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STATUS REPORT 

AUTOMATED BULLETIN AND SEISMIC DATA   RETRIEVAL SYSTEM 

I. INTRODUCTION 

The Automated Bulletin Program was developed to reduce 
errors caused by manual copying and recopying of data,  to reduce the cost 
of bulletin preparation,  to provide a means of handling increasing amounts 
of seismic data without heavy demands on skilled personnel,   and to provide 
rapid access to large amounts of seismic data stored on magnetic tape.    The 
'program'1 is actually a system of programs which can be run in sequence 

on a   'system'' oriented computer with a minimum of magnetic tape changes. 
The IBM 7074 of Texas Instruments is run on the ''FAST" Monitor System 
which has the ability to run a sequence of related programs; its main virtue 
is extremely fast FORTRAN compile time which suould reduce the computer 
run time required to make program modifications. 

The system was oriented to obtain a maximum of valid infor- 
mation for research as well as to efficiently provide a seismic bulletin.     The 
concept of operations consists of first picking the arrivals and then checking 
them against predicted arrivals generated by the computer from USC&GS 
hypocenter information and travel time curves.     Manual bulletins are fre- 
quently prepared only after USC&GS info/mation is available tp assist in 
picking arrivals. I 

This latter procedure provides a more complete bulletin,  par- 
ticularly when data analysts are not highly experienced,  but introduces a 
weighting in favor of existing travel time curves.    If re-analysis of film strips 
with aid of PDE data is not performed,   scatter in picked arrival times will 
increase,  but should be more closely centered about the actual arrival times. 

The automated bulletin system will identify phases and collate 
events analyzed with PDE data more economically than can be done manuallv, 
but by operating on raw station data still greater economy can be effected. 

II. DESCRIPTION OF THE PROGRAM 

A.    SUMMARY 

The Automated Bulletin System is comprised of four principal 
7074 programs written in FORTRAN: 

1.    PDE Data Gent-ration  - The USC&GS Hypocentrai Data,   station lo- 
cation and travel time tables for  i5 phases and branches of phases stored 
in the program are operated upon to generate an output tape containing 
the expected arrival times at each station of all stored phases.     This tape 
may be printer! through an autocoder  140 1  program to provide a   'PDF 
list'' of expected arrivals for each station.    See Figure  3. 



2.    Preliminary Association - Ground motion is ijonoratod from period, 
amplitude,  and stored magnification curves.    Time eorreetion and gain 
changes are accounted for,   possible associations and overlapping events 
are flagged. 

i.    Association Routine  - The expected arrivals are compared with 
actual arrivals,  PDE association made,   and phases identified. 

4.    Pass I Unassociated - Events not associated <;re examined to de- 
termine if the station analyst identified as P wave and S wave and pro- 
vided an azimuth of approach.    The S-P interval yields a distance esti- 
mate which,   combined with the station location and a/.imuth,   provides 
an epicentral location estimate. 

A fifth basic program,  the Unassociated Pass II is still in 
the research stage,   so events routed to its input tape are presently reviewed 
and manually inserted into the bulletin in chronological sequence.    Very few 
events presently fall into this category because of expansion of the USC&GS 
net. 

In addition,   several 7074 stock sort routines and several 
1401 programs written in autocoder are used.    The data inputs to the program 
are made on key punch IBM cards.    These cards are prepared from raw data 
report forms prepared by the data analyst,  observatory technician,   and the 
USC&GS PDE reports.    Samples of the data forms used by the observatory 
personneJ are reflected in Figures  1 and Z.    The Form 10 contains event 
analysis information.   Form 11 reports the changes in instrumentation which 
would affect the data. 

Figure 4 is a simplified data flow; Figures 5-7 and 9-12 are 
more detailed data flow diagrams.    Although several tapes are indicated,  only 
a few need be physically transferred from the 7074 during the run if the pro- 
gram is run on "system."   Normally,   1401 tapes are physically removed and 
transferred although they may also be tied to the system and electronically 
switched from the 7074 to the  1401. 

Data flow and description of each of the four programs follows 
The flow diagrams are for basic flow only and do not show fine details of 
mathematical operations.    The Preliminary Association flow is presented in 
somewhat more detail than other routines but is not indicative of relative 
complexity. 

R.    PRELIMINARY ASSOCIATION 

The following arc performed by the preliminary association 
program: 

1. Ground motion is obtained from trace motion. 
2. Instrument parameters are compensated (see Figure 5): 
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iguro 5.     Preliminary Association Program  - Correction  Routine 
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Figure 6.     Prrliminary Association Program  - Preliminary 
Oveilap and Compare Routine 
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EA = EARLIEST ARRIVAL 
OL - OVERLAP 
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Figure 7, Preliminary Association Program 
and Transfer Routine 

- Overlap,   Tag, 



a. Changes in magnification 
b. Changes in timing (clock correction) 

3. Three-symbol secondary criteria codes are formed 
(see Figure 5): 

a. Is trace amplitude higher on short- or long- 
period instruments ? 

1 = short period.   Z = long period,   3 - same. 

b. Is ground motion greater on vertical or horizontal 
components ? 

1 = horizontal l = vertical,   3 = same. 

c    Does component which is most nearly inline or 
most nearly transverse indicate greatest ground 
motions? 

1 = inline,   Z = transverse,   3 = undefined. 

Each phase has a secondary criteria word consisting of 
the codes a,   b and c; e. g, .   I 21 which means:   best on sh.rt 
period,  best on vertical and best inline.    This is typical for 
airwave.    An arriving SS might be 212. 

4.    4.    First and last phase arrival times for each PDE event 
predicted for a given station are used as a gate.    Any station 
Phase between these predicted arrivals trigger the  application 
of association crxteria words which are placed on the magnetic 
tape in a reserved location for each event.    Several overlap 
situations are distinguished with different identification words, 
(see Figures 6 and 7). 

a. Station event has a phase or phases that fall between 
predicted arrival times generated by the PDE data 
program for a particular event. 

b. Two-station events have phases between the same 
ear-hest and latest predicted arrivals. 

c    The event has a phase or phases that fall between 
predicted limits for two different PDE events. 

m;   ASSOCIATION PROGRAM 

■" Events flagged as "possibly associable" hv H« ™.   i-     ■ 
nary association program are stored in core memorv with th Pr^^i- 
PDE expected arrival times.    The first phase ofTh. V cor^sPonding 
to each PDE expected arrival      If . PD^vn    f " ^^ iS COmPar^ 

ten seconds,  ffi arrival . ^ ^^^^^^T ^ 
is flagged as associated      All PDF Ar>* ■ n arrival and the event , ^-idK-u.    AII put data concerning the event /Pnir u     J     v . 
made a part of this event's record      The Wi*    u       mC.eVent {PDE header) is 

bctween Computed arrival time ^M0 &^ÄSS 



is applied to all subsequent phase arrival time predictions to compensate for 
differences in path,   source asymmetry,   etc.   in the phase identification 
routines.    The first phase travel time curve (usually P or PKP) is thcught 
to be more accurately known because it is preceded only by noise and not by 
waves generated by the event.    See Figures 9,   10.  and  llfor data flow. 

The travel time curves (see Figure 8) are stored as a series 
ol "prime" points.    Each group of three points is fitted with a parabola by the 

computer.    The points are stored as functions of time and distance for a 
given depth.    If distance can be determined from PDE data,  new prime points 
are generated which are functions of depth and time for a given distance. 
Parabolas are fitted through these points and the derivative of the parabolic 

equation for each phase,   taken at the given point of depth and arrival time 
at a given distance,  is determined for each phase with a stored window width 
of + 5 seconds or less.    The derivatives provide the rate of change of arrival 
time as a function of depth.    For example:    Given the parabolic equation 
1   - ah    +  bh +  C,     the derivative of T with respect to   h   is   AT 

-rr- = ^ ah +  b. . h 
T u . üüpp    it 

- h 
m^y be approximated by   ^-where ^T is the misstie and Lh the change 

in depth necessary to account for the misstie.    Thus,   ^h s? AT x  
2 ah +   b. 

The coefficients a and b have already been determined by the PDE data program 
and are stored on the PDE output tape for each predicted phase of each PDE 
event at each station.    The average of all the depth differences so determined 
is added to the given depth.    This ne-, depth is stored on the output tape as 
part of the record for this event.     The phase missties for those phases which 
are identified are now given for the new depth.    These depths seldoic. differ 
from recent USC&GS depths by more than a few kilometers. 

If the first phase of the station event introduced into the 
association program ties to a PDE expected arrival within sixty seconds, 
but not within ten seconds,   the event is treated somewhat differently.    It'is 
first testea to determine the epicentral distance; if less than 16 degrees ail 
the data is sent to the output tape as ''associated. "    The PDE header information 
is included but the phases are not identified.     Because of the high variability 

and numerous types of local to regional arrivals,   accurate phase identification 
must be dependent upon travel time curves developed for a particular station. 
These curves are not available at this time so are not incorporated in the 
program.    If the event is at a distance greater than 16" the preliminary as- 

sociation program has already indicated that this event must have a misstie 
between ten and sixty seconds.    Again,   the partial differential equation is 
solved to determine if there is a depth for which this  misstie is  z.cro.     If 
there is  no such depth,   the event is considered    unassociated and is  sent to 
the  Unassociated Pass I input tape.     If a depth for which the misstie is  zero 

exists,   the event is  sent back to the part one phase identifiration program 
except that the window widths are now enlarged to three times the basic window 

1 1 
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Figure 8.     Travel Time Curves Stored In Bulletin . JSSM gram 
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MISSTIE IS ZERO? 

YES 

SEND TO PART 1 
PHASE ID PROGRAM 
CHANGE WW'S TO 3X 

NO 

SEND TO UNASSOCI 
ATED PASS I TAPE 

1312 

Figure   II,    Association Pro 
gram  - Part 2 Phase Id.-ntiucatmn Routim 
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width and the depth is changed to that depth for which the misstic is zero. 
Phases are then identified in the normal manner and all information is sent 
to the output tape along with a machine code indicating that it went through 
this routine. 

D. UNASSOCIATED DATA PROGRAM - PASS I 

This program treats all unassociated phases except for tele- 
seisms with more than five phases.    The station analyst's phase identifications 
are searched for P and S.    If they are found,  the arrival times are subtracted 
from each other and the distance looked up on a stored S-P versus distance 
arrival time curve for normal depth.    If the station analyst also estimated an 
azimuth of approach,  the program will,  in addition,   estimate a latitude and 
longitude for the event.    See Figure 1Z for data flow. 

E. UNASSOCIATED DATA PROGRAM - PASS II 

This program is still in the research stage. It is designed 
to soive teleseisms having more than five phases when no PDE information 
is given.    It divides the incoming events   nto one of three categories: 

1. All phases are of compressional type. 
2. All phases are of shear type. 
3. There arc both compressional and shear phases. 

Statistically selected pairs of first and second arriving phases 
for the all-compressional or all-shear type categories are listed in stored 
tables.    For the combination type event,  a list of the most likely first com- 
pressional and first shear type arrivals are stored in tables.    In the all- 
compressional category,  the program tests each pair assuming that the first 
phase is properly identified but that the second most likely phase may not be 
the second station phase but may be the third,  fourth,   or fifth.    The reason 
is that many high-amplitude spurious phases are often observed between P 
and PP or between P-diffracted and PKP. 

The program first selects a station phase pair then tests the 
entire three dimenr'      \1 travel time curves to determine if there is any area 
within these pairs oi travel time curves in which the event can exist.    If the 
event passes this tost,   the travel time tables are then searched as a function 
of both distance and depth to determine if there is one or more distances and 
depths for which the event can exist.    Once the range of existence is bracketed, 
the arrival times for other phases are generated.    Each time a fit is found 
this solution is stored in memory until the entire table of pairs has been 
searched.    The solutions are then tested and the best solution chosen.    If no 
fit can be found,   the data are sent on as unassociated. 

The immediate problem in continuing development of the 
Pass II Program is primarily one of locating obvious programming errors. 
Some events have successfully tionc through this program provided they fit 
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(T) ADVANCE lAPE 
TO NEXT EVENT 

IS THIS EVENT A 
TELESEISM WITH 
MORE THAN 5 
PHASES 

I 
YES 

SEND TO 
UNASSOCIATED 
PASS II INPUT 
TAPE 

NO 

HAS THE STATION 
ANALYST IDENTIFIED 
A P AND AN S WAVE? 

I 

NO 

YES 

<D 
SEND ALL INPUT 
DATA AND ANALYST'S 
PHASE IDENTIFICATIONS 
TO OUTPUT. 

FIND FROM 
S-P INTERVAL 
AND STORED 
CURVE. 

I 
IS AN AZIMUTH 
GIVEN ? 

I 
NO 

YES 

SEND AND 
OTHER DATA 
TO OUTPUT 

ESTIMATE 
EPICENTER 
LAT fc LONG 

SEND,  LAT,  LONG, 
AND OTHER DATA 
TO OUTPUT 

<D 

Figure   IZ.    ünassociated Program  - Pass I 
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I FHASf NAME    ..TIME        C  INST AMPMAX  PERIOD  LN COM« 
C DAY  H M S.   0       MM1CRNS  IN SEC  RT 

CPO 0       AZ KM 

i * 4   6 41   .       Z T   87 
LPZ 

BNO D 96.58 AZ 229.8  *       6 43 42.3 M       44KM 32.60S  178.60E 

E p 4  6 57 8.1      Z    4.2      1.0 T  61 
Et 4  7 27 40.0    LPN  192.8     16.0 

LPZ 
LPE 

UBO D       AZ M KM 

ER 4   7 28 40.0    LPZ   96.9     36.0 T 

UBO D       AZ M KM 

ES 4   7 50 59.6      N     .9       .4 N 
E 

UBO 0       AZ M KM 

E P 4  8 30 10.3 C   Z    1.2       .4  T 
N 

BMO 0 58.65 AZ 305.7  4  8 47 25.2 M       33KM 46.30N  154.30E 

E P 4  8 57 23.7      Z    3.0      1.0 T 
El 4  9 17 52.0    LPE  258.7     12.0 

LPN 
LPZ 

UBO 0 65.93 AZ 310.9  4  8 47 25.2 

E P 4   8 58 12.4 0   N     1.8       .7  T 
Z 

CPO 0 82.30 AZ 322.7  4  8 47 25.2 

E P 4  8 59 46.1      Z     1.6       .6  T 

BMO    D    91.74 AZ  245.1       4       8  50   13.4     M 243KM     18.80S     169.50E 

E  P 4       9    2  55.8 Z 1.0 .8     T 

Figure  13.    A Sannplc Page From Automated Bulletin 
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certain peculiar criteria.    The problem seems to lie in acquisition of  .ravel 
time prime points.    The theory the program is built upon cannot be tested 
until programming problems are solved and some real data (as opposed to 
test data) are processed. 

Data flow in this program is complicated and the routine is 
seldom required with USC&GS information from an enlarged and improved 
network.    This program would be valuable in preparing prelim^ary bulletins 
when PDE information is not available bi't it is not essential to me automated 
bulletin system as it is now used.     The five or ten events per month,   whic i 
would normally be routed to this program,   are not large (from January data) 
and can be reviewed by manual methods and listed in chronological sequence 
in the bulletin,  or the Unassociated Pass I program can be reprogrammed to 
accept these events and process them in the same manner as smaller un- 
associated events. 

III.    COMPARISON OF AUTOMATED k MANUAL BULLETIN EFFORTS 

A. INTRODUCTION 

A bulletin of January 1963 data for Project VT/li24 ob- 
servatories was produced using the automation program.    A sample page of 
this publication is presented in Figure 13.    A second bulletin for this same 
data was produced by manual methods.    Data analysis input to the automated 
method was obtained from observatory personnel without use of PDE infor- 
mation.    PDE information was used by a central analysis group to review 
the film strip records for manual preparation of the January bulletin. 

Comparison of the manual and automated bulletins has been 
completed.    Results of this study are discussed below and are summarized 
in Table I. 

B. COMPARISON OF EVENT ASSOCIATIONS 

PDE reports listed Z51 events for January.    If each of the 
three observatories had recorded each of these events,   a total of 753 events 
would have been reported and associated in the January bulletin. 

A  count of the number of all types of events listed in each 
of the two bulletins reflected approximately 2570 in the automated version 
and 11Z0 in the manual.     This difference is attributed to the number of 
locals,   near regional and regional types which were d'scarded after the final 
review of records in the latter method. 

Of the 753 possible associations to PDE data,   only 515 were 
considered as probable associations using the criteria that body waves would 
be the first arrival from the event.    The automated bulletin actually associated 
454 of these probables while 497 were correlated using the manual technique. 
As a  result of this  comparison,   re-analysis of the automated program revealed 
two errors in the programming logic.     These have been corrected,   and would 
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Line 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

10. 

11, 

12. 

13. 

TABLE I 

Subject 

Number of events listed in bulletin 

Number of events listed in PDE 
reports (X3) 

Number of observatory reported 
events which should have associated 
with PDE events 

Number of bulletin listed events 
associated with PDE events 

Additional bulletin listed events which 
would associate after programming 
corrections 

Total number of bulletin listed events 
which should have been associated with 
PDE events (i. e.,  line 4 + 5) 

Number of reported phases for events 
associated with PCL. events 

Number of reported phases associated 
with PDE events and identified 

Number of identified phases nr.t reported 
in raw data - New pickt after record 
review using PDE data 

Number of identified phases not stored 
in computer 

Additional phases identifiable after 
programming corrections 

Additional phases identifiable with 
increased window widths 

Resultant totals of identifiable phases 
using raw data analysis i.e.- Auto - 
line 8 -f   11  +  12      Manual  - line 8 - 9 -   10 

Automated Manual 

2570 

753 

515 

4 54 

50 

504 

1773 

837 

93 

230 

160 

120 

'53 

515 

497 

497 

2098 

1473 

32! 

105 

1043 
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now permit an additional 50 events to associate with PDE information.    Of 
the remaining dl  events reported by the observatory,   which should have 
been associated   with PDE data,   several causes for improper solution by 
the program have been advanced.    These arc discussed in more detail in 
the section of this report covering recommended modifications to the program. 
It should be noted that the manual bulletin also failed to include approximately 
the same number of non-associations. 

From this review,   it is concluded that the capability for 
associating reported events with PDE events i.s nearly equal using either the 
manual or automated technique.    The equality of the two systems in this 
respect should speak highly of the caliber of analysis performed by the ob- 
servatory personnel,   since their reports were prepared prior to the avail- 
ability of PDE data. 

C.    COMPARISON OF PHASE IDENTIFICATION 

The automated bulletin input,   as reported by the observatories, 
contained 1,773 phase picks,  for the 515 events that should have associated. 
The automated program actually identified 837 phases of events which associat- 
ed.    With present corrections to the program,   an additional 50 or more events 
should also associate.     This would result in an increase of about 93 identified 
phases.     The number of phase identifications could be further increased by 
about 25% with some loss of accuracy by widening phase-time windows to those 
used for normal manual analysis.    This would have produced about 230 ad- 
ditional identifications. 

The manual bulletin contains 2,098 phase picks,   after re- 
analysis using PDE data,  of which 1,473 were identified.    325 new phases 
were picked and arrival times changed for most of the remaining phase picks. 
Presumably,  the 325 new picks represent phases which were located after 
consultation with PDE data and so represent new identifications.     These phase 
times were,   therefore,  not available to the computer input. 

Tables II and III itemize phases identified by both methods. 
Table II reflects those phases for which travel times were stored in the com- 
puter memory.    Table III contains other phases identified by manual methods 
which were not stored in the computer.     These,   therefore,   could not be identi- 
fied in the automated bulletin at that time. 

In summary,  when the additional data used in the manual 
bulletin and the overlap programming error in the automated bulletin are con- 
sidered,   the performance of the automated bulletin program appears present- 
ly adequate and extremely promising in terms of further  refinements.     The 
compute r logic seems as adequate as the human logic presently used in 
manual preparation.    It appears to be somewhat better in association and 
identification   of lonesome phases.     Secondary criteria does not seem to be 
a major problem in phase identification although improvement would result 
from program refinement in this area. 



TABLE II 

COMPARISON OF NUMBER OF PHASES IDENTIFIED 

Automated 
Phase Total Lonesome 

P 348 102 
PP 28 1 
PP 53 4 
PKPAB) 

BC) 
42 13 

DE) 
EF) 

PcP 42 2 
PPP 7 1 

S 15 1 
SP 18 1 
PS 21 
SS 29 
SKPAB) 

BC) 7 
DF) 

PKSAB) 
BC) 2 
DF) 

SKSAC) 
DE) 15 
EF) 

SKKSAC) 
9 DF) 

SPP 4 
PPS 6 
PSP {from PPS) 2 
SSP 7 
PSS 0 
SPS (from SSP) 0 

SSS 16 
PKKPAB) 

BC) 16 1 
DF) 

G 2 
L 68 
R 80 I 

Manual with reanalysis 
Total       Lonesome 

436 
105 
70 

63 

35 
8 

63 
23 
31 
49 

34 

8 37 128 

8 
24 

0 
1 
2 
0 

22 

43 

0 
91 

241 

1368 

87 
4 

14 

I 

2 
21 

128 

22 
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TABLE III 

COMPARISON OF NUMBER OF PHASES IDENTIFIED 

Additional Phases Not Presently Stored in Computer Memory 

SUR 
Lg 
pip. 

ScP 
PKKS 
ScS 
P'PKS 
SKKP 
pP' 
PcS 
S'P 
ScSP 
S'S' 
P'S' 
PcPP' 

8 
16 
23 
14 
11 
10 

5 
4 
4 
2 
3 
2 
1 
1 
1 
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IV.    RECOMMENDED PROGRAM MODIFICATIONS TO IMPROVE 
PERFORMANCE 

Some minor corrections to the program have already been 
accomplished,   based on the processing of January data.    However,  a re-test 
of the entire program has not been performed.    Normally several test runs 
are desirable in a program of this complexity to ensure that modifications 
have been perfected. 

These corrections and other possible improvements are 
discussed in this section.    Some of the proposed improvements can be ac- 
complished to different degrees and by more than one method.    Some of them 
are interdependent; that is,   one particular change cannot be made without 
also rraking another.     Consequently,   in some cases,   estimates are for various 
combinations of changes which can be performed most efficiently together. 

A.    TO IMPROVE ASSOCIATIONS 

1.     To Correct for PDE Overlap Rejection 

If the expected arrival time from two PDE events overlap, 
the station events m;iy or may not be associated correctly.    The revision 
creates new station records in core with those phases,   which are in the 
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overlapping time zone for both PDE events at a given station,  listed with 
both the station events in the bulletin.    These phases will then be identified 
for one or both of the events if they fit the necessary criteria,   or they may 
not be identified for either event if they do not pass the travel time and other 
criteria for either event.    The most common situation arising from the error 
is failure to test a station against the second of an overlapping PDE event 
pair when tLe station did not record the first PDE event. 

Modifications to correct this have been madr-. Re-test of 
portions of the program is still necessary and would require an estimated 
3 man days and approximately 6 hours of machine time. 

2.,    Correct for Secondary Criteria Holdover 

One event was not associated because of a programming error 
which rejected the fir  t phase on the basis of secondary criteria which had 
remained in memory from a previous event.    Five other events did not as- 
sociate for unknown reasons,  although they may also have been caused by 
this problem.    This error is rm re troublesome for phase identification 
(although it occurred infrequently) than for event association.    It usually can 
be noticed by an obviously erroneous print out.    For example:   On some events 
a component pertod and amplitude will be listed which is not present on the 
original analysis sheets,  or a component may be listed with no period and 
amplitude given.    See the first entry of Figure 13. 

The program had failed to erase data from a previous event 
only when the last phase of the previous event was larger and best recorded 
on a longer period instrument than the first phase of the following event.   The 
non-erased data included the secondary criteria code for each station phase 
so an erroneous code could be associated with an event's first arrival.    The 
program would then reject a tentative phase identification based on travel 
time because it will have failed to meet more than two of the secondary 
criteria.    Under these circumstances the event would not have been associated 
although the travel time error may be very small. 

This problem has been corrected and required check out can 
be accomplished simultaneously with the previously listed item. 

3.   Delete the Requirement for First Phase Identificatior.: 

The program is very sensitive to identification of the first 
station phase of an event.    If the first phase in a station event cannot be 
associated with any phase predicted fnr a PDE event,  the balance of the 
phases in the station event will not be tested. 

There are two basic cause« for first phase misstie. 

a.   Very high-gain short-period instruments sometimes record 
arrivals earlier than those predicted by the standard travel time tables.   It 
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I        is not often that the event is early by more than ten seconds,  which is the 
association window-width limit.   In some cases,  a very late emergent P phase 

■        may be more than ten seconds later than the predicted arrival. 

b. P diffracted and later phases which are the first arriving 
I phase of an event, for example, PKP or PKIKP or PKJKP, have arrival 
I        fimes either unknown or insufficiently known.    When unusual first phases are 

seen (usually on larger events) their arrival time is often displaced more than 
I        ten seconds from the PKP or PKKP curve.   In this situation,   the commonly 
I seen branches of PKP,   PKKP or other well-known phases will be the second 

phase of the event. 

] Three fairly large events failed to associate in the January 
Bulletin because of first phase misstie. 

| Natural variations in observed phase arrival times cannot be 
modified but the associati JU routine can be revised to reduce its dependency 

i on the first phase being within 10 seconds of its predicted arrival time.   One 
solution is to widen the window width for the first phase.   However,  this 
problem is more often seen on large than small event" and later phases often 
are well within the window widths.    A better solution is to investigate both 
the first and other phases. 

The revision would allow testing of all phases and the best fit, 
for time and secondary criteria,  chosen.   The static misstie procedure (see 
part B) must also be deleted to accomplish this change,   resulting in a gen- 
erally improved time fit for later phases.   This will allow an equal number of 
phase identifications,  with more narrow time windows. 

I This change will require more memory than is available in 
the 7074; therefore,   the depth iteration part of first phase,   60-second misstie 
routine will be deleted.   The 60-second misstie routine served a genuine pur- 

| pose when the program was first designed,  but subsequent improvement in 
I the USC&GS hypocenter program has practically eliminated gross errors in 

depth.    Consequently the only purpose the routine serves at present is to 
1 allow association of some badly timed first phases by assuming the epicenter 

at a different depth.   The oroposcd revision will check all phases,  not just the 
first,   so the 60-second misstie routine will no longer be required.   Approxi- 

Imately 6 man-weeks of reprogramming effort will be needed to accomplish 
this modification.   Several test operations through the machine would be 
anticipated,   using approximately 10 hours of machine time. 

1 4.   Additional Pre-Edit of 1401  Program 

This addition would eliminate date-time-group errors in the 
input data.   It would theoretically increase monthly operating costs about 0.1% 
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but reduce or eliminate the probability for expensive 7074  reruns caused by 
analyst errors in transcribing input data.   At least five additional associations 
would h.ve been made for January if date time group mistakes had been found. 

Several procedures would also reduce occurences of this 
problem,   e.g. 

a. A central analysis facility could analyze all records for a 
given period of time and automatically designate year,   month and properly 
sequenced event numbers. 

b. A key punch operator assigned exclusively to this task would 
notice and correct errors of this type. 

Potential human error is not eliminated,  however,  so a sepa- 
rate edit program would still be required.   Elimination of this serious problem 
is strongly recommended. 

Approximately 65 man hours of programming effort would be 
required,  plus an estimated 3 hours of machine time for program check out. 

5. Retain Data,   Presently Sent To the Unassociated Pass II 
Program,  In the Unassociated Pass I Program 

Teleseisms with more than five phases,  which do not associate 
with a PDE event are presently routed to a special magnetic tape.   This is 
the input to the Unassociated Pass II Program.   Until the Pass II Program is 
completed,  the contents of this tape must be listed and manually inserted in 
the bulletin.   The Pass I Program can be altered to accept and order the data 
so that it will be properly displayed in the bulletin.   Rewriting can be accom- 
plished with approximately 15 man-hours of programming and 2 of machine 
time for check out. 

6. Shift Rayleigh and Love Travel Time Curves so that more of the 
lonesome surface wave associations are possible.    (See discussion under 
following section on improvements for phase identification. ) 

B.   TO IMPROVE PHASE IDENTIFICATIONS 

1.   Increase Window Widths of Several Phases. 

These phases have travel times which are not sufficiently well 
known or have branches in addition to those which have been published in 
existing travel time tables--or they are more variable as a function of hori- 
zontal inhomogeneities of earth structure than are other phases.    PP and 
PKKP appear to require a widening of their basic window widths to about five 
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seconds.    The computer presently uses two times the basic window for 
computation so that,  effectively,  these windows would be +  10 seconds.   Iden 
tification of PKP would also be improved by increasing its window width. 

I 
I 

2.   Store Rayleigh and Love Wave Travel-Time Curves In the Same 
Manner As Body Phases and Reduce Their Window W?idth. 

Presently,   R and L are stored with their arrival times several 
minutes later than the first possible R and L arrival.    The time window 
extends to the earliest expected arrival but not earlier.    This method of stor- 
age allows the same phase identification logic as applied to body waves to be 
used with the more variable dispersve surface waves.   However,   for asso- 
ciation,  any phase must tie within  10 seconds.   Thus,  only very late arriving 
lonesome L and R waves could associate with the purposely displaced basic 
travel time curves.   A study of the January data indicates that most L and R 
waves arrive within a few seconds of the earliest possible arrival time so 
that few phase identifications would be lost and more lonesome surface waves 
would associate if their travel time curves were treated in the normal manner 
Keducing the window to a few tens of seconds will prevent some misidentifi- 
cations because of phase window overlap (although few are seen in the January 
bulletin).    Early test runs indicated considerable overlapping window interfer- 
ence trom G,   so its window was reduced to a minimum.    Consequently few G 
waves are identified.    The change in L and R travel times and deletion of G 
for surface and 33 km depths,  but increasing the window width,   should all but 
eliminate the problem.   The prime point interpolation would still allow L,   R. 
and G phases at depths exceeding 33 km to about 60 km. 

Modifications B-land 2 can be accomplished simultaneously. 
Approximately 20 man-hours of programming and 2 hours machine time are 
estimated. 

3.   Delete Allowance For Failure of One Secondary Criteria 

On the average,  about ten per cent of most phase types will 
fail one of the secondary criteria.    However,   the January data indicates that 
those phases which are most often recorded,  especially surface phases, 
rarely fail any of the secondary criteria.     Thus the requirement that all but 
one criteria be passed allows at least as many phases to be mis-identified 
as it allows identification of common phases which do not fit the- usual 
secondary criteria pattern. 

f 

About 2() body phases jailed one secondary criteria in January, 
Ton are correctly identified.    Five are probably not "recognized" phases but 
have been identified as common phases.    The  remaining are classified as SSP 
but should be PKKP. 
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If the program is changed so that all secondary criteria must 
be p.ssed, those phases for which certain criteria are valid for less than 90% 
of the time should have that criteria removed or qualified.   Examples are: 
SS, SSS,  PS,  PPS,  PSS.   The secondary criteria requirement for largest 
motion in the horizontal plane would be deleted for these phases. 

The January data shows that SS and SSS pass the requirement 
about 75% of the time.   Figures have not been compiled on PS,  PPS,  and PSS, 
but results should be similar. 

This change also requires deletion of the static misstie 
procedure.   Man hour and machine requirements for accomplishment are 
listed as part of B5,  below. 

4. Add Ability To Test Several Phases At a Time and Make a 
Best Choice For Identification. 

This will prevent misidentification when the reported phase is 
within more than one phase window stored in memory; e.g., where travel 
time curves cross. 

The earliest stored travel time curve whose window width is 
wide enough to include the station phase arrival time is the first tested when 
identifying station phases.   Because the program allows failure of one of the 
three secondary criteria so that if the station phase is near a travel time 
curve crossing,  the later curve may represent the correct phase,  but the 
earlier phase window will encounter the station phase first and all except one 
secondary criteria will be passed.   Thus,  the program will associate the 
station phase with the first phase and not test the later one.   In the January 
data seven phases have been identified as SSP.   Three of these have machine 
comments indicating that the station recorded the event better on short- 
period instruments than long-period ones and the time fits better for PKKP. 
The phase is undoubtedly PKKP. 

The best way to correct this misidentification is to test two 
stored travel time curves if the curves are within 20 seconds of each other 
and compare the number of criteria passed for both of the stored phases. 
Application of B3 will considerably reduce the problem,  however. 

5. Deletr Application of Static Missf-e To Later Phases. 

A frequent practice in manuaUy identifying later phases is to 
assumr that the first phase,  usually P or PKP, has arrived at exactly the 
correct arrival time.   Then,  later arrivals can be compared relative to the 
first phase on the travel time curve.    This procedure helps correct for 
differences in velocity as a function of path,  for non-symmetry of the source. 
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and possible errors in origin time caused by the inclusion uf poorly timed 
phases in the origin time calculation.    This procedure is carried in the 
computer program.    The misstie of the first arriving phase,   to that predicted 
from the origin time and location given by the USCR.CS,   is called the static 
misstie.    This misstie is applied to all the later phases for the purpose of 
phase identification. 

is 

Analysis of the January data indicates that this procedure 
more often increases than reduces later phase missties,   resulting in some 
phases no longer arriving within their respective window widths.    This proce 
dure should be deleted from the program.    The reason that this procedure 
does not perform as well as expected can probably be attributed to the high- 
gain instrumentation which records first phases which would not normally be 
seen.    The later phases,  however,   must rise from the background noise 
which includes activity on the trace brought on by earlier arrivals so that 
probably the time of the later phases,  when they are seen,  will be about the 
same as would have been recorded by lower gain instruments. 

This suggested change and the two preceding ones are neces- 
sarily interrelated.   A total of 160 man hours of programming effort and 
about 3 hours of machine time would be anticipated for these last three 
modifications. 

6.   Increase the Ouantitv of Secondary Criteria. 

I 

The additional secondary criteria would co   stitute new 
information which would have to be punched into cards and handled in the 
program.   An indication of whether the phase is dispersive or non-dispersive 
would limit misidentifications in areas where Love and Raylcigh travel time 
curves cross body wave travel time curves.   The phase relationship of the 
three components would insure proper identification and association of Love 
and Rayleigh waves,  because Love waves should show transverse motion in 
the direction of propagation and Rayleigh waves should show retrograde 
elliptical motion in the direction of propagation.    PKS,   SKS,   PKKS,   SKKS, 
etc.,   must exhibit vertically polarized S motion so that these phases can be 
distinguished much of the time from S,  SS,   etc.    P'P' and certain other core 
phases have reverse step out across an array,  which distinguishes them from 
intersecting phases.   All programs of the system must be modified to take 
the new data.   Several  station analyst coded comments would be eliminated 
to make space available on the input rards for new secondary criteria. 

This is a continuing item which should be studied and modified 
as later data is processed and reviewed.    The two examples listed above are 
suggested at this time and would require an estimated   ISO man hours of 
programming and 23 hours of machine time. 
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C.   SUMMARY 

The association improvement package is recommended at 
this time.   All the suggested revisions can be accomplished with about 4 man 
months for programming and about 15 hours of computer time.   Bulletin 
processing could proceed while improvements were accomplished 

V.   CONCLUSIONS 

January data from the three S. O. stations has been processed 
through the automated bulletin computer system.   Comparison of figures 
with the manual bulletin indicate that the automated process is as efficient 
at making associations with PDE events as the manual process and about 
63% as efficient in identifying phases even though the film strips were re- 
analyzed with PDE data to aid in phase picking.   If the additional phases 
picked but not available to the computer and the 105 individual phases 
(7. i% of the total) which were of types not in the computer memory, are 
considered;  the automated bulletin's capability for identifying phases from 
raw data is 89% of the manual method which used arrival times adjusted by 
re-analysis. 

Several suggestions for logic changes and the checkout of two 
corrections made since processing the January data are recommended. 
Improvement anticipated from new logic changes is not great (i. e.,  an increase 
from 89% to 95% for phase identifications and from 98% to 100% for event 
associations exclusive of lonesome Rayleigh waves).   The changes, however, 
are definitely worth the effort if large amounts of data are to be processed. 
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