written:
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M-l

In these equations, TKJ is the depth of the focus below the top 

of layer J, ie., TKJ = H - D(J).

Travel time of the Direct Wave

The travel time of the direct wave to distance DELTA from a focus 

in the first layer is simply:

'
(0

For a focus in a deeper layer (J = 2, N) the expression for T as 

a function of DELTA is too complex to be useful, if it can be obtained 

at all. However, both T and DELTA are relatively simple functions of 

sinoj-r , where ©j is the angle of incidence of the ray at the focjs 

in layer J. In the program "DIRECT", a simple method for determining

and then ca leu la-ting T for any specified DELTA was developed. This 

routine is employed in the present program to compute the travel time of 

the direct ray to distance DELTA for J" ^ J.
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Maximum Distance at Which the Direct Wave Can Be a First Arrival. 

(See Sketch B)

Because the traveltime of the direct wave is more time-consuming 

to calculate than the traveltimes of refracted waves, a preliminary 

test is made to determine whether DELTA is beyond the range of possible 

direct-wave first arrivals. Consider a focus at depth H in layer J. 

At large DELTA the direct wave is asymptotic to the refraction line 

for a focus at the very top of layer J; but the direct wave is always 

later than the asymptote. Let the crossover distance between the wave 

refracted along the top of J from a focus at the top of J and the wave 

refracted along the top of J + I from a focus at depth H be XOVMAX. 

Then the crossover between the direct wave and the refracted wave from 

J + I will be smaller than XOVMAX, and the first arrival at DELTA 

larger than XOVMAX must be a refracted wave, if J ^ N.

Because the initial point of the refraction from layer K + 1 is 

coincident with the critical reflection from the top of K + 1 (or the 

bottom of K) and because the reflection from the base of K must.be 

later than the direct wave (if K = J) or a refracted wave from the top 

of K, the initial point of the K + 1 refraction curve must lie above 

the K-refraction curve (or the direct-wave curve if K * J). Hence, 

for DELTA greater than XOVMAX and J < N the first arrival must be a 

refracted wave recorded beyond its initial point.

Determination of Which Wave Is the First Arrival at DELTA < XOVMAX 

For DELTA less than XOVMAX the first arrival may be the direct 

wave: so the travel time of the direct wave must be computed and
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DIR 
TIMJ(J+1)

TID(J,J)

GRIT

REF*

XOVMAX

REFJ+l

SKETCH B. Sketch to illustrate discussion of XOVMAX, 
initial point, and critical distance.
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compared with the travel times of possible refracted phases to establish 

which arrival Is earliest. In this range of DELTA, however, it must 

be established that any prospective refracted first arrival actually 

exists at the specific value of DELTA considered; i.e., i.s DELTA beyond 

the initial point of the refracted wave?

Derivatives of Travel time with Respect to EpI centra I Distance 

and Focal Depth. When the nature of the first arrival at distance DELTA 

has been established, the traveltime of that arrival is set equal to 

T and derivatives of the traveltime with respect to DELTA and H are 

computed by methods that are appropriate for the first-arrival wave 

type.

Derivatives of refracted-wave travel times with respect to DELTA 

and H. For refracted waves, by differentiation of the equation for T 

as a function of DELTA and H:

Derivatives of first-layer direct arrivals. For the direct wave 

.through layer 1:

ZDELTA - 

H

aw
x
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Derivatives of direct-wave travel times: J ^ 1» (See sketch C.) 

Because both T and DELTA for the direct wave from layers below the 

first can be expressed in terms of the parameter sin Sj

_3T 

can be computed as   

H

^-1

where

= 5^/5

noire 

* c
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Next, we must calculate "^"77 for the direct
O rt «

arrival from layer J.

Letting U « $Lflj , and h * TKJ * H -
J-' 

. THKLL] *V(3)

T4 = A

...
j-»r"

Holding U s Stx)©j = const, increase h by an amount oh. The 

corresponding changes in T and A are

aA
»

U

Next, changeU by an amount ^U, holding h constant so that the 

change in A , ik* > * s equal and opposite to that caused by the previous 

change In h.

u
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Thus, the required £U Is: 
3A

The corresponding change In T is

Substituting the previous expression for

dT i
<&Ti. - ~ rrr

A,
The total change In A, I.e., 

In T Is

and the total change

3T

9AI

ST I _
_

ill _ U.J

We have previously calculated

Passing to the Iimit

97
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APPENDIX 5 

Examples of Data Forms for Punching Phase Cards

In order to avoid errors in preparing the phase cards, it is useful 

to write the seismic data on a special form from which it is easily 

key-punched. Users of HYP071 are urged to prepare their data forms care­ 

fully. Examples of data forms used at NCER are given in the following 

two pages.

Page 112 shows a typical data form used for processing seismic data 

from a large network of stations. The actual form is 8-1/2 x 13 inches, 

and only the top two-thirds are shown here. This form has space for data 

recorded on four develocorder films or nets. Each net has 16 stations, 

and station names are labelled in the form. Since S-arrivals are difficult 

to read on develocorder films, they are not routinely processed and are 

not included in the form. Space for two more nets and space for remarks 

are not shown here. In the upper left corner of the data form are 

abbreviations for some commonly used remarks to be punched in column "RK."

Page 113 shows a data form used for a small network where S-arrivals 

are routinely read and time corrections may be needed. Amplitude data are 

not processed and are left out in the form. An additional column for rise 

time is included although it is not used in the HYP071 program. The 

actual form is 8-1/2 x 11 inches and fits nicely in a loose-leaf binder.
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