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SUMMARY 

Four programs f o r  determining the  ep icen t re  (and o r i g i n  t i m e  
and depth where possible)  of a seismic event a r e  described: SPEEDY uses 
Geiger's c l a s s i c a l  method of es t imat ing  the  epicent re ,  o r i g i n  time and 
depth of focus of an event; SPUR is s i m i l a r  t o  SPEEDY but  is  more 
compact and hence s u i t a b l e  f o r  a small  machine; JED is an extension of 
the  c l a s s i c a l  method t o  es t imate  the  epicent res ,  o r i g i n  times and 
depths of a l a r g e  number of events  and s t a t i o n  (time) terms 
simultaneously; and EFA est imates epicent res ,  given the  azimuth of an 
event from each of a number of s t a t i o n s .  

1. INTRODUCTION 

The determination of earthquake (and explosion) ep icen t res ,  
o r i g i n  times and depths is now usually made by computer. The f i r s t  
programs (see,  f o r  example, Bolt [ l ]  and F l inn  [ 2 ] )  were based on the  
c l a s s i c a l  i t e r a t i v e  method of Geiger and determine the  pos i t ion  of the  
focus f o r  each event individual ly .  I n  recent  years  i t  has been shown 
t h a t  es t imates  of an event focus can o f t en  be improved i f  the  
epicent res  of a group of events a r e  determined simultaneously along 
wi th  s t a t i o n  correc t ions  [3-71. 

I n  t h i s  r epor t  w e  descr ibe  and list computer programs f o r  
both c l a s s i c a l  and j o i n t  ep icen t re  determination. A program f o r  
obtaining e p i c e n t r a l  est imates given only the  azimuth of an event from 
each of a number of s t a t i o n s  is a l s o  included. 

2. GENERAL THEORY 

A l l  t he  four  programs described here  use t h e  method of 
non-linear l e a s t  squares. S t a r t i n g  with t r i a l  values of the  unknowns, 
t h e  programs compute correc t ions  f o r  these t r i a l  es t imates  by the  
method of l e a s t  squares. These correc t ions  a r e  then added t o  t h e  t r i a l  
es t imates  and correc t ions  t o  these revised est imates computed. This 
process of i t e r a t i o n  is  continued u n t i l  t he  computed correc t ions  become 
small enough t o  neglect .  

Given a s e t  of equations of condit ion of the  form 

where 5 is t h e  matrix of c o e f f i c i e n t s  of the  equations of condit ion,  
0 is a vector  of correc t ions  t o  t r i a l  est imates and y is !he vec to r  of - 
r e s idua l s ;  t h e  programs presented here  compute es t imates  & o f  & b y  
l e a s t  squares ( see  Kempthorne, p55 [8]), thus,  

= where 2 is X'& and X' is the  transpose of X, - 
2 = 5 ' ~  a r e  ca l l ed  the  normal equations. 



I n  a l l  t h e  programs described here  3 is  never e x p l i c i t l y  
formed i n  the  computer s t o r e ;  the  da ta  a r e  simply read i n  and added 
d i r e c t l y  i n t o  the  appropriate pos i t ion  i n  the  normal equations. 

Af ter  t h e  f i n a l  i t e r a t i o n ,  the  vector  y is  used t o  es t imate  
the  var iance  G2 of the  da ta ,  thus,  

where n is t h e  number of equations of condit ion and p is the  number of 
unknowns. The confidence l i m i t s  on B a r e  then given by 

9 
1 

t; (S-l ) , where S'' 
99 Q9 

is the  q th  diagonal element of s ' ~  and t is Student 's  t f o r  (n - p) 
degrees of freedom. The computation of j o i n t  confidence l i m i t s  follows 
t h e  methods described by Fl inn  [2 ] .  

Where options a r e  included t o  r e s t r a i n  p a r t i c u l a r  unknowns t o  
pre-set values t h i s  is done simply by including an equation of 
condit ion of t h e  form 

where Bq is the  unknown bein  re s t r a ined  and W is  a weight which is set 8 t o  a l a r g e  value (usually 22 ). This equation e f f e c t i v e l y  s e t s  B t o  
Q zero. To include t h i s  equation of condit ion W is simply added t o  the  

q t h  diagonal element of the  matrix of normal equations. 

A b r i e f  desc r ip t ion  of the mathematical b a s i s  of each program 
is given below. It is hoped t h a t  the  de ta i l ed  working of the  program 
can be deduced from t h e  comments included i n  t h e  program l i s t i n g .  

3. DESCRIPTION OF PROGRAMS 

SPEEDY and SPUR 

SPEEDY (appendix A) computes the  epicent re ,  depth and o r i g i n  
t i m e  of a seismic event ,  given the  a r r i v a l  times of the  P s i g n a l s  a t  
four o r  more s t a t i o n s .  I f  the  a r r i v a l  times a r e  ava i l ab le  from only 
th ree  s t a t i o n s ,  then e i t h e r  the  depth o r  o r i g i n  time must be r e s t r a ined  
t o  some i n i t i a l  value. For l e s s  than three  a r r i v a l  t i m e s  no s o l u t i o n  i s  
poss ib le .  

The program is l e s s  comprehensive than some t h a t  have been 
w r i t t e n ;  f o r  example, the re  is no option t o  r e j e c t  o r  weight gross 
e r r o r s  o r  t o  read a r r i v a l  times of phases o the r  than P (such a s  pp). 
S ta t ions  outs ide  t h e  P range, i e ,  beyond 105', can be included bu t  a r e  
not  used i n  t h e  computation. 



The program a s  published he re  uses the  J-B t ab les  but  is 
e a s i l y  adapted t o  take any t r a v e l  t i m e  tab le .  

The program uses the equation of condit ion 

aT  aT 6H + & h - -  X COS a - -  a T 
ah J ad j  

y s i n  a -= 6T 
j a A  
.l j 

where 6Tj * A j  - H - Tj, H i s  the  approximate o r i g i n  t i m e  of the  event ,  
h is t h e  approximate depth of the  event,  A j  is the  d i s t ance  from t h e  
apprqximate ep icen t re  t o  s t a t i o n  j, a j  is the azimuth from the  
approximate ep icen t re  t o  s t a t i o n  j, A j  is the  a r r i v a l  time (of the  P 
waves) a t  s t a t i o n  j ,  Tj is the t r a v e l  time (of the  P waves) from the  
approximate epicent re  t o  s t a t i o n  j, aT/aAj is the  p a r t i a l  d e r i v a t i v e  
of the  t r a v e l  t i m e  T (= f(Aj,h)) with respect  t o  d is tance  a t  t h e  point  
A j ,  h.  aT/ah is the p a r t i a l  de r iva t ive  of the  t r a v e l  time T with 
respect  t o  depth a t  A j ,  h .  T, aT/8Aj and aT/ah a r e  obtained from t r a v e l  
t i m e  tab les .  The unknowns X,  y ,  6h and 6H a r e  the correc t ions  t o  
l a t i t u d e ,  longitude, depth and o r i g i n  t i m e  respectively.  

The matrix of normal equations a r e  solved by matrix 
inversion.  I n  computing the confidence l i m i t s  w e  e s s e n t i a l l y  follow 
F l inn  [Z]. 

The program SPUR (appendix B) is a s impl i f i ed  vers ion  of 
SPEEDY which does not  allow depth correc t ions  t o  be computed; t h e  depth 
of focus of the  event is f ixed (as  published here  the  depth of focus is 
taken a s  zero) .  The matrix of normal equations is  solved using Cramer's 
r u l e  (see  Wylie, p453 [10]) .  To compute the  elements of the  inverse  
matrix t h a t  a r e  required f o r  confidence l i m i t s ,  t he  program uses t h e  
r e l a t ionsh ip  

D e t  S 

where s l j  is t h e  i j t h  element of the  inverse  matrix,  I (  S i  11 is  the  

i j  
d cofactor  of s i n  t h e  transpose of S, and Det S is  the  eterminant of 

S .  The program is designed t o  give a rough preliminary es t imate  of an 
epicent re  and is s u i t a b l e  f o r  use on a small  computer. 

3.2 - JED 

This program was w r i t t e n  t o  compute s t a t i o n  t i m e  terms, 
epicent res ,  depths and o r i g i n  t i m e s  of a s e r i e s  of events simultaneously. 
The equation of condit ion (1) is rewri t ten  t o  include a s t a t i o n  
correc t ion  S . Thus, i f  6 s  is the  correc t ion  t o  t h e  approximate value 1 j of S j ,  equat  on (1) becomes f o r  the  s t a t i o n  j recording the  i t h  event 

8T aT - Xi COS a i j  - 6S.j + &Hi + 6h. - S & T i p  .... (2)  
ahi 



where 6Ti = Aif - Hi - Ti$ - Si. This is  the  equation of condit ion 
used i n  J D together  with he s de condit ion ESj - 0. This s i d e  
condit ion must be applied because without i t  the  s t a t i o n  terms and 
o r i g i n  times a r e  l i n e a r l y  dependent. 

A s  presented here  (appendix C) the  program has the  option t o  
make computations of t h i s  type, but  t o  achieve s t a b i l i t y  i n  the  s o l u t i o n  
i t  is necessary t o  take a r a t h e r  widely spread group of ep icen t res  (say 
spread over a region of 20' - 30' of a rc )  with recording s t a t i o n s  w e l l  
d i s t r i b u t e d  i n  azimuth around t h i s  group, otherwise epicent res  and 
s t a t i o n  correc t ions  a r e  near ly  l i n e a r l y  dependent. Further ,  i n  going t o  
such widely spread groups of ep icen t res ,  the s t a t i o n  terms which a r e  
intended t o  co r rec t  f o r  s t r u c t u r e  on the whole path between ep icen t re  and 
the  recording s t a t i o n  a r e  no longer constant  f o r  a l l  paths t o  a s i n g l e  
s t a t i o n  from each epicent re .  Thus, i n  t h i s  mode f o r  determining absolute  
ep icen t res ,  the  program w i l l  usual ly only g ive  useful  r e s u l t s  i n  i d e a l  
circumstances ( see  Douglas and Li lwal l  [ l11 f o r  f u r t h e r  d iscuss ion) .  

The l i n e a r  dependence between epicent res  and s t a t i o n  terms 
can be removed i f  one of the  epicent res  i n  the group is res t r a ined  t o  
some f ixed pos i t ion .  The o the r  epicent res  a r e  then determined r e l a t i v e  
t o  t h e  res t r a ined  epicent re .  

The program has the  option t o  apply weights t o  the  r e s idua l s  
t o  weight ou t  gross e r r o r s .  The weighting used is based on Je f f reys '  
method of uniform reduction. 

The vers ion  of JED published here  uses the  J-B t ab les  but t h e  
program is e a s i l y  adapted t o  use any t r a v e l  time t ab les .  

The normal equation matrices i n  the  JED program a r e  usual ly  
la rge .  Many of t h e  elements, however, a r e  zero; i n  p a r t i c u l a r  f o r  some 
submatrices of 5 the  only non-zero elements a r e  on t h e  p r i n c i p a l  
diagonal. By s t o r i n g  only the  diagonal elements of these submatrices 
very l a r g e  matrices can be packed i n t o  computer s t o r e  and es t imates  
obtained economically. The submatrices a r e  manipulated using 
re la t ionsh ips  of the  following form. 

Let  the  unknowns t h a t  comprise be divided i n t o  two groups 
y1 ... y and ... 6 s o  t h a t  the  equation of condit ion can be  
w r i t t e n  P-9 

where X1 is a matrix composed of the  f i r s t  q columns of g, & is the  
remaining p-q columns of - X ,  m y = (yl  ... yq) and 6 = (61 ... 6p-q). 

The normal equations can now be  w r i t t e n  



The normal equations now become 

Then the  inverse of 2 can be wr i t t en  i n  terms of equivalent 
submatrices [12], thus, 

where N = ( g  - ~'g-lAJ-l, 

Also 

A s  a measure of the s t a b i l i t y  of the  estimated epicentres  
when JED is being used t o  determine absolute epicentres ,  the  sum of 
squares due t o  the  epicentre  s h i f t s  and a confidence region on the  mean 
event is computed. The sum of squares due t o  the epicentre  s h i f t s  is 
computed a s  follows. Let y = (yl ... yq) n w  be the  t o t a l  s h i f t s  
between i n i t i a l  and f i n a l  epicentre  estimates. Then the sum of squares 
Q,, due t o  these  s h i f t s ,  is given by 

Q2 is d i s t r ibu ted  a s  Chi-squared with q degrees of freedom 
where q is now twice the  number of epicentres (q l a t i t u d e  s h i f t s  and 
q longitude s h i f t s )  . Q Z / ~  can be  tea ted fo r  s ign i f i cance  agains t  
QI/(n - p) using an F t e s t .  

To t e s t  the  s t a b i l i t y  of absolute est imates of the  epicentres  
t o  a simultaneous s h i f t  of a l l  the group of epicentres ( t ha t  is the  
r e l a t i v e  posi t ions  of the  epicentres i n  the group is kept f ixed and the  
group a s  a whole is moved) we compute what we c a l l  the  confidence region 
on the  mean event. We ask what displacements X and y i n  l a t i t u d e  and 
longitude can be applied t o  a l l  the  epicentres  simultaneously before  
the  sums of squares a t t r i bu t ab l e  t o  these s h i f t s  become s ign i f i c an t  a t  



some spec i f i ed  l eve l .  Thus, i f  the l a t i t u d e  correc t ions  a r e  t h e  
unknowns y 1  t o  yq12 and t h e  longitude correct ions a r e  the unknowns 

Ys/2+1 
... y we s e t  

9 

and 

and compute 1' &-'l which gives a quadra t ic  i n  X and y . rtg-ly is  
d i s t r i b u t e d  a s  Chi-squared with q degrees of freedom. Thus, 

is d i s t r i b u t e d  as  F(q, n - p) ,  the  F s t a t i s t i c  with q and n - p degrees 
of freedom. 

Thus, t h e  95% confidence region can be defined by solving 

This def ines  an e l l i p s e  i n  the  same form a s  the  confidence 
e l l i p s e s  on the  individual  epicentres .  

3.3 - EFA 

The input  t o  t h i s  program (appendix D) is simply t h e  
azimuths of an ep icen t re  from each of a number (> 2) of s t a t i o n s .  Then, 
s t a r t i n g  with a t r i a l  ep icen t re ,  the  program computes correc t ions  t o  the  
t r ial  estimates using the equation of condit ion [l41 

s i n  Bi cos Bi 
6x - 6y = 6ai, 

s i n  A i  s i n  A i  

where B i  is the  azimuth and A i  is the d is tance  of s t a t i o n  i from t h e  
t r i a l  ep icen t re ,  6 a i  is the d i f ference  between the observed azimuth and 
the  azimuth computed from the t r i a l  es t imates ,  and 6x and 6y a r e  the  
correc t ions  t o  l a t i t u d e  and longitude respectively.  

This program can be used i f  s e v e r a l  ar rays  have recorded one 
event. I f  the  azimuths of the  epicentre  of t h i s  event from each of the  
a r rays  is  known, EFA can be used t o  combine these  azimuths and der ive  a 
s i n g l e  e p i c e n t r a l  est imate.  
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APPENDIX A 

LISTING OF SUBROUTINES UNIQUE TO SPEEDY 

SPEEDY (MAIN) 
LOCAT4 
CONLM4 
PRES 



1 
R A P I D  EPICENTRE D E T F R Y I N A T I O N   SPEED^^ 28/08fT9 ------_------------------------------- 

T H I S  PROGRAn'^COMPUTES THF EPICENTRE OF A S E I S M F C  EVENT G I V E h  
A R P I V A L  T l M F S  AT THREE Of? MORE STATIONS. THE P H O G ' ~ A M  H A S  NO 
F A C I L I T I E S  FOR RE E C T I N G  I N C O N S I S T A N T  IJATA. I T  W I L L  ACCEPT b A T A  F: FRUM S T A T I O N S  AT ORE THAN 1 1 C  DEGREES D I S T A N C E  HUT T H I S  DATA 
I S  NOT U S E D  I N  TWE COMPUTATION. 

THE PkOGRAY I S  L E S S  COMPKEHENSIVE THAN MANY OTHEPS RUT I T  
SHOULI' k E  F A S T  I N  EXECUTIOQ. 

THF PROGRAM B E E I N S  BY R E A D I N G  I N  n 4 T A  THAT W I L L  USUALLY BE. 
COMPnY TO A L L  RUNS, AS FOLLOUS - 

A .  CARDS W t T Y  STUDENTS T - 44 VALUES. 
P,. CAP.DS WITW VARIANCE R A T I O  F ( 2 , N F l  - 4 4  VALUES WHERE 2 AYD 

NF ARE DEQREFS OF FREFDOM. 

A L I 8 R A R Y  OF S T A T I O N S  WITH T H E I P  L A T I T U D E S  AND LONGITUDFS APE 
NOW 0 6 4 0  I N  R Y  SUBPOUTINE TKEAO (Q.V.). 

THE SUCCFEDING C4RDS ARE r *l. * C A Q D  . U I T P  

I C D R  ICORdO NO S T A T I O N  CUKRECTIONS TO B E  R E A ~  Z N  
I C O R " l t 2 e 3  READ I N  S T A T I O N  CORRFCTIONS 

I p d  - S + 
CODE CODE OF TRAVEL TIMFS USED ST*I roe& p m  by 

IMTP X PUNCH 1 FOR OET4 ILFL)  P R I N T  OUT O T H E R W I I  L E A V F  BLANK 3- 
I F 0 9 H  I F O R B - 0  READ I N  EVLYT DATA ON STANDARD %!?MAT 

I F O R M = l  READ I N  EVFYT DATA ON FORMAT FMT 

F O R M A T  F O R  PUNCHING T H t S  CARD I S  G I V E N  I Y  STATEMENT 4 

+U* PUT ~ r r o  Hfl~40kth b&Y&cLb N C K ~  
2. I F  I C U P = 1 , 2 t 3  DECK OF CARDS U I T H  S T A T I O N  NAMES A'ND S T A T I O N  
Cr 'PPECTIqNS NOW FOLLOW - OTHERWISE NOTHING. THE LAST CARD I N  T i E  
S T 4 T l l l N  COPRECTION DECK SHDULE 9F A BLANK. 
FUNMAT FOR PUNCHPNG S T 4 T I O N  CORPECTION CARDS I S  G I V E N  I N  STATtMEYT 
2 1 ,  229 4 N 0  27 .  

3. CAWD U I T H  
T V k N T  EVENT NAME -- US€ DATE E.G. 2 9 / 1 C / 6 5  

MHRS APPROXIMATE O R I G I N  T I M E  - HOURS 
Y I N S  APPROKIMATE O R I G I N  T I M E  - Y I N S  

SEC APPROXIMATF OP,.IGIN T I M E  - SECONDS 
A L A T  APPROXIMATE L A T I  TIJDE 

SN N OR 5 
ALnNG APPRQXIMATE LONGITUDE 

t w  E O R %  
H DEPTH I N  K ILOMETRES 

3R PUNCH R E S T R A I N  TO P E S T R A I N  n H I G I N  T I M E  
HRES PUNCH R F S T R A I N  TO P E S T R A I N  DEPTH 

I t P I C  PUNCH l TO R E S T R A I N  E P I C E N T P F  

FORE(AT FOR P U N C H I W  I S  G I V E N  I N  STATEMENT l 0 1  - T H I S  I S  I D F N T I C A L  
TO THF J F D  FORMAT. 

4 .  CAROS W I T H  S T A T I O N  CODE AND A R P I V A L  T I M E S  NOW FOLLOW. 
ASTN S T A T ~ O N  CODE 

MHR A R R I V A L  TIME-HRS 
M I N  ARRI*L T I M E - M I N S  

ASEC A R R I V A L  TIME-SECONDS 

THE END OF THE A R R I V A L  T I M E  OhTA I S  S I G N I F I E D  BY A A L A ~ K  CARD. 
Y.A. I F  I F O R M = l  %HE S P E C I F I E D  FORMAT MUST PRECEDE THESE CARDS. 

REPEAT CARDS 3 ONWARDS FOR N E X T  EVENT. 

COMMON / L O C S 4 /  X Q 4 )  ~ E V E N T ~ M H R S ~ M I N S ~ S E C ~  ALAT,SN, ALONt GW, 
lELAT,ELON~H~OT,HHpINDO~INDH,IEPICrCN,CS~CEtCW~STARtRLANKr 
ZCODF, I D E P r  IMTRX 

COMMUN / A T A B /  NTABLE ISTN( 3 0 0 C )  ,SLAT ( 3 0 0 0  1 , S L O N ( 3 3 0 0 1  tCOR(3OOO) r  
~ I S T N ~ E S T N ( ~ ~ O ) ~ I ~ € X ~ ~ T ~ O ) ~ A T ( ~ O ~ ) , T R E S I D ( ~ O D ) ~ A Z ~ ~ O P ~ ~ ~ D I ~ T ( ~ O @ ) ~  
Z S T ( 4 4 )  ~ F O i 4 4 )  

COMMUN /GRFF/  T I t L E ( 2 0 l r  KMAX, XMlN, YMAXs VMIN, INDX, INDY,  Iwt 
~ I D O T ,  ANSTRL. XL~$IIT, YLIMIT, SCALX, S C A L Y  

D I M E N S I O N  F H T C l O & + S F M T ( l O )  
R E A L * 8  T I  TLE,  E V E N T 9 R E S T R , O R r H R E S ~ F M T *  SFMT 
DOURLE P R E C  I S I O N  X,ATIOT~SECTM 

DATA S /4HS / ,F ICHE / r U / 4 H W  / * E N / 4 H N  /eASTAR/4H*  / p  

~ R E ~ T R / ~ H R E S T R A I N ~ ~ A R L A N K / ~ H  / S  

ZSFMT/RH ( lX ,A4r98H15X,12,1 ,8HX, I~2,1X, t8HF4.1)  , 6 * 8 H  / 



C N = F N  
C S = S  
C € = €  
CW=W 
STAR=ASTAR 
B L  ANK=ABL ANK 
DO 3 I=1,10 
F M T (  I ) = S F M T ( I  ) 

3 C C I h T I N U E  
C 

P E A D  7 9  S T  
O F A D  7 ,  F D  

7 FORMAT(  l 6 F 5 . 2 )  
P R I N T  7, S T  
P R I N T  1 ,  F 0  

C 
C S E T  UP C O N S T A N T S  
C 

OOlJSLE P R E C I S I O N  D P I  , A , B , R * E L L I P  
A = h 1 7 8 . 1 6 C  DO 
E L L I D  = I . O C /  298.25 D O  
D P I  = +.D"OATAN(l.DO) 
P I = D P I  
D T @ P = @ ~ I / 1 8 0 . D 0  
RTOf'=l8('.00/DPI 
B=A*( 1 . n 0 - E L L I P )  
R = n f X P (  ( (DLOGlO(A)+DLDGl~(At+OL~~GlO(B) ) /3 .OI ) ) *DLOGfLO.D0)  ) 

Z K M = R * n P I  / 1 8 0 . 0 0  
E P = € L L I P * R  
G F A C T = ( B * B  ) / I A * A )  
HUGF = 8 * * 8  
SECDAV = 24.*60.*60. 
ROUNP = C . 5  
P R I Y T  L t  A,~,RIFLLIP~LKM,ERIGFACT,OPI, 

1. P I ~ D T O R ~ R T O D ~ H U G E , S E C D A Y ~ R O U N D  
I F O R ~ A T ( l X , E l ~ . l O )  

R E A P  4, I C C H , C U D E ~ I Y T R X ,  I F O R M , I D E P  
4 F O P Y A T ( l X ,  1 4 r l X ~ A 4 ~ I 2 r I 3 , 1 3 )  

I C , I P = I C I R + l  
I M T R X = I Y T R X t l  
I F O R M = I F O R M + l  
I D t P =  I D F P t l  
PP I N T  4 ,  I C C K V C O D E ~  I M T R X *  I F I I R M r I O E P  

L 
C A L L  T H E A D (  CODF, IMTRX,  3 )  

c 
C R E A D  ANY S T A T I n N S  A N 3  D.C. S T A T I O N  C O R R E C T I O N S  
C AND STORE I N  CORRECT P O S I T I O N  I N  ARRAY 
L 

GO TO ( 1 3 0 ~ 1 2 1 ~ 1 2 1 , 1 2 1 ) ~ 1 C O R  
1 2 1  GO T U  ( l ? Q , 1 2 1 1 r  1 2 1 2 ~ 1 2 1 3 )  r I C O R  

GO TO 10'2 
1 2 1 1  R E A D  2 1 9  ASTNsACOR 

P P I N T  21, ASTN,ACOR 
2 1  F O R M A T ( l X s A 4 s b I X s F 6 . 3 )  

GO TO 1 2 2 -  
1 2 1 2  R E A D  2 2 ,  ASTNqACOR 

P R I N T  22 ,  ASTNIACOR 
3 2  F O H M A T ( Z X ,  A4,F9.3) 

GO TO 1 2 2  
1 2 1 3  R E A D  2 3 ,  ASTNIACOR 

P R I N T  2 3 ,  ASTNsACOR 
2 3  F I I H M A T ( 2 X , A 4 , 3 l X , F B . 3 )  

1 2 1  I F ( A S T N . F Q . A B L A N K ) G n  TO 100 
DO 1 2 4  I = l , N T A B L E  
I F ( A S T N . N E . S T N N l l ) G C  T C  1 2 4  
C U R ( 1  )=ACOR 
GO TO 1 2 1  

1 2 4  C O N 1  I N U E  
P R I N T  1 2 6 ,  P S T N  

1 7 6  F o H M A T ( 4 X ,  3 7 H C O R R E C T I O N  G I V E N  FOR UNKNOWN S T A T I O N  * A 4 1  
GO TO 1 2 1  

C 

B E G I N  P R O C E S S I N G  E V E N T S  

D A T I M  STORES P A T E  AND T I M E  A S  A 8  AND CLOCK STORES 
T I M E  I N  M I N U T E S  A T  S T 4 R t  W P R O C E S S I N G  
D A T I M  AhcD C L O C K  ARE L I B R A R Y  PROGRAMS 

C 
1 O n  C A L L  @ A T I M ( T I T L E ( 1 6 1  g T I T L F ( L 7 ) )  

C A L L  C L O C K ( T S I  
READ ( 5 , 1 0 l 9 E N D = 2 2 8 )  EVENT,MHRSVMINS,SEC,ALAT,SN,AL0N,EWIH1 

1 ORIHRES,IEPIC 
1 C 1  F O R M A T ( ~ X ~ ~ ~ ~ Z I ~ , F ~ ~ ~ ~ ~ I F ~ O ~ ~ ~ A ~ ~ ~ F ~ ~ L ~ ~ X ~ A ~ ~ ~ X ~ A ~ ~ ~ X ~ I ~ ~  

GO TO ( 1 2 0 ,  1 0 3 ) .  I F O R M  
1 0 3  R E A D  ( 5 , 1 0 4 , E N D = 2 2 8 )  FMT 
l C 4  FORMAT(  1 O A 8 )  

c 



1 2 C  U T = S E C T M ( Y H R S * M I N S r S E C )  
E L A T = A B S (  A L A T )  
E L A T = G E O C E N ( E L A T I  
I F (  Shl .Ea .  S  ) E L A T = - E L A T  
F L O N = A B S (  A L O N I  
I F ( E W  eE0.W J E L O N z - E L O N  
I NDH= 1 
I NDO= 1 
I , F ( H U  t S . F Q . R F S T R I I N O H = C  
I F ( 0 R . t Q . R E S T R ) I N O O t O  
YH=H 
1 F I I M T H X . E U . Z ) P R I N T  ~ ~ ~ E V E N T I O T ~ H H ~ E L A T ~ E L O N ~ I N D H ~ I N D O  

7 0  F O R M A T ( ~ X V A ~ ~ ~ F ~ ~ . ~ V ~ X ~ ~ ~ ~ ~ X ~ I ~ J  
I E P I C = I F P  I C t 1  
I F ( I E P I C . N E . Z ) I E P T C I 1  

c 
C Q E A D  I N  A R R I V A L  T I M E  D A T A  A N D  I D E N T I F Y  S T A T I O N  
C 

P R I N T  1 1 7 9  T I T L C ( l 6 I ~ T I T L E ( 1 7 1  
L 1 7  FOKMAT(lH1//4Xp23HEPICENTRE O F T E R M I N A T I O N * ~ ~ X I A B /  

1 4~,23~----------------------- r ~ S X I A B J  
P S I N T  1 1 8 ,  EVENT 

1 1 8  F ~ R P A T ( / / ~ X I A R / / ~ L ~ ~ H S T A T I O N ~ ~ X * ~ ~ H A R R I V A L  T I M E / )  
c 

I STN-Q 
111 I S T N = I S T Y + l  

Y E A 0  F M t p  ASTN,MHHIMIY,ASEC 
I F ( A S T N . F Q . A B L A N K l G O  T O  114 
P R I N T  1 1 5 ,  I S T N , A S T N s H H R , H l Y * A S E C  

1 1 5  F O R M A T ( 2 X ~ I 3 ~ 2 X ~ A 8 ~ 5 X 1 1 2 ~ l X ~ 1 2 ~ l X ~ F 4 . 1 1  
C 

DO 110 I = l r h T A B L E  
I F ( A S r N . N k . S T N ( I ) J G O  TO 116 
E S T N t  I S T N  J  = S T N (  I 1  
I N D E X (  I S T N I I I  
A T (  ISTNl=SECTM(MHRrMIN,ASECI 
GO TO 111 

116 C O N T I N U E  
P P I N T  1 2 7 1  A S T N  

1 2 7  F Q ) R M A T ( / / ~ X I ~ ~ H U N K N O W N  S T A T i O N  s A 4 r 8 H  I G N O R E D / / )  
I STN- l STY- 1 
GO T O  111 

1 1 4  1 STN= I S T N - l  
I F (  I S T N . E O . 3 ) I N D H * d  
IF(ISTN.GE.3.0R.ISTN.LE.50OIGO TO 116 
P P I N T  1 1 9 s  I S T N  

110 F O R M A T ( 4 X  1 Z H J O B  R E J E C T E D *  I 5 9 9 H  S T A T I O N S )  
GO TO 104 

116 IF( IMTUX.EQ.2)PP. INT 2 9 1  (ESTN(I)rAT(IJrI=l*ISTN) 
79  F O R M A T / 4 X * A 4 r F 1 2 . 1 )  

C A L L  L O C A T 4  
C 

L A L L  CLOCK I T F I  
T S = ( T F - T S  J * 6 0 .  
P L I N T  2 2 7 .  T S  

2 2 7  F O H Y A T ( / / / / / 4 X p 3 1 H T I M E  FOR T H I S  E V E N T  ( S E C O N O S I  = r F 6 . 2 1  
GU TO 1 3 0  

c 
220 C A L L  F I Y I S H  

S T n P  
€NO 

S U B R C U T I Y  E  L O C A T 4  

T H I S  S U B R n U T I N E  SETS UP AND S O L V E S  T H E  NORMAL E O U A T I O N S  

COMYUN / L O C S 4 /  A ( 4 r 5 1 r X ( C l ~ E V E N T t M H R S ~ M l N S ~ S E C t A L A T t S N t A L O N ~ E W ~  
~ E L A T * E L O N ~ H ~ O T I H H * I N D O ~ I N D H ~  I F D I C v C Y t C S p Z E * C U v S T A R * B L A N K r  
ZCODE, I D E P *  I M T H X  

COMMON / A T A B /  NTABLErSTN(3C.OO)~SLAT(30001  r S L O N ~ 3 O D O l r C O R ~ 3 0 0 0 l t  
~ ~ S T N ~ F S T N ~ S C ~ I ~ I ~ X ~ ~ ~ O ) ~ ~ T ( S ~ ~ ~  rTRESID~5OOItAZ(500~t@ISSTf500)~ 
2 S T ( 4 4 J v F D (  4 4 )  

CCIMMUN / C O N S i S /  P I  * O T O R ~ R T O D I L K M ~ E R I G F A C T ~ H U G E ~  SECDAY 9 ROUND 



C COMNE NCE I T E R A T  I ON 
r 

1 I T E P = I T F R + I  
CELA=DCOS ( D B L E ( E L A T * l l T O R )  l 
SUMSO=,d. 00 
AVSQ=O.D3 
DF=C. D'' 

C 
C  S E T  M A T R I X  OF NORMAL t Q U A T 1 O N S  TO ZERO 
C  

DO 3 I = 1 , 4  
DO 2 J = 1 , 5  
A (  I , J I = 3 . 0 0  

2 C O N T I N U F  
C O N 1  I N U €  

i 
L D E T F R M I h I F  D I S T A N C E  AND A Z I M U T H  LIF FACH S T A T I O N  FROM T R I A L  
C E P I C E N T R E  I B A Z D E L )  A Y D  U S F  P I S T A N C E  T O  COMPUTE T R A V E L  T I M E  A N 0  
C D E R I V A T I V E S  ( D T D D I  
l 

D n  6 I = 1 ,  I S T N  
K =  I h D E X (  I l 
CALL Y A L D E L ( E L A T ~ E L 1 ~ Y ~ S L A T ( K l ~ S L O N ( K l ~ B R , A I (  I I ~ O I S T ( I ~ ~ D T O R I  
C A L L  9 T 1 ) 3 ( H H , D I S T ( I l  t C O P ( K J , H E I G H T ( E L A T )  t H E I G H T ( S L 4 T ( K l )  , 

l D E R I V , D D € P ~ T T I  
A H G = D E L c (  AZ (I l * O T O R )  
4 L S I O = A T (  I l -OT-DBLE[  T T )  
T R t S I D ( I l = R E S I D  
I F ( I 1 I S T I  I l .CE. l lO . )C~;  TO 6 
S U M S u = S U V S Q + R E S I D * R t S l n  
D T = - n B L E (  D E R l V l  
DSN=')T*')S I N ( A P G I * C E L P  
D C S = D T * n C O S f A R G l  
D H = D Y L F (  9 D E P l  
D F = D F + l  .on 

(, ADD I N T O  A P P R O P R I A T E  P O S I T I O N  I N  M A T R I X  OF NORYAL E Q U A T I O N S  
I- ( U P P F Q  T q  I ANGULAR F L t M F N T S  ONLY) 
r 

A (  1 , 1 l = A (  l , l ) + D C S * D L S  
A (  1 , 2 l = A (  l * Z ) + D C S * D S N  
A I  1 * 3 ) = A (  l r ? l + O C S  
A ( l v 4 ) = h (  l r 4 ) + D C S * D H  
A (  1 , 5 ) = A (  1 , 5 ) + D C S * R f S I O  

C 
A ( Z , Z I = A (  Z,ZI+OSN*DSN 
A ( 2 , 5 1 = A ( 2 , 3 l + D S N  
A ( 2 , & 1 = 4 (  Z r 4 I + D S N * D H  
A ( Z , K ) = A (  Z , S I + D S N * R F S I D  

C  
A I 3 , i l = A (  3, i?I+l .DO 
A (  3 , 4 l = A ( 3 , 4 ) + D H  
A ( 3 , 5 l = A (  3 , 5 J + R E S I D  

C 
A ( 4 , 4 l = A ( 4 , 4 ) + D H * D H  
A ( 4 , 5 l = . 4 ( 4 , 5 ) + D H + 9 E S 1 0  

,, CONT !NU€ 

C COMPLETE F O R M A T I O N  OF M A T R I X  OF NORMAL E Q U A T I O N S  
r 

DO 1. 1 = 1 , 4  
DO 5 J = l r  4  
A ( J , I l = P ( I , J I  

5 C O N T I Y U F  
C O N T I N U E  

L 
C H E S T P A I Y  D E P T H  ANQ n R I G I N  T I M E  I F  R F Q U l R E n  HY A D D I N G  HUGE I = 8 * * R )  
I TO A O P R O P R I A T E  D I A G O N A L  E L E M E N T  
c 

IF(IND(J.~Q.C)AI~,~)=A(~,~I+DBL€(HUGE) 
I F (  IND! l .FQ.C)A(3,5)=C.DC 
I F (  I Y D t i . E O . C ) A ( 4 ~ 4 ) = A ( 4 ~ 4 l + D B L E ( H U G E )  
I F ( I Y D H . f Q . O ) A I 4 , 5 ) = G . D 0  

C 
L 
C P R I N ~  J U T  S T A T I O N  O-C R E S I D U A L  ON F I R S T  I T E R A T I O N  

I F  I E P I C = 2  RETURN F O U  PSUEDO-GFDESS 

L 
7 F P S = D A B S I H O L D l * l . D - 4  

HOLD=HOLD-SUMS0 
I T = I T E R - 1  
P R I N T  Q, I T e S U M S Q  

9 F O R M A T ( / / 4 X ,  31HSUM OF SQUARED RES I D U A L S  A F T E R  9 1 2 ,  
1 1 3 H  I T E Q A T I O N S  = * F 1 0 . 4 )  

C 
C I N V E R T  N 3 R M A L  E Q U A T I O N S  AND D F T E R Y I N E  C n R R E C T I O N S  TO T R I A L  V A L U E S  
C C O M P U T t  R E V I S E D  E S T I M A T E S  AND I F  CHANGE I N  SUM OF SQUARES L E S S  
C THAN 0.91 PERCENT OR I T E R A T I O N S  MORE THAN 10 C E A S E  I T F R A T I N G  
( 



I P t  IHTRX.EP.2)PRINT 4 l r  A 
CALL  S M A T R X I A r X r 4 r 4 )  
I F I I H T R X . E P . 2 ) P R I N T  411 A r X  

41 F O R M A T ( l X r 4 G 2 0 . 1 0 )  
E L A T = E L A T + X ( l )  
ELONu=ELFN+X(2) 
OT=OT+X( 3 1 
HH=HH+X( 4 )  

GO TO 1 
C 
C YORK OUT TOTAL  S H I F T  BETWEEN I N I T I A L  AND F I N A L  EPICENTRE 
C AND LOOKUP REGION 
C 

11 CALL  HRTW l O T r  MHR r M I N r & S E C )  
HOHQ=BLANK 
H I H I = B L A Y K  
IF(INDO.€Q.@tHOHO*ST4R 
I F (  INDH.EQ.Q)HIHI=STAY\ 
SHLAn  ( ELA T-HOLDA) *ZKW 
SHLO=(EL~~N-HOLDO)*ZK~)~CELA 
SHIFT=SQPT(SHLA*SHLA+SHLO+SHLO) 
AZ IM=ATAN2(  SHLOr SHLAt*RTOD 
IF(AZIM.LT~@.~AZIM~AZIn+360. 
S NN=CN 
I F  ( E L A T e L T  .O.O)SNN=CS 
ELAT*ABS(GEOGRF(ELAT)  l 
EWW=CE 
IF(ELON.LT.C.O)EWW=CW 
ELON=ABS( ELON) 
C A L L  LOOKUP~ELATrSNNrELONrEWW~IGREGrISREG~REGr3) 
I F (  IGPFG)  2 6 9 2 6 . 2 5  

26 DO 23 1 = 1 , 4  
T I T L E ( I + S ) = R E G ( I )  

2 3  CONTINUF 
DO 2 4  1 = 1 * 5  
T I T L E (  !+9 )=REG( I+8 )  

2 4  CONTINUE 
C 
C COMPUTE NUMEER OF DEGREES OF FREEDOM AND CONFIDENCE L I M I T S  
C AYD E L L I P S E  
C 

-. - . 
C A L L  C O N L M ~ ( A V S Q ~ F ~ T I C L A T ~ C L O N ~ C O T ~ C H ~ C A R E A ~ C E L A )  
MDF=DF 

L 
C 
C P R I N T  OUT RESULTS 
C 

1 0  P R I N T  12, I T r T I T L E ( 1 M  r T I T L E ( 1 7 )  
1 2  FORMAT( lH1 / /4Xr14HRESWTS AFTER ~ I ~ ~ ~ X I ~ O H I T E R A T I O N S ~ ~ ~ X ~ M ) /  

1 axr27n----------------------- r b l X r A E / / / )  
I F (  I G R E G ) ~ O ' S ~ O ~ ~ O  

20 P R l N T  1 3 1  I G R E G r ( R E G ( 1  ) r I = l r E ) r I S R E G r  ( R E G ( I l r I = 9 , 1 3 )  
1 3  F O R M A T ( 1 2 X r 2 0 H  GEOGRAPHIC REGION r I 4 r l X r 4 A 8 / 3 7 X r 4 A 8 / / 1 2 X *  
l 20n S E I S M I C  REG4ON * 1 4 r l X r 5 A B / / / )  

30 P R I N T  3 1 r  A L A T r  S N e E L A T r S N N r C L A T r  ALONr EW~ELONIEWWI CLON* 
1MHRSrMINSrSECrMHRrMIN~ASECrCOTrHOHO~HrHHsCHrHIHl 

31 FORMAT( 
1 60H O R I G I N A L  REC4LCULATED l 
2 6UH E P I C E W R E  EPICENTRS / .  
3 7 X r l l H  L A T I T U D E ~ 4 ~ r F 7 ~ 3 r l X ~ h 1 ~ 1 0 X r F 7 . - 3 ~ 1 X ~ A 4 ~ + O R F  H KM/ 
4 7 X r l l H  L O N G I T U D E ~ 4 ~ r F 7 ~ 3 ~ l X ~ A 1 r 1 O X t F 7 ~ 3 ~ ~ l X ~ A ~ ~ 4 H + O R ~ r t B ~ Z t  3 H K Y I  
5 7 X r l l H O R l G I N  ~ 1 ~ ~ ~ 4 ~ r l 2 r l ~ r 1 2 r 1 ~ r ~ 4 ~ 1 r 9 ~ r 1 2 r 1 ~ r 1 2 r 1 ~ r ~ 4 ~ ~ r 2 ~ r  
6 4 H + O R - r F B . Z r A l r 2 H  S/ 
7 7X.11H DEPTH (KM) .4Xuf7.2,12XrF7.2r5Xb4H+OR-~F&~2~Al//) - - - -v 

PRINT i 4 *  CODE 
14 F O R M A T ( 4 X r A 4 r 1 7 H 7 R A V E L  T I M E S  USED/4%r23H*  RESTRA jYED PAR#~EFERS) 

I F  (DF.EQ.O.DO)GO TO 16 
P R l N T  1 8  

l 8  F O R M A T ( ~ X ,   HALL CONCCMNCE L I M I T S  9 5  PERCENT/) 
P R I N T  1 5 1  CAREA 

1 5  F O R M A I ( / / ~ X I ~ ~ H A R E A  D F  9 5  RERCENT CONFIDENCE REGI'OM (F e~l r e  
I F 1 1 . 2 ~ 6 t i  SQ'.KM//) 



GO TO 1 7  
1 6  P R I N T  1 9  
19 FURMAT(//4X,61HCONFIDENfE L I M I T S  CAN NOT 0E COMPUTED - N O  DECREES 

1 D F  FREEDOM/ 1 
1 7  P R I N T  21, SHLAYSHLOISHIF T ,AZI  M  
2 1  F ~ R Y A T ( / ~ X I ~ ~ H L A T I T U D F  S V t F T E D , F 7 o Z s 3 H  K M I ~ X ~ ~ ~ H L O N G I T U D E  SHIFTED, 

1 F7,2,3H KM/4Xs13HTOTAL S H I F T  =,F802,3H KM,4X, 
2 Z O H D I P E C T I Q N  OF S H I F T  = r F 6 . l r 5 H  DEGS// )  

C A L L  PRES( ESTNtTRESID,AZeI) ISTp I S T N , T I T L E (  16) 
P R I N T  22, T I T L E (  16) , T I T L E (  1 7 )  9 SUMSQ,AVSQ,SD,MDFpNU*T*F 

2 2  F O R M A T ( ~ H ~ / / ~ X I ~ ~ H S T A T I  S T i C A L  AND OTHER VARIABLES USFD,52XIA8/ 
1 4X, 36H----------------------------------- r 5 2 X t A 8 / / /  
2  35H SUM OF SQUARED R E S I D U A L S  = r F 1 0 . 5 / /  
3 3 5 H  AVERAGE SQUARED RESIDUAL =,F10.5// 
4 35H STANDARD D E V I A T I O N  = r F 1 0 . 5 / /  
5 3 5 H  NUMBER OF DEGREES OF FREEDOM =, I5/ /  
6 3 5 H  NUMBER OF UNKhOWNS I S / /  
7  3 5 H  STUDENTS T  = r F 6 - 2 / /  
H 3 5 H  VARIANCE R A T I O  F 1 ~ F 6 . 2 1  

L 

8 RETURN 
FND 

SUBROUTINE CONLM~(AVSQ~FVTICLATSCLON,COT,CH,CAREA,CELA~ 

COMPUTE CONFIDENCE L I M I T S  AND GRAPH CONFIDENCE E L L I P S E  

COMMON /LOCS4/  A ( 4 t b ) r E V E N T  

COMMON /CONSTS/ P I  IDTORIRTODI LKM 

K t A L * R  EVENT 
DOUBLE P R E C I S I O N  AIAVSQ~CELA 

O I M E N S I O N  X ( l 9 ) s  V ( 1 9 )  
DATA N N / 1 9 /  

CL AT = DSQHT(A(l,I)*AVSQ1*T*ZKM 
CLON = ~ S Q H T ( A ~ Z I Z ) * A V S P ) * T * C E L A * Z K H  
COT = !3SQRTlA(3 ,3 ) *AVSQ)*T  
CH D S Q W T ( A ( 4 * 4 ) * A V S O I * T  

A l l  = A ( 1 1 1 l  
A 1 2  = A ( l r 2 )  
A 2 2  = A ( 2 . 2 )  
CSQU=2.*AVSO*F 
CALL A R E A ( N N , X s Y t A l l t A 1 2 ~ A 2 2 ~ C S Q U ~ C A R E A t l l  
CAGEA=CAR EA*CELA*ZKM*ZKM 

DO 1 I = l , N N  
X I  I I = X (  I )*CELA*ZKM 
Y (  I ) = Y l I l * Z K M  
CI)NTINUE 
CALL GRAPH(EVENTI~,XIYINNI 

RETURN 
END 

SUHKOUTINE PRES( E S T N ~ T R E S I D I A L  ,D1 S T t  I S T N I T I T L E )  
c 
C  P R I N T  RFS I D U A L S  
C 

D I M E N S I O N  EsTN(ISTN) r T R F S I D ( 1 S T N )  1 A Z t I S T N I  , D I S T ( I S T N ) , T I T L E t 4 b  
C  
L 

P R I N T  1, T I T L E  
1 FORMAT( l H 1 / / 4 X , 1 8 H T A B L f  OF RESIDUALS,TOXrZA4/  
l 4x, 18~----------+---- r 7 0 X , 2 A 4 / / /  
2  ~ ( ~ X , ~ H S T A T I O N ~ ~ X ~ ~ H R E S I D U A L S ~ X ~ B H D I S T A W C E ~ ~ X ~ ~ H A Z I M U T H ~ ~ X ) /  1 

C 
P R I N T  2, ( I , E S T N I I ) , T R E S I D ( I  ) , O I S T l I )  , A Z ( I  l , I = l p I S T N l  

2 FORMAT(2(  2 X ~ 1 3 r 2 X r A 4 ( F l l e 3 , F 1 2 i 2 ~ P 1 1 e 1 ~ 9 X )  
C 

RFTURN 
END 





APPENDIX B 

L I S T I N G  OF SUBROUTINES UNIQUE TO SPUR 

SPUR (MAIN) 
LOCAT 
CONPOS 
CONTIM 
TTJB : ENTRY DTD 
DECODE 



EP I C  ENTRE DETERnlNATPON AT ZERO DEPTH t SPUR) 

T H I S  PROGRAM I S  BASLCALLY AN EPICENTRE OETERMINATION PROGRAM 
DESIGNED TO TAKE L I T T L E  CbHPUTER STORAGE AND HENCE I T  SHOULD B E  
SUITABLE FOR A SMALL MACHINE. THE PROGRAM COMPUTES OYLY THE 
EPICENTRE AND O R I G I N  TIME, THE DEPTH B E I N G  F I X E D  AT ZERO (OR 
COULD RE ANY CTHER CHOSEN DEPTH). ONLY TRAVEL T I Y F S  F9R A S INGLE 
(ZERO) DEPTH ARE HELD I N  STORAGE. (PROVIDED THE FOCUS I S  NOT 
DEEPER THAN ABOUT LOO KM T H I S  SHOULD NOT INTRODUCE TO0 GREAT 
AN ERROR) 

THE M A I N  PROGRAM PRESENTED HERE I S  BASED ON A PROGRAM THAT 
CAN BE nPERATED THROUGH AN ON-L INE SYSTEM. TO S I M P L I F Y  THE 
OPERATION OF FEEDING I N  THE DATA THROUGH A TELETYPE THE INPUT 
FORMAT HAS BEEN MADE VERY GENERAL. I F  THE OPTION TO USE THE 
PROGRAM ON AN ON-LINE SYSTEM I S  NOT REQUIRE0 THEN THE M A I N  
PROGRAM CAN B E  S I M P L I F I E D  AND SUBROUTINES CONTIM AND CDNPOS 
OMITTEII. ALL  THAT I S  NEEDED I S  A ROWXNE TO READ I N  THE DATA 
AND PRFSENT I T  I N  THE R E W I R E D  FORM TO SUBROUTINE LOCAT WHICH 
RETURNS A REVISED EPICENTRE ASD O R I G I N  T I Y E  WITH CONFIDENCE 
L I M I T S .  

INPUT 

THE F I R S T  BLOCK OF CAROS I S  A D%iRECTORY OF S T A T I J N S  ( S T N )  AND 
THEIR L A T I T U D F S  ( SLAT) AND LONSITUOES t SLON). 
FORMAT FOR PUhCHING TFESE CARDS I S  G I V E N  I N  STATeMtNT 9. 
THE END OF T H I S  BLOCK OF CARDS I S  MARKED BY A CARD WITH STARS 
(****) PUNCHEC I N  THE STN POSITION. 

THE PRnGRAC NOW READS I N  ANY ST4T I O N  CORRECTIONS REQUIRED PROM 
CAROS C 4RRVING THE STATION CODE AND THE T I M E  CORRECT ION. 
FORMAT FOR P U W H I N G  THESE CARDS I S  G I V E N  I N  STATEMENT 19. 
THE END OF T H I S  BLOCK OP CAROS I S  MARKED BY A CARO WITH SThRS 
(****l PUNCHED INSTEAD OF THE S T A T I I I N  CODE. 
THI S L A S T  C A R D  WITH STARS nusr STILL BE' ~NCLUOEO EVEN IF THERE 
ARE NO CORRECTIONS. 

NOW FOLLOW (FOR €*CH EVENT) f N  ANY ORDER CARDS CARRYING 
A T I T L E  FOR EVENT ( L  CARD QPTIONAL) 
I N 1  T I  AL EPICENTRE AND O R I G I N  T I M E  INFORMATION ( 1  CARD) 
STATIOtv CODE AN0 ARRIVAL TIMES (UP TO l o b  CARDS) 

I F  TWO T I T L E  CARDS OR TWO EPICENTRE CARDS ARE INCLUDED SECOND 
OVERWRITES THE F I R S T .  S IMILARLYI  I F  r H 0  CARDS WITH THE SAME 
STATION CODE ARE INGLUPED SECONO OVERU(P1TES THE FIRST. 
A BLANK CARD MARKS THE END OF THE BLOCK OF DATA FOR EACH EVENT. 

THE T I T L E  CARD HAS T I T L E  PUNCHED AS THE F I R S T  DATA OY THE 
CARO. THE R E M I N D E R  OF TME CARD UP TO COLUMN 72 CAN THEN B E  
USED FOR THE TITLE. 

THE I N 1  T I A L  EPICENTIRE CAQO HAS EVENT PONCICeD AS THE F I R S T  
DATA ON THE C I R D  AN0 THEN FOLLOWS I N  ORDER 

MHRS HOURS 1 
MINS MIhUTES 1 O R I G I N T I M E  
SECS SECONDS b 
INDf l  PUNCH A STAR f * )  TO RESTRAIN O R I G I N  T I M E  

(PROGRAN SETS f f W O  = 3 )  
ELAT LATITUDE I N O E O R E E S  
ORCLAT N (NORTH1 @R S {SflUlWiM) 
ELON LOLGITUlY@ I# Oe[lREES 
DRCLON E (EAST! OR U (WEST) 
INDE PUNCH A STAR C * )  TO RESTRAIN EPICENTRE 

(PROGRAM S E 7 9  fNDE = 0 )  
ANY FORMAT CAN BE WEB UP TO COLUMN 72 PROVIDED THERE I S  A 
BLANK SPACE BETWEEN EACH VARIABLE AN@ two SPACES BETWEEN THE 
O R I G I N  T I M E  AND THE EPEENTRE.  

STATION CODE AND A R U I V A t  YPME CARDS HXVE THE STATION CODE 
PUNC4EU AS THE F I R S T  D I T A  ON THE CARD. THEN FOLLOWS I N  ORDER 

MHR(1)  HOURS I 
M I N t I )  MINUTES ) N M I V A L  T I M E  b T  STATION STN( I I 
S E C ( 1 )  SECONDS 

ANY FORMAT CAN BE UP 'fd C(ICUMN 72 PROVZDED THERE I S  A 
BLANK TPACE BETWEEN EACH V4RIABLE. 



D E F I N E  F U N C T I  CNS TO CCNVERT FROM G E O G R A P H I C  TO G E O C E N T R I C  
L 4 r I T U I ) F  AND V I C E  VERSA 

S E T  Clp U N I T  NUMBFRS FQR [NPUT/OUTPJT 

R E A D  I N  T t lE  O I R F C T O R Y  OF J P  T 3  YKSTNS S T A T I O N S  W I T H  L A T I T U D E S  
AND L O N G  I TUDE S  
A  C 4 R O  d I T H  S T A R S  (****) MARKS T H E  END OF T H E  S T A T I O N  CARDS 

hJ=o 
N = N + 1  
R t 4 D  ( I N v 8 )  S T N ( N l  r S L A T ( N )  s S L O N ( V )  
F J X M A T (  l K r A 4 , 3 4 X , F  1 0 . 6 t 5 X ~ F 1 1 . 6 )  
I F ( S T N ( Y I - S T A R S I 1 1 , 2 0 , 1 1  
W H I T E  ( I R f R )  S T N ( N I  p S L A T ( V 1  r S L O N ( N 1  
S3 TV 10 
N 3 S T N S = h l - l  
I c( Y O S T N S - M x S T N S ) ~ ~  (400,406 
37 22 I=l VNOSTNS 
SCOR( I ) = ? .  
C O N T I N U F  

R E A D  1% i T A T I C N  NAME AND S T A T I O N  T I M E  C O R R E C T I O N  I F  AVV 
I D E N T I F Y  S T A T I O N  A N 0  STORE C O R R E C T I 9 W  I N  A P P R O P R I A T E  P O S I T I O V  
I N  ARRAY SCOR 
A c A ~ 0  W I T H  STARS (****l MARKS T H E  END OF S T A T I O Y  C O R R E C T I O N S  

R E A D  ( I N 9 9 1  CODE, SECC 
F O R M A T (  1 x ~ A 4 ~  F3.5) 
I F ( C O O E - S T A R S ) 3 1 v 5 0 r 3 1  
no 33 1 = 1  ,NOSINS 
I F  ( C O D E - S T N (  I ) ) 3 3 , 3 2 r 3 3  
SCOR( 1 )  =SECC 
W R I  T t  ( I O r 9 )  C O O E t  SECC 
C 3 N T I  NUF 
G 9  T'l 3'7 

I N 1  T I  A L I  SE E V E N T  V A R I A B L E S  



C(1NTI NUE 
MHR S=O 
MINS=O 
SEC S=O 
I NDO=O 
ELAT=O. 
ELATS=O. 
DRCLA T=BLANK 
ELON=O. 
E L O N S 4 .  
ORCLON=RLANK 
I VDE=O 
N=O 
WRITE ( 1 0 ~ 1 )  
F U R M A T ( 1 H l I  

B E G I Y  READING I N  EPICENTRE DATA AN0 ARRIVAL T I M E  DATA 

READ ( IN ,2 ,EhD=4001  (CARD(K1 *K=2 ,73)  
F O R M A T ( 7 2 A l )  
WRITE ( I O t 3 1  CARD 
F J R M A T ( l X , 7 4 A l )  
0 0  1 0 1  Kz2.73 

I F  CARD BLANK DATA CNPUT COMPLETE S0  B E G I N  PROCESSING 
OTHERWISE DECODE 

C A L L  DECODE (C PKD( K l  ,CODE 94)  
K=K+4 
I =K+2 

I F  CARD I S NOT EVENT CARD OR T I T L E  CAR0 ASSUME ARRIVAL T IME CARD 

I F  A R R I V A L  T I R E  CARD I D E N T I F Y  S T A T I O N  FROM DIRECTORY 
I F  UNKYOWN REJECT AND CONTINUE 

DO 1 3 1  I = l l h O S T k S  
I F I C O D t - S T N ( 1  ) 1 1 3 1 s k 4 0 , 1 3 1  
CJ3NTI NIJE 
W R I T E  I I 0 , 4 )  
F 0 4 M A T I 2 X  t24HbNKNOWW STATION REJECTED) 
GO TO 1 0 0  

CYECK THAT STATION HAS NOT ALREADY SEEN USED I N  T H I S  EVENT 
I F  I T  HAS OVERWRITE THE READING 

I F ( N ) 1 4 4 , 1 4 4 , 1 4 1  
Dn 1 4 2  J = l , N  
IF(Cfl0E-ASTN( J 1  I 1 4 2 , 1 5 0 r 1 4 2  
CONTINUE 
N=Y+1 
I F ( N - 1 0 0 )  145 ,  1 4 5 , 4 0 0  
ASTN( N I  =STN( I l 
ALAT(  N I  =GEOCEN( SLAT (1 1 1  
ALON( Y )  =SLON( I )  
C O R ( N l = S C O R ( I  
J = N  

FOR S T A T I O N  CARDS DECODE ARRIVAL T I M E  AND CONVERT TO StCONDS 

C A L L  C O N f I M ( C b R D , K ~ O D ~ M H R (  J),YIN( J l , S E C I J ) t  I D )  
SO TO 1 0 0  

FOR EVFNT CARCS DECOOE ORIGCN T I M E  L A T I T U D E  L J N G I T U O E  AND I F  
AYY RESTRAINTS ON O R I G I N  T I M E  AND EPICENTRE 

C A L L  C O N T I M ~ C A R O ~ I I D D ~ M H R S ~ Y I Y S ~ S E C S , I N D O )  
C A L L  CONPOS(C.ARD*I*ELAT ~ D R C L A T ~ E L A T S ~ E L O N I D R C L O N , E L O N S ~  I N D E t D D e  I D )  
I F ( 1 N D E - 1 1 1 7 0 ~ 1 0 0 ~ 1 0 Q  



C 
C LOAD T I T L E  I N T O  HEAD ARRAY FOR P R I N T I N G  
C 

180 C A L L  DECODE (CARD( I l r H E A D 1 7 3 - 1 )  
GO TO 1 0 0  

C  
L 
C  ALL DATA READ I N  P R I N T  OUT I N P J T  AND B E G I N  PROCESSING 
C 

2 0 0  1 F ( N - 2 1 4 0 0 1 2 2 C ~ 2 3 0  
22C I N D O = O  
23r WRl TE ( I O e 5 1  HEAO,MHRS~MINSISECS ,ELAT, ORCLAT, ELDY,DRCLON, 

1 ( A S T Y ( J 1  sMHR(J1 I M I N ( J I ~ S E C ( J ) , J = ~ , N )  
5 FORMAT( 1 H  / 1 H  / 8 H  TCTLE 9 1 7 A 4 / 8 H  EVENT r214rFb.lr2(F9.3,1X,Al)/ 

1 (lX,h4~15X,IZ~lX,IZ~lXeF4.11) 
WRITE I I P , l l  
WRITE ( I D 9 1 2 1  HEAD 
FnRMAT(  3RH EP [CENTRE DFTERHINATION AT ZERO DEPTH/ 

1  ?RH ---------m------------------------- / 1 H  / 
2  l X , 1 7 A 4 / 1 H  J 

J R I T E  ( I P e 1 3 1  ELAT,DRCLbT,ELON~DRCLON,MHRSeHINStSECS 
FQRMAT(2f 'H I h I T I A L  EDICEYTRE c l l H  L A T I T J O E e 3 X , F B . 3 r 2 X , A l /  

1 2 3 X p 1 1  H L C V G I T U D E ~ ~ X I F ~ . ~ ~ ~ X ~ A ~ ~ ~ O K ~ ~ ~ H O R I G I \ ~  1 IYE,214,F6.1/ 
2 1H l 

I D = I N D P + I N D E  
FLATS=SEOCENI  E L A T S I  

) E T E k * l N r  R E V I S E D  CPICENTRE AND O R I G I N  T I M E  BY L 3 C A T  

P R I N T  QESULTS 

WRITE ( I P v 1 5 1  
FORMAT( 1 5 Y  NO CCNVERGENCE/lH l 
GO r n  320 
WRITE ( I P 1 1 6 1  ITER*CODE 
FORMAT( 1 5 H  RE SULTS AFTER, I 4  e l 2 H  ITERATIDNS,  3X 12H( ,A49 1x1 

1 19HTRAVFL TIMES USE0 1 / 1 H  I 
ELAT=ABS(GEOGRF(ELATCI  l 
ORCLAT=CN 
I F (  ELATC 1 3 3 0 , ? 4 C v 3 4 0  
ORCLAT=CS 
ELON=ABS(ELONCl  
DRCLON=CE 
I F t ELONC 1350. ? 6 0 r  360 

F O R M A T l 2 0 H  COCPUTEO EPICENTRE c l l H  L A T I T J D E ~ ~ X I F ~ . ~ , ~ X ~ ~  
1 7 H  +/-,F9.l,3H K M / 2 3 X , l l H  LONGITUDE* 3XeF8.3,2X,Al,  
2 7H t/-,F9.l,3H U ~ / 2 3 X , l l H D R I G I N  T  I m E 1 2 1 4 t F b . l e  
? 7H +/-,F9.1,2H S / l H  / 1 H  

I F  S H I F T  BETWEEN I N E T I A L  AN0 F I N A L  EPICENTRE GREAT€R THAN 10 K M  
COMPUTE YORE ACCURATE VALJE BY BAZDEL 

L 
I F (  SHIFT-10 .1  3 8 0 , 3 0 0 e 3 7 0  

3 7 0  C A L L  BAZDFL ( F L A T S  ,ELONSrELATCtELONC,OO, AZ t D I S T ,  DTOR) 
S H I F T = D I S T * C O h  

38C WRITE ( I P , 1 7 1  S U Y S U s S H I F T r A L  
1 7  FURMAT(25H SUN SQUARED RESIDUALS =.F12.6/ 

1 2 5 H  S H I F T  I Y  EPICENTRE =rF9.1,3H KM/ 
i 2514 U I R E C T I C N  OF S H I F T  = , F ~ . I ~ S Y  D E G S / l H  1 

WSITE  (If'9181 



1 8  F O K M A T ( 5 5 H  S T A T I O N  READING KES I D J A L  D ISTANCE A Z I M U T H  / 
l 5 5 H  H M  S  S DEGS DEGS 1 

r 
C D E T E K M I Y E  D l S T A N C F  AND AZ IMUTH OF EACH S T A T I O N  FROM F I N A L  
C EP ICENTRE AND P R I 4 T  W I T H  U-C R E S I D 3 A L S  
C  

DO 3 9 0  I = l , N  
C A L L  ~ 4 Z D F L ( € L A T C ~ E L O N C ~ A L A T ( I ) , A L O N ~ I 1 ~ O D t A Z ~ D I S T ~ D T O R )  
WRlTF ( I Q , 1 9 )  I t A S T N ( l ) r Y H R ( I l , H I Y ~  1 1 v S F C (  I ) , R E S I D (  I ) v D I S T , A Z  

19  Ff lRMAT( I 3 t 2 X ~ A 4 ~ I 5 , I ~ t F 5 ~ 1 ~ F 1 2 ~ 3 ~ F 1 O ~ 2 ~ F l ~ ~ l l  
3 9 0  CONTINUF 

G 3  TO 5 0  
C  
L 

4 0 0  WRITE ( I P t l )  
STOP 
END 

SUBRCIUTI NE LOCAT(MHRS,MINS,SECS,ALATS~ALONS~INDI~HRC,YINC~SECC~ 
1 ALATC,ALONC,[STN,MHR,MIN,SFC,SLATsSLJN,COR~RESID, 
2 S U M S U t C O T t C L A T , C L C N t S H I F T t A Z I M t I T E R ~ C ~ D E ~ Z K M ~ D T O R ~  

C 
D I M E N S I ( 7 N  MHR ( I S T N )  , M I N I  I S T N )  .SEC( I S T N )  * S L A T (  ISTN) ,SLON(  I S T N I ,  

1 CDk ( I  STN) t R E S I D (  I S T Y )  
r 

DOUBLE P Q E C I S I O N  All,A12rA13,A14,A21r~22,A22, A Z ~ , A Z ~ , A ~ I V A ~ Z , A ~ ~ , A ~ ~ ,  
1 D l , D Z , D 3 , X l , X 2 r X 3 , A t R t S , T , J T , C E L A , A R G t  DCS,OSN,DETsOkT3pSECT~ 

D E F I N E  F U N C T I C N S  TO CCNVERT T I M E  TO SECONDS AND TO COMPUTE 
THF DE TERM1 N A h T  

DIh(EhlS1f IY S T (  3 5 )  
DATA S T (  1 ) / 1 2 . 7 / ~ S T ( 2 ) / 4 . 3 0 / ~ S T ( 3 ~ / 3 . 1 8 / t S r ( 4 ~ / 2 . 7 8 / v S T ( 5 ) / 2 . 5 7 / ~  

1 S T (  6 ) / 2 . 4 5 / *  ST( 73 /2.36/,ST1 8 ) / 2 . 3 1 / r S T (  9 ) / 2 . Z b / * S T (  1 0 ) / 2 * 2 3 / t  
2 S T ( l l ) / Z . Z O / ,  ST(l2)/2.18/tST(131/2.16/,ST( 1 4 1 / 2 . 1 4 / ~ S T (  1 5 1 / 2 . 1 3 / s  
3 S T ( 1 6 1 / 2 . 1 2 / r  S T ( 1 7 ) / 2 . 1 1 / ~ S T ( 1 8 ) / 2 . 1 0 / r  ST( 1 9 ) / 2 . 3 9 / , S T (  2 0 ) / 2 . 0 9 / ,  
4 S T ( Z 1 ) / 2 . 0 8 / r  ST(22)/2.07/sST(L3I/2.07/r S l ( 2 4 J / 2 . 3 6 / , S T (  251/2.06/ ,  
5 S T ( 2 6 1 / 2 . 0 6 / ,  S T ( 2 7 ) / 2 . 0 5 / , S T ( 2 8 ) / 2 . 0 5 / r S T ( 2 9 1 / 2 . 0 5 / , S T (  301 /2 .04 / ,  
b S T ( ? 1 ) / 2 . 0 2 / , S T I 3 2 ) / 2 . O O f , S T ( 3 3 ) / 2 . ~ S T ~ 3 4 ~ / 1 . 9 9 / ~ S T (  3 5 ) / 1 . 9 B l  

D I Y E N S I ? Y  A ( 3 . 4 )  
ELIUIVALFNCE ( A ~ l ~ 1 I ~ A 1 1 J ~ ( A ( 1 ~ 2 ) , A 1 2 ~ r ( A ( l 1 3 l ~ A 1 3 ~ ~ ( A ~ l r 4 ~ ~ A l 4 l  
E 3 U I V A L E N C E  (A(2,l)~AZl)r(A(2,2)~A22I,(A(2t3)~A23)~(A(2t4J~A24) 
EQUIVALENCE (A(3rl)~A31)~(A(3,2)tA3Z),(A(3t3l~A33)r(A(3s4)tA34~ 

SET UP CONSTAhTS 

I TFH=Q 
COT=O. 
CCAT=O. 
CLON=O. 
SHIFT=O.  
A Z I  M=O. 
HrlLD=O. 

OT=SECTY( WHRSrMINS, SECS) 
E L A T = A L P T S  
E L I l N = A L J N S  

B E G I N  I T E R A T I C N  LOOP BY SETTING NORMAL EQUATION YATRIX  A (  I I J I  
TO ZERO 

DO 1 2 0  J z 1 . 4  
03 110 I = 1 1 3  
A ( I , J ) = O . D O  
CONTINUE 
CONTI  NU€ 

SET U P  NORMAL EQUATIONS 
DETERMINE D ISTANCE AND AZIMUTH OF EACH S T A T I O N  FROM EPICENTRE 
B Y  BAZDEL AND TRAVEL T I M E  AND D E R I V A T I V E S  BY D T D  



(?!, 130  l = l t - f f j ~  
C A L L  B A Z D E L ( E L ~ T I E L O N I S L A T (  I ) s S L O N (  I I , T T t A Z I M 9 D I S T * D T D R )  
C A L L  DTD(COUEcL) IST ,DT ,TTtZ ,ELAT,SLAT(  I) ,DTOR) 
A K S = D B L F ( A Z I Y * O T O R )  
T = - D B L E  ( U T 1  
D C S = T * O C n S (  ARG)  
O S N = T * D S I V ( A R t ) * C F L A  

A 3 4 = A 3 4 + R  
C U N T I  NUE 

FOR I N V  = 0 C O  NOT I T E R A T E  
FnR I N D  = 1 u E S T R 4 t N  n R I G I N  T I M E  

I F (  I N D - 1 )  L C 0 t  1 4 0 9 1 5 0  
A 3 3 = 1 . 0 1 0  
A 3 4 1 0 .  DO 
DO 1 5 2  J = 1 , 3  
DO 1 5 1  1 ~ 1 9 3  
A I I I J ) = A ( J , I )  
C O N T I  NUF 
Cl.lNTI NUE 

FORMAT I OI\I OF h O R M A 1  E Q U A T I O N S  N W  COMPLETE 
S U L V E  FnR C O P R E C T I O N S  TO L A T I T U D E ( K 1 )  L O N G I f U n E l  X21 &VD 
O R I G I N  T l  u E t X 3 )  

C O Y P U T E  D I A G C h 4 L  E L E M E N T S  FOR C O N F I O E N C E  L I M I T S  

A C I D  C O R R E C T I O h S  T O  P R E V I O U S  E S T I M A T E S  A N D  COMPUTE S H I F T  n F  
E P I C F N T R E  B E T k E E N  S U C C E S S I V E  I T E R A T I O N S  

I F  CHAQGE I h  SUM f3F SQUARES OF R E S I O U A L S  OR E P I C E N T R E  S H I F T  
L E S S  T H A N  O . r O O 1  OR NUMBER OF I T e R 4 T I O N S  10 I 9 R  Y 3 4 E I  C E A S E  
I T E R A T I O N S  ANC P R I N T  OUT R E S U L T S  

C O N V E R T  O R l G I h  T I M E  T O  HOJRS M I N U T E S  A N 0  SECONDS 
COMPUTE S H I F T  AND D . I R E C T I D N  OF S H I F T  BETWEEN I Y I T I A L  AND F I N A L  
E P I C E N T R F  



MHKC -OT/3600 .  D0 
YINC=(OT-3600 .DO*DFLOATtMHRC) )  I60.DO 
SECCsOT-3600. CO*DFLOAT(MHRC)-bO.DO*DFLJATIMINC 1 
ALATC=ELAT 
ALONC =ELON 
I F (  I T E R )  3",3C0,21'3 
ELAT=(ALATC-ALATS)*EKM 
ELON= ( ALnNC-4LONS)*ZKM*CELA 
SHIFr=SQHT(ELAT*ELAT+ELON*ELON1 
A L I  q=ATAN2( ELCN,ELAT)/DTOR 
I F  ( A L I M ) 2 2 0 v 2 3 0 , 2  30 
A Z I M = A Z I Y + 3 6 0 .  

COMPUTE CONFICENCE L I M I T S  

1 s t  STN-IND- l  
NDF =I 
I F ( N @ F ) 3 0 0 r 3 0 C , 2 4 0  
I F I Y I ' F - 3 0 1 2 8 0  ,280,250 
1 F ( N D F - 1 0 @ ) 2 h 0 ~ 2 6 0 ~ 2 7 0  
N D F = ( N D F + 5 )  /2C+29 
GO TO 2 8 0  
NDF =3 5 
TEST( NDF) 
S=S/PFLOAT( 0 
CLAT=OSQRT( D l * S  J*T*LKM 
CLON=DSQRTf02*S)*T*CELA*LKY 
COT=DSQRT(D3*S) *T 

SUBROUTINE C O h P C S ( C A R D t I N D E X ~ A L A T s D R C L A T ,  ELAT, ALONt ORCLON, ELON, 
1 INOE,DEPTH,INDH, IND, INQ,NCYAR,NPROG) 

GIVEN ALPHA-NUMERIC SINGLE CHARACTERS I N  CARD STARTING AT INDEX 
T H I  S SUBROUT1 hE DLCOOES THE LAT I l U D E (  ALAT vDRCLAT, EL AT) S AND THE 
LONG1 TUDE [ALOh,DRCLON,ELON). A  STAR(*)  RESTRAINS THF EPICENTRE. 
T H I S  I S  FOLLOCEO RY THE DEPTH I F  I T  I S  GIVEY AYD A  STAR(* )  
RESTRAINS THE 'IEPTH. 
I F  DKCLAT/DRCLON I S  THE CHARACTER D THEY A  OISTANCE(ALATq0)  AYD 
AL I YUTH(AL0Ng 0 )  ARE DECOOED. 
ALSn DECODES THE VALUE OF AN INDICATOR(  I N D )  GIVEN BETYEEN QUOTES 
( 'N.)  AND FOR A  S INGLE W O T E ( ' 1  ASSUMES A  COYMFNT. 

DATA F I G (  1 1  /4HO / , F I G ( 2 ) / 4 H 1  / ,FIG( 3 ) / 4 H 2  / # F  I G ( 4 ) / 4 H 3  / S  

1 F I G ( 5 ) / 4 H 4  / r F I G ( 6 ) / 4 H 5  / , F I C ( 7 ) / 4 H 6  / r F I G ( 8 ) / 4 H 7  /v  
2 F I G ( 9 1 / 4 H d  / * F I G (  1 0 ) / 4 H 9  /,POINT/4H. / sSTAR/4H*  / t  

3 CE/4HE /,CN/4HN /pCS/4HS /tCW/4HW /,CD/4HD / t  

4  QUOTF/4H '  I ,CEND/4H) /,BLANK/4H / 

DRCL4f =BLANK 
DRCLON=BLANK 
I N D E = l  
I N D H = l  
I N D = n  
NCHAR =O 
LAT=D 
LON=" 
IDEP=O 
D I R L A T = l .  
D I R L C N a l .  
I PLAT =O 
I PLON=O 
IPOW=O 
I I N 0 = 1  
[= INDEX 
I NQ= I 
GO T n  20 



I = I + 1  
DO 1 1 0  J = l , 1 0  
I F ( t A Y 3 (  1 ) - F I G (  J 1 ) 1 1 0 , 1 7 0 ~  1 1 0  
CONT I NIJE 
I F ( C A R O (  I ) - P O I N T ) l 3 0 ~ 1 2 0 ~ 1 3 0  
I ADD= 1 
NCHAR=NCtiAR+l 
GO T i l  1 0 0  
IF (C4. (0 (  I I-CN)14",19n,140 
I F ( C A d 7 ( 1  J - C S ) 1 5 0 ~ 1 8 C ~ 1 5 0  
IF(CAYC'(I)-CDIl60~19~t16~ 
IF(CARD(I)-CEh0)100,5?0tl'~ 
L A T = L A T * l O +  J - 1  
I P L A T = I P L A T - I P D D  
NCYAR=NCHAR+l 
GO TO 1L'C 
DI '?LAT=- I .  
DRCLAT=CARD(I  I 
NCIiAd =YCHAR+l 
I IhJO=2 
I N l I t X = f + l  
G 7  TO 1 0  

I = I + l  
DO 7 1 "  J = l , l C  
l F ( L A K n ( 1  ) - F I G ( J I  I Z 1 ' 7 ~ 2 7 C ~ 2 1 0  
CfJNTI NllF 
I F ( C A R  l (  1 ) - P O I Y T ) Z 3  ' 9 2 7 0 9 2 3 0  
I A D l I = l  
NCHAK=YCHAR+l 
Gn TI- 2 0 n  
I F  (CARD( I )-C€ ) 2 4 0 9 2 9 C  9240 
IF (CARt ' (  I ) - C W 1 2 5 0 r 2 8 0 t 2 5 0  
I F ( C A R I ) (  I ) - C 9 ) 2 6 0 * 2 9 0 t 2 h 7  
I F ( C A R  ) (  I ) - C E h O ) 2 0 n t 5 r ( ? 9 ? r q  
LON=L')N*lO+ J- 1 
I P L r l 4 = I  PLON-I ADC 
NCYAY =YCHAR+l 
G U  T f '  LOO 
DIRLON=-1. 
!IRCL<JN=CARD( I ) 
NCdhb =VCHA9+1 
I I Y ? =  3 
I r t D i - x = r + l  
GO TO 10 

I = I + l  
DO 3 1 9  J = l * 1 0 '  
I F ( C A R D (  ! ) - F I G (  J l  1 3 1 0 ~ 3 7 C 9 3 1 0  
CONTI YUF 
I F  (LARD(  1 ) - P C I N T )  3 4 0 p 3 2 0 ~ 3 4 0  
IAL)O=l  
NCYER =NCHAR+l 
GIJ T" 3 0 0  
I = I + l  
I F  (CAhO( I I-C!LbNK1350t33r! t350 
I F  ( C A K O ( I l - S T A R ) 3 6 0 , 3 8 0 ~ 3 b O  
I F ( C A K D ( 1  ) - C € h 9 ) 3 9 0 9 5 O O t 3 9 0  
I D F P =  I D F P * l O + J - 1  
I p o w = ~  PW-I AI c 
NCHAR=NCHAP+l 
I N O F X = I + l  
GO TfJ 33r, 
I NOW-0 
NCHAH=NCHAR+L 
I I V C = 4  
I N D E X = I + l  
GO TO 1 0  



DU 430 J=1.10 
I F l C A R D (  1 ) - F I G (  J) ) 4 3 0 p 4 4 0 ~ 4 3 0  
C O N T I  NUE 
GO TO 5 0 0  
I = I + l  
I F  (CARD(  I ) - B L A N K ) 4 5 0 r 4 4 0 . 4 5 0  
I F (CARD(1 ) -QUCTE1460 .470~460  
I F ( C A R D ( I ) - C E ~ D I ~ O I ~ O O ~ ~ O  
I N D = J - 1  
I N D E X = I + l  
I N Q = I + l  
GO TO 1 0  

A L A T = F L O A T (  L A T I  *( 10.**I  PPLAT)  
E L A T = A L A T * D I R L A T  
A L O N = F L O A T ( L O h ) * (  lO . * * IPLOY)  
FLON=ALON*DIR LON 
DEPTH=FLOAT ( I  CEP) *( 10.** IPUW) 
RETURN 
END 

SUBROUTINE COhTIM(CAR0.  I N D E X I T I H E , M H R ~ M I N ~ S E C ~  I N D O I  
C 

C G I V E Y  ALPHA-NUMERIC S INGLE CHARACTERS I N  CARD S T A R T I Y G  AT INDEX 
C T H I S  SUBROUTIhE  DECODES THE T I M E  I N  H O J R S I  WHR), 4 I Y U T E S ( M I N I ,  AND 
L SFCOhlDS( SECvMSECI AND ALS'7 THE TOTAL NUMBER OF SEC3NDSt T I M E ) ,  
C PROVIOED THERE I S  AT LEAST ONE BLANK SPACE BETWEEN THE COOING AND 

TWO BLANK SPACES AT THE END. 
C I F  THERE I S  4 STAR THE T I M E  I S  RESTRAINED BY S E T T I N G  INDO-0.  
C 
c 

D I Y E N S I O N  F I G ( 1 O )  ,CARD(INDEX) 

DATA F I G (  1) /4hO / . F I G t 2 ) / 4 H 1  / * F I G (  3 ) / 4 H Z  /,F I G ( 4 ) / 4 H 3  /S 

1 F I G ( 5 ) / 4 H 4  / 9 F I G i 6 1 / 6 H 5  / * F I G (  7 J / 4 H 6  I ,  F 1 G ( 8 ) E 4 H 7  /. 
2 F I G ( 9 )  /4HA / . F I G (  1 0 ) / 4 H 9  / r  P O I N T / 4 H .  / p  STAK/4H*  
3 DASH/4H-  / vCEND/4H) / p  B L A N K / 4 t l  / 

CONTINUE 
IF(CARD(I)-0LANUJ14~12~14 
I N D = 2  
I N D E X - I  
GO TO l 
MHR=MHR*lO+ J- l 
I = I + 1  
GO TO 10 

DO 2 1  J = 1 , 1 0  
IF (CARD. (  1 ) - F I G (  J) ) 2 1 ~ 2 3 , 2 1  
C O N T I  NUE 
I F ( C A R D (  I I - B L A N K 1 2 4 r 2 2 1 2 4  
I N D = 3  
I Y D E X = I  
GO TO 1 
M I N = M I N * l O + J - 1  



DO 31 J = l  , l 0  
IFICARDI l J - f I G ( J )  131t38.31 
CONTI NUE 
IF(CARD(I)-BLPNK)33r32,33 
IF(CARS( 1+1 )-@LANK) 33,40133 
IF(CARD(1)-CEhD)34,40,34 
[F(CARq( I ) - S f  4 R j 3 6 ~ 3 5  e36 
I NDO=O 
GD TO 39 
IF(CARD( I 1-POINT139 t37.39 
I ADD=1 
GO TO 39 
YSEC=MSEC*lO+ J-1 
I P3W=I P?W-I ADC 
I = I + I  
INDEX=I+l  
GO Tn 30 

END 

SUBRDUTINE TTJB(CODE~DELT~DERIVPTRAV,IND~ELAT~SLAT,DTOR) 
C 
C JEFFREYC AND EIJLLEN (1958) TRAVEL T I Y E S  CODE J B  ZERO DEPTH 
C 

DIYENSInN TA( 105r3)  tOIST(l05)tTT(lO5)tSLO~NS~ 105),PROG(2) 
EQUIVALENCF I T 4 ( 1 , 1 ) t D I S T ( l )  ) t ( T A ( l t Z ) t T T (  l r 3 j t S L f l M V S t  l)) 

c 
DATA P R O G (  1)  /4H&JB / ,PROG(2 )/4HJB l ,  N/105/ 

c 
DATA T A l l t l )  / 1 T A ( l p 2 )  / 21.1/t TA(1t  3) /14.30/ 
DATA T A ( 2 t l )  / 2.0/t T A I 2 t 2 )  / 3 5 * 4 / t  TA(2 t3 )  / 14 *30 /  
DATA T A ( 3 r l )  / 3.0/, TA(3 t2)  / 4907/*  TA(3r3)  /14.25/ 
DATA T h l 4 t l )  / 4 * 0 / r  TA(4821 / 63.9/t T A ( 4 t 3 )  /14.20/ 
DATA T A ( 5 r l )  / 5.0/r TA(5 t2 )  / 78.1/t TA(5 r3 )  /14.15/ 
DATA TA(6 t1)  / 6.0/t TA(6,2) / 92.2/t TA16931 /14.10/ 
DATA TA(791) / 7.0/, TA(7 t2 )  /105.3/t TA(7t  3) /14.06/ 
DATA TA(891) / 8.011 TA(8 t2 )  /120.3/, TA(8t 3) /13.95/ 
DATA T A ( 9 r l )  / 9.0/, TA(992) / 1 3 4 * 2 / t  TA(9 r3 )  /13.85/ 
DATA TA(10, l )  / 10.O/r TA(1392) /148.0/* TA( 101 3)  /13.75/ 
DATA T A ( 1 l t  l )  / l l . O / r  T A 1 1 2  6 1 7  TA( 1 1 8  3) /13.66/ 
DATA TA(12, l )  / 12.0/, TA(1292) /175.3/* TA(12t3)  / 13 *51 /  
DATA TA(13r l )  / 13.0/, TA(1392) /188.7/t  TA( 13t  3 )  /13.29/ 
DAT4 T A ( 1 4 t l )  / 14.019 TA(1492) /201.9/t TA( 149 3) /13.14/ 
DATA T A ( 1 5 r l )  / 15.0/9 TA(1592) /215.0/t T A ( 1 5 ~ 3 )  /13.07/ 
DATA TA(16,L) / 16.0/, T A ( 1 6 ~ 2 )  /228.0/* TA(16r3)  /12.86/ 
DATA TA(I.7, l )  / 17.0/* TA(17,Z) /240.7/t TA( 17.3) /12.59/ 
DATA TA(18r l )  / 18.0/t TA(18t2)  / 253*2 / t  TA( 18s 3) /12.45/ 
DATA T A ( 1 9 r l )  / 19.0/, TA(1992) /265.5/* T A ( l 9 ~ 3 )  /11.98/ 
DATA TA(20t  1) / 20.0/* TA(23t2)  /277 * D / *  TA( 20r 3) /10.91/ 
DATA TA(2 l . l )  / 2l.O/9 T A ( 2 1 ~ 2 )  /287.4/r TA(21t3)  /10.18/ 
DATA TA(2Zt1)  / 22.0/, TA(22t2)  /297.5/t TA(22r3)  / 9.99/ 
DATA TA(23.1) / 23.0/, TA(2312) /307.4/t TA(23 t3 )  / 9 *78 /  
DATA TA(7491) / 24.0/9 TA(24 t2 )  / 3 1 7 0 1 / t  TA(24r3)  / 9 r 7 l /  
DATA TA(25t1)  / 25.0/, TA(25r2)  /326.8/, TA(2513) / 9057.1 
DATA TA(26, l )  / 26.0At TA(26t2)  /336.2/t TA(26.3) / 9.2R/ 
DATA TA(27s l )  / 27.0/, TA(27t2)  /345.4/1 TA(2793) / 9.14/ 
DATA TA(28,l) / 28.0/, TA(28t2)  /35405/ t  T A ( 2 8 ~ 3 )  / 9004/ 
DATA TA(29, l )  / 29.011 TA(2912) /363.5/t T A ( 2 9 ~ 3 1  / 9.01/ 
DATA TA(30t1)  / 30.0/, TA(35t2)  / 3 7 2 . 5 / ~  TA(30t3)  / 8*90/  
DATA TA(31,l) / 3E*OA, TA(31tZ)  /381.3 /~  T ~ ( 3 1 9 3 )  / 8.79/ 
DATA TA(32, l )  / 32.OE, TA(32t2)  /390.1/t T A ( 3 2 ~ 3 1  / 8*75/  
DATA T A ( 3 3 r l )  / 33.0YI ~ ~ ( 3 3 9 2 )  /398.8/, TA(33p3) / 8.70/ 
DATA TA(34.1) / 3 4 . 0 4 ~  TA(34 t2 )  / 4 0 7 * 5 / t  TA(34 t3 )  / 8*66/  
DATA TA(35,l)  / 39.019 TA(35t2)  /416.1/, TA(35 t3 )  1 8.55/ 
DATA TA(36t  l )  / 36*OPe T A ( 3 6 ~ 2 )  /424.6/# TA(3693) / 8*44/  
DATA TA(37911 / 37.011 TA(37r2)  / 4 3 3 * 0 / t  TA(37 t3 )  / 8.39/ 
DATA TA(38,l)  / 38.01, TA(38r2) / 4 4 1 * 4 / t  f A ( 3 8 t 3 )  /48.41/ 
DATA T A ( 3 9 , l  / 39.0/* TA(39r2)  / 4 4 9 * 8 / t  l A ( 3 9 9 3 )  / 8.36/  
DATA TA(40,l)  / 40.0!, TA t43 t2 )  / 4 5 8 0 1 / t  f A ( 4 0 t 3 )  / 8.24/ 



JATA 
DATA 
OATA 
DATA 
O A T A  
9ATA 
(1ATA 
34 TA 
QATA 
DATA 
3ATA 
r 4 r A  
DATA 
DATA 
DATA 
3ATA 
DATA 
DATA 
DATA 
'IATA 
OAT4 
DATA 
r)ATA 
DATA 
OATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
')ATA 
DATA 
9ATA 
34TA 
3ATA 
DATA 
DATA 
OATA 
DATA 
DATA 
OATA 
DATA 
DATA 
DATA 
!)AT& 
JATA 
DATA 
DATA 
DATA 
OhTA 
DATA 
DATA 
UATA 
DATA 
O A T A  
3ATA 
DATA 
DATA 
DATA 
DATA 
3ATA 
DATA 
3ATA 
DATA 

T A ( 4 l r l )  / 41.0/ r  
TA(42.1) / 42.0/, 
TA(43.1) / 43.019 
TA(44.1) 1 44.0/. 
TA(45.1) / 4 5 . 0 / ~  
TA(46.1) / 46.0/1 
T4147.11 / 47.0/, 
TA(48.1) / 46-01.  
T A ( 4 9 ~ 1 )  / 49-01 .  
TA(5'39 l )  / 50.0/, 
TA(51.1) / 51-01 ,  
TA(52.1) / 52.01. 
TA(5391) / 53.0/. 
TA(54.1) 54.0/, 
TA(55.1) / 55.0/, 
TA(56, l )  56.0/. 
TA(57.1) 57.O/, 
TA(58, I )  / 58.0/, 
TA(59.1) / 59.0/, 
~ ~ ( 6 0 . 1 )  I 60.01, 
TA(61.1) 61.0/. 
TA(62.1) / 62.0/. 
TA(63.1) / 63.3/1 
TA(64.1) / 64.'3/1 
'A(65.1) / 65.0/1 
T A ( 6 6 r l )  / 66.0/r 
TA(h7, lJ  07.O/t 
TA(48, lJ  / 68.Q/, 
T A ( 6 9 r 1 )  / 69.0/, 
TA(7C.1) / 7@.0/, 
TA(71.1) / 71.0/r 
TA(72.1) / 72.0/*  
TA(73r l )  / 73.0/, 
T A ( 7 4 , l )  74.0/1 
T4(7511)  / 75.0/. 
T A ( 7 6 ~ 1 )  / 76.0/, 
TA(779 1) / 77.@/, 
TA(78.1) / 76.P/. 
TA(79.1) / 7Q.0/1 
TAI8C, I I  / R O . O / t  
TA(H1.1) / 81.0/1 
TA(Y2 , l )  / 02.0/, 
T A ( e 3 r 1 )  / 83.0/1 
TA("471)  / Y4.0/, 
T A ( d " t 1 )  / 85.0/, 
TA(R6r l )  86.0/, 
TA(R7, l )  / 87.0/,  
rnc85.1)  ee.o/. 
T A ( 9 9 ~ 1 )  89.0/, 
TA(9C.1) 90.0/9 
TAf.91. 1) / 91.O/~ 
TA(Q211)  92.011 
Th(J391)  / 93.0/r 
TA(94.1) 9 4 . 0 ) ~  
T A ( 9 5 p l I  / 95.0/1 
T A ( Q 6 , l I  96.0/1 
TA(97.1) / 97.0/r 
TA(95.1) 98.0/1 
TA(9491)  / 99.0/, 

Tb( l o o t  l) /100.0/r 
r & ( l f ' l .  l )  / 1 0 1 * 0 / 1  
TA( lCZ.1)  /102.0/, 
TA( l c 3 ,  1) /103.0/. 
T A (  i n s ,  1)  /104.0/, 
T4(1f '5.  l )  /105.O/. 



I D = 2  
1 = 1  
IF(0El.T-DIS.T( 1 ) ) 4 v l r 1  
Or) l I a 1 , N  
I F ( D E L T - D I S T 1  I 1  J2.313 
I = I - 1  
I.D= 1 
GO TO 4 
CONT 1 NUE 
I =N- l  

RETURN 
END 

SUBROUTINE OECODE(ARRAYvCO&EvN) 
L 

C T H I S  SUBROUTI hE TAKES SINGLE ALPHA-NUMERIC CHARACTERS I N  ARRAY 
C AND DECODES THEM TO FORM N CHARMTERS OF TEXT IN CODE. 

C 
D I Y E N S I O N  ARRPY14r4)  rCODE(4) 
t O G I C A L * l  ARRAYtCODE 

C 
DO 4 I - L t N  
C O 9 E ( I ) * A R R A Y ( L v I )  

6 CO'VTINUE 
RETURN 
END 





APPENDIX C 

L I S T I N G  OF SUBROUTINES UNIQUE TO JED 

MAIN 
JED 
SNORM 
ARRTIM 
CONF 
GAUSS 
MSOLVE 
WEIGHT 



M A I N  J E D  1 0  EVENTS - 10  STATIONS -------- 
G I V E S  D I M E N S I O N  A ( 3 1 . 3 2 )  ,B132 ,10 )  , C I l O v l O )  

ND IS COYPUTED FROM THE FOLLOWING FORMULA I N V O L V I N G  N 
ND = ( N * 3 + 1 ) * ( N * 3 + 2 )  + ( N * 3 + 2 ) * N / 2  + N*N/2  

COMMON N,ND*D( 1 2 0 2 )  
DOUBLE P R E C I S I O N  D 

CALL  J E D  

C A L L  F I N I S H  
STOP 
END 

J O I N T  E P I C E N T R E  D E T E R M I N A T I O N  ----------------------------- 
T H I S  PROGRAM COMPUTES S T A T I O N  CORRECTIONS, EPICENTRES, AN0  O R I G I Y  
T I M F S  OF SEVERAL EVENTS SIMULTAYEOUSLY. I F  THE EVENTS OCCUR ~ I T H I Y  
A L I M I T E O  R t G I O N  ( T Y P I C A L L Y  W I T H I N  23 DEGREES19 AT LEAST ONE EVFVT 
MUST HAVE EPICENTRE A N 0  O R I G I N  T I M E  RESTRAINED OTHERWIST THE 
L O L U T I O N  I S  UNSTABLE*  I F  THE EVENTS ARE WELL SPREAD AND RECORDING 
STATIONS WELL D I S T R I B U T E D  THEN THE S O L U T I O N  W I L L  RE STARLE WITHDJT 
ANY E P I C L Y T R E  B E I N G  K€ STRAINED. 

THE PR7GRAM B F G I N S  BY R E A D I N G  I N  D A T A  THAT W I L L  USUALLY BE 
CDMYflN T !  ALL RUNS9 AS FOLLOWS - 

A CADDS WITH STUDENTS T - 44 VALUES 
B C A W Y S  WITH VARIANCE R A T I O  F ( 2 p N F )  - 44 VALUES - WHFRE 2 ANP 

NF ARE DEGREES OF FREEDOM. 

A L I B P A U Y  OF S T A T I O N S  WITH T H t I R  L A T I T U D E S  AND LONGITUOES ARE 
NOW READ I N  BY SUBROUTINE TREAD (Q.V. 1. 

THF SUCCEEDING CARDS MAY D I F F E R  FOR EACH RUN. 

1. CARO W I T H  
F Y T  FORMAT FOR READING I N  STATION CllDES AND A R R I V A L  TIMES.  

THE WHOLE CARD C A N  HE USED. 

2. CARD U I T H  
NEVENT TOTAL NUMBER OF EVENTS. I F  NEVFNT.GT.5G THE JOB I S  

RFJECTED. 
TTSET T H I S  I S  A CODE FOR SELECTING D I F F E R E N T  TRAVEL T I M E  

TABLES. FOUR SETS OF TABLES ARE AVAILABLE.  PUNCH - 
JR TO O B T A I N  JEFFREYS-BULLFN TAHLES 
H 6 1  TO O B T A I N  H E R R I N  1 9 6 1  TABLES 
H 6 8  TO O 0 T A I N  H E R R I N  1 9 6 8  TABLES 
D L  TO O B T A I N  DOUGLAS-L1 LWALL TAMLES 

IMTRX PUNCH 1 TO O B T A I N  O E T A I L E O  P R I N T  OUT 
PUNCH 2 TO O B T A I N  ( M A S S I V E )  P R I N T  OUT OF MATRICES. 
OTHERWISE LEAVE BLANK. 

I K O N  PUNCH 1 TO SUPPRESS CONFIDENCE L I M I T S .  f lTHERWISE 
L E A V E  

I r J T  PUNCH A D I G I T  BETWEEN 2 4ND 9 T l l  APPLV JEFFRFYS 
H E I G H T I N G  FOR EACH I W T + l  I T E R A T I O N S  AT EACH OF THESE 

ITERATIC INS R E V I S E D  JEFFREYS PARAMETERS AND VARIANCES ARE COMPUTED. 
AFTER I W T + 1  I T E R A T I O N S  THE JEFFREYS PARAMETER AND V A R I A N C E  ARE 
HELD A T  THE I W T + 1  VALUE. I F  I W T  = 1 WEIGHTING I S  A P P L I E D  FOR 1 0  
I T E R A T l n Y S .  I F  IWT = 0 WEIGHTING I S  NOT APPL IED.  NOTE THAT THE 
PROGRAM A T  PRESENT 1 S DESIGNED TO RUN FOR 80 I T E R A T I O N S  A S  A TOTAL. 
FORMAT FOR PUNCHING T H I S  CARD I S  G I V E N  I N  STATEMENT 4 
THE PRUGRAH NOW READS I N  TRAVEL T I M E  TABLES S P E C I F I E D  BY TTSET. 
T H I S  DATA I S  READ I N  BY SUBROUTINE TREAD (Q.V.). 
NOW FOLLJWS NEVENT CARDS W I T H  DATA ON EACH EVENT TO BE PKOCESSEO. 
THE I T H  CARO OF T H I S  GROUP I S PUNCHED AS FOLLOWS 



E V E N T ( [ )  EVENT NAME -- USF DATE E.G. 2 9 / 1 9 / 6 5  
HY APPROXIMATE O R I G I N  T l M E  - HOURS 

M I N S  APPROXIMATE O R I G I N  T I M E  - MINUTES 
SECS APPROXIMATE O R I G I N  T I M F  - SECONDS 
ALAT  APPKOXIMATF L A T I T U D E  

S U  N OR S 
ALONG APPROXIMATE L O N G I T U D E  

€ W  E O R W  
H ( I I  DEPTH I N  Kf4S 

OR PUNCH R E S T R A I N  TO R E S T R A I N  O R I G I N  T l M E  
HRES PUNCH R E S T R A I N  TO R E S T R A I N  ~ E P T H  

I E P I C I  I) PUNCH ONE TO R E S T R A I N  E P I C E N T R F  
L 

C FORMAT FOR PUNCHING THESE CARDS IS G I V E N  I N  STATEMENT NUMBER 4 
C 
C 
C 
C 
C 
C T H F  Y F X T  CARD C A R R I E S  A l I T L E  FOR THE DUTPUT GRAPHS. THE YHOLE 
c CARO M a v  B E  USED. 

THE PROGRAM HAS THF F A C I L I T Y  FOR R E A D I N G  I N  I N F O R M A T I O N  &BOUT 
THE D A T A  B E I N G  PRDCFSSED. T H I S  I Y F O R M A T I n N  I S  REPRODUCED D N  THF 
F I N A L  P R I N T  OUT. 

THERE NOW FOLLOMS UP TO 100 CARDS W I T H  T H I S  I N F O R M A T I O N  
PUNCHED ON THEM -- THE WHOLE CARD CAN R E  USED EXCEPT COLUMNS 1 
AN0  8 ' .  TYE F I N A L  I N F O P M A T I O N  CARD HOWEVER YUST HAVE 1 I N  
CJLUYV 8C. F A I L U R E  TO DO T H I S  W I L L  RESULT I N  SUCCEEDING DATA 
CAROS a E I N G  READ I N  AS COMMENTS 

L 

C NfJW F n L L I I d S  NEVENT B L n C K S  OF A R R I V A L  T I M E  OATA OYE BLOCK FOR EACH 
C EVEkT .  THE F I R S T  CARD OF t A C H  BLOCK I S  THE EVENT NAME -- U H I C H  
C MUST B F  T H E  SAME AS THF  NAMt  G I V E N  I N  THE EVENT L I S T  ABOVE. THE 
C LAST  CARD OF EACH BLOCK I S  A BLANK. THE R E M A I Y I N G  CARDS I N  T H E  
C 6LOCK HAVE 
C 

C ASTV S T A T I O N  C O D t  -- ONLY I N C L U D E  S T A T I O N S  S P E C I F I E O  I N  THE 
C L I S T  ABOVE 
C AHPS ARRIVAL  T I M F  AT S T A T I O N  -- HOURS 
L A N I q S  A R R I V A L  T I M E  AT S T A T I O N  -- M I N U T E S  
C ASECS A R R I V A L  T I M F  AT S T A T I O N  -- SECOYDS 
L 

C A V A R 1 4 d L E  FORMAT I S  G I V E N  FOR T H I S  CARD . T H I S  MUST B F  PUNCHED OY 

C F I R S T  CARD FOLLOWIVG CARDS C I R R Y I N G  VARIANCE R A T I O  F. 
L TO PROCESS SUCCESSIVF HLOCKS OF DATA CARDS 1 ONWARDS ( F M T )  
C ARE PEPEATED.  

S U B R O U T I N t  J E D  

COMMON / A T A B /  N T A R L E r S T A (  3 0 C O ) * S L A ( 3 0 O O )  t S L O ( 3 ~ 0 0 )  r C O R ( 3 0 0 0 )  

COMMON / S T A T /  C O N ( 5 0 0  ) r  
1CX(19?OlrCY(1900)rST(44)rFD(44)rTrFsDF~AV~~~SUMS0~~UONtNN 

COMMON / G R F F /  T I T L E ( 2 O I p  KMAXt  X M I N t  YHAXI Y M I N t  I N D X t  l N D Y t  I N D t  
l I n O T c  AVSTRL,  X L l M I T  v V L I W I T t  SCALX, SCALY 

CllMHON /C I lNSTS/  P I  rDTORtRTODrZKMrcR,GFACTtHUGEt  SECOAY ROUND 

COMMON N X r N D t D I l )  

D I M E N S I O N  F M T ( l O ) * S F M T ( l O )  1 A T ( 1 )  
E Q U I V A L E N C E  ( D ( l I r A T ( 1 ) )  



REAL*8  TZ T L F * E V E N T r R D A T E * R T I & R E S T R * O R * Y R E S v A E V F N T * F M T * S F M T  
DOUBLE P R E C I S I O N  D , A T t O T , X X , H O T ~ A R T ~ S * X , S E C T M , D F ~ A V S Q t S U M S Q , E V , F V  
INTEGER HR ,VINS.AHRS* AWNS 

C 
DATA SO/4HS / r E N / 4 H N  / * F / 4 H E  /,W/4HW / ,BLANK/4H /, 

lRESTR/BHR E S T R A I N / *  
2 S F M T / 8 H  l1X1A4~e8H15X~I2rlr8HXtI2*1X~~8HF4.1) , 4 * 8 h  / 

L 
C 

C A L L  C L O C K ( 7 S )  
CALL  D A T I M  ( RDATEsRTIWE l 

READ 7, S T  
P R I N T  7 ,  S T  
REAO 79 F D  
P R I N T  7 9  F D  

7 FORMAT( 1 6 F 5 . 2 )  

SET  UP CONSTANTS 

DOUBLE P R E C I S 1 0 4  D P I r A v B * R , E L L I P  
A = 6 3 7 8 . 1 6 0  DO 
t L L I P  = L.DC/ 298.25 DO 
U P 1  4 .03*CATANl  l.DO1 
P I=DP I 
DTOR=DPI /  18C.00 
RTOD=183.DO/DPI  
B=A*(  1 .00-ELL I P )  
R=DFXP( ( (DLOG1O(A~+DLOGlD~Al+DLOG1O~Bl J/3 .DOl*DLOGt 1 P a D Q l  l 
LKM=R*DPI  / 180.00 
ER=ELL  I P*R 
G F A C T = f 6 * B ) / l A * A )  
HUGE = R* *8  
SECDAY = 24.*60.*60. 
ROUND = 0.5 
P R I N T  2, A ~ B * R I E L L I P ~ Z K M * E R I G F ~ C T * O P I ~  

1 PI,DTOR,RTOD,HUGE,SECDAV,ROUND 
2 F O R M A T ( l X * t l S . l G )  

READ I N  S T A T I O N S  AND COORDINATES AND F I R S T  OPTIONS CARD 

CALL  TSFAD(  BLANK*  I M T R X e l )  
READ 4 1  N F V E N T t  T T S F T r  I M T R X t I  FORM, IDEP,  I K O N *  IWT 
I M T R X = I Y T R X + l  
C A L L  TREAD( T T S E T * I M T R X * Z )  
GO TO 1 3 0  

L 

C READ I N  O P T I O N S  CARD AND CHANGE TRAVEL T I M E S  I F  REQUIRED 
C 

IhC REAO (5,4 ,END=311 NEVENT,CODEeIMTRX,IFOR~v I O f P , I K O N , I J T  
I M T R X = I H T R X + l  
REWIND 1 

C 
I F ( C 0 D t - B L A N K )  1 1 0 1  1 3 O r 1 1 0  

110 IF(CODF-TTSET)l20rl3Or120 
129 C A L L  TREADlCDDE*  IMTRX.2) 

TTSET=CODE 
C 

13P I F (  IFORMrNE.01  IFORM=l  
I F O R M = I F D R M + l  
I F ( I D F P . N E . O I I D E P ~ 1  
I D E P =  I D E P +  1 
IF ( IKON.NE.O1 IKON= l  
IKON= I K O N +  1 
IF ( IWT.EP.  1 ) I W T = 1 1  
P R I N T  1 

1 FORMAT ( 1 H l  l 
P R I N T  4, NEVEYT, TTSET~IMTRXIIFORM,IDEP~I KON* I W T  

4 FORMAT(1Xp  14rlX.A4rIZtI3,13tI3*I3I 
I R E L - 1  
NSTN=O 
1OT=O 
I OS=@ 
I E X I T = l  



C 
I F ~ N E V E F I T . C E . l ! ! O ~ G O  TO 14n  
P R I Y T  72 

7 2  F ~ l R Y A T 1 / 1 4 X ~ 3 L H J n H  H E J E C T ~ U  - TOO MANY EVENTS) 
G[) T n  3 1  

r 
L VEAO EVFhT k A M F  ( D A T t J  O P I G I N  T I M E  L A T I T U O E  AND L J N G I T U D E  
C PEPTH AYn WHETHtP DEPTH AhlD O R I G I N  T I Y E  TO HF RESTRAINED 
C CJNVERT I ~ Q I G I I V  T IME FROM r O U R S  YINUTES AN0 SECflNI)S TO SECONDS 
C SOUTH L A T I T U O F  AND WEST L INF ITUDE ARE CONVERTED TO NEGATIVE 
C L A T I T U D E  I S ALSfl CONVERTC9 TU GEOCENTRIC FROM GtOGRAPHIL 
C 

1 4  1 Df' 66 I=LINEVENT 
READ 6, € V E N T ( I  JtHRrYINSrSECtALATrSN(I)rALON(EW(I) s ~ ~ ( I ) ~ O R ~ H R E S ~  

l I E P I C (  I) 
6 FO~J I "AT(~XIA~? ,ZX,  I Z ~ I ~ ~ F ~ ~ ~ ~ F ~ " ~ ~ ~ A ~ ~ F ~ O ~ ~ ~ A ~ ~ F ~ ~ ~ ~ Z X I A ~ ~ ~ X ~ A ~ ~ I ~ ~  

LIT( I )=SECTH(HR,MINStSEC1 
t iOT( I ) = 3 T (  I )  
l i H ( l ) = H f  I )  
HSN( I )=SN ( I) 
H E W ( I ) = F W ( I )  
E L b T ( 1  J = A R S l A L A T )  
I F ( S N (  I ) . F O . S O ) f L A T (  [ I = - F L A W )  
H E L A T ( I ) = Z L A T ( I I  
ELAT(  I I=GEClCEN(FLAT( 1 )  1 
tLCIN( I I = A 6 S ( A L O N )  
I F ( E W (  I ) . E Q . W ) t L C N ( I  ) = - F L l N (  I) 
HcLLlhJ( I ) = E L O Q (  I )  
l rvr)O( I ) = l  
I N D H (  I ) = l  
I F ( O H . E ~ . R F S T R J I N D O ( I ) = C ~  
IF(HRFS.FQ.RESTR ) I N D H ( I ) = n  
I r_ IT= I I1T+ INDr (  I l 
LDS=IDS+I v o w  I ) 
I F  ( I E P I C (  I ) . F O . l ) I R E L = 2  

TO ( h h ~ 7 ' ~ 7 0 ) 1 I M T H X  
7 P ~ I N T  71,  F V F N T ( I ) , U T ( I )  , H ( I ) , H E L A T ( I  ) ~ H E L i J N ( I  ) t l Y n H ( I ) ,  I N D O ( I 1  
71 F C k Y A T ( 1 X , A P ~ F 1 2 . 2 ~ F 1 0 . 2 t ' 1 ' . 2 t F I 0 . 3 r 1 3 r 1 3 )  
66  CLINTINUC 

+iELAT(YFVEYT+lJ=O. 
d t L O N ( N F V E N T + l ) = " .  

r 
S F 1  UP FOAMPT OF ARRIVAL T I Y  DATA 

G t l  TO ( d O 9 6 2 )  P IFORM 
8; D n  R L  i = i , i c  

F u T (  I J=SFYT ( I  J  
a1 CUNTINUF 

G l l  TO 83  
0 7  KFAD 15,5, EN0=31 ) FYT 
d3 P R I N T  51  F Y T  

5 F l Q M 4 T ( l i A R )  
C 

1 S.1 O I Y E N S I C N S  OF A  AND tc Y A T F ~ I C E S  AYD RESIDUALS YATRIX C 
C I F TOO YANV UNKNOWNS ( D 1  YENSIONS TOO SMALL J JDR Q FJECTFn 
I U N K N ~ W N S  C A N  e t  KEDUCED R Y  k F S T R 4 I N I N G  DEPTHS 

rJE=NFVENT 
\IF l = I U T + I  OS+hlE+NE+l 
\ t i = N E l + l  
Vn=Nt I l *NEZ 
NS=ptNu(503 ,Z* (ND-NBJ  / ( N E 2 + N c )  vND/NEI 
NC =N8+NS*NF2/2  
NA=NC+NS*NE/7 
pQl1"T 39 N i  1pNE29NEZ ~ N S r V F ~ V S , N A , N B ( N C  9ND 

2 F l 1 ~ M A T ( / / 4 X r 1 7 H U S E S  D1MFYSI"N A ( v I 3 1 1 H 1 ( 1 3 1 4 H J  r b (  1 I 3 r l H ~  ,131  
1 4 H ) ~ C ( ~ 1 3 1 1 H ~ ~ 1 3 ~ 1 H ) ~ 2 0 X ~ 4 1 1 C ~  

IF(NS.GF.4)GO TO 150 
I E X I T = Z  
PF I N T  67 

67 Ft>PHAT( / / 4 X , 3 0 H J 0 0  REJFCTED - 'IESTRAIY DEPTHS J 
C 
C 

1 3 .  C4LL  OATIY(ROATEIRTIME) 
PP I N T  5 ? r  RDATFpRTIME 

55 F U H C A T ( l H 1 t  3 X e 3 2 H M U L T I P L t  EPICENTRE D E T E R M l N A T I f l N , 8 4 X , A 8 / 4 X ~  
132h-------------------------------- 184X,A8 / / )  

R F A U  ( 5 9 5 r E N n = 3 1 1  ( T I T L E ( I J * I = 6 r l S )  
C 
C kCbO I N  COMMENTS - UP T0  lot' CARDS 
C 



nCl 5 2  1=1,100 
READ 539 NC 
P R I N T  5 3  

5 3  FORMAT( 7 9 H  
1 , 1 1 1  

I F ( N 0 ) 5 2 *  5 2 9 5 4  
5 2  CONTINUE 

P R I N T  5 5  
55 F O R M A T ( / / 4 X , 5 9 H J O B  REJECTED - 1 PUNCH M I S S I N G  I N  COLeRO OF L A S T  r 1  

l T L E  CARD)  
GC1 TO 3 1  

C 
C S F T  M A T R I X  OF ARRIVAL TIMES t0 HUGE 
C 

5 4  no 1 5  K=I,NO 
A T ( K ) = D B L E  ( h U G E )  

1 5  CONTINUE 
C 
C READ EVEYT CARD FOLLOWED BY A R R I V A L  T I M E  DATA I N  EVENT ORDER 
c 

DO 17 I s 1  NEVENT 
NO=C 
READ 1 R ,  AFVENT 

1 8  FORMAT( Z X  1 At?)  
C 
C F I N 0  OUT WHICH EVENT I T  I S  
C 

0 0  19 K = l  t NEVENT 
IF(AEVENT.NE.EVENT(K)IGO T O  19 
KEVENT=K 
G J  TO 29 

19 CONTINUE 
I E X I T = 2  
P K I N T  681 AFVENT 

6 8  F 9 R M A T ( / / 4 X , 2 9 H J O B  R E J E C T E D  - UYKNOWN EVENT ,AB / / )  
2C P R I Y T  21,  AEVENT 
2 1  F O R M A T ( / / 4 X I A 8 / / 4 X , 7 H S T A T I O N ~ 4 X , 1 Z H A R R I V A L  T I M E / )  

C 
C READ S T A T I O N  AND A R R I V A L  T I M E  - I F  B L A N K  SWITCH T O  NEW EVCINT 
c 

2 2  R EAD FMT I ASTNrAHRS, AHNS, ASECS 
IF(ASTN.EO.BLANK)GO T O  1 7  

C 
C F I N D  OUT WHICH S T A T I O N  I T  I S  AND GET S T A T I O N  COORDINATES *ROM 
C L IRRARY L I S T  CONVERTING L A T I T U D E  TO GFOCENTRIC FROM GEOGRAPHIC 
C CONVERT 4 R R I V A L  T I M E  I N  HOURS MINUTES AND SECONDS TO SECONDS 
C 

NCJ=NO+l 
P R I N T  1 1 7 9  NOsASTNrAHRSsAMNSrAS€CS 

1 1 7  F O R M A T ( 2 X t  1 3 ~ 2 X ~ A 4 r 5 X t I 2 , 1 X ~ I 2 ~ 1 X ~ F 4 . 1 )  
1FlNSTN.EO.CIGO TO 32 
DO 2 4  J = 1  v N S T N  
l F ( A S T k . N E . S T N ( J l ) G O  T O  2 4  
CALL  A R T T I M ( A T , N E ~ N S ~ K E V E N T * J ~ S E C T M ( A H R S ~ A M N S , A S E C S ) , O )  
GO TO 2 2  

2 4  CONTINUE 
IF(NSTN.EO.NSlGU TO 26 

3 2  DO 2 5  K z l t N T A B L E  
1 F I A S T N . N E . S T A I K I I G O  TO 2 5  
NSTN=NSTY+ 1 
S T N I N S T N )  = S T A ( K l  
S L A T L N S T N ) = S L A ( K I  
SLON( NSTN = S L O t K )  
C A L L  A R T T I M I A T ~ N E ~ N S , K E V E N T ~ N S T N , S E C T M ( A H R S ~ A W ~ A S E C S ) ~ O I  
SCOS ( NSTY ) =COR I K I 
GO TO 22 

2 5  CONTINUE 
P R I N T  69, ASTN 

69 FORMAT(/ /4X,27HREJECTEO - UNKNOWN S T A T I O N  1 A 4 / / )  
GO TO 22 

L 
2 6  P R I N T  73, A S T N  
7 3  FORMAT( / / 4X ,29HREJECTED - TOO MANY S T A T I O N S  v A 4 / /  1 

GO TO 2 2  
1 7  C l l N T I N U E  

C 
C P K I N T  T O T A L  NUMBER OF S T A T I O N S  USED 
C I F  AN ERROR OCCURRED I N  S E T T I N G  U P  THE JOB' I S  TERWINAT ED 
L 

P R I N T  14, NSTNt 
14 FORMAT[ / / / / 4X ,31HTOTAL  NUMRER OF S T A T I O N S  USED ~ t I 4 / / 1  

GO TO ( 3 0 * 3 1 ) , 1 E X t T  
3 1  RETURN 



C 
C COMPLETE ARRIVAL TIME DATA AND SET A B C MATRICES TO SEND TO SNORM 
C 

30 CALL AKTT IMIAT INE ,NSTNI I~J ,O .  9 IMTRXI 
CALL SNORMIO( l1  ,D(NB+l)rD(NC*llrNEcNElcNEZrNS) 

.L 
C COMPUTE T I M E  FOR JOB 
L 

CALL CLOCK I TF 
TStt TF-TS)*60. 
PRINT 227, TS 

2 2 7  FORMAT(/ / / / /ZZX, 20HTIME TAKEN FOR JOB =,F7.2r8H SECONDS 
TS=TF 
GO TO 100 
END 

SUBROUTINE S N O R M ( A , B I T R G I D , N ~ , N E ~ , N E ~ , N S )  
DIMENSION A4NElsNE21 rB(NEZ,NS)rTRESID(NErNS)  

C 
C 
C THE MAIN PURPOSE OF T H I S  SUBROUTINE I S  TO SETUP 
C THE NORMAL EQUATIONS 
C 
C 

COMMON /JEDS/  N ~ N O ~ N S T W ~ F I E V E N T ~ ~ O T ~ I D S ~ N S N E ~ N S Z N E I N S ~ N E ~ N ~ ~ N E S  
l C N I C S ~ C F I C W ~ R O A T E , R T I ~ E ~ T T S E T I L R E L ~ I F O R M ~  IDEP,IHT,IMTRX, 
2 E V E N T ( 1 0 1 ) ~ 0 T ( 1 0 0 ) ~ H ~ l O O ) ~ E L A T ~ l O l ~ ~ E L O N ~ l 9 l l ~ S N ~ l O l ~ r € U ~ l O l ~ r  
~ I N D o I  l 0 0 1  t INOH( lOO),HOT(lOO) r H H ( l 0 0 )  rHELAT ( 1 0 1 1  rHELON( l O 1 I r  
4HSN( 10011HEW( 1 0 0 l ~ I F P I C ~ l 0 0 I  ,A IND(1001  r 
5 s T N ( 5 0 0 j r  S L A T ( ~ O O ) ~ S L O N ( ~ O O ) * S C O R ( ~ ~ O I  , A " R T ( 5 0 0 ) ~ S ( 5 0 0 1  rPSTN(5001,  
6 0 1 S T ( 5 0 0 1  ,AZ(500l~X~801)~XX(80l~tLOt~800~ r E V ( 8 0 0 )  r F V ( B 3 0 )  

L 
COMMON /STAT/  COT~1001~CH(1001rCLAT~100l,CLON~10Q)rCAREA~lOO~r 

l C X ( 1 9 0 0 1  ,CY(1900 )  r S T ( 4 4 )  f i D ( 4 4 1  rT,FtDfsAVSQ,SUMSQ,IKONrNN 
L 

COMMON /CONSTS/ P I  ,DTORrRTODrZKMrER, GF ACTcHUGEr SECDAY *ROUND 
L 

DIMENSION PHRS( l00) ,PMINS( lOOB ,PSECSi lOOb,REG(lb)  
INTEGER PHRS,PMINS,AHRSIANINS~HHRS,HMINS 

L 
REAL+$ EVEN1,RDATErRTI MEIHMEAN 
DOUBLE PRECIS ION A r X  P A R G ~ D T ~ D H I R E S I O ~ H O L D ~ O C S ~ D S N ~ O T ~ W ~ S U M S Q ~ A V S ~ ~  

l W S U M S Q t W A V S Q , O F r A R T ~ S t X X v S I V ~ S Q E P ~ H O T ~ E V ~ F V ~ E P S  
C 

DATA HMFAN/8H MEAN / rSTAR/4H*  / S  BLANK/4H / 
L 

C 
C SET CONSTANTS 

L 

00 7 7 4  J = l  ,NS 
DO 7 7 3  I = l , N E  
T R E S I D f I  9 J )*HUGE 

7 7 3  CONTINUE 
774  CONTINUE 

DO 7 7 7  I z l t  l6 
REG( I )=BLANK 

7 7 7  CONTINUE 
IF(IWT.LE.O)GO TO 999 

C 
C SET UP RESIOUALS FERST T IME ROUND I F  WEIGHTING REQUIRED 
C 

DO 7 7 2  I x l r N E V E N T  
READ (1) ( A R T ( J I ~ J * ~ ~ N ~ & )  
DO 771 Jz1,NSTN 
I F ( A R T ( J I  .GE.DBLE(HUGE1160 TO 771 
CALL BALDEC(ELATI I ) ~ E L ~ ( I  ) ,SLAT( J ) r S L O N 4 J ) r B B w A Z f  J 1 r D I S T t J ) r D T O R l  
CALL DTDD(M(I)~DIST~J)~~OR(JI~MICH?IELAT(III~HEIGHTESLAT(J))~ 



771 CONTINUE 
772. C3NTINUE 

REWIND 1 
t 
C BEGIN ITERATION LOOP WITH ITER THE ITERATION COUNT 
C C O U N T U P h l U M B E R 0 ~ U N R L S T R ~ ~ I N E O D E P T H S A N D O R I G I N T I . H E S  
C 

9 9 9 .  I T E R = I T E R + l  
DF=O. DO 
SUMSQ=O.DQ 
W'SUMSQ-G. Q0 
IRES=O 

C 
I o=o  
I H=IO+IOT 
I L A = I H + I D S  
ILO=ILA+NEVENT 
N= ILO+NEV6NT 
N=N+l  
I F (  IHEL.EQ.Z)N=N-1 
NO=N + 1 
NSNF=NSTN+NEVENT 
NSZYE=NSNE+NEVENT 
VS3NE=NSZNF+NEVENT 
N S ~ N E = N S ~ N E ~ N E V E N T '  
NOR€=NS4NE+l 
NJ=N+NSTN 
NEP=O 

C. 

C I F  WEIGHTING REQUI €D F I N D  JEFFERYS PARAMETER MEAN AND VARIANCE 
C OF RES IOVALS S0 T& HEIGHTS CAN BE CO'4PUTED 

L 

C XX CONTAINS BOTH RESTRAINED AN0 UNRESTRAINED PARAMETERS 
C X COY TA lNS  COMPUTE'D CORRECT1 ONS TO UNRESTRAINED PARAMETERS 
C LOC I S AY ARRAY OF INOICES SUCH THAT THE I T H  ELEMENT OF THE X 
C ARRAY I S  THE CORRECTION TO PARAMETER I N  PDSIT~~N LOC(1)  I N  XX 
C 

IO=NSTN 
IH=IO+IOT 
DO 40 J = 1  9 NSTN 
XX(JJ=SCOR(J)  
LOC( J )=J 

40 CONTINUE 
DO 48 I = l r N F V E N T  
I l =  I +NSTN 
IZ=I+NSNE 
13=l+NSZNE 
I4= I+NS3NE 
X X I I l ) = D T (  I )  
XX ( IZJ=H f  I) 
XXf 1 3 ) = E L A T ( I  J 
XX( I 4 ) = E L U N ( I  J 
IF ( INOOf I ) .EQeOJGO TO 4 1  
I O = I O + l  
L o t (  l O ) = I  L 

41 I F (  I N D H t I  J.EQ.OlGO, TO 42 
I H = I H + l  
LOC( I H ) = I 2  

4 2  I L A I = I L L + I  1 
L O t f  I L A I  ) c l 3  
I L 0 I = I L O + 1 1  
LOC( XL01 ) = I 4  

4 8  CONTINUE 
XX(NOREJ=OeDO 
LOC( NJ)=NORE 

C 
C ZERO MATR&X OF NQRMAL EQUhTIONS 
C 

DO 4 3  I = l , N  
DO 4 4  J=lv,NG 
A (  IvJ)=O.OO 

4 4  CONTINUE 
43 CONTINUE 

00 4 5  J s l r N S T N  
S( J)=O.DO 
PSTN( J)=OeO 
DO 45 I = l t N O  
B t  I r J ) = O * O  

46 CQNTINUE 
4 5  CON1 INlJE 

S i  



C 
C S E T  U P  NORMAL EQUATIONS 
c 

I O = O  
I H = I O + I O T  
DO 1 I = l r N f V E N T  
I B = l  
I B B = l  
I L A I = I L A + I  
I L O I =  I L O + I  
I F ( I N O O (  I I .EQ.O)GO TO 2  
I B=2 
I O = I O + l  

2 I F ( I N D H ( 1 ) - E P e 0 ) G O  TO 3 
I BB= 2  
I H = I H + l  

3 READ (11 ( A R T ( J )  eJ=l ,NSTN) 
00 4 J = l , N S T N  
I F ( A R T ( J 1  .GE.DBLE(HUGEI)GO TO 4 
P S T N t  J ) = P S T N (  J )+1 .0  
CALL BAZDEL(ELAT(I),ELON(I ,SLAT( J I , S L O N ~ J I , B B , A Z ( J ) ~ D ~ S T ( J ) ~ D T O R )  
C A L L  D T a D ( H ( 1  J ,DIST(J ) ,SCDR(J)  r H E I G H T ( E L A T ( I ) ) t H E I G H T ( S L A T ( J ) ) ~  

~ D E R I V , D D E P I T T )  
ARG=DBLE( A Z (  J )*DTOR) 
R E S I D = A R T (  J ) - O T (  1 ) - D B L E ( T T 1  
T R E S I D ( 1 . J  ) = R E S I D  
I F ( D I S T ( J )  eGE.110. )GO TO 4 
SUMSQ=SUHSQ+RESID*RESID 
DT=-DBLE( D E R I V )  
D S N = D T * D S I N ( A R G )  
DCS=DT*OCOS(ARG) 
DH=DRL E4 D D E P )  
DF=DF+L.OI) 
I F ( 1 W T e E Q e O ) G O  TO 24 

C 
C COMPUTE WE I G H T  
C 

C l = ( T R E S I D (  I * J I - W M E A N ) * * 2  
C212.0*51 G * S I G  
C 3 = C l / C 2  
I F ( C 3 . G T o  100 .C)C3=100.0  
W=leDO/t1 .DO+DBLE(EYU*EXP(C3))  ) 

C 
C SET UP ELEMENTS OF M A T R I X  Of NORMAL EQUATIONS 
C 

2 4  WSUMSQ=WSUHSQ+RESID*RESID*W 
S (  J ) = S ( J ) + W  
B L N O ~ J ) = B ( N O t J ) + R E S I O * W  
GO T f l ( Z D r 2 l ) r I B  

C 
2 1  B ( I O , J ) = B  ( 101 J)+W 

A (  10, I O ) = A I  IO, IO)+W 
A(  10, I L A I  ) = A (  1 0 s  I L A I  )+OCS*W 
A (  10, I L O I  ) = A (  101 I L O I  )+DSNtW 
A (  IO.NO)=A( IO,NO)+RESIWW 

20 GO T 0 1 2 2 r 2 3 ) r I B B  
C 

23  B (  I H t J ) = B (  I H ,  J)+DH*W 
A (  IH,  I H ) = A (  IH,IH)+DH*DH*W 
A( I H ,  I L A I  ) = A (  I H ,  I L A I  )+DH*DCS*U 
A (  IH,  I t 0 1  = A (  IH,  I L O I  )+DI.I*DSN*W 
A(  I H * N O ) = A (  I H t N O ) + D H * R E S I D I W  
GO T O ( 2 2 r 2 5 ) r I B  

2 5  A ( I O ~ I H ) ~ A ( I O r I H l + D H * W  
C 

2 2  B (  I L A I e J ) = B ( I L A l r J ) + O C S * W  
3 (  I L O I ~ J ) = B i I L O I ~ J ) + D S W W  
A (  I L A I  9 1 L A I  ) = A (  I L A I ,  I L A I  )+DQ$*DCS*Y 
A( I L A I  , X L 0 1  ) = A (  I L A I  I L O I  )+DCS*DSN*W 
A(ILOI~ILOI)=A~ILOI~~LOI)+DS#*DSN*W 
A (  I L A I , N O l = A (  I L A I r N O ) + M ; S * R E S I D * W  
A( I L O I , N O  ) = A (  ILOI INO J+DSN*RESf O*W 

4 C O N T I N U E  
I f  ( I E P I C I  I ) .EQ.O)GO TO I 
AI ILAI'SLLAI ) = A (  I L A I *  I L A I  )+DBLE(HU$E) 
A (  ILOI ,ILOI )=A(  ILOI S ILOI )+D~.E(HUWI 
A (  I L A I  ,NO)=OeDO 
A(  ILOI,NO)=O.DO 
I R E S = I R E S + Z  



1 CONTINUE 
RFWIND 1 
GO TO ( 6 , 3 0 ) r l R E L  

h 00 7  J=l,NSTN 
B ( N I J I = B I N ~ J ~ + L .  

7  CONTINUE 
C 

3 0  DO 2 6  I s1 .N  
DO 2 7  J = I r N  
A ( J v I ) = A ( I * J F  

2 7  CONTINUE 
2 6  CONTINUE 

C 
GO T n  1 3 2 * 3 2 r 3 1 ) r I M T R X  

3 1  PRINT 667, ( D I S T ( K ) , K ~ l , N S T N )  
PRINT 6679  ( A Z ( K ) r K = l r N S T N )  

32  IF(ITER.GT.L)BO TO 1 8 5 0  
C  
C PRINT OUT RCS$IDUALS BEFORE F I R S T  ITERATION 
C 

00 1 0 0 3  I C = l , N 9  
NLOW=( I C - 1 ) * 9 + 1  
NHY=NLOH+8 
IF(NHY.GT.NEVENT)NHY=NEVENT 
PRINT 54, RDATE,RTIME,(EVENT[I ),I=NCOW*NHV) 
PRINT 55 

C  
DO 1 0 0 4  J x l r N S T N  
DO l005 I=NLOWpNHY 
I F ( T P F S I D l l r J ) . L T . H U G E ) C O  TO 1008  
AIND(  I )+HLANK 
C O T (  I )=D. 
GO TO 1005 

1008 A I b D I  I )=STAR 
COT( I ) = T R E S I D ( l , J )  

1005 C3NTINUE 
PRINT 56, J ~ S , $ N I J ) ~ ( C O T ( I ) ~ A I N D ( I I ~ ~ ~ * N L O U ~ N H Y )  

1 0 0 4  COhT [NUE 
1 0 0 3  CONTINUF 

C 
C PRINT OUT STATION - EVENT PA IRS  FOR WHICH RESIDUALS ARE GREATER 
C THAN 100 SECONDS 
L 

1 8 5 0  DO 1 8 5 2  I x l r N E V E N T  
DO 1 8 5 1  J t l r N S T N  
I F I T P E S I D (  IrJt.GE.HUGE)GO TO 1 8 5 1  
I F ( A B S ( T S E S 1 D i  I ,JI  )~GT.lOO.O)PRINT l Q 5 4 r  S T N ( J ) * F V E N T ( I )  

1854 FORHAT(4X *21HRESIDUAL FROM STATION, lX*A4,1X*BHTO EVENT 1XeABr lXv  
124HGKEATER THAN LOO SECONDS) 

1 8 5 1  CONTINUE 
1 8 5 2  CONTINUE 

C  
1002 GO TO (668,668,6691, IMTRX 
669 DO 6 6 6  1 z l . N  

PRINT 6 6 7 s  ( A ( I , J ) r J = l v N O )  
5 6 7  FORMAT( lX* lOF12.3)  
6 6 6  CnNTINUE 

DO LB1 J = l  vN$TN 
PRINT 667, (TR%SID( I  ,JI r I = l r N € V E N T )  

6 7 1  CONTINUE 
PRINT 6 6 7 , ( X X ( I l r I = l * N O R E )  
PRINT 6 7 7 , 1 L O C ( K ) r k I r N J )  

6 7 7  FORMAT( 1 X 1 4 C I 3 1  
C 
C COMPUTE NUMBER OF DEGREES OF FREEDOM DF 
C  

Q68 NUnN+NSTY-IRE5 
DF=DP-DFLOAT( NU) 
I F t I R E L - l ) 4 0 4 r 6 7 2 r 4 0 4  

6 7 2  DF=DF+Z.DO 
NU=NU-2 

C  
C F I N D  APPROPRIATE VALUES OF STUDENTS T  ANB VARI E RATIO 
C  F  FOR 95  PERCENT POINTS AND OF DEGREFS OF FREED f 



4 0 6  MDF=44 
405 T=ST(MDF)  

F=FD( MDF) 
MDF=OF 

C 
EPS=DABS( HOLD) *l.OD-4 
HOLD=HOLD-WSUMSQ 
AVSQ=SUYSQ/OF 
WAVSQ=WSUMSQ/DF 
SD=DSORT( AVSQ) 
WSO=DSQRT ( WAVSO) 
I C = I T E R - 1  
P R I N T  1 0 0 1 ,  ICISUMSQ 

1 3 0 1  FORMAT( / /4Xe31HSUM OF SQUARED R E S I W A L S  AFTER , 1 2 * 1 3 H  I T E R A T I O N S  P 

l l F 1 5 . 5 )  
I F (  IWT.NE.0) P R I N T  1006 .  WSUMSQ 

l ' f ~ h  FORMAT(/ /  1 5Xv35HWEIGHTED SUM OF SQUARED RESIDUALS z p F 1 5 . 5 )  
IQ00 I F ( D A B S ( H O L 0 )  .LT .EPS.OR. ITEPeGT. lO)GU TO 9 1 6  

HOLO=WSUU SO 
C 
C SOLVE M A T R I X  TO O B T A I N  CORRECTIONS ( X )  TO PREVIOUS ESTIMATES 
C 

CALL M S O L V E ~ ~ , A I B I N E ~ ~ N E Z ~ N S )  
C 
C CORRECT LONGITUDE CORRECTIONS FOR DISTANCE FROM EQUATOR 
C 

DO 2 8  I = l v N E V E N T  
I L O I =  [LO+NSTN+I 
X (  ILOI)=X(ILOI~/DCOS(DBLE(ELAT~I~*DTOR)J 

2 9  CONTINUE 
L 

C ADD CORRECTIONS ( X )  TO T R I A L  ESTIMATES ( X X )  - 
L 

DO 2 9  J r l  t N J  
I = L O C (  J) 
K X ( 1  J=XX( I J + X ( J )  

2 9  CONTINUE 
C 
C R E V I S E  EPICENTRE O R I G I N  T I M E  AND DEPTH OF A L L  EVENTS 
C 

DO 6 0  Jnl NSTN 
SCOR( J ) = X X ( J J  

60 CONTINUE 
DO 6 1  I a l r N E V E N T  
I l = I + N S T M  
I Z=I+NSNE 
I 3 = I + N S 2 N E  
I 4 = I + N S 3 N E  
O T I  I ) = X X l  11) 
H I  I t = X X ( I L I  
E L A T I  I ) = X X (  1 3 )  
ELON( I ) = X X (  1 4 )  

6 1  CONTINUE 
C 
C COMPUTE MEAN L A T I T U D E  AND LONGITUDE OF GROUP OF EVENTS 
C 

CALL AMAX ( FLAT,NEVENT,ENA) 
CALL  AMAX ( EtONvNEVENT EHOJ 
C A L L  A M I N (  ELAT~NEVENTIEMANJ 
CALL A M I N (  E'LON,NEVENT,EMONl 
E L A T ( N 1 1 = (  EMA-EMAN)/Z.+EMAN 
E L O N ( N l I = (  EMO-€MONJ/2.+E*ON 
I F ( (  EMO-EMON) mGT.180.) E L O N ( N l ) ~ E L O N ( Y L ) - S I G N ( 1 8 O o  , E L O N t N l l j  
DO 6 2  J = l , N S T N  
CALL B A Z ~ E L ~ E L A T ( N l ~ ~ E L O N ~ N l J ~ S L A T l J ~ r S L O N ~ J ~ ~ B B s A Z ~ J ~ ~ D I S T ~ J 1 ~  

1DTOR I 
h 2  CONTINUE 

C 
GO TO ( 9 9 9 r 6 8 0 1 6 8 0 ) r  IMTRX 

6 8 0  P R I N T  681 ,  ~ E v E N T ~ ~ ) ~ O T I I ~ ~ H ~ I ) , E ~ A T ~ I ~ ~ E L O N ~ I ~ ~ I ~ ~ ~ N ~ ~  
h 8 1  F O R ~ A T ( ~ H ~ / ( ~ X ~ A ~ ~ F L ~ . ~ ~ F ~ O . ~ ~ F L O ~ ~ ~ F ~ O . ~ J  J 

P R I N T  6 8 2 ,  (STN(  JJ rSCOR(  J) r J ~ 1  ,MSTNl 
6 8 2  FORMAT( 1 9 1 3 X s A 4 r F 6 . 3 ) )  

GO TO (999 ,999g683J . IMTRK 
6 8 3  P R I N T  667 ,  ( 0 I S T ( K J  , K x l r N E V E N T l  

PRINT 667, (AZIK~,K=~,NEVENT) 
GO TO 999 

L 
C 
C I T E R A T I O N S  NOW COHPLETE AND PREPARE RESULTS FOR P R I N T I N G  M/T 



X(K)=O.DO 
XX(K)=G.00  

1 6rt LONT I NUE 
GO TO(  15C ' *151 ) , IKON 

15: HOLD=AVSQ 
IF(IWT.NE.O)AVSO=WAVSQ 

C 
C COMPUTE CONFIDENCF L I M I T S  AND CONF19ENCF C L L I P S E S  
C 

C A L L  CUNFIILA*ILO*A*B,NEl,NEZ*NS) 
AVSQ=HULD 

C 
C P R I N T  OUT I N I T I A L  E S T I M A T E S  AND R E V I S E 0  C S T I M A T E S  OF E P I C E N T R E S  
C ETC AND CONFIDENCE L I M I T S  
c 

1 5 1  P R I N T  1589 I T E R I R O A T E ~ R T I M E  
1 5 8  FORMAT( I H I *  3 X * 1 4 H R E S U L T S  AFTER ~ I ~ ~ ~ X I I ~ H I T E R A T I O N S ~  

1 8 9 ~ .  A 8 / 4 X 1  27~---------------------v----- r H 9 X s A 8 / /  / 31Xe5HEVE& 
? ~ X P ~ ~ H O R I G I N  T I M E * b X r l W D E P T H  (KM) ~ ~ X I ~ H L A T I T U D E I ~ X ~ ~ H L O N G I T U D E )  

C. 
L COMPUTE F P I C E N T R E  S H I F T  BETWEEN I N I T I A L  AND R E V I S E D  E S T I M A T E S  BY 
C STANDARD S P H E R I C A L  T R I G  METHODS 
I 

DO 9 7 0  I = l * N 1  
CALL  B A Z n E L ( G E O C E N ( H E L A T ( I ~ ~ v H E L O N ( [ J ~ E L A T ( I ) ~ E L ~ N ( I J ~  

l R H * A ? Z , S H I F T * D T O R )  
t L A T (  I ) = G E O G R F ( E L A T ( I  1 
SN( I 1 =CN 
I F ( E L A T (  I) . L T . O . O I S N ( I ) o t S  
E L A T (  I ) = A R S ( E L A T ( I  ) )  

€ W (  I )=CE 
I F ( E L O N (  I ).LT.O*O)EY( I  1zCW 
ELON( I J = A B S ( E L O N (  I ) I  
I F (  I .GT.NEVENT)GO TO 923 
H F L A T ( I ) = A R S ( H E L A T ( I ) J  
HELON( I )  = A B S (  HELON( I) 
K = I + N F V € \ T  
X ( I l = E L A T (  1 ) - H F L A T ( 1 )  
X ( K ) = F L O N ( I ) - H E L O N ( 1 I  
HOHO= BL ANK 
H I H I = R L A N K  
C A L L  H K T Y ( O T ( I I ~ A H R S ~ A M 1 N S t A S C C S ~  
C A L L  HPTM(HOT(  I t * H H R S t H M I N S , H S E C S I  
IF1INDO(I).EQ.O)HOHOeSiAR 
IF(INDH(I).kQ.O)HIHIPSTAR 
P K I N T  9 2 1 ,  EVENT(I)~HHRS*HHINStHSECS~HH(I)* 

l H E L A T (  1 )  r H S N I  I *HELON(  I J T H E W ~  I ) 
Q 2 1  F04MAT(////@X*18HORIGlNAL EPICENTRE ~ 4 X * A 8 , 3 X * 2 1 3 *  F 6 6 2 9  

1 6 X * F R . 3 r 6 X * F 8 . 3 * 1 X t A l t 4 X * F 8 . 3 , 1 X v A l )  
P R I N T  922, AHRS* A M I N S *  ASECSr  HOHO, H ( l ) t  H I H I *  

~ E L A T ( I J ~ S I ~ ( I ) ~ E L O N ( I ) ~ E W ( I J  
9 7 2  FORMAT(4X*22HRECALCULATED EPICENTRE,  1 5 X * 2 1 3 r F b . Z ,  

I F ( I E " I C ( I I . N E . O I G 0  TO 2 0 5 3  
C 
C CONVERT S H I F T  I N  EP ICENTRE TO K ILOMETRES AND I F  L E S S  T H A N  10 KM 
L HECOHPUTF B Y  PYTHAGORAS TO REDUCE ROUNDING ERROR 
C 

S H I F T = S H I  FT+ZKM 
I F ( S H I F T - 1 0 . ) 4 2 8 * 2 0 5 0 , 2 0 5 0  

Q 2 8  n l = X (  I )*ZKM 
D Z = X ( K ) * C O S ( E L A T ( I  J*DTORl*ZKM 
S H I F T = S U R T ( D Z * 0 2 + D l * D l  J  
A I Z = A T A N 2 ( D Z r D l )  
IF(AZZ.LT*O.OJALZ=AZZ+2.*PI 
AZL=AZL*KTOD 

7 0 5 ,  P R I N T  2 0 5 1 r  S H I F T t A Z L  
2: 5 1  F O R M A T ( / 1 7 X * 1 7 H E P I C E N f R E  S H I F T E D r F V . 3 , 1 4 H  KM A Z I M U T H *  F7.21 

15H DEGS) 
NEP=NEP+Z 
GO TO 2r154 

2 " 5 4  P R I N T  L052 
2 - 5 2  FORMAT( /17X120HEPICENTRE R E S T R A I N E D )  
Z n 5 4  PHRS( I l = A H R S  

P M I N S (  I ) = A M I N S  
PSECS( I ) = A S E C S  

9 2 C  L O N T I N U F  
C 
C LClOKUP R E G I O N  AND P R I N T  MEAN EPICENTRE AND TRAVEL T I N E  CODE 
C 



9 2 3  C A L L  L O O K U P ( E L A T ( N l l ~ S N ( N 1 ~ ~ E L O N ~ N l I ~ E U t N 1 I ,  I G R E G 9 I S R E G , R E G ~ 2 I  
P R I N T  9 2 4 ,  (QEG(  I l r I = l r B )  rELAT(N1)1SN(NL)rELON(Nl I ~ E N ( N 1 ) ~  

1 (REG(  I I , I = 9 , 1 6 )  , T T S E T  
Q 2 4  F O R M A T ( / / / / l Z X , 1 4 H M E A N  F P I C ~ N T R E ~ ~ X I B A ~ ~ ~ X ~ F ~ ~ . ~ ~ ~ X ~ A ~ ~ ~ ~ . ~ ~ ~ A ~  

1 / 3 0 X ,  U A 4 / / / 4 X * 2 3 H *  R E S T R A I N E D  PARAMETERS 
2 / / / 4X ,A4 ,17HTRAVFL  T I M E S  USED) 

C 
P R I N T  9 2 5 ,  RDATE*RTIYEI(JISTN( J ) m R ( J ) 1 X X ( J I t D I s T ( J l * A Z [ J ) *  

1 PSTN(  J I  ~ J P ~ ~ N S T Y I  
Q 2 5  FORMAT( 1 H 1 ,  3 X 9 3 0 H S T A T I O N  CORRECT IONS (SECONDS 1 9 8 6 X * A 8 /  

14~,30~--------------------------- * 6 X * 1 3 H M E A N  DISTANC€,6X,  
212HMEAN AZ IMUTH,hX, 15HNU. OF REAOINGSIZBXIAB// 
3 ( 2 X ,  13t2X,A4,F1@.3,bH +DR-,F7.3,6XsF10.3r l O X , F R . 2 ~ l O K ~ F b . O ) b  

PUNCH 9 2 6 ,  (STNIJ)9SCOR(Jl,J=l,NSTNI 
9 2 4  F O R M A T ( ~ X I A ~ , ~ O X , ~ H C ~ F ~ . ~ I  

GO TO(  1 5 2 , 1 5 3 J , I K O N  
1 5 7  P R I N T  1 5 4  
1 5 4  FORMAT(/ / /4X,30HCONFIDENCF L I M I T S  NOT COWPUTEDI 

GO 1 ' 1  1 5 7  
1 5 2  P R I N T  15h, RnATE,RTIME 
1 5 0  FORMAT( 1 H 1 ,  3 X 1 4 2 H 9 5  PERCENT CONFIDENCE L I M I T S  ( K I L O n E T R E S ) r 7 4 X ,  

1~8/4~,42~------------------------------------------ ~ 7 4 x 9  AB/ / /  1 
L 

DO 1 6 1  I C = l , N 4  
NLOW=( I C -  1 ) * 4 + 1  
NHV=NLOW+ 3 
IF(NHY.GT.NEVENTlNHV=NEVENT 
P K I W T  1 6 2 1  ( F V E N T ( I l , l = Y L O W , N H Y )  
P R I N T  1 6 7 1  ( E L A T (  I ) q S N (  I I * C L A T I  I )  I=NLOWeNHY) 
P R I N T  lh4, (ELON(  I ),EM( I )  , C L O N ( I I t  I = Y L O W * N H V l  
P R I N T  l h 5 ~ ( H ( I l ~ C H ( I ~ , I = N L O Y ~ N H Y l  
P R I N T  1 6 6 , ( P M R S ( I ) , P M I N S ( I  ) , P S E C S ( I l s C O T ( I  1, I = N L O W * N H V l  
P R I N T  l h 7 ,  1 C A R E A ( I ) , I = N L D W t N H V I  
PQIF tT  1 6 8  

1 6 2  F O R M A T ( ? C X , A 8 ~ 2 1 Y , A R t 2 1 X t A B ~ 2 l X ~ A R )  
1 6 7  F O R M A T ( / l X , l Z H  L A T I T U D E , ~ X , ~ ( F ~ ~ . ~ V ~ X , A ~ ~ ~ H  + O R - r F 9 . 3 9 2 X I  
1 6 1  F O R M A T ( / l X * l Z H  L O N G I T U ~ E ~ ~ X ~ ~ ( F ~ O . ~ V  l X t A 1 , b H  +OR-*FQ. 3 ~ 2 X )  I 
1 6 5  FOQ.MAT(/LXI~ZH DEPTH ( K M ) , 3 X , 4 ( F 1 0 . 3 r 2 X ~  6 H  +OR-*F9 .3 ,2X) l  
1 6 6  F O R M A T ( / ~ X I ~ Z H  O R I G I h  TIME,  4 ( 1 6 1 1 3 r F 6 . 2 r  6H +OR-,F6.2,2H S ) )  
1 6 7  F O H M A T ( / I X I ~ ~ H A R E A  OF C O Y F . , 2 X , 4 ( F l Z . Z ~ l T X ) )  
1 6 P  FORMAT( l X ~ 1 3 H R E G I O N  SQ.KM.//) 
161 CONTINUE 

C 
C P R I N T  R E S I O U A L S  AND WEIGHTkD R E S I D U A L S  WHEN R E Q U I R E D  
C 

1 5 7  N O R E = l  
1 5 5  D 0  8 1 9  I C = l , N 9  

NLOW=( I C - 1 ) * 9 + 1  
NHY=NLOr(+8 
IF(NHY.GT.FtEVENTINHY=NEVENT 
GO TO ( 1 8 2 e 1 8 3 ) , N O R E  

1 8 2  P R I N T  549  R D A T E 9 R T I M E , ( E V E N T ( I  I v I ~ N L O U 9 N H V l  
5 4  FORMAT( 1 H 1 ,  ' 3 x 9 1  8HTAHLE OF R E S I D U A L S  9 9 8 x 9  A8/4XW--- - - - - - - - - - - -  

1- - ,9UXlb8 / /4X ,8HSTATION , 9 ( 5 X , A B l  l 
P R I N T  55 

5 5  F O R C A T ( 1 X I  
GO TO 1 8 4  

1 8 3  P R I N T  58 ,  RDATE,KT iM€ t  ( € V E N T ( I  ) r I = N L O U , N H Y I  
5 0  F O R M A T ( l H 1 ,  3 X 1 2 7 H T A 8 L E  OF WEIGHTED R E S I D U A L S I ~ ~ X , A ~ / ~ X I ~ ~ H . - - - - - -  
I-------------------- ,89X,48 / /4X ,8HSTATION , 9 ( 5 X , 4 R I )  

P R I N T  5 5  
1 8 4  DO 5 7  J = l , N S T N  

DO h5 I =YLOk ,NHY 
I F l T R E S I D (  I ,J).LT.HUGE~GO TO 66 
A I N D (  I ) = B L A N K  
COT(  I l=@. 
GO TO 6 5  

6 6  GO TO ( 6 4 * 6 7 I , N O R E  
6 7  C l + (  T R E S I D (  1.J)-WMEAN)**2 

CZ=2.C*SI  G * S I G  
c 3 = c 1 / c 2  
IF(C3.CT.  1 0 0 . O ) C 3 ~ 1 0 O . C  
Wnl .DO/(  1. DO+DBLE(EMU*EXP(C3J  b 
T R E S I D ( I 9  J I = T R E S I D I I  (J)*DSQRTCW) 

6 4  4I'ND( I ] = S T A R  
COT( I I = T R E S I D ( I I J I  

6 5  CONTINUF 
P R I N T  56, J , S T N ( J ) , t C O T ( I l  ~ A I N D ( I ~ , I o N L O U , N H Y )  

5 6  F O R M A T ( 2 X ~ I 3 ~ 2 X ~ A 4 ~ 1 X , 9 ( F 1 2 . 4 ~ A 1 1  l 
5 7  C O N T I  NUF 

R19 CONTINUE 
NORE=NORE + 1 
IFINORE.EQ.2.AND.IWT.NE.O) GO TO 1 5 5  
GO T 3  ( 8 1 6 , 8 1 7 I , I K O N  

42 



C 
C COMPUTF SUM OF SQUARES DUE TO EPICENTRE SHIFTS 
L 

8 1 6  OU 7 1  J = l * N ?  
I L O I = I L A + J  
n 0  7 0  I = l  *NZ 
l L A I = I L A +  I 
A(  I * J ) = A (  I L 4 1  I L O I )  

7 0  CONTINUF 
7 1  CONTINUF 

LALL SMATRX(A,ART,NZpNE11 
DO 7 3  J=19N2 
SIV=O.OO 
OU 7 7  I = 1 9 N 2  
S I V = b l V + A ( I * J ) * X ( I )  

77 CONTINUF 
XX( J )  = S I V  

7 3  CONTINUF 
SQEP=O.P: 
DO 7 4  I = l * Y 2  
SQEP=SUFP+X(O*XX( I )  

7 4  LONTINUF 
VAREP=SQFP/DFLOATINEP) 
IF ( IKEL.FY.21  GO TO 8 1 7  

C 
C COYPUTF - F F b  OF JOINT CONFIDENCE FLL IPSE  FOP NEAN EVENT 
C 

01=P.DP 
~ ) ~ = D . F c  
D3=0.00 
DO 7 6  K=l,NEVENT 
IZ=K+NEVEYT 
0 0  f 5  I= l ,NEVENT 
I l* I+NFVENT 
I ) l = D l + A (  I , K )  
DZ=Di+A(  1,121 
U7=03+A( 1 1 9 1 2 )  

7 5  CONT INUF 
76  CONTINUF 

CSQU=AVSQ*DFLOAT(N2) 
I F (  IWT.NF.O)CSQU=WAVSQ*DFLOAT( N21 
IC=NFVEVT*NN 
CALL ARFA(NN,CX( I C + l ) r C Y (  I C + l I  t D l ~ O Z t D 3 ~ C S O U ~ C A R E A M ~ 2 ~  
CELA=CI)S( FLbT (N l ) *DTORI  
DO 7 7  K= l, NN 
I = I C + K  
CX( I )=CX( I )*CELA*ZKM 
C Y I I ) = C Y (  I )*ZKf4 

77  CdNTINUF 
CARFAM=C4R EAM*CELA*ZKM*ZKM 
NEVENT-YtVENT+l 

L 

C PRINT F I N A L  TABLE 
L 

8 1 7  PRINT 81Hc QDATEtRTI W ~ S U M S Q ~ A V S Q ~ S D ~ M D F , N U I T I F  
e l f3  FORMAT(lH19 ~ X I ~ ~ H S T A T I S T I C A L  AYD OTHFR VARIABLES USFDIBOXVAB/ 

14X936~----------------------------------- SPLJX,AB/// 
2 l hX t26HSUM OF SQUARED RESIDUALS =9F15.5// 
316X926HAVERAGF SQUARED RESIDUAL =rF15.5 / /  
422X920HSTANOARD DEVIATION =,F15.5// 
512X*30HNUMBER OF DEGREES OF FREEDOM = r I 1 0 / /  
622Xe20HYUMBER OF UNKNOWNS = r I l O / /  
730x9  1ZHSTUDENTS T = t  F l O e Z / /  
824Xv18HVAKIANCE RATIO F =9F10.2 / / /1  

I F (  IWTeNk .O)PRINT 169,  WSUMSQ, WAVSQpWSD 
l 6 9  FORMAT(//7X*35HWEIGHTED SUM OF SQUARED RESIDUALS =rF15.5 / /  

17Xp35HWEIGHTED AVERAGE SQUARED RESIDUAL =rF15.5 / /  
213X929HWfIGHTED STANDARD DEVIATION = ~ F 1 5 . 5 / / / )  

IF ( IKON.FQ. l )PRINT 799 S Q E P I V A R E P , E . E P * C A R E A M ~ N ~ * M D F  
7 9  FORMAT(//ZX*40HSUM OF SQUARES DUE TO FPICEWTRE SHIFTS =rF15.5 / /  

lRXp34HVARIANCE DUE TO EPICENTRE SHIFTS =rF15.5/ /  
229x9 13HNUMBER USED = p I 1 0 / / / /  
342H AREA OF CONFIDENCE REGION UN MEAN EVENT =*F12.2r7H * F ( 9  

41491H . * I< ,  l l H  ) SQ.KM.1 
C 
C GRAPH CONF ICENCE ELLIPSES I F  COMPUTED 
C 

GO T O ( 1 0 0 ~ 9 1 1 ) r I K O N  
1 0 0  CALL G K A P H ( E V E N T I N E V E N T ~ C X ~ C Y ~ N N )  
9 1 1  RETURN 

END 



SUBROUTINE ARTTI#(ATINEINS*I ,J,TIME,IMTRX) 

T H I S  L I T T L E  SUBROUTINE I S  IMPORTANT FOR USING THE VARIABLE 
DIMENSION TECHNIQUE. 

I N  THE J F D  PROGRAM THE ARRIVAL T IME MATRIX AT I S  STORED AS A 
L I N E A R  ARRAY* T H I S  SUBROUTINF ENABLES THE MATRIX TO BE FORMED 
FOR ONLY THE NUMBER OF EVENTS AND STATIONS USED. HENCE SPACE 
I S  SAVED SECAlJSE THE MAXIMUM DIMENSIONS DO NOT HAVE TD BE GIVEN. 

M I T H  IMTRX=O EACH SINGLE ARRIVAL T I M E  READING I S  STORED 
I N  THF APPHOPRIATE ( I IJ) P O S I T I O N  I N  THE MATRIX AT. 

WITH IMTR%=1,2,3 I T  ASSLIMES THAT ALL  DATA HAS BEEN SETUP. 
THE MATRI X I S  TRANSFERRED TO D I S K  STATION BY STATION. 
W I T H  IMTRK=3 I T  ALSO PRINTS OUT THE COMPLETE MATRIX. 

00 5 I r l r h l E  
WPITF ( 1 )  ( A T ( I , J I * J = l , N S I  
GO TO ( 5 ,  S r 3 1 1 I M T R X  
PRINT 4 1  I A T ( I , J ) , J = L r N S )  
FORMAT( 1 x 1  1OF12.3) 
CONTINUE 
REWIND 1 

RETURN 
END 

SUBROUTINE CONF( I L A I I L O I A , B I N E ~ ~ N E ~ , N S )  
D IYEYSION A(NE1,NEZ) ,B (NFZrNS)  

C 
C 

COMMUN /JEDS/  N I N O I N S T N ~ N E Y E N T I I O T , I D S , N S N E ~ N S ~ N E ~ ~ N E , N S W E *  
LCN,CS,CE,CW,RDATE,RT~ME,TTSET~IREL,IFORM,IDEP,IUT,~MTRX, 
~ E V E Y T ( ~ ~ ~ ~ , O T ( ~ ~ ~ ~ ~ H ~ ~ O O ~ ~ E L A T ~ ~ O ~ ~ ~ E L O N ~ ~ O ~ ~ ~ S N ~ ~ O ~ ~ ~ E W ~ ~ ~ ~ ~ ~  
3 I h D 0 (  100) I N O H ( 1 0 0 W T ( L O O I  * H H ( l O O t  t H E L ~ T ~ ~ ~ l 1 ~ H E L O N ~ l O l I ~  
4HSN( 100l,HEW( 1001 ,  I E P I C (  1 0 0 1  , A I Y D ( l O O I  9 

5 S T N ( 5 0 0 ~ ~ S L A T ( 5 0 0 ~ ~ S L O N ( 5 D O 1 ~ S C O R ( 5 0 0 ) r A R T ~ 5 O O ~ ~ S ~ 5 O O ~ ~ P S T N ~ 5 O O ~ ~  
6 0 i S T ( S t ) O )  , A Z ( 5 0 0 1 r X ( 8 0 1 )  rXX(801)~LM:(80D1rEV(800) r F V I 8 0 0 1  

L 

COMMON /CONSTS/ P I  DTOR, RTOD IZKH 
L 

K F A L * 8  EVENTrRDATErHTIME 
DOUBLE P R E C I S I O N  A1XIOT9~XtHOT,ART~S,DFtAVSQ,SUMSQ,EV,FV ,P  

L 
C FORM INVERSE OF A 
L 

CALL M S O L V E ( ~ ~ A , B ~ N E ~ , N E ~ ~ N ~ )  
CALL SHATRX(A,X,N~NEL)  

L 
C FROM DIAGONAL ELEMENTS OF THE INVERSE OF A COMPUTE CONFIDENCE 
C L I M I T S  OhJ ALL UNKNOWNS EXCEPT STATION CORRECTIONS 
L 

DO 4 I = l , N  
K= I+NSTN 
J=LOC ( K )  
P=AVSQ*A( I I I )  
X X (  JJ  =T*DSIGN(OSQRT(DA%S( P 8 1  , P )  

4 CONTINUE 
C 
C FORM INVERSE OF DIAGONAL ELEMENTS EQUIVALENT TO S UATRIX  OF 
C NORMAL EQUATIONS AND FROM THESE INVERSE ELEMENTS FEND CONFEOENCE 
C L I M I T S  ON STATION CORRECTIONS 
C 



U 0  1 0 0  J= l ,NSTN 
@n 1 0 1  I = l , N  
E V ( I J = B ( I , J I * S ( J J  
C LINT INUF 
ULI 1 0 2  1 z l . N  
FV (  I)=O.OO 
3 0  1U3 Kz1.N 
F V I I J = F V ( I ) + E V ( K J * A ( i r K )  
LJNT INUE 
CONT I NU€ 
X W ( J J = s ( J )  
nu 104  I=~,N 
X X ( J I = X X ( J I + F V ( I ) * E V ( I )  
CONTINUE 
P=AVSQ*XX ( J J 
XX(JJ=T*nSIGN(DSQRT(DABS(P)J,PI 
CONT I NUS 

l U A P  CONFIDENCE L I M I T S  INTO APPROPRIATE ARRAYS READY F 0 4  PRINTING 

i ) O  5 I = 1 1  NEVENT 
I l= I+NSTY 
I Z = I  +NSNF 
I3= I+NS2NE 
I4= I+NS3NE 
COT( I J=XX(  I 1 1  
CH(1  J=XX( I 2 1  
CLAT( I J=XX ( 1 3 )  
CLON( I i = X X (  1 4 )  
CONTINUE 
C SQU=Z.DL)*AVSQ*F 

" ICK OUT APPROPRIATE ELEMENTS OF THE INVERSE MATRIX TO ALLOW 
CIINF IOEYCE ELLIPSES TO RE COMPUTED FOR EACH OF THE EVENTS 

NN=19 
D[> 10  I= l ,NEVENT 
I 1 = (  I - 11 *NN 
I L = I L A + I  
I 3 = I L O + I  
A22=A( I2 ,  1 2 )  
4 2 3 ~ 4 1  12, 1 3 1  
A33=A( 13 ,131  
CALL ARFA(NNpCXf I l + l ) r C Y ( I  l + l J  , A Z ~ ~ ~ ~ ~ , A ~ ~ P C S ~ U , C A R E A ( I  J v11  
CELA=CDS( ELAT( I J*DTOR) 
DO 1 1  I 4 = l p N N  
J = I l + I 4  
CX(JJ=CX(JJ*CELA*ZKM 
CY(JJ=CY( JJ*ZKM 
CONT I NUF 
CAREA(I)=CAREA(I)*CELA*ZKH*ZKM 
CLAT( I ) = C L A T (  I )*ZKM 
CLON( I )=CLON( I I*CELA*ZKM 
C 81NT I NUE 

R E TURN 
t N D  

SUBROUTINE GAUSS(A,XININ~SNSTNJ 
DIMENSION A ( N l t N l ) r X ( N S T N )  

T H I S  PROGRAM SOLVES N SIMULTANEOUS L INEAR EQUATIONS I N  N 
VARIABLES X(NJ BY THE METHOD OF GAUSS ( OR SUCCESSlVE 1 
EL IM INAT ION AND BACK SUBSTITUT1:)N. THE PIVOT AT EACH STAGE I S  
CHOSEN AS THE LARGEST ELEMENT I N  THE FIRST COLUMN OF THE 
APPROPRIATE ARRAY. 

THE EQUATIONS SOLVED HAVE THE FnRM -- 



THF YFTHOD ( AND BASIC PROGRAM 1 OF SUCCFSSIVE E L I M I N A T I O N  
I S  G t V E N  I N  NUHFRICAL METHODS VnL 1 B Y  B. NnBLE ( O L I V E R  AND 
HUYP ) CYAPTER 4 

DOUBLE O Q E C I S I O N  A,XIC,D 

C)O 17  K  = 1,NA 
K U  = K 

4 Kt' = KQ 
5 I F ( K Q - Y )  11 .10111  

l 1  KQ = KU+1 
I F ( D A B S ( A ( K P , K ) ) - D A B S ( A ( K Q , K ) l ) 4 * 5 r 5  

10 1)O 1.2 J  = KvNO 
C = A ( K v J 1  
A ( K v J ) =  A ( K P r J )  
~ ( K P I J I  C  

1 2  CONTlNUF 
&A = K + 1  
'10 1 8  I KApN 
0 0  19 J KAvNO 
4 ( I , J )  = A I I 1 J ) - ( A ( I r K ) * A ( K 1 J ) ) / A ( K r K )  

1 9  CONTINUE 
1 8  C i lNT lNUE 
1 7  COQTINUF 

%IN) = 4 ( N l k + l l / A ( N v N )  
D O  22 K = 1,NA 
L = N-K 
L 0  = L + 1  
I) = ".DO 
ID0 2C J  = L G t N  
D = D + A ( L , J ) * X ( J )  

20 CONT INUE 
X ( L )  (A (L INO) -D) /A IC ,L )  

22  CI INTINUF 
C 

00 3 0  J = l , N  
L = N - J + l  
K=L+NSTN 
X ( K ) = X ( L )  

3 0  CONTINUF 
I F ( Y S T Y 1 3 3 , 3 3 , 3 1  

3 1  0 0  32 J r l v N S T N  
X ( J ) = f  .DC 

3 2  CONTINUF 
C 

3 3  RFTUPN 
E N D  

THE MATRIX OF NURMAL EQUATIONS SAY 
C X  = Y 

I S  STORED 
b. * 

I N  PARTIT IONED FORM * * * * 
* 

S * * 
* * * *  

* 
R A M S  B * * 

* * * *  



S I S  STORED A S  A  S I N G L E  ARRAY WHICH I S  THE 
D I A G O N A L  ELEMENTS OF S  A L L  OTHER ELEMENTS ARE ZERO. THE VECTOR Y 
I S  STORED P A R T I T I O N E D  I N T O  S A Y  Y 1  AND YZ I N  THE NO COLUMN OF B  A Y 0  
A .  L E T  THE UNKNOWNS I N  VECTOR X  BE P A R T I T I O N E D  I N  AN E Q U I V A L E N T  
WAY I N T O  X 1  AND X2. THE PROGRAM NOW FORMS AsA-(TRANS B ) * I S * * - l ) * B  
( I N  T H I S  PROCESS A ( I v N O ) n Y 2  BECOMES YZ-TKANS B * ( S * * - l J * Y 1 )  

I F  KON=2 T H I S  NEW A  I S  RETURNED 
I F  K O N = l  PROGKAM C A L L S  GAUSS AND SOLVES A  BY G A U S S I A N  E L l M l N A T I n Y .  

T H I S  G l V E S  CORRECTIONS T O  X 2 r  A L L  E S T I M A T E S  EXCEPT S T A T I O N  TERMS. 
TO F I N D  S T A T I O N  TERMS X 1  FORM X l = ( Y l - B * X 2 )  * (S* * - l  ) 

COMMON / JEDS/  N ~ N O * N S T N * N E V E N T ~ I O T ~ I D S ~ N S N E ~ N S ~ N E ~ ~ N E ~ N S ~ N E ~  
1 C N ~ C S ~ C E ~ C W ~ R D A T E ~ R T I M E v T T S E T ~ I R E L v I F O R M ~ I O E P ~ I W T ~ I M T R X ~  
2 E V E N T ~ 1 0 1 ) v O T ~ 1 0 0 ~ r H ( 1 0 0 ~ r E L A T ~ 1 0 1 ~ v E L O N ~ l O l ~ ~ S N ~ l O l ~ ~ E W ~ l O l ~ v  
31NDO(  100) lYOH~1CO)rHOT(lOO),HH(lOO~ vHELAT ( l o l l  vHELON4 1 0 1 ) .  
4 H S N (  100) , H E k (  1 0 0 ) .  I E P I C t  100) s A I N D ( 1 0 0 ) r  
5 S T N t 5 0 0 )  v S L ~ T ( 5 0 0 l  vSLON(SO0)  v S C O P ( 5 0 0 ) r A P T ~ 5 0 0 l v S ~ 5 0 0 )  * P S T N (  5 0 0 J v  
~ D I S T ( ~ C I O ) ~ A Z ( ~ ~ P ) ~ X ( ~ ~ . ~ ) ~ X X ~ ~ ~ ~ ~ ~ L O C ( B ~ ~ )  r E V ( 8 O O I  r F V l 6 O G J  

R E A L * 8  E V E N T v R D A T E v R T I M E  
DOUBLE P R E C I S I O N  A t X v O T v  XXvHOT v A R T * S v E V v f V v A S U M  

I N V E R T  O I A G O N A L  M A T R I X  S  

DO 1 J = l v N S T N  
S (  J ) = l * O O / S ( J 1  
CONT 1  NUE 

FORM A - (  TRANS B l * ( S * * - l l * B  

DO 2  I = l * N  
DO 3 J = l v N S T N  
E V ( J ) = S ( J I * B ( I v J J  
COtdT I N U E  
no 4 K = ~ . N  
ASUM=O.DO 
D 0  5 J = l r N S T N  
ASUM=ASUY+EV( J ) * B ( K *  J) 
CONTINUE 
A (  I v K ) = A (  1.K)-ASUM 
CONTINUE 
ASUM=O.DO 
DO 6 J z l r N S T N  
ASUH=ASUM+EV( J ) * B [ N O v  J) 
CONTINUE 
A (  I v N D ) = A (  1vNO)-ASUM 
CONTINUE 

I F  K O N = l  A  M A T R I X  SOLVED B Y  GAUSS 
I F  KON.2 A  M A T R I X  RETURNED FOR I N V E R S I O N  LATER 

SOLVE BOTTOM R I G H T  H A N D  M A T R I X  BY GAUSS 

Q C A L L  GAUSS( A, X * N v N E l v N S T N )  

S U B S T I T U T E  TO F I N D  CORRECTIONS TO S T A T I O N  TERMS X 1  
X l = l Y l - B * X 2 ) * ( S * * - l )  

00 8 J s l v N S T N  
ASUM=G.DO 
DO 7 I = l * N  
K = I + N S T N  
A S W = A S U M + B ( I  v J ) * X ( K I  
CONTINUE 
XIJl=(B(NOsJ)-ASUM)*S(J) 
CONT I NU€ 

10 RETURN 
END 



SUHROUTIYE HEIGHT(TRESID~YEVENT~NSTN~N~SIG~E~)~SUFIW,AMEAN~IMTRXI 
DIMENSI3N TRES Iq IYEVENTrNSTNJ 

C 
C COMPUTE JEFFERVS VARAHFTER, MEAN AND VARIANCE TO DEFINE WEIGHTING 
C FUNCTION. 
c 
C 

COMMON /CONSTS/ P I ~ D T O R ~ R T O D ~ Z K H , E R ~ G F A C T ~ H U G E  
C 

DIMENSION h I S T (  101) 

F IMD MAXIMUM ANn H I N l * U H  QESTOUACS 

AMAX=O. 
AM I Y = O .  
On 2 6 0  J= l ,NSTN 
3b 250 I = l r N E V E N T  
AD=TRESID( I r J )  
IF (AD-HUGEJZ lOv250 ,250  
I F  ( AD-AMAX) 2 3 0 r 2 2 0 r 2 2 0  
AYAX=AD 
I F ( A D - A M I N ) 2 4 0 r 2 4 O r 2 5 0  
AM IN-AD 
CONT INUE 
CONTINUE 
RANGEsAMAX-AMIN 

D I V I D E  I N T O  10C AN0 CALCULATE HISTOGRAM 

RANGE=RANGE/100.0 
DO 31C I = l t l O l  
H I S T (  I)=O.O 
C ONT I NUF 
70 340 J =  l 9 kSTN 
i lO 333 I = l r k E V E N T  
I F ( T R E S 1 E ) I  I rJ1-HUGE) 3 2 O r 3 J O t 3 3 0  
I Y O = I T R F S I D ( I ~ J ) - A M I N W R A N G E  
I ~ U = I N D t l  
H I S T (  I N D ) = H I S T (  INDJ+l.O 
CclNTINUE 
C ONT I NUF 

F I N D  APPROX HODE FROM HISTOGRAM 

I N D = l  
AMAX=HIST( l )  
DO 360 I = l r l O l  
I F  ( H I S T (  11 -AMAX)360 ,350r350  
I Y 0 = 1  
AMAX=HIST( I ) 
CClNT INUE 
AMEAN=FLrlAT( tND)*RANGE+AMI N 

CoMPUTF MEAN D E V I A T I O N  ABOUT HODE 

ASUMSQ=O. 
ASUM=O. 
ASUMMD=O. 
NRES=O 
Dt l  430 J r l  t NSTN 
DO 42C I = l r k E V E N T  
I F ( T R E S I D (  I ~ J l - H U G E ) 4 1 0 r 4 2 O t 4 2 0  
D I F F = T R E S I D ( I t J ) - A Y E A N  
ASUM=ASUH+TRESID( I rJ)  
ASUMMD=ASUMMD+ABS(DIFF) 
ASUMSQ=ASUMSQ+DIFF*DIFF 
URES=NRES+l 
CnNT INUE 
C13NTINUE 
S IG=ASUMYD/FLQAT(NRE S-NI 
SSIG=2mU*SIG 

TRUNCATE AT  2 MD ABOUT MODE AND c o n P u T E  HEW AND SO 



DIFF=TRESID(  I *J)-AMEAN 
IF(ABS(DIFF1-SSIG1450*45Ot460 
ASUM=ASUM+TRESID( 1.J) 
ASUHSQ=ASUMSQ+OIFF*OIFF 
NTRU=NTRU+ 1 
CON1 INUF 
CONTINUE 
AM EAN,=ASUM/FLOAT IhTRU)  
S IG=SQRTf ABS( ASUMSQ/FLOAT( NTRU-NI ) 

START I T t R A T I V E  PART 
COMPUTE FREQUENCIES NEAR MEAN AND FLANKS 

I TER=O 
500 ITER= I T E R + l  

SSIG=b.O*SIG 
IS IG=3 .0 *S IG  
SIG6=SIG/h.C 
FLANK=U.O 
ANMEAN=@.@ 
DD 540 J = l  rNSTN 
D0  53C I = l r N E V E N T  
I F ( T R E S I n (  I IJ ) -HUGE)510*530 r530  

5 1 0  DIFF=ABSI  TRESID(IIJI-AMEAN) 
IF (D IFF .LT .S IG61  GO TO 52P 
IF(DIFF.GT.SSIG.OR.DIFF.LT.TSIGI GO TO 5 3 0  
FLANK=FL4NK+l.C 
GO TO 53r? 

5 2 0  ANMFAN=ANMEAN+l.O 
530 CONTINUE 
540 CONTINUE 

C 
C WORK OUT JFFFERVS PARAMETER 

WMEAN=O. Q 

SUMW=O.p 
rlSUMSQ-0. (. 

DO 5 7 0  J = l * N S T N  
DO 56C I = l r h E V E N T  
I F ( T P F S I g (  I rJ1 -HUGE)550*56Ot560  
D IFF=TRFSID f  IIJJ-AMEAN 
D IFF?=DIFF*C IFF  
ARG=nIFFZ/ (Z.O*SIG*SIG) 
IF(AHG.(,l. 150.0)  ARG=150.0 
W=l.C/( l.O+EMU*EXP(ARG)) 
WMfAN=YYEAN+W*TRESID( I *JI  
WSUMSU=WSUYSQ+W*DIFF2 
SUMW=SUMW+W 
CON1 INUE 
CONTINUE 
HOLDM=AME AN 
HOLDS=SIG 
SIG=SQRT(WSUHSQ/SUMW*FLOAT(NRES)/FLOAT(NRES-NI) 
AM EAN=WHEAN/SUMU 

CHECK FOR CONVERGENCE 
L 

IF( ITER.GT.3) GO TO 6 0 0  
IF(ABS(HOLDWAMEANI.GT.O.01)  GO TO 5 0 0  
IF (ABS(HULDS-S IG) .GT.0 .01 )  GO TO 5 0 0  

hDO CO TII 1 6 2 0 * 6 1 0 * 6 1 0 ) * I M T R X  
h 1 0  PRINT 6119 EMUISIG 
6 1 1  F O R Y A T ( / / / / / / 4 X # 2 0 H J E F F R E Y S  PARAMETER = * F 1 0 0 5 * 7 H  SD * *F l0 .5 )  

L 

6 2 0  RETURN 
END 



APPENDIX D 

LISTING OF SUBROUTINES UNIQUE TO EFA 

EFA (MAIN) 
FEFA 
NUMBER 
DECODE 



EPICENTRES FROM AZIMUTHS I E F A I  
.--------------------- 

T H I S  PROGRAM READS I N  THE AZIMUTH OF AN EPICENTRE FROM EACH 
OF A NUMBER OF STATIONS AUD COMPUTES THE REST LEAST-SQUARES 
E S T I M A T E S  OF THE EPICENTRE G I V E N  AN I N I T I A L  T R I A L  E S T I M A T E  
FOR THE EPICEhTRE. 

THE M A I N  PROGRAM PRESENTED HERE I S  BASED ON A VERSION THAT 
I S  OPERATED THROUGH AN ON-LINE SYSTEM. TO S I M P L I F Y  THE DPERATION 
OF F E E D I N G  I N  THE DATA THROUGH A TELETYPE THE INPUT FORMAT 
HAS BEEN MADE VERY GENERAL. I F  THE OPTION TO USE THE PROGRAM 
ON-L INE I S  NOT REQUIRED THEN THE M A I N  PROGRAM CAN B E  MUCH 
S I M P L I F I E D  ANC SUBROUTINE NUYRER OMITTED. ALL  THAT I S  NEEDED 
I S  A ROUTINE TO HEAD I N  THE DATA 4ND PRESENT 1T  I N  THE FORM 
REQUIRED TO SLBROUTINE FEFA WHICH RETURNS A R E V I S E D  EPICENTRE 
W1 TH CONFIDENCE L 1  MITS. 

I N P U T  

THE F I P S T  BLOCK OF OARDS I S  A DIRECTORY OF STATIONS ( S T N )  AND 
T Y E I R  L A T I T U D E S  ( S L A T )  AND LOYGITUDES ( SLONG). 
FORMAT FOR PUCCHING THESE CARDS I S  G I V E Y  I N  STATEMENT 9. 
THE END OF T H I S  BLOCK OF CARDS I S  MARKED BY A CARD W I T H  STARS 
(****l  PUNChEC I N  THE STN POSIT ION.  

NOW FOLLOW I N  ANY ORDER CARDS CARRYING 
A T I T L E  FOR JCB (1 CARD C P T I O N A L I  
I N I T I A L  E P I C E h T R E  ( 2  CAROS) 
S T A T I O N  CODE bND AZIMUTH ( U P  TO 1 0 0  CAROS) 

I F  TWO T I T L E  CARDS OR TUC EPICENTRE CARDS ARE INCLUDED THE 
SECOND OVERWRITES THE F IRST.  I F  NO EPICENTRE CARDS ARE 
INCLUDED THE I N I T I A L  EPICENTRE I S  TAKEN AS (OoONr O.OEI. 
I F  TWO CARDS k I T H  THE SACE S T A T I O N  CODE ARE INCLUDED THE SECOND 
OVERWRITES THE F I R S T .  UNKNOWN STATIONS ARE REJECTED. 
A BLANK CARD PARKS THE EkD OF THE BLOCK OF DATA FOR ONE 
EPICENTRE. 

THE T I T L E  CARD HAS T I T L E  PUNCHED AS THE F I R S T  DATA ON THE 
CARD. THE REST OF THE CARD UP TO 5 2  CHARACTERS CAN THEN BE 
USED FOR THE T ITLE.  

THE I N I T I A L  FPICENTRE CARD HAS NORTH OR SOUTH AS THE 
F I R S T  DATA DEPENDING ON WHETHER THE EVENT I S  RESPECTZVELY 
NORTH OR SOUTH LATITUDE.  THE L A T I T U D E  NOW FOLLOWS. 
S I M I L A F L Y ,  A CARD W I T H  EAST OR WEST AS THE F I R S T  DATA 
DEPENDING ON hHETHER THE L O N G I l U D E  I S  EAST OR WEST RESPECTIVELY 
FOLLOWED BY THE LONGITUDE COMES NEXT. 

S T A T I O N / A Z I M T I -  CAROS HAVE THE S T A T I O N  CODE AS THE F I R S T  DATA 
ON THE CARD FCLLOWED BY THE AZIMUTH OF THE EVENT 1N.DEGREES. 

D I M E N S I O N  A S T h ( 1 0 0 ~ ~ A Z I M ~ l 0 0 ~ ~ A L A T ( L O O ~ r A L O N G ~ i 0 0 ) r R E S ~  1 0 0 ) ~  
1 STN ( 2 0 0  J t S L A T ( 2 0 0 )  rSLONG4 2 0 0 )  r 
2 C A R C ( 7 4 1  rHEAO(  1 3 )  

REAL NORTH 
DATA NORTH/~HNORT/,  SOUTH/~HSOUT/ r E A S T / ~ H E A S T / ~ Y ~ S T / ~ H U E S T / ~  

1 T I  T L E / 4 H T I  1 L / * S T A R T / 4 H I  I ,END/QHI / S  STARS/4H****/r  
2 B L A N K / 4 H  / 

D E F I N E  FUNCTICNS TO CCNVERT FROM GE~GRAPHIC TO GEOCENTRIC 
L A T I T U D E  AND V I C E  VERSA 

SET U P  CONSTALTS 



SET UP U N I T  NUMBERS FOR INPUT/OUTPUT 

READ IN THE DIRECTORY OF UP TO nxsms SPATIONS WITH LATITUDES 
AND LONGITUDES 
A CARD WITH SlARS (****l Y4RKS THE END @F THE STATION CARDS 

N=O 
N=N+ 1 
READ ( I N r 8 )  STN(N) rSLAT(NbrSLONG(Nl  
F I ) R Y A T ~ l X , A 4 r 3 4 X r F l O . b r 5 X , F l l . 6 )  
I F (  STN(N) -STARS)30r40 r30  
WRITE ( 1 0 ~ 8 )  STN(N) *SLATIN)  rSLONG(N1 
GO TO 2 0  
NOSTNSmN-1 
I F (NOSTNS-MXSTNS) 6 0  9 500,500 

I Y I  T I  A L I  SE EVENT VARIA0LES 

DO 80 I = l r 1 3  
HEAD( I )=BLAkK 
CONTINUE 
ELAT=O. 
DLAT=NORTH 
ELONGzO. 
DLOYG=EAST 
NC=ZOO 
N=O 
WRITE (10.1)  
FORMAT(lH1) 

BEGIN PROCESSING EVENT BY REdDING I N  DATA 

READ ( I N r Z r E h D * 5 0 0 )  ICARDaK) .K=2.73) 
FORMAT(72Al )  
WRITE (10.3)  CARD 
F O R H A T t l X r 7 4 A l )  
DO 1 0 1  K 0 2 r 7 3  
IF(CARO(K)-BLPNK)llO~lOl~llO 
CON1 I NUE 
GO TO 3 0 0  

I F  CARO I S  BL INK DATA INPUT COMPLETE SO BEGIN PROCESSING 
OTHERWISE DECCDE AND F I N D  THE F IRST FOUR LETTERS ON THE CARO 
AN0 ANY SUCCEEDING NUHBER (LATITUDE LONGITUDE AZIMUTH) 
I F  THE CARD I S  NEITHER AN EPdCENTRE CARO NOR A T I T L E  CARD 
ASSUME STATIOh/AZIYUTH CARD 

CALL DECODE(CPRO(K)rAS,4) 
K=K+4 
CALL NUMBER(CbRD(Kl r AL. I C )  
iF (AS-NORTH1120r220r120  
IFt AS-SOUTH) 1 3 0 r 2 3 0 r  130 
t F ( A S - E A S T ) 1 4 C r 2 4 0 r 1 4 0  
IF(AS-WEST) 1 5 C . 2 5 0 ~ 1 5 0  
I F ( A S - T I T L E )  1 6 0 r 2 6 0 W  

I F  STATION CARD I D E N T I F Y  STATION FROM THE DIRECTORV 
I F  UNKNOWN REJECT 



CONTINUE 
WRITE (10 .4)  
FORM4Tt2X,24HLNKNOWN STATION REJECTED) 
GO TO 1 0 0  

CHECK THAT THE ST4TLCN HbS NOT ALREADY BEEN READ I N  TH IS  
DATA BLOCK 
I F  I T  HAS T H I S  SECOND READING OVERWRITES THE F IRST  

I F ( N ) 2 0 3 r 2 0 3 , 2 0 1  
DO 2 0 2  J= l ,N  
I F (  AS-ASTNI J )  1 2 0 2 r 2 1 0 9 2 0 2  
CONTINUE 
N=N+ 1 
IF (N -100 )204 ,204 ,300  
ASTN(N)=STN( I  
ALAT( N) =GEOCEhl SLAT( I )  
ALONG(N)=SLCYG( I )  
J=N 
A Z I M ( J ) = A Z  
WRITE ( 1 0 9 5 )  AStAZ 
FORYAT(ZX*A4, F l l . 3 1  
GO TO 1 0 0  
ELAT=ABS( 4Z)  
DLA T=NORTH 
GO TO 2 5 1  
ELAT=-ABS(AZ) 
DLA T=Sr)UTH 
GO TO 2 5 1  
ELONG=ABS(AZ) 
DLONG-EAST 
GO TO 2 5 1  
€LONG=-ABSt AZ I 
DLONG=WEST 
QC=20 
GO T(1 2 1 1  

LUAD T I T L E  INTO HEAD ARRAY FOR PRINTING 
L 

260  K = K + l  
I =M IN0 (52 ,73 -C )  
CALL DECODE ICbRD(K)  *HEAO,I) 
WRITE (10 .6 )  dEAD 

6 FORMAT( 1 3 A 4 )  
GO TO 1 0 0  

ALL DATA READ I k  PRINT OUT IQPUT AND BEGIN PROCESSING 

I F ( N - 2 ) 5 0 0 * 3 1 C , 3 1 0  
BLAT=ASS( ELAT 
RLONG=ARS(ELOhG) 
WRITE ( I 0 , 1 0 )  HEADrBLATrDLAT,BLONG,DLIJNG,(ASTN( I ) * A Z I M (  I )  I = l * N )  
F39YAT(  l H  / I N  / l O H  T I T L E  * 1 3 A 4 / 1 0 H  LATITLJDEIF~O.~,  2XsA4, l H H /  

1 10W L O N G I T L D € , F 1 0 . 3 ~ 2 X ~ A 4 / ( 1 X ~ A 4 ~ 1 X , F 1 0 ~ 3 I )  
WRITE ( I P s 1 )  
WRITE ( I P . 1 1 )  HEAD 
FORMAT(33H F I h D I N G  EPICENTRES FROM AZIYUTHS/ 

1 3 3 ~  ---------------------m-------- / 20X*  1'3A4/1H 1 
WKl TE ( I P 9 1 2 )  RLAT,DLAT*BLONGtDLONG 
FORYAT(22H I h I T I A L  EPICENTRE 9 9 4  LATITUDE* 3X*F8.3,2X,A4* l H H /  

1 ~ ~ X , ~ H L O N G I T U D E I ~ X , F ~ . ~ ~ ~ X ~ A ~ / ~ H  
ELAT=GEOCEN(ELAT) 
FLAT=ELAT 
FLONG=ELONG 

COMPUTE REVISED EPICENTRE BY FEFA 
C 

CALL FEFA(N,~ST~,AZI~~RES~ALAT,ALONGIELAI,ELAT,ELONG~CLAT,CLONGVCSQ~ 
1 I C , NC *CON, OTOR 

I F ( I C ) 3 2 0 , 3 2 0 * 3 3 0  
C 
C PRINT RESULTS 
C 

3 2 0  WRITE ( I P 9 1 5 )  
1 5  FORYAT(15H NO CCNVERGENCE/l.i ) 

GO TO 340 
3 3 0  WRITE ( I P , 1 6 )  IC  
16 FORMATt lSH RESULTS AFTER* I 4 ~ 1 2 H  ITERAT IONS/ lH  



3 4 0  BLAT=GEOGHF(ELATI 
BLONG=ELONG 
BLAT=ABSI  BLAT)  
DLAT=NORTM 
I F ( E L A T l 3 5 0 t 3 6 0 r 3 5 0  

3 5 0  DLAT= SOUTH 
3 6 0  BLONG=ABS ( B L O f f i )  

DLONG=EAST 
I F ( E L 0 N G )  370,380,380 

3 7 0  DLONG=WEST 
380 WRI TE (I P ,131 BLAT ,DLAT t ~ ~ ~ I , ~ ~ ~ ~ ,  DLUNG~CLONG 
13 FOSMAT(22H COMPUTED EPLCENTRE r 9 H  L A T I T U D E # 3 X , F B o J ~ 2 X ~  

1 7HH +/-,F9.l r 3 H  K M # ~ ~ X ~ ~ H L O N G ~ T W D E S ~ X , F ~ . ~ ~  2Xr A4. 
2  7H +/ - ,F9. l r3H K M J l H  / l H  1 

C 
C COMPUTE SHIFT BETlrEEh I N I T I A L  AND REVISED EPICENTRE AND PRINT 
C 

CALL B A Z D E L ( F C A T r F L C ~ G r E L A T r b L O N G ~ I Q S r A Z . ~ S H I F T ~  DTOR 1 
SHIFT=SHIFT*CCN 
I F ( S H I F T ~ 1 0 ~ ~ 4 0 0 ~ 4 1 0 ~ 4 1 0  

4 0 0  BLAT= ( ELAT-FL bTI*CON 
BLONG=( ELONG-FCQNG) *COS( ELAT*OTORl*CON 
SHI FT=SPRT ( B L ~ T * B c A  T+BLO~~~G*BCONG) 

4 1 0  HRITF  ( I P t 1 7 )  C44r S H I F T r A I  
1 7  FORMAT(25H SUP SQUARED RES [DUALS =.F12 -41 

1 2 5 H  SHIFT I N  EPICENTRE s r F 9 o l ' s 3 H  KM/ 
2  2 5 H  DIRECTIGN OF SHIFT  =,FT. l.u5H DEGS/ lH  1  

WRITE ( I P , 1 8 )  (IrASTN(El~AZIM(I),RES~ILrIfl,N1 
18 FORMAT(30l-4 STbTION AZIMUTH RESIDUAL, 1OXt30H STAT l  ON AZIMUT 

1 H  RESIDUAL/ ( 1 3 r Z X t A 4 , F 1 ( 3 . 2 r F l 1 . 3 r l O X r  I J r 2 X r A 4 r F l O . 2 r F l 1 . 3 )  1  
GO T 0  6 0  

C 
C 

5 0 0  WRITE ( I P , 1 )  
STOP 
END 

SUBROUTINE FEFAtNSr  STkStBALtRES,SLATtSLDNGr ELAT, ELONGr CLATvCLDNG# 
1 CSQrIC,NCrCON,DTORI 

C 
DIMENSION STNS(NS1 ,BAZ(NS) ,RES( N W L A r ( N S 1  9 SLONGl N S i  

C 
DOUBLE PRECIS ION DLATrIDLONGr COSLATr S r  A, DISAZDICALU, DAZr DET. 

1  A 1 1 , 4 1 2 , A l 3 r A 2 1 t A 2 2 r A 2 3  
c 

DIMENSION S T ( 3 5 )  
DATA ST( l )  / 1 2 ~ 7 / ~ S T ( 2 ~ / 4 0 3 0 / r S T ~ 3 ) / 3 ~ 1 8 / ~ S T ( 4 ~ / 2 ~ 7 8 / ~ S 1 ~ 5 1 / 2 0 ~ Y ~ ~  

l S T (  6 )  /2.45/, STL 7 )  / 2 .36 / tST(  81/2.31/,9T( 91 /2 .26 / rST(  1 0 ) / 2 0 2 3 / r  
2ST( 1 1  ) / 2 . 2 0 / 1  S T ( 1 2 )  / 2 .18 / ,ST(13 ) /2 .16 / r$T (  1 4 ) / 2 0 1 4 / r S T (  1 5 J / 2 o 1 3 / p  
3ST(  1 6 1 / 2 . 1 2 / ~ ~ T ~ l 7 1 / 2 . 1 1 / r S T ( 1 8 ) / 2 . L O / t S T ~  1 9 1 / 2 . 0 9 / ~ S T ( 2 0 ) / 2 o 0 9 / ~  
4ST( 2 1 ) / 2 . 0 8 / r  S11221 /2 .07 / ,ST(231 /2 .07 / ,ST(241 /2 .06 /#ST(  2 5 ) / 2 o 0 6 / e  
5 S T ~ 2 6 ) / 2 ~ 0 6 / ~ S T ~ 2 7 1 / 2 ~ 0 5 / r S T ( 2 8 1 / 2 o 0 5 / ~ S 1 ~ 2 9 1 / 2 ~ 0 5 / ~ S T ~ 3 0 ~ / 2 ~ 0 4 / ~  
b S T ( 3 1 )  /2.02/, ST(32 )  / Z . O O / ~ S T ( 3 3 1 / 2 . 0 0 / ~  ST( 3 4 1 / 1 . 9 9 / p S T ( 3 5 I / l 0 9 8 /  

C 
c 

CLAT=O. 
CLONG=Oo 
C SQ-0 
DLAT=O.DO 
DLONG=OYDO 
HOLD=O. 

L 

C 
C BEG I N  ITERAT! CN LOOP 
c 
C PROGRAM HUhS FOR UP TO NT ITERATIONS. F I R S T  STEP I S  TO ADD 
C CORRECTIflNS (DCAT AND DLONG) TO THE EPICENTRE (ELAT AND ELM61  
C FROM THE PREVIOUS IFERATION (CORRECTIONS ZERO ON ITERATION 0). 
C CHECK THAT REVISED ELAT S T I L L  L I E S  BETWEEN +/- 9 0  AND REVISED 
C ELONG BETWEEN +/- 180. 



ZERO THE ELEMENTS OF NORCAL MATRIX  AND RHS OF THE EQUATION - 
+++++++++ ++ +++ 

SFT UP NORMAL EQUATIONS 

COMPUTE DISTANCE AZIMUTH AND BACKBEARING OF EACH S T A T I O N  FROM 
THE REV1 S E 0  EPICENTRE. 

DO 2 3 0  J t l r N S  
C A L L  BAZDEL ( E  L A T r  ELONGr SLAT( J) r S L O N G t & B B , A L t  OELTAeDTOR) 
A=DSLE (AZ*OTORl 
D = D S I N ( D B L E ( D E L T A * O I O R ) )  
SAZU = D S I N ( P ) / D  
CAZD = - D C O S ( A I / D  
4L = B A Z ( J I  - 8 6  
I F ( A R S ( A Z 1 - 1 8 C .  1 2 2 0 r 2 2 0 t 2 1 0  
AZsAZ-S IGN(36C.  r A Z )  
OAZ=DBLE(AZ)  
4 1 1 = A l l + S A Z 0 * S 4 2 0  
A l 2 = A l ? + S A Z G * C A Z D * C O S L A T  
A22=42L+CAZC*CAZO*CQSLAT*CQSLAT 
A13=A13+DAZ*SbZD 
A23=A23+DAZ*C bZO 
S=S+ DAZ*DAL 
CONTI  NUE 
CSO=S 
A 2 1 = A 1 2  

SOLVE NORMAL EQUATIONS FOR DL4T AND OLONG 

TEST I F  CORRECTIONS LESS THAW EPS. I F '  YES* CEASE ITERATING.  

EPS=HOLD*O. O C C l  
HOLD=HOLD-CS? 
I F  (ABS(HOLD1-EPS1400*4OOe250  
DELTA=DSQRT (DLAT*OLAT+DLONG*C~SLAT*DLONC*COSLATl*CON 
IFt DELTA-0.01 ) 4 0 0 * 4 0 O r 2 6 0  
HOLD=CSQ 
CONTI  YUE 
GO T q  4 1 0  

COMPUTE C O N F I  CEkCE L I P I T S .  
STUDENTS T FOR M-2 DEGREES OF FREE0041 USED. 

I C = I  
I F l N S - 3 ) 5 0 0 r 4 2 0 e 4 2 0  
NDF =NS-2 
I F ( N D F - 3 0 1 4 6 0 r 4 6 0 r 4 3 0  
I F (  N D F - 1 0 0 ) 4 4 C r 4 4 0 * 4 5 0  
NDF=( NDF+5)  /2C+29 
GO TO 4 6 0  
YDF=35 
A=ST(NDF)  
S=S/DFLOAT(NS-2 )  
CLAT=DSQRT((A22/0ET)*S)*A*CON 
CLONG=DSQRT( ( bl l /OET) *S) *A*COSLAT*CON 

FORY ARRAY OF R E S I D U A L S  

DO 5 2 0  J = l , N S  
C A L L  B A Z D E L ( E L A T ~ E L a N G ~ S L A J (  J) ,SLONG( J)  *BB*  AZe DELTAeOTOR) 
R E S ( J )  = B A Z ( J 1  - B B  
I F ( A B S ( R E S (  J) 1-180. ~ 5 2 0 ~ 9 2 0 ~ 5 1 0  
RES(  J I = R E S (  J ) - S I G N ( 3 6 0 . r R E S (  J) ) 



C 

C 
6 0 0  RETURN 

EYD 

G I V E k  ALPHA-NLMERIC SINGLE CHARACTERS I N  CAR0 T H I S  SUBROUTINE 
ATTEMPTS TO DECODE ANY NUMBER d I T H  OR WITHOUT S IGN OR DECIMAL 
P'JINT THE ANSkER BEING RhUY OR IYUM A W  COMPLETING ON A DOUBLE 
BLANK OR A CLCSE 0RACKET 

DIMENSION F I G ( 1 O )  tCARD(1)  

DATA F I G ( 1 ) / 4 H O  / t F I G ( 2 ) / 4 H 1  / ,FIG( 3 1 / 4 H 2  / S F I G ~ ~ I / ~ H ~  /, 
1 F I C ( 5 ) / 4 H 4  / s F I G ( ~ ) / ~ H S  / ,FIG1 7 ) / 4 H 6  / , F I G ( 8  l / 4 H 7  /, 
2 F I G ( 9 ) / 4 H 9  / , F I G ( 1 0 ) / 4 Y 9  / t P O I N T / 4 H .  /.CEND/4HI l ,  
3 PCUS/4H+ /gOASH/4H- / rBLANK/4H / 

C 
P YUM=O. 
INUY=O 
I POW=@ 
ICHR=O 
I SGN=t 1 
I ADD=O 
I =O 

C 
130 I = I + 1  

P n  110 ~ = i , i o  
I F ( C A R D (  1 ) - F I G (  J l  l l 1 0 ~ 2 O O r 1 1 0  

l 1 9  CUNTINlJE 
I F  (CARD( I ) - 8 L P Y K 1 1 3 0 g 1 2 0 ~ 1 3 0  

1 2 3  I F ( C A R D ( I + l ) - e L 4 N K I  b 0 0 ~ 2 4 0 r 1 0 0  
131: 1F(CARD(I)-PLLS1140,2EO,14r) 
1 4 0  IF(CAHQ( I ) - O A S H ) 1 5 0 ~ 2 2 0 t 1 5 0  
1 5 0  I F ( C A R D ( 1 ) - P O I N T )  1 6 0 t 2 9 0 t 1 6 0  
6 I + ( C A R n (  l ) - C E h D ) l O O t 2 5 0 t 1 9 0  

r 
200 INUM=INUM*lO+J-1 

IpOW=IPOU-IADC 
210 I r Y R = I C H R + l  

G h  T J  1 0 0  
220 ISGN=-1 

sn TO 2 1 0  
230 I A D D = l  

GO Tn 2 1 0  
2 4 0  I F (  I C H P )  1OC,lCO,250 
2 5 0  RNUM=FLOAT~INLM*ISGNl*~10.**IPlWl 

l V U M = I F I  X(ABS(RhUM)+O.S)*ISGN 
C 

RE TURN 
LND 

SUBROUT1 NE OECOOE (ARRAY tCODE,N) 

THIS  SUBROUTILE TAKES S IhGLE ALPHA-NUMERIC CHARACTERS IN ARRAY 
AY3 DECODES THEM T(l FORM N CHARACTERS OF TEXT I N  C3DE. 

D IMENSI  ON ARR bY(4  94 )  ,CODE(4) 
L O G I C A L * l  ARRPV,CODE 

DO 4 l = l t N  
CODE( I) =ARRAY (1 11) 

4 CONTI NU€ 
RETURN 
EYD 





APPENDIX E 

LISTING OF SUBROUTINES COMMON TO SPEEDY AND JED 

(GS : ENTRY TABS 
GEDESS* rou t ines  (m : ENTRY DTDD; GTI; GTS 

(GL 

AMAX 
AMIN 
AREA 
BAZDEL** 
ELLIP 
GEOCEN 
GEOGRF 
GRAPH 
HEIGHT 
HRTM 
SECTM 
SMATRX 
TREAD 

(FINISH 
(GC 

Dummy rou t ines  (GGS 
(GRIF 
(LOOKUP 

*The GEDESS r o u t i n e s  are p a r t  of another  program 
no t  descr ibed  heze. A s  used he re  p a r t s  of t h e s e  
GEDESS r o u t i n e s  a r e  redundant;  they a r e  never  used. 
To r e t a i n  compa t ib i l i t y  wi th  t h e  GEDESS program t h e  
redundant s e c t i o n s  have been l e f t  i n t a c t  i n  t h e  
rou t ines  published here.  

For a f u l l  d e s c r i p t i o n  of GEDESS see AWRE Report 
054168, "GEDESS: A S e r i e s  of Computer Programs f o r  
Deriving Information a t  Se lec ted  Seismic Recording 
S i t e s ,  f o r  S igna ls  from Known Hypocentres" 
by J B Young and P G Gibbs. 

**BAZDEL is a l s o  used by SPUR and EFA. 



C GEDESS SETUP ROUTINE (GS1 
C ------ ---- ------ ---- 

T H I S  PROGRAP SETS UP - TABLE 1 P TRAVEL T I M F S  
TABLE 2 PKP TRAVEL TIMES 
TABLE 3 E L L I P T I C I T Y  CORRECTI3NS 
TABLE 4 REGIONS 
TABLE 5 STATIONS 

THE TABLFS bRE PRINTED OUT I F  THE KEY KTAB I S  SET TC 2 OR 3 

SUBROUTINE GS(MXSTNSrSTNrSLATrSL0NGrELEVrSArSBsSCrSCrSE~SGrSHrSKrH 
1 9  TTSET, I P ~ N P ~ N P O ~ P r P D E P ~ P D I S T r P S T A R T I I P K P ~ N P K P r N P K P O r P K P ~ P K P D E P )  

DIMFNSION STN(MXSTNS)r  SLAT(MXSTNS)r  SLONGIWXSTNSI, ELEV(HXSTNS1r 
1 SA( MXSTNSl r SRf YXSTNSI 9 SC(MXSTNS1 r 
2 SO(CXS7NSI r  SEIMXSTNS) 9 

3 SG (MXSTNS) r  SH4 UXSTNSl r  S K l  YXSTNSI r H( MXSTNS I 
DIMENSION P ( I P r I P ) v P D E P ( I P ) r  P K P ( I P K P r I P K P ) r P K P O E P ( I P K P )  r FD(1BO) 

COMMON / B L b N K /  I U N I T r  J U N I T r  KUNITsLUNITrMUNITrNUMITr KTABr  
1 L I N O ~ L I N E ~ L I N E S r L L I N E S  

C O M M O ~  /REGNS/ G R E G ( ~ ~ ~ ~ O ) ~ N G R E G ~ ~ ~ O ) . S R E G ( ~ @ T ~ O ~ ~ N S R E G ( ~ ~ O I  
COMMON /GECS/ NEVENTr NPAGE 
COMMON / S T h S /  NOSTNS 
DIMENSION ~INS(14)rSECS(14)rHNAME(12)rBFsAHE(15),AO1ST~ll2~ 

REAL KM 
DATA T0/4HTC /rFROM/4HFROM/rKM/4HKM / v  EM/4HM / r  ES/4HS / r  

1 BLANK/4H / r S E T / 4 H  / 
C 
C 
C SET UP VARIABLES 
C 

I F ~ M X S T N S  1 2 C C a  r 2 0 C C r l O O O  
1 0 0 1 ~  DO l C l G  I s l r M X S T h S  

STH( I )=RLAhW 
SLAT(  I J=O. 
SLONG(I)=Oe 
ELEV( I J=O. 

1 0 1 0  CONTINUE 
GO TO 2 0 0 0  

C 
ENTRY TABS(YXS1NS 

~ ~ T T S E T ~ ~ P ~ N F ~ N P O ~ P ~ D E P ~ P D I S T ~ P S T A R T ~ I P K P ~ N P K P ~ N P K P ~ ~ P K P ~ P K P O E P )  
I F ( S E T - B L A N K J 1 0 2 C ~ 2 0 0 ~ 2 ~  

L 
C P AN0 PUP TRAVEL TIMES 
L 

2 0 0 0  READ I J U N I T T S ~ ~ )  HNAME*JrNPrNPD 
READ ( J I t N I T * 9 2 2 1  ( P O E P ( I D E P T H ) r I D E P T H = l r N P )  
0 0  2010 I D I S T = l r N P O  
READ ( J U N I T v 9 1 2 1  ( P (  IDEPTHrIOIST)rIDEPTH~lrNP~rAOIST( I D I S T )  

2010 CONTINUE - -  - -  - - 

R E A D  IJUNII~S~~) H N ~ M E  
READ ( J U N I 1 . 9 2 2 )  ~P(lrIUIST)rIUIST=l.NPDJtPOISTrPSTART 

2 0  2 0  CONT I NUE 
IF~ADIST~IDIST1-POIST*FLOAT(IDIST-l~~2030~2040~2030 

29-30 P R I N T  9 0 2  
STOP 

2 0 4 0  CONTINUE 
TTSET=HNAHE(5J 
SET=TTSET 
GO TO ( 2 1 0 O r 2 0 5 0 p 2 0 5 0 1 t K T A 8  

2 0 5 P  M L I N D = L I N D - ( 1 6 * L I N O / 5 0 )  
N D z N P D - I F I X ( l . / P D I S T J  
L O = 1  
N r M I N 6 1 N P r l l )  
LPAGE=O 
L I N E S O  
NPAGE=NPAGE*l 
WRITE ( L U N I  T v S 1 6 )  HNAMErNPAGE 
WRITE (LUNI7 .9231  (POEP( IDEPTH1,KMrIDEPTH=l.N1 
WRITE ( L U N I T r 9 2 4 1  ( E M r E S s I D E P T H = l r N )  
L I N E S r L I N E S i 5  
DO 2 0 7 0  I O I S T = L O r N D  
OIST=PDIST*FLCAT(IOIST-lJ4PSTART 
DO 2060 I O E P T H = l t N  
SECS( IDEPTH)=P( IOEPTHr  I O I S T )  
WINS( IDEPTH)=SECS( IDEPTH1*0.016666667 
SECS( I D E P T H ) = A ~ S ( S E C S ~  IOEPTH)-FLOAT(MINS~IOEPTH~~*~O.O~ 
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2 0 6 3  CONTINUE 
L I N E = L I N E + l  

I F i L P A G E - M L I N D ) 2 C 6 6 t 2 0 t 4 r 2 0 6 4  
2 0 6 4  LPAGE=O 

NPAGE=NPAGE+I 
WRITE i L U N I T . 9 1 6 )  HNAMEvNPAGE 
WRITE ( L U N I T . 9 2 3 )  I P O E P ( I D E P T H ) , K M , 1 O E P T H = l 1 ~ )  
WRITE (LUNIT .9241  IEMtESv IDEPTH=l ,N)  
L I k E S = L I N E S t C  
GO TO 2 0 6 2  

2 0 6 6  IF (L INF-5)2C7C.2C6812068 
2 0 6 0  WRITE ( L U N I 1 . 5 1 4 )  

L I N E S = L I N E S + 6  
L I N E = @  

2 0 7 0  CONTINUE 
L I N € S = L I N E S t L I N E  
I F ( N P - 1 1 )  21C0.21CO.2075 

2 0 7 5  LPAGEoO 
L INE=O 
NPAGEsNPAGEt l  
WRITC ( L U N I l r 9 1 6 )  HNAMEsNPAGE 
WRITE (LUNIT .923)  ~ P O E P ~ I D E P T H J . K M . I D E P T H = ~ ~ . N P )  
WRITE ( L U N I T . 9 2 4 )  (EM,ES.IDEPTH=lZ,NPJ 
L I N E S z L I N E S t 5  
D 0  2 0 9 0  I O I S T ~ L O # N D  
DIST=PDIST*FLOATiIDIST-lI+PSTART 
00 2 0 8 0  lDEPTHal2.NP 
SECS[ I O E P T H ) = P i I D E P T H ~ I D I S T )  
MINSiIDEPTH)=SECS~IDEPTH)*O.O16666667 
SECS( I O E P T H ) = A B S ( S E C S ~  IDEPTHI -FLOAT(UINS(  I D E P T H ) ) * 6 0 . 0 ~  

2 0 8 0  CONTINUE 

2 0 8 2  WRITE ( L U N I T , 9 2 5 )  D ~ S T , ( M I N S ( I O E P T H ) , S E C S ~ I D E P T H ) I I O E P T H ' ~ Z ~ N P J  
LPAGE=LPAGE+l  
IF (LPPGE-MLINCIZC86r20e4rZOB4 

2 0 8 4  LPAGEsO 
NPAGE=NPAGE+~ 
WRITE ( L U N I 7 . 9 1 6 )  HNAMEINPAGE 
WRITE (LUNIT .923)  (POEPf IDEPTH),KY, IDEPTH=12.NP) 
WRITE i L U N I T . 9 2 4 )  ( E M . E S I I D E P T H = I ~ ~ Y P )  
L I N E S = L I N E S t 6  
GO T(7 2 0 8 2  

2 0 8 6  I F t L I N E - 5 )  2C9C.2C88tZOBB 
2 3 8 8  WRITE ( L U N I T r 4 1 4 )  

L INES=LINES*6  
L INE=O 

2090 CONTINUE 
L I k F S = L I N E S + L I N E  

2 1 0 0  READ ( J U N I T e 9 1 1 )  HNAMEIJINPKPvNPKPD 
READ ( J U N I 1 . 9 2 2 )  (PKPDEP( !DEPTH) IDEPTH=l.NPKP) 
DO 2 1 1 0  IO IST= l .NPKPD 
READ i J U N I T . 9 1 2 )  ~ P K P ~ I D E P T H ~ I D I S T ) ~ I O E P T H = ~ ~ N P K P ~ I A D I S T ~ I O I S T ~  

2 1  10 CDNT I NU€ 
READ ( J U N I l . S l 1 )  HNAME 
READ ( J I I N I T . 9 2 2 )  ~PKP(1~IDIST)rIOIST~lrNPKPO)tPKPOST 
DO 214C IOIST= l .NPKPO 
DO 2 1 2 0  IDEPTH=Z.NPKP 
PKP( IDEPTHIIOIST ~=PKP(~SIDIST)-PKP(IOEPTH.IOIST) 

2 1 2 0  CONTINUF 
1FiAD1STi1DIS~~-PKP0ST*FL0AT~I0IST-1~-109~~2130~2140~2130 

2 1 3 0  PRINT 9 0 2  
STCP 

2 1 4 0  CONTINUF 
GO TO ( 2 2 0 0  p2 150.2150)  rKTAB 

2 1  50 ND=NPKPD- 1 
L 0 1 2  
LPAGEsO 
L I N F = O  
NPAGE=NPAGE+l 
WRITE i L U N I T s 5 1 6 )  HNAMEINPAGE 
WRITE ( L U N I 1 . 9 2 3 )  (PKPOEP(IDEPTHl~KM.IOEPTH=l~ll~ 
WRITE (LUNIT .924)  ( E M ~ E S I I O E P T H = ~ ~ ~ ~ )  
L I N E S = L I N E S + 5  
DO 2 1 7 0  IDIST=LOIND 
DIST=FLOAT(  ID IST-1 )+109 .  
DO 2 1 6 0  I D E P T H = l r l l  
SECS[ 1DEPTH)mPKpi  IOEPTHt  I D I S T )  
HENS( IDEPTH)=SECSI IDEPTH)*O.016666667  
SECS( IDEPTHl=ARS(SECSi  1DEPTH)-FLOAT(M1NSi IOEPTH))*6O.D) 

2 1 6 0  CONTINUE 
L I N E = L I N E + I  
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2162  WRITE ( L U N I T * 9 2 5 1  DIST,(MINS(IOEPTH)~SECS(IDEPTHlgIOEPTH=l~l~) 
LPAGErLPAGEt l  
IF(LDAGF-YLIkC)2166,2164,2164 

2 1 6 4  LPAGE=C 
NPAGE=NPAGE+I 
WRITE ( L U N I T . S l 6 )  HNAMEvNPAGE 
WRITE (LUNIT.923)  (PKPCEP(IDEPTH)gKM~IDEPTH=l~ll) 
WRITE ( L U N I  1.424) (EM.ES.IDEPTH=l . l 1 1  
LINES=L I N E S t 6  
GO TO 2162  

2 1 6 6  IF(LINk-5)217C,2168,2168 
3168  WRITE ( L U N I l p S 1 4 1  

L INES=LINES+C 
L  IN€="  

2170  CONTINUE 
L I h E 5 = L l N F S + L I N E  
LPAGE=9 
L INF=O 
NPAGF =NPAGE 4 1 
WRITE (LUN111916)  HNAMEgNPAGE 
WRITE ( L U N I T p 9 2 3 1  (PUPDEP( InEPTH)  ,KM* IDFPTH=l2gNPKP) 
WRITF (LUNIT .$241  (EMgESg IDEPTH=12.NPKP) 
L I N F S = L I N E S + 5  
DO 219C IOIST=LO,ND 
DIST=FLr1AT( ID IST-1)+109.  
00 218 "  IOEPTH=12*NPKP 
SECS(IOEPTHl=PKP(IDEPTH~IDIST) 
WINS( I D E P T H ) = S E C S ( I D E P T H ) * O . 0 1 6 6 6 6 6 6 7  
SECS( IOcPTh)=A8S(SECS(IDEPTHl-FLOAT(HINS( IOEPTH~1*60 .0 )  

21  A ?  CONTINUF 
L I h F = L I N F + l  

2182  WRITE (LUNIT.9251 DIST,(MINS(IDEPTHI~SECS(IDEPTHlgIDEPTH~l2~NPKPl 
LPAGE=LPAGF+l 
IF(LPACF-MLlhC)21@6~2184t2144 

2184  LPAGE=C 
NPAGE=NPAG€+l 
WRITF ( L U N I T g 9 1 6 )  HNAMFgNPAGE 
WRITF ( L U N I  1.923) (PKPOEP( I D f P T H )  ,KM. I O E P T H ~ l Z g N P K P )  
WRITF (LUNIT .424 )  (EMgFS.IDFPTH=l2rNPKPI 
L  INFS=LINES+6 
GO To 2182  

2 1 8 6  IF(LINF-5)219C,2188,L188 
2 1 8 8  WRITE (LUN111S141 

L INFS=L INES+6  
LINE=O 

219C CONTINUF 
L  INES=LINES+LINE 

C  
C  F L L I P T I C I T Y  CORPECTICNS 
C 
2700 READ ( J U N l T 1 9 1 1 1  HNAME 

READ ( J U N I T g 9 2 6 1  ( F D ( J D l S T ) * J D I S T = l g l 8 0 )  
GO TO ( 7 3 0 0 ~ 2 2 1 0 ~ 2 2 1 0 1 g K T A B  

221" NPAGC=NPAGE+l 
WRITE ( L U N I T s 9 2 7 1  HNAMEgNPAGE 
WRITE (LUNIT,S28)  ( J D I S T g F D ( J D I S T I , J D I S T = l r l B O )  
L INES=L INES+39  

C  
C  SET UP TIME PROERAC AND RETURN I F  REGIONS AND STATIONS NOT REQUIRED 

L 

C GEOGRAPHIC AND SEISMIC REGIONS 
C 

3000 READ ( JUNI1 .911 )  HNAME.KUNITskD 

ICCUNT=NG 
READ (KUNIT19311 NGREG( I 1  .(GREG( J . l l r J= l *9 tgNGINSREG(  I l 
I F (NG-11309C*304Cg3090  

3 0 4 9  CONT INUE 
GO TO 3070  

3050 DO 3060 1 = 2 ~ 7 3 0 r 2  
ICOUNT=NG 
I H - I -  1 
READ (KUNIT.9321 N G , N S R E G ( I H ~ ~ N G R E G ( I H ~ ~ ( G R E G ( J I I H ) ~ J ~ ~ ~ ~ ~ ~  

1 N G ~ N S R E G ( I ) ~ N G R E G ( I ) ~ ( G R E G ( J ~ I ~ ~ J P ~ , ~ ~  



3060  CONT I NUE 
3070 GO TO ( 3 0 8 C ~ 3 1 C 0 ~ 3 1 O O l  $KT40 
3080  READ (KUNITs933 )  ( ( S R E G ~ J r I ) ~ J = l , l 0 ) ~ 1 ~ 1 ~ 5 0 )  

GO TO 4000  
3090 PRINT 9 0 3 1  LG,ICCUNT 

STflP 
3100 ~COUNT=O 

L INE=LIND 
DO 3160 I ~ l r 7 3 C  
IF(LINE-LINC~3120~3110~3110 

3110 L INES=LIYES+LINE 
L I N E = l  
NPAGE=NPAGE+l 
WRITE LLUNITvS34)  HNAMC*NPAGE 

3120 IF(IC0UNT-NSREGt 11 13130*3150*3150  
3130  IF~LINE-~LIhD-4~~3140r3110~3110 
3140  ICOUNT=ICOUhT+l 

REbD (KUNITvF33 )  (SREG(J1 ICCUkT) * J = l * l O )  
WRITE ( L U ~ I l r 9 3 5 )  ICOUNTr~SREG(J~ICOUNT)~J=l~lO) 
LINE=LINE+4 

3150 WRITE ( L U N I T * 9 3 6 l  (GREG(9,I)rJ~lr4lrIr(6REG(J*tl~J~1~8l 
L INE=L IYE+ 1 

31 6 0  CONTINUE 
L INES=LINES+LINE 

C 
C STATIONS 
C 

4000  GO TO (4004 r40C2*4002 ) rKTAB 
4002  L INE=4  

NPAG€=NPAGE+l 
WRIT'? ( L U N I 1 * 9 4 4 )  HNAME*NPAGE 

4 0 0 4  READ ( J U N I T r 9 1 1 )  HNAMEIKUNIT~NO 
L O = l  
N=O 
I F ( N D )  4 1 4 C * 4 1 4 0 r 4 0 1 0  

4310  READ ( J U N I T * 9 4 1 1  S A ~ L O ) ~ S D t L O ) * S H ( L O )  
ANAMErSAI L C )  
IFtANAME-T0)4020.4030*4020 

4320 LO=LO+l 
I F I L O - N D ~ 4 C 1 0 ~ 4 0 1 0 ~ 4 0 4 0  

C YEA0 CODf FROM CARDS AN0 COORDINATES FROM TAPE 
4330  I F I K U N I T )  4C3214C32*4035 
4 ~ 3 2  KuNIT=JUNI  T  
4035  REAO (KUNI '1*9411 (SA~l)rSD(I)~SH(I)~I~LO~NO) 
4040  REP0 ( J U N i l r 9 4 2 1  ANAMEIBNAMEI I H  

IF(ANAME-T0)4045r4040t4045 
4045 IF (ANAME-FRCW)4050~4200~4050 
4050  GO TO (408C*4060*406O)rKTAB 
4060  IF(LINF-LIN0)4C80r4070~4070 
4 0 7 0  L INES=LINES+LINE 

L INE=4  
NPAGE=kPAGEtl 
WRITE (LUNITq944 )  HNAMfrNPAGE 

4 0 8 0  DO 4 1 1 0  I l l r N D  
I F  (ANAWE-Sb(I ~ ) 4 1 1 0 ~ 4 0 9 0 r 4 1 1 0  

4090  AL AT=SD( I ) 
ALONG=SH( I) 
N=N+1 
STN( N)=ANAME 
SCAT I N ) l A M A X l  l ALAT 1-89.999) 
SLONG(N)=ALCNG 
ELEV(N)=FLObT( IH)*0.001 
GO TO (404C  14100*41001rKTAB 

4 1 0 0  WRITF (LUNIT,S45) ANAMEIBNAMEsIH 
L I N E = L I N E + l  
GO TO 4 0 4 0  

4 1 1 0  CONTINUE 
PRINT 905s  6NbMErBNAWr lH 
GO TO 4 0 4 0  

C REAO CODE AND CCOROILATFS @ROM CARES 
4 1 4 0  READ (JUNIT.943) A N A M E , ( B # ~ W E ( ~ ) * ~ * ~ ~ B ) ~ A L A T ~ A L O N G I I H  

I F  (ANAWE-TO )4145e4140,4145 
4145  I F ( A N A M E - F R C M ) ~ ~ S C , ~ Z ~ ~ ~ ~ ~ O  
4 1 5 0  GO TO ( 4 1 8 0  r4160 r41605  rKTAR 
4160  I~(LINE-LINC)4180~4170~4170 
4 1 7 0  L  INES=LINES+LINE 

L INE=4 
NPAGE=NPAGE+l 
WRITE ( L U N I T r 9 4 4 )  H N A ~ E ~ N P A O E  

4 1  8 0  N=N+l 
STN(N)=ANAME 
S L A T I N ) ~ A M A X ~  (ALATv-89.999) 

' SLONGtN )=ALCNG 
E L E V ~ N ) . ~ F L C ~ T I ~ H ) + O . O O ~  
GO TO (4140*4198*4190 )eKTAB 

61 



4 1 9 0  WRITE ( L U N I 7 1 ' 3 4 6 1  A N A M F , ( B N A M E ( I ) , I = L i 8 ) i A L A T I A L O N G , I H  
L I N E = L I N E + l  
GO TO 4 1 4 0  

C  CHECK FOR RIGHT NUMBER OF ST4T IONS 
4 2 0 0  NOSTNS=N 
4 2 1 0  I F ( N O S T N S - 2 ) 4 2 3 0 1 4 2 2 0 t 4 2 2 0  
4 2 2 0  I F ( N 0 S T N S - C # S T N S ) 4 2 4 0 * 4 2 4 O i 4 2 3 0  
4 2 3 0  P R I N T  9 0 6  

STOP 
4 2 4 0  N=PXSTNS*9 

D 0  4 2 5 C  I = l  ,N 
S A ( I  I = O .  

4 2 5 0  CflNT INUE 
C  SET UP STATION COkSTANTS 

DO 4 2 6 0  I =1,NGSThS 
CALL  G C ( S L A T ( I ) , S L O N G ( I ) , S A ( I ~ ~ S B ( 1 ) 1 S D ( I ~ ~ S E ~ I l ~  

1 S G ( I ) v S H ( I ) i S K ( I ) , H ( I I )  
4 2 6 0  CON1 l NUE 

GO TO ( 4 3 0 C  14270 ,4270 )  rKTAB 
4 2 7 0  L I N F S = I . I N E S + L I N E  

C  
C  SET UP GEORGE PRGGRAM 
C 

4 1 0 0  CALL G G S ( M X C T N S ~ S T N ~ S L A T I S L O N G 1 E L F V 1 S A 1 S B ~ S C , S O , 5 E 1 S G 1 s H , ~ K 1 H ~  
c 

5 1 0 0  RETURN 
C 
C  FORMATS 
C  

9 0 2  F O R M A T ( 4 8 H l * *  JOB HALTED - DEPTH ALLOWANCES OUT CF ORDER) 
5 0 3  FORMAT(25H1**  JOB HALTED - R E G I O N v I 4 r 4 2 H  OUT OF SEQUENCE - LAST 

lCORRFCT R E C l O N  U A S i 1 4 )  
9 0 5  FORMAT(47HC** Joe ERROR - UNKNOkN STATION REJECTED - , 

l A 4 r 4 X 1 1 5 A 4 1 4 X * 1 6 / )  
9'36 F f I R M A T ( 5 3 H l * *  JOB HALTED - INCOMPATIBLE NUMBER CF STAT IONS1 
9 1 1  F ~ R M A T ( l X t l i A 4 ~ I l t 6 1 5 )  
9 1 2  F O R M A T ( l X 1 1 4 ~ 5 . l i 5 X i F 4 . 1 )  
9 1 4  F O R M A T ( 1 2 7 X l  
9 1 6  F O H M A T ( l H 1 ~ 1 2 4 4 ~ 1 2 X ~ 9 H O E P T H  = i 4 3 X ~ l l H p A G E  N U M B E R I I ~ / ~ Z ~ X )  
9 2 2  FORMAT(2Xs7F lC .2 )  
9 2 3  FORMAT(6H C I S T l l l ( F 9 . 2 r A 2 ) )  
9 2 4  Ff lRMAT(6H CEG.9 1 2 1 X / 6 X , 1 1 ( 4 X 1 b 4 1 A 3 H  
9 2 5  FORMAT(lXiF!.l111(15vF6.21) 
9 2 6  FORMAT(2X i  1CF7.4) 
9 2 7  FORMAT( l H 1 1 1 2 A 4 i 6 3 X , l l H P A G E  NUMRER,14 /127X / l27X l  
9 2 8  F O R M A T ( ~ O ( I ~ I ~ H * ~ F ~ . ~ ) ~ ~ X / ~ ~ ~ X I  
' 431 F O R M A T ( l X i I 4 ~ 1 X ~ B A 4 r 2 X I A l i 3 1 X v 2 I 4 )  
9 3 2  F O R M A T ( 2 ( 1 3 ~ I 2 ~ I 2 ~ B A 4 ~ A l ~ ~  
9 3 3  FORMAT(6Xs 1CA4)  
9 3 4  FORMAT(lH1~1264i63X~llHPAGF NUMBERvI4 )  
9 3 5  F ~ 1 R M A T ( l 2 7 X / 1 2 7 X / 4 1 X i I 4 ~ 2 X ~ l O A 4 v 4 O X / 1 2 7 X )  
936 F O R H A T ( 5 1 X ~ 4 4 1 , 1 5 i 2 X ~ 8 4 4 i 3 3 X )  
q 4 1  F O R M A T ( l X ~ d 4 ~ 3 l X 1 3 H L A T , F 1 0 . 6 1 5 H  LONGeF l1 .6 )  
9 4 2  F O R M A T ( l X i 4 4 ~ 1 X ~ 1 5 A 4 ~ 1 6 1  
9 4 3  F O R M A T ( l X ~ b 4 ~ 1 X , 7 A 4 ~ A 2 ~ 3 H L A T v F 1 0 . 6 1 5 H  L O N G 1 F l l r 6 t l X 1 1 6 )  
Q 4 4  FORM4T( 1 H 1  , 1 2 A 4 1 6 3 X ~ l l H P A G E  NUMBER114/127X/  

1 1 2 7 H C O D E  STATION REGION L A T I T  UOE LONG ITUDF 
2  ELEVATION CORRECTIGNS / 
3 1 2 7 1 0  

9 4 5  F O R M A T ( l X v A 4 1 4 X 1 1 5 A 4 i 4 X , I 6 * 4 8 X )  
9 4 6  F O R M A T ( 1 X l A 4 ~ 4 X i 7 A 4 i A 2 ~ 3 H L A T i F 1 0 . 6 ~ 5 H  L O N G ~ F l l . 6 r 5 X , I 6 1 4 8 X I  

END 

EEOESS T I M E  SUBROUTINE (GT)  ------ -- ---------- ---- 
COMPUTES TRAVEL T I M E  FOR A  G IVEN DEPTH AND D ISTANCF ( O I S T )  
ADDS THE E L L I P T I C I T Y  CORRECTION FOR THE PARTICULAR D ISTANCE 
ADCS THE STATION T IME CORRECTION ( C l )  
AN0 ALSC CQMPUTES THE PHASE VELOCITY (PHASEV) 

THE TRAVEL T I M E  OF SURFACE kAVES ( R A L E Y I  I S  ESTIMATED FROM 
FOR I N D  = 2 THE FORMULA -- LR. DT/OD = 9 .4674  +/- 0 . 0 0 1 1  MIN/OEG 

WITH VELOCITY 3.972 +/- 0.009 KH/SEC 
AND A F I X E D  ARBITRARY POINT AT 6 0  nEGREES OF 2 9  M I N S  

AND FOR I N 0  = 1 b S I N G  A  VELOCITY OF 3.1 KM/SEC 
CORRESPONDING TO A  PERIOD OF 2 0  SECONOS 

SUBROUTINE C T ( D E P T H I D I S T ~ C T ~ H O ~ H I ~ P H A S E V ~ T  IME,RALEYi IND, 
1 I P r N P ~ P l P D E P l P D I S T , P S T A R T ~ I P K P ~ N P K P ~ P K P , P K P O E P ~ F D ~  

DIMENSION P (  IP I IP ) rPOEP(  I P I r  PKP( IPKP, IPKP),PKPOEP( I P K P )  FO( 1 8 0 1  



ENTRY G T I ( D E P T b v D I S T , C T I H O ~ H 1 v P H A S E V ~ T I M E ~ R A L E Y ~ I N O ~  
N = I N O + l  

ENTRY D T ~ D ( ~ E P T H * O I S T ~ C T * H O I H ~ ~ D E R I V . D H ~ T I M E )  
hl-0 

C 

C  p  VALUES 
c 

LOO 00 11C I D E P T H = l r N P  
IFt DEPTH-PEEP( IDEPTHI  1 1 2 0 t  1 1 0 *  1 1 0  

11" CONTIYUE 

TO1 = P  ( ICEPTHIIDIFT l 
T 1 1  = P  ( I C E P T H I I D I S T + ~ )  
1 2 1  = P ( I C E P T H * I D I q T + 2 )  
T 3 1  P  ( I C F P T H v I D I  ST+3) 
TO2 P  ( I C E P T H + l r I O I S T  ) 
l 1 2  = P ( I C E P ~ H + l r l D I S T + l )  
1 2 2  = P  ( I C E P T H + l r I D I S T + 2 )  
T 3 2  = P  ( I C E P T H + l , I D I S T + 3 1  
TIME = GL( T l l r T 1 2 * T 2 1  , T 2 2 * D D E P T H ~ O D I S T ) + C T + F O ( J D I S T J * ( H D + H l ~  
F 1  l=( 121-TC 1) +P2 
F 1 2 = ( T 2 2 - T C i ) + P 2  
F 2 1 = ( T 3 1 - T l l l * P 2  
F 2 2 = (  7 3 2 - T l i ) * P 2  
n E R I V  = G L f  F l l * F 1 2 v F 2 1  rF22sDDEPTH,ODIST) 
PHASEV=LKM/CER I V  
I F ( N 1 1 3 C * 1 3 C * 3 C O  

L 

1 3 0  IDEPTH=MINC I ICEPTHvNP-2) 
~ 2 = l . / ( P D E P ( I D E P T H + 2 I - P O E P ( I D E P T H + 1 l 1  
O~P~./(PDEP(IDEPTH+~~-PDEP(1DECTH)) 
D D E P T H = ( D E P T H - P D E P ( I D E P T n ) l * D l  
TO1 P I ICEPTH , I D I S T + l l  
T 1 1  = P ( I C E P T H + l * I D I S T + l )  
1 2 1  = P ( I C E P T H t 2 r I D I S T + 1  l 
TO2 = P ( I t E P T h  * I D I S T + 2 )  
T 1 2  P  ( T C E P T H + l * I O I S T + 2 )  
T 2 2  P  ( I C E P T H + 2 v I O I S T + 2 )  
F L ~ = (  T l l - T a i ) + o i  
F 1 2 = ( T 1 2 - T C i ) * C l  
F Z l = ( T 2 1 - T 1 1 ) * D 2  
F 2 2 = ( T 2 2 - T l i ) * D 2  
OH = G L ( F  ll~F12rF21~F22rDDEPTHvDOISTI 
GO TO 3 0 0  

C 
C  
C PKP VALUES 
L 

2 0 0  DO 210 I D E P T H = l t N P K P  
I F ( D E P T H - P K P D E P ( I D E P T H l ) 2 2 0 ~ 2 1 0 ~ 2 1 0  

2 1 0  CONTINUE 
I DEPTH=NPKP 



TO2 P K P ( I C E P T H + l r I D I S T  1 
1 1 2  = PKP( I C E P T H + l r I D I S T + l )  
T 2 2  = M P (  I C E P T H + l r I O I S T + Z )  
1 3 2  = P K P ( I C E P T H + l r I D I S T + 3 )  
TIME = GL(Tll~T12eT21~T22rDDEPTHIDDIST)+CT+FD(JDIST~*(HO+Hl~ 
DERIV=O. 
'DIi=O. 
F l l r T 2 1 - T O 1  
F 1 2 ~ 1 2 2 - T O 2  
F 2 l = T 3 1 - T l l  
~ 2 2 ~ ~ 3 2 - 1 1 2  
PHASEV = 2.*ZKM/GL(FllrF12rF2lrf22rDOEPTHrDDIST) 

L 
ENTRY CTS(IFeNPrPePDEPrPDIST~PSTARTrIPKPrNPKP~PKPvPKPDEP~FO) 

300  RETURN 
END 

GEDESS LINEAR INTERPOLATION FUNCTION (GL) ----- ------ --- 
L 

C  LINEAR rhTERPOLATION ROUTINE FOR THE TABLES 
C 
C F  INOS T  I h  THE MATRIX T I l ( D 0 E P T H )  T  1 2  
C ( D D I S T I  
C T  
c 
C T 2 1  T  2 2  
C 

FUNCTION GL(TllrT12rTZlrT22~DOEPTH~DOIST) 
GC = T 1 1 + D D E P T H * ( T 1 2 - T l l ) + D D I S T * ~ T 2 1 - T 1 1 )  

1 +DDFPTH*DDIST*(Tll-Tl2-T21+T221 
RETURN 
END 

L 

C  FINDS MAXIMLM VALUE OF ARRAY X 
C 
C 

DIMENSION # ( N I  
L 

KO = 1 
2 KP = KQ 
5 I F ( K Q  - N I 3 9 4 9 4  
3 K Q = K P +  1 

I F ( X ( K P )  - # l K Q ) ) 2 , 5 r 5  
4 XMAX = X (KP)  

RETURN 
END 

SUBROUTINE PMIN (X rN rXWIN I  
C 
C F INDS M1NIMt.M VALUE OF ARRAY X 
C 
L 

DIMENSION X(N) 
C 

KQ = l 
5 KP = K 4  
2  I F ( K Q - N I 3 r 4 r 4  
3 K Q = K Q +  1 

I F ( X ( K P )  - X l K Q I ) 2 r 5 r 5  
4 XHIN = X l K P )  

RETURN 
END 



S U B R O I J T I N E  A R E A t h r X r Y  sAlltAl2rb22rCSQUtCAREAt [ N O )  
C 
C COMPUTES O R I E N T A T I O N  OF C O N F I D E N C E  E L L I P S E S ,  L E N G T H S  OF MAJOR AND 
C M I N O R  A X F S  ANG AREA O F  E L L I P S E .  T H I S  R O U T I N E  I S  R A S E D  C L O S E L Y  ON 
C  THE THEORY C E S C R I B E O  B Y  E . A . F L I N N t  R E V I E W S  O F  G E l l P H Y S I C S t V O L 3 r 1 5 7 - l 8 5  
C 
L 

CCCMON / C C h S T S /  P I  
D I M F N S I l l N  X I N ) ,  Y ( N ) r  A D A S H ( 2 9 2 )  

C 

L 

C A L F = C O S (  A L P H A )  
S A L F = S I N (  A L P H A )  
C A L F Z = C A L F * C A L F  
S A L F Z r S A L  F +  S A L F  
S C A L F = C A L F + S A L F  

c 
HOLD=2.*AOASH (1.2 ) * S C A L F  
A D = A O A S H (  1 , 1 1 * S A L F 2 - l i O L D + A D A S H  ( 2 9  Z ) * C A L F Z  
B O = A D A S H (  l , l ) * C A L F 2 + H O L n + 4 D A S H  ( 2 , 2 ) * S A L F 2  

L 

C A R E A = ( ( P I * C S Q b ~ / S Q R T ~ A o * R O ~ )  
C = S Q R T ( C S P U )  
A = C / S Q R T (  A C )  
U = C / S Q R T (  B C )  

C 
C A L L  E L L 1  P l h , X * Y  ,A,B,CbLF, S A L F  ) 

L 
QFTURN 
EYO 

S U B R O U T I N E  E P Z D E L ( E L A T I F L O N , S L  A T ~ S L O N ~ R ~ P A Z ~ D I S T ~ O T O U , )  

T H I S  PROGRAF COMPUTES B A C K B E A R I N G  ( R R l r  A Z I M U T H  ( A Z 1  AND 
O I S T A N C F  ( L I S T )  OF E P I C E N T R F  ( C O O R D I N A T E S  - E L A T s E L O N )  FROM 
S T A T I O N  I C C C R O I N A T E S  - S L A T *  S L O N )  AND FORMULAE U S E  C ARE 
T A K E N  FROM I S S  B U L L E T I N S  

SLAC=CUS(  S L A )  
S L A S = S I N (  S L b )  
SLCC=COS(  S L C  1 
S L C S = S I N (  S L C )  



A Z = A T A N 2 ( S b Z r C A Z ) / O T @ R  
IF(AZ.LT.O.1 b Z = A L + 3 6 0 .  
B B = A T A N 2 ( S e e , C B B I / O T O R  
I F t R R . L T .  0 .  l BB=RB+360.  

C 
RETURN 
€NO 

S U B R O U T I N E  E L L  I P ( N s X s Y s A * B s C A L F * S A L F I  
c 
C COMPUTES N P O I N T S  OF X A N 0  Y D E F I N I N G  C O N F I O E N C E  E L L I P S E  
C 
C 

COMMON / C C L S T S /  P I  
D I M E N S I O N  X ( N ) *  Y ( N )  

C 
C 

M 4 = ( N - 3 ) / 4 + 1  
M2=M4*2  
M = U 2 * 2 - 1  
D E L = P I / F L O P l ( V 2 - 1 )  

C 
00 1 I s l r M 4  
1  l = I - l  
THETA=FLOAT 4 I 1  ) * D E L  
H x C = A * C O S ( T I - E T A )  
H Y C = R * S I N ( T ~ E T A )  
HXS=HXC*SALF 
HYS=HYC*SALF 
HXC=HXC*CALF 
HYC=HYC*CALF 
I R = M 2 - 1 1  
IMM=M2+I  1 
I M 2 r M - I 1  
X I  I ) =  HXC+HVS 
Y (  I ) = - H X S + P \ C  
X I  I M )  = - H X C t k V S  
Y ( I M ) =  HXS+FYC 
X (  1MM)a-HXC-HYS 
Y (  I M M I r  HXS-HYC 
X ( I M 2 ) =  HXC-H'VS 
Y (  I M Z I = - H X S - H Y C  

1 C O N T I N U E  
C 

DO 2 I a M r  N 
X ( I ) = X ( M )  
Y I I )=Y(CI) 

2 C O k T I N U E  
C 

R E T U R N  
END 

F U N C T I O N  G E C C E k ( A L A T 1  
C 
C CONVERT L A T I T U O E  FROM GEOGRAPHIC TO GEOCENTRIC 
C 
c 

COMMON / C C h S T S /  P ~ ~ O T O R ~ R T O D I Z K W I E R ~ G C O N  
C 

G E O C E N = R T O C * A T A N ~ G C O N * ~ S I N ~ A L A T * O T O R  J / C O S ( A L A T * O T C R l ) )  
C 

RETURN 
END 



L 

C CONVERT LATITbCE FRLIP GEOCENTRIC TC GEOGRAPHIC 

L 

G E O G R F 4 T O C * A T A N ~ S I N ( A L A T * D T O R ) / ( C O S ( A L A T * O T O R ) * G C O L I )  
C 

RETURN 
END 

C 
C SETS UP INCICATORS AND MAXIMUM AND MINIMUM VALUES TC ALLOW 
C GRAPHING OF CONFIDENCE ELLIPSES ON A COMMON SCALE 
C 
L 

COMMON /GRFF/ T ITLE(2OJ t  XMAXt XMINs YMAX. YMIN, INOX* INDYI INO, 
l I D C T r  ANSTRIt  XLIHIT I  YLIMITI SCALXt SCALY 

REAL*B TITLE.EVEhT,RLANKIFN~FSqFErFW 
DIMENSION EkENT(hEVENT)qX(NN)rY(NN) 

DATA BLAYU/eW 4 t 
I.FN/BHNORTH /*FS/BHSOUTH /*FE/8HEAST /,FW/8HYEST / 

0 0  2 I = 1 8 r 2 C  
T I T L E (  I )=BLANK 
CON1 I NUE 
T I T L E ( l I = F W  
T ITLE(Z I=aLbNK 
T ITLE(3 )=FE  
T I T l E ( 4 ) = F N  
T I T L E I S ) = F S  

I F = 2  
NLIM=NN*NFkENT 
CALL &MAR( X,NLIHtXMAX) 
CALL AMIN( X t N l I M r X M I N )  
CALL AMAXIY ,NLIM~YMAX) 
CALL AMINI VtNl IM,YMIN) 
VMAX=AMAXl(VMAXtXMAXl 
XMAX=VMAX 
YMIN=AMINlIkMIk,XMIN1 
XMIN-YMIN 
I NDX= l 
INOY=l  
I N O = l  
I DOTs44 
ANSTRl=l. 

0 0  3 I * l tNEVENT 
IXY=(  I - l ) * N h + l  
T I T L E ( l S ) = E b E N T ( I )  
CALL GRIF I X ( I X V ) r V ( I X Y J t N N I O . )  
CON1 INUE 

RETURN 
END 

FULCTION HEIGHT(ALAT) 
C 
C COMPUTE HEIGHT ABOVE THE MEAN ~PHERE OF POINT OF LATITUDE 

L 
H E ~ G H T = E R * ( ~ . / ~ . - S I N ~ A L A T * O T O R J ~ * ~ )  

C 
RETURN 
END 

SUBROUTINE HRTC(1SECSrMHRStMlNSrSECSI 
C 
C CONVERT SECCUCS 10 HOURS MINUTES AND SECONDS 
c 
C 

DOUBLE PRECISION TSECS 
C 

MHRS=TSECS/3606.00 
M I N s = ( T S E C S - D F L O A T ~ H H R ~ * ~ ~ ~ ~ ) ) / ~ ~ . ~  
SECS=TSECS-CFLOAT(MHRS*3bOO1-OFLOATtMINS*bOl 

C 
RETURN 
END 1 7  



FUNCTION SECTM(lrWRsM1NrSEC) 
C 
C CONVERT HOURS MINUTES AND SECONOS TO SECONDS 
C 

OOUBLE P R E C I S I O N  SECTM 
C 
C 

RETURN 
END 

SUBROUTINE SRATRX(AsXsMrN)  
C 
C M A T R I X  I k V E R S I C N  ROCTINE 
L 

C T H E  METHOO b S E 0  I S  CALLEO TRIANGULAR OECOMPOSIT ICN 
C FROM N.P.L. MODERN COMPUTING NETHODS 
C 
C 

D I M E N S I O N  A(N.N) .XIN)  r C t 2 1 2 )  r I N O t 2 1 2 )  
DOUBLE P R E C I S I O N  A ~ A M A X I S T O ~ W I Y L ~ C ~ X  

C 
C 

AMAX=O.ODO 
00 2 I = l r M  
I N D t  I ) = I  
I F ( O A B ~ ( A ( I I ~ ) ) - ~ M A X ) ~ ~ ~ ~ ~  

3 A M A X = O A B S I A ( I s 1 1 1  
I 4 = I  

2 CONTINUE 
M M = t t  l 
00 111 J r l s e M  
I F l 1 4 - J ) 6 r 6 t 4  

4 I STO=INO( J )  
I N O ( J ) = I N D (  14) 
I N D (  1 4 1 - 1  STC 
DO 5 K.1.U 
STO=A( I 4 r K I  
A (  I ~ ~ K ) P A ( J I K )  
A ( J s K I = S T O  

5 CONTINUE 
6 AMAX=O.On 

J l=J+ l  
DO 11 I s J l r P  
A ( I s J J = A ( I * J ) / A ( J s J )  
DO 10 K t J l t P  
A(I.U)=A(IrK)-b(IrJ)*A(J1KI 
I F  ( K - J 1 ) 1 4 r 1 4 s l O  

14 I F t D A R S ( A (  I ~ K J ~ - A M A X 1 1 0 r L O s l 7  
17 AMAX=OABS(A( I IKI  I 

1 4 1 1  
16 CONTINUE 
11 CONTINUE 

111 CONTINUE 
65 DO 140 1 1 ~ l r M M  

I = U + l - I 1  
1 2 = I -  1 
0 0  41 J l r l t  I2 
J = I Z + l - J 1  
J 2 = J + l  
l d l * A t I ~ J )  
I F ( I Z - J 2 1 1 4 1 r 4 3 t 4 3  

4 3  DO 42 K z J 2 s I 2  
w~=Y~-A(K I  J I * C ( K I  

42 CONTINUE 
141 C (  J)=bil 
41 CONTINUE 

DO 40 K a l r 1 2  
A ~ I ~ ' U ) ' C ( K ~  

40 CONTINUE 
140 CONTINUE 

DO 1 5 0  I l ~ l r M  
I t H + l - I  l 
I Z = I + l  
W = A ( I s I I  
DO 56 J f l  sM 
I F  t I - J b 5 2 . 5 3 r 5 4  

5 2  Wl=0.00 
GO TO 5 5  



5 3  Wl=l.DO 
GO TO 5 5  

5 4  W l = A ( I , J J  
5 5  I F ( I 1 - l J 1 5 6 t 1 5 6 ~ 5 7  
5 7  DO 58 K=I2,C 

Wl=Wl-A(  I K)*A(K,J)  
5 8  CONTINUE 

1 5 6  C f J ) = W l  
56 CONTINUE 

0 0  5 0  J=l , M  
A( I , J ) = C ( J I / W  

5 0  CONTINUE 
150 CONTINUE 

D 0  60 1 a l t M  
6 3  I F (  I N D 1 I  1 -1  ) 6 1 r 6 0 , 6 1  
6 1  J = I N D I I I  

DD 6 2  K = l r P  
STO=A t K, 1 ) 
A(K.1 J=A(K ,J I  
A(K,J ) = S 1 0  

6 2  CONTINUE 
l S T O = I N D (  J I  
I N O (  J ) = J  
I N 0 1  I ) = I S T C  
GO Tfl 6 3  

60 CONTINUE 
L 

64 DO 66 J'l t C 
STO=O.DO 
DO 67 I = l , C  
S T G = S T O + A ( I , J ) * A ( I * M + l J  

h7 CONTINUE 
X( J J - S 1 0  

66 CONTINUE 
C 

RETURN 
ENO 

L 

C T H I S  ROUTINE SETS UP STATIONS PND TABLES 
L 

C FOR I N C = l  SET UP STATIONS ONLY 
C FOR I N D = 2  SET UP TABLES ONLY 
C FOR I N 0 1 3  SET UP BOTH STATIONS AN0 TABLES 
C 

L 

COMMON /TABLES/  IPKP,  NPKP* hPKPD, PUP1 14.73) .  PKPDEPt 14). 
l I P *  NP. NPDt  P ( 2 1 * 2 2 3 ) r  P D E P 1 2 l ) r  P D I S T *  PSTART 

C 
CCMMON / A T b @ /  N T A B L E ~ S T N ( 3 0 0 @ ~ ~ S L A T ~ 3 0 0 0 1 r S L O N ( 3 0 0 0 ~ r t O R 1 3 0 0 0 ~  

L 
DATA STARS/4H***+/ 

C 
GO TO ( 9 0 r S t 1 S C )  ( I N D  

C 
C ANY EXTRA S T A T l O k S  AND COORDINATES NOT STORED ON TAPE CAN NOW BE 
C READ I N  UP 10 TOTAL OF 3 0 0 0  STATIONS. L A S T  CARD OF T H I S  BLOCK 
C MUST C O N T A I h  ASTERISKS I N  COLUMNS Z TO 5. I F  NO EXTRA STATIONS 
C CARD U I T H  ASTERISKS MUST S T I L L  BE INCLUDED. 

I = ?  
I = I + l  
READ ( 5 , l O C )  S T N ( I J r S L A T ( I ) r S L O N 1 I )  
F O R M A T ~ ~ X , ~ ~ ~ ~ ~ X ~ F ~ O . ~ S ~ X ~ F I ~ . ~ J  
I F ( S T Y ( I ) - S T A R S J ~ ~ I ~ ~ S S Z  

READ S T A T I G h  DATA FROM TAPE 

N = I  
REAO (16)  NTABLEr(STN(I),SLAT(I),SLONII) r I = N r 3 0 0 0 )  

NTARLE=MI NO (NTABLE+N- l *30001  
00 91 I s 1  tNTABLE 
S L 4 T (  I )=GECCEN(SLAT 1 J l 
COR( I )=C'. 
CONTINUE 



I. 

C READ I N  AND SETUP TRAVEL TIMES 
C 

95  KTAB=lMTRX 
GO TO ( 9 8 9 9 e r 9 7 )  rKTAB 

9 7  PRINT 1009 ( S I N (  II ,SLAT( t l rSLON( I8  , I = l r N T A B L E l  
9 8  L IND=47  

NPAGE=l 
JUNIT=4  
LUNIT -6  
I P = 2 1  
IPKP-14 
CALL fbBS(O,CODE, IPsNP~NPD,P~PDEP,PDISTsPSTART~IPKP,NPKP~NPKPD,  

1PKPrPKPDEP) 
C 

2 RETURN 
END 

OUMMY SUBRObTINE F I N I S H  

SUBROUTINE F I N I S H  I S  A LIBRARY PROGRAM USEO TO CLOSE THE OATASET 
USED FOR PLCTTING GRAPHS 

SUBROUTINE F I N I S R  
STOP 
END 

DUMMY SUBROUTINE GC 

SUBROUTINE CC I S  A CEDESS ROUTINE NOT USED HERE 

SUBROUTINE 6C(ALATsALONGsAArAB,AC,ADsAE,AG,AHsAK,HB 
RETURN 
END 

DUMMY SUBROcT INE  6GS 

SUBROUTINE GGS I S  A GEOESS ROUT~NE NOT USED HERE 

SUBROUTINE CGS(MrSTNsSLAT~SLONG~ELEVsSA,SBsSCsSO*SE,SG~SH,SK,H)  
RETURN 
END 

DUMMY SUBROtiTINE GRIF 

SUBROUTINE GRIF I S  L I N K  PROGRAn BETYEEN THE GRAPH PROGRAM 
AND ANY PLOTTING ROUTINE 

SUBROUTINE GRIF IXsYrNrDT)  
DIMENSION X ( N ) r V t N )  
RETURN 
END 

OUMMY SUBRCL' l lkE LOOKUP 

SUBROUTINE LOOKUP I S  USEO r0 F IND THE REGION NAME AND PIUI)%€R 
OF AN EPICENTRE 

SUBROUTINE C O ~ K U P ( A C A T ~ D R C L A T ~ A L O N G ~ I ) R C L N G ~ I ~ E G ~ I S R E G ~ R N A N E ~ N )  
IGREG=O 
ISREG=O 
RETURN 
END 
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SAMPLE INPUT AND OUTPUT FOR SPUR WITH STATION COORDINATES 

Three examples of t h e  use of SPUR a r e  shown. 

Theoret ica l  s t a t i o n s  study 

This uses da ta  constructed from the  J-B t ab les  f o r  a set of 
hypothetical  s t a t i o n s  f o r  a f i c t i t i o u s  earthquake with epicentre  10.0s. 
45.OW, o r i g i n  t i m e  01.00 .OO Gm. The a r r i v a l  times should be e r r o r  
f r e e  (apar t  from rounding e r r o r )  s o  t h a t  t h e  computed ep icen t re  and 
o r i g i n  t i m e  should agree with the values used t o  construct  the  data.  

F1.2 Theoret ica l  s t a t i o n s  study - J-B times modified by 
2 s i n  A seconds 

This uses the  same a r r i v a l  t i m e  da ta  a s  F1.l except t h a t  a 
b i a s  i n  t h e  t r a v e l  times of 2 s i n  A seconds (where A is the  azimuth of 
the  s t a t i o n  from the  epicentre)  has been included. The ep icen t ra l  
es t imate  is  n w  displaced from the  value used t o  construct  the  a r r i v a l  
t i m e  d a t a  (c£,  r e s u l t s  obtained from J E D ) .  

F1.3 JED t e s t  d a t e  - LONGSHOT 

This uses observed d a t a  from t h e  explosion LONGSHOT (cf, 
r e s u l t s  obtained from JED). 





TS 13 
TS14 
TS 15 
TS16 
TS17 
T S l 8  
TS19 
TS20 
TSZl 
TS22 
TS23 
TS74 
TS27 
TS20 
TS29 
TS30 
TS31 
TS32 
7533 
TS 34 

TITLE 
FVENT 

TSOl 
TSO2 
TS03 
TS04 
TS05 
TSOh 
TS07 
TSOR 
TS3Q 
TS l@ 
T S l l  
TS12 
T S 1 3  
TS14 
TS15 
TS lb  
T S  17 
i s 1 8  
T519 
TS23 
TS21 
TS22 
TS23 
TS24 
TS27 
TSZU 
TS 29 
TS 3 0  
1531 
TS3Z 
TS33 
TS 34 

TITLE 
EVENT 
COL 
Y 4T 
I( I P  
BM0 
PAS 
IJRO 
T R 0  
HNR 
OTT 
C PU 
PHG 
LJPP 
WES 
I< ON 
SHL 
VUN 
KOlJ 
PP1 
OAR 
C TA 
OU E 
T EH 
BRS 
I ST 
R I V  
SJG 
TOO 

THFURETICAL STATIONS STUDY 
2 O U. 10.OS 45.OW 

2 9 16.0 
2 8 59.9 
2 8 15.5 
2 7 4.4 
2 5 29.0 
2 3 21.9 
2 1 57.9 
2 3 49.6 
2 5 48.1 
2 7 17.4 
2 8 23.7 
2 9 3.7 
2 12 25.1 
2 12 10.2 
2 11 28.2 
2 10 21.6 
2 8 59.8 
2 f 46.2 
2 7 19.1 
2 7 57.4 
2 9 14.4 
2 1 0  33.4 
2 11  35.3 
2 1 2  13.2 
2 1 3  50.6 
2 12 59.4 
2 1 2  3.1 
2 11 16.7 
2 11 0.8 
2 1 1  23.5 
2 1 2  12.4 
2 1 3  7.0 

JED TEST DATA - LONGSHOT 
21 OC 00.1 51.44 N 

2 1  0 4  50.3 
2 1  06 32.2 
2 1  0 6  53.9 
2 1  0 7  48.5 
2 1  08 36.0 
2 1  08 47.2 
2 1  0 9  53.9 
2 1  10 27.0 
2 1  1 0  30.8 
2 1  1 0  45.6 
2 1  10 51.4 
2 1  10 57.7 
2 1  10 59.8 
2 1  11 04.2 
2 1  11 04.6 
2 1  11 08.6 
2 1  11 31.2 
2 1  11 37.5 
2 1  11 49.0 
2 1  11 52.6 
2 1  12  07.2 
2 1  1 2  20.0 
21 12  20.7 
2 1  1 2  30.0 
2 1  1 2  53.7 
2 1  1 3  01.3 
2 1  1 3  16.3 

1,os 45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  4511 
1 0 s  45Y 
1 0 s  45W 
10.5 45W 
1 0 s  45W 
LOS 45W 
1 0 s  45W 
LOS 45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 3 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 

- JB TIMES ADJUSTED BV 2*SIN(AZ) 

1 0 s  45W 
'OS 45W 
1 9 s  45W 
10iS 45W 
1 9 s  45Y 
1 0 s  45W 
1 3 5  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
10s 45W 
1 0 s  45W 
135  45Y 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45u  
1 0 s  45W 
1'3s 45W 
I D S  i5W 
1 0 5  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45Y 
1 0 s  45W 
10s 45W 
1 0 5  45W 
10's 45Y 
1 0 s  45W 
1 0 s  45Y 

L9MGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
L ONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
L OYGSHOT 
LO~GSHOT 
LONGS HUT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSkflT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
LONGSHOT 
L ON GS HOT 



€P ICENTRE IETERMINATION A T  ZERO DEPTH ---------- --------- --- ------- - ---- -- 
THEORETICAL STATIONS STUDY - J8 XIWES 

INITIAL EPICENTRE LATI TUDE 0.0 N 
LONG1 TUDE 45.000 W 

DRIGIN TIME l C 0.0 

PESULTS 4FTER 3 ITERATIONS l JB TRAVEL TIMES USED J 

COMPUTED i ? ~  ICENTRE LAXI rum 10.003 S +I- 0.4 KM 
LONG1 TUDE 45.0Cl W */- 0.4 KM 

ORIGIN TIME 0 5 4  63.0 +/- 0.0 S 

SUM SQUARED RESLDUALS = 0.0765 
SHIFT I Y  EPICENTRE = 1105.0 K# 
DIRtCTlON OF SHIFT = 180.0 '>MS 

S T A T  ION 

1 T S O l  
2 1502 
3 TS03 
4 TS04 
5 TS05 
6 TS06 
7 TS07 
8 1508 
9 TS09 

10 TSlO 
l 1  T S l l  
12 TS12 
13 TS13 
14 TS14 
15 TS15 
16 TS16 
17 TS17 
18 TSl8 
19 TS19 
20 TS20 

READING 
1-1 M S 
1 9 15.0 
1 8 58.2 
1 8 13-5 
1 7 2.7 
1 528 .8  
1 3 21.9 
1 1 58.9 
1 3 51.3 
1 5 50.1 
1 719.1 
1 8 24.7 
l 9 3.7 
l 12 24.1 
1 12 8.5 
1 11 26.2 
1 10 19.9 
1 8 58.8 
1 7 46.2 
1 7 20.1 
1 759 .1  

RE S 1  DUAL 
S 

-0.019 
0.033 
0.040 
0.058 

-0.017 
-0.055 
-0.125 
-0.077 
-0.012 

0.006 
-0.013 
-0.026 
-0.037 
-0.017 
-0.01 1 
-0.028 

0.042 
0.C87 
0.049 
0.023 
0.054 
0.019 
01049 

-0.047 
-0.121 
-0.018 

0.023 
-0.003 

0.026 
0.048 
0 054 
Ot017 

D1 STANCE 
DEGS 

52.20 
49.M 
44.26 
35.71 
25.18 
13.99 

7.89 
16.24 
2 7.47 
37-66 
45.70 
50.73 
82.20 
79.14 
71.66 
61.27 
50.08 
40.97 
37.82 
42.50 
52.34 
63.57 
73.51 
80.17 
99.85 
88.82 
78.08 
70.29 
67.81 
7 1.5.3 
80.15 
91-18 

AZIWTH 
OEGS 
28.9 
47.8 
66.6 
85.7 

106.8 
137.5 
218.3 
284.5 
31 1.7 
332.1 
351.1 

9.9 
29 6 
55.7 
81.4 

107 3 
135.8 
170.2 
211.3 
251.3 
284.2 
911.9 
337.7 

3.5 
91.7 

119.8 
143.0 
178.2 
n 0 . 2  
242.1 
271.7 
299.8 

EP ICEN'TRE DETEKMINAVION AT ZERO DEPTH ---------------------------------- 
THEORETICAL STATIONS STUDY - JB T I  CES AOJUSTM BY 2*SIN(AL) 

TNITIAL EPICEN.TRE LATITUDE 10.000 S 
LDNGITUlE 45.000 W 

ORIGIN TIME 2 C 0.0 

RESULTS AFTER 2 LTERATIONS ( J B  TRAWLTCMES USED i 

COMPUTED EPICENTRE LATI TUQL 10.006 S +/- 5.2 KM 
LONG1 TUDE 45.227 Y +/- 4.8 KM 

ORIGIN TINE 1 55  59.9 *l- 0.2 S 

SUM MUARED RESIDUAL6 r 13.2826 
SHIFT f Y EPICENTRE a 24.9 KM 
DIRECTION OF SHIFT 268.5 DEOS 

STATION 

1 TSOl 
2 TS02 
3 TS03 
4 TS04 
5 TS05 
6 TS06 
7 TS07 
8 XSOB 
9 T W 9  

D1 STANCE 
DEGS 

52.31 
50.13 
44.47 
35.99 
25.39 
14.t9 

7.76 

AZ LMlJT H 
OEGS 
2.9 0 
48.0 
66.7 
15.7 

106.7 
136.9 
217.1 
284.7 
912.1 



1s 10 
T S l l  
T S 1 2  
T S 1 3  
T S 1 4  
T S 1 5  
T S  1 6  
T S  17 
T S  l8 
T S 1 9  
T S 2 0  
T S L l  
T S i l 2  
1 5 2 3  
T S 2 4  
1 5 2 7  
T S 2 8  
T S  2 9 
TS3C; 
T S 3 1  
T S 3 2  
T S 3 3  
T S 3 4  

EP I C E h T R E  D E T E R M I N A T I O N  A T  ZERO DEPTH ---- ---- ----------- ---- 
J E D  T F S T  d A T A  - LONGSHOT 

1 N I . T I A L  E P I C L N T R E  L A T I T U D E  51.440 N 
L O N G I T U D E  179.180 E 

O R I G I N  T I M t  21 C 0.1 

3 L S U L T S  4FTER 2 l T E R A T I O N S  I JM T R A V E L  T I M E S  U S E D  I 

COMPUTED E P I C E N T R E  L A T I T U D E  51.644 N +/- 9.8 KM 
L O N G I T U D E  179.211 E  +/- 10.2 K M  

O R I G I N  T I M E  20 59 57.0 +l- 0.4 S  

SUM SQUAR.EI) R E S I D U A L S  = 24.4703 
S H I F T  1 1  E P I C E N T R E  = 23.0 KM 
O I R t C T I d N  OF S H I F T  = 5.4 DEGS 

1 COL 
2  MAT 
3 K I P  
4 8'40 
5 P A S  
6 UBU 
7 THLl 
8 HNH 
9 OTT  
10 CPO 
1 1  PHG 
12 UPP 
13 WES 
14 KON 
1 5  SHL 
16 VUN 
17 KOU 
18 P P 1  
19 DAR 
20 CTA 
21 QUE 
22 T E H  
23 t lHS 
24 I S T  
25 R I V  
26 SJG 
27 T 9 U  

RE S 1  D U A L  
S  

1.136 
-0.030 
0.968 
0.485 

-0.000 
1.041 

-0.302 
-1 384 
-2.197 
-1.396 
-1 .l55 
-0.730 
-1.072 
0.280 
-0.228 
-0.071 
0.397 
0.633 

-0.308 
-0.851 
1.901 
1.578 
0.366 

-0.574 
0.921 
0.192 
0.399 

D 1  STANCE . 
DEGS 
21.51 
32.61 
34.98 
41.62 
47.57 
48.89 
58.18 
63.06 
63.84 
65.98 
66.79 
67.86 
68.19 
68.74 
68.78 
69.39 
73.08 
74.11 
76.28 
77.03 
79.23 
81.72 
82.06 
84.11 
88.61 
90.31 
93.62 

A 2  I M U T H  
DEGS 
39.3 
258.7 
141.0 
73.4 
86.1 
73.9 
352.0 
201.4 
49.3 
62 7 
214.7 
350 1 
48.8 
354.4 
284.6 
180.8 
194.6 
149. l 
228.8 
21 1.6 
905.3 
319.5 
203.6 
337.8 
203.1 
59.8 

206.2 



F2. TRAVEL TIME TABLES (J-B) AND ELLIPTICITY CORRECTIONS 
AS INPUT TO SPEEDY AND JED 

This is followed by the data given in  F3 (for SPEEDY) or F4 (for 
JED) t o  complete the input to SPEEDY and JED. 



1P DEPTH ALLOWANCES JEFFREYS AND EULLEN (1958)  14  112 
@.'!0 33.00 96.38 159.76 223.14 286.52 349.90POEPTHSl 

413.28 476.66 540.04 603.42 666.80 730.18 793.56POEPTHS2 
1.4 -6.7-14.&22.3-29.8-37.1-44~3-51.2-57.7-64.0-70.0-76.0-82.0 P 0 0 0  
3.4 a7 -4.7-11.2-18.0-24.8-31.6-38~2-44.6-50.7-56.6-62.5-68. P 0 0 1  
3.4 2.5 -.6 -5.2-10.4-16.2-22.2-28.0-33.8-39.4-44.9-50.5-56.1 P 0 0 2  
3.4 3. C 1.3 -1.6 -5.5-10.0-14.9-20.0-25.1-30.1-35.0-40.1-452 P 0 0 3  
3.4 3.5 2.6 - 7  -2.1 -5.5 -9.5-13.6-17.8-22.3-26.7-31.2-35.8 P 0 0 4  
3.4 4.0 3.7 2.5 - 6  -2.0 -5.2 -8.4-11.8-15.4-19.2-23.3-27.3 P 0 0 5  
3.5 4.5 4.6 3.9 2.7 a8 -1.5 -4.1 -6.7 -9.6-12.6-16.0-19.7 P 0 0 6  
3.5 4.7 5.3 5.2 4.5 3.2 1.5 -.2 -2.1 -4.3 -6.8 -9.6-12.6 P 0 0 7  
3.6 5.1 6.C 6.3 6.1 5.4 4.2 3.2 2.0 .5-1 .4-3.7-6.2  p 0 0 8  
3.6 5.5 6.7 7.3 7.6 7.4 6.7 6.3 5.8 4.9 3.5 1.7 -a3 P 009  
3.6 5.8 7.4 8.3 9.0 9.2 9.6 9.4 9.4 9.1 8.1 6.8 5 . 3 P  0 1 0  
3.6 l 8.C 9.2 1C.3 10.9 11.1 12.4 12.9 13.0 12.6 11.7 10.5 P 0 1 1  
3.7 6.4 5.6 10.2 11.5 12.5 13.5 15.4 16.4 16.7 16.7 16.3 15.5 P 012  
3.7 6.6 9.1 11.1 1 2 - 7  14.0 15.8 18.2 19.6 20.2 20.6 20.6 20.2 p 0 1 3  
3.8 6.9 9.6 11.9 13.8 15.6 18.3 21.0 22.7 23.7 24.3 24.7 24.6 p 0 1 4  
3.8 7.1 1C.1 12.7 14.9 18.0 21.0 23.9 25.8 27.1 27.9 28.6 28.8 P 0 1 5  
3.9 7.5 ln .7  13.6 16.7 20.4 23.9 26.8 29.0 30.5 31.6 32.5 32.9 P 0 1 6  
4 7.8 11.2 14.7 18.8 22.7 26.5 29.5 32.0 33.8 35.2 36.2 36.7 P 017  
4.t' 8.0 12.1 16.7 21.0 25.1 28.9 32.1 34.8 36.9 38.5 39.7 40.4 P 01R 
4.? 9 . 5  13.9 18.8 23.2 27.4 31.4 34.7 37.6 39.9 41.7 43.0 43.9 P 0 1 9  
4.5 9.9 15.1 20.1 24.8 29.1 33.2 36.7 39.7 42.2 44.2 45.7 46.7 p 0 2 6  
4.5 10.1 15.5 20.6 25.4 29.8 34.0 37.7 40.9 43.5 45.6 47.2 48.4 P 0 2 1  
4.6 10.3 15.8 21.0 25.8 30.3 34.6 38.5 41.8 44.5 46.7 48.5 49.8 P 022 
4.6 10.5 16.C 21.2 26.2 30.9 35.4 39.3 42.7 45.5 47.8 49.7 51.1 P 0 2 3  
4.6 10.6 16.1 21.5 26.6 31.4 36.0 40.G 43.4 46.3 48.7 56.7 52.2 P 0 2 4  
4.6 15.6 16.4 21.9 27.2 32.1 36.7 40.7 44.2 47.2 49.7 51.8 53.4 P 025  
4.6 13.7 16.5 22.1 27.5 32.4 37.1 41.2 44.8 47.8 50.4 52.6 54.3 P 0 2 6  
4.6 10.7 16.6 22.2 27.6 32.6 37.4 41.5 45.2 48.3 51.0 53.3 55.1 P 0 2 7  
4.0 10.7 16.6 22.3 27.7 32.8 37.7 41.9 45.5 48.8 51.6 53.9 45.8 P 0 2 8  
4.7 1C.R 16.7 22.4 27.9 33.0 38.0 42.1 45.9 49.2 52.1 54.5 56.4 P 0 2 9  
4.8 10.9 '6.8 22.6 28.1 33.3 38.3 42.5 46.3 49.7 52.6 55.1 57.1 P 030  
4.7 13.9 16.8 22.7 28.2 33.5 38.5 42.7 46.6 50.0 53.0 55.6 57.6 P 0 3 1  
4.7 11.0 16.5 22.8 28.4 33.7 38.7 43.0 46.9 50.4 43.4 56.0 58.2 D 032  
4.7 11.3 17.0 22.9 28.5 33.9 38.9 43.3 47.2 50.7 53.8 56.5 58.7 P 033  
4.R 11.1 17.2 23.1 28.7 34.1 39.1 43.6 47.5 51.1 54.2 57.0 59.3 P 034  
4.8 11.2 17.3 23.2 28.9 34.3 39.3 43.8 47.8 51.4 54.6 57.4 59-13 P 035  
4.6 11.2 17.4 21.3 29.0 34.4 39.4 44.0 48.0 51.7 54.9 57.8 60.2 P 0 3 6  
4.8 11.2 17.4 23.3 29.0 34.5 39.5 44.1 4R.2 51.9 55.1 58.1 bC.6 P 037 
4.8 11.3 17.4 23.4 25.1 34.6 39.7 44.3 48.5 52.1 55.4 58.4 61.0 P 0 3 8  
4.9 11.4 17.5 23.5 2S.3 34.8 39.9 44.5 48.8 52.4 55.8 58.8 61.5 P 0 3 9  
4.9 11.4 17.6 23.6 29.4 34.9 40.0 44.7 49.0 52.7 56.1 59.2 62.0 p 0 4 0  
4.8 11.4 17.6 23.6 29.4 35.0 40.1 44.8 49.2 52.9 56.4 59.6 62.5 P 0 4 1  
4.8 11.4 17.6 23.7 29.5 35.1 40.3 45.0 49.4 53.2 56.7 60.0 63.0 P 042  
4.8 11.4 17.7 23.8 29.7 35.3 40.5 45.3 49.7 53.6 57.2 60.5 63.6 P 043  
4.8 11.4 17.8 23.9 29.8 35.4 40.7 45.5 50.0 53.9 57.5 61.0 64.1 P 0 4 4  
4.9 11.5 17.5 24.1 30.0 35.6 40.9 45.8 50.3 54.3 58.0 61.5 64.7 P 045  
4.8 11.5 17.9 24.1 30.1 35.7 41.0 46.0 50.5 54.6 58.3 61.9 65.1 P 0 4 6  
4.9 11.5 18.C 24.3 30.2 35.9 41.2 46.2 50.8 54.9 58.7 62.3 65.6 P 0 4 7  
4.9 11.6 18.1 24.4 30.4 36.1 41.5 46.5 51.1 55.3 59.2 62.8 66.2 P 3 4 8  
4.9 11.6 18.1 24.5 30.5 36.2 41.6 46.7 51.3 55.5 59.5 63.2 66.6 P 0 4 9  
4.9 11.6 18.2 24.6 30.7 36.4 41.8 46.9 51.6 55.9 59.9 63.6 67.1 P 0 5 0  
4.9 11.6 19.2 24.7 30.9 36.6 42.0 47.1 51.9 56.2 60.3 64.0 67.6 P 0 5 1  
5.0 11.7 18.3 24.9 31.1 36.8 42.2 47.4 52.2 56.7 60.8 64.6 68.2 P 052 
5.C 11.7 18.4 25.0 31.3 37.0 42.4 47.7 52.6 57.1 61.2 65.1 68.8 P 6 5 3  
4.9 11.7 18.4 25.0 31.4 37.1 42.5 47.9 52.8 57.4 61.5 65.4 69.2 P 0 5 4  
5.C 11.8 1e.5 25.2 31.6 37.4 42.8 48.2 53.2 57.8 62.0 66.0 69.8 P 055  
5.0 11.8 18.5 25.3 31.7 37.5 43.0 48.4 53.5 58.1 62.4 66.4 70.3 D 056  
5." 11.9 18.7 25.4 31.9 37.8 43.3 48.8 53.8 58.5 62.8 66.9 70.'8 0 057 
5.0 11.9 18.7 25.4 31.9 37.9 43.5 49.C 54.0 58.7 63.1 67.3 71.2 P 058  
5.0 12.0 18.7 25.5 32.0 38.0 43.8 49.3 54.3 59.0 63.5 67.7 71.7 P 0 5 9  
5.0 12.0 18.8 25.6 32.1 38.2 44.0 49.5 54.6 59.3 63.8 68.1 72.1 P 0 6 0  
5.0 12.0 18.8 25.7 32.2 38.4 44.2 49.7 54.8 59.6 64.1 68.5 72.5 P 0 6 1  
5.1 12.1 18.9 25.8 32.4 38.6 44.4 49.9 55.1 59.9 64.5 68.9 72.9 P 062  
5.0 12.0 18.5 25.8 32.5 38.7 44.5 50.0 55.3 60.1 64.7 69.1 73.3 P 0 6 3  
5.1 12.1 19.C 25.9 32.6 38.9 44.7 50.2 55.5 60.4 65.0 69.5 73.6 P 0 6 4  
5.1 12.1 19.C 26.0 32.7 39.0 44.8 50.4 55.7 66.6 65.3 69.8 74.0 P 065  
5.1 12.1 19.0 26.0 32.8 39.1 44.9 50.6 55.9 60.8 65.5 70.1 74.3 P 9 6 6  
5.2 12.2 19.1 26.1 32.9 39.2 45.1 50.8 56.1 61.1 65.9 70.4 74.7 P 0 6 7  
5.2 12.3 19.2 26.2 33.0 39.4 45.3 51.0 56.3 61.4 66.1 70.7 75.1 P 0 6 8  
5.2 12.3 19.3 26.3 33.1 39.5 45.4 51.2 56.5 61.6 66.4 71.0 75.4 P 0 6 9  
5.2 12.3 19.3 26.3 33.1 39.5 45.5 51.3 56.7 61.8 66.6 71.2 75.7 P 0 7 0  
5.2 12.4 19.4 26.4 33.2 39.6 45.7 51.5 56.9 62.1 66.9 71.5 76.1 P 0 7 1  
5.3 12.4 19.5 26.4 33.2 39.7 45.8 51.7 57.1 62.3 67.2 71.8 76.4 P 0 7 2  
5.2 12.5 19.5 26.4 33.2 39.7 45.9 51.8 57.3 62.5 67.4 72.1 76.8 P 0 7 3  
5.2 12.4 19.5 26.4 33.2 39.7 46.0 51.9 57.5 62.7 67.6 72.4 77.0 P 0 7 4  
5.2 12.5 19.6 26.5 33.3 39.8 46.2 52.1 57.7 62.9 67.9 72.7 77.4 P 075  
5.2 12.5 19.7 26.6 33.4 39.9 46.3 52.3 57.9 63.1 68.1 73.0 77.7 P 0 7 6  
5.1 12.5 19.7 26.7 33.5 40.0 46.4 52.4 58.1 ' 3.3 68.4 73.2 78.0 P 0 7 7  
5.1 12.5 19.7 26.7 33.5 40.1 46.5 52.5 58.2 b2.5 68.5 73.5 78.3 P 0 7 8  
5.1 12.5 19.8 26.8 33.7 40.3 46.7 52.7 58.4 63.7 68.8 73.7 78.6 P 0 7 9  
5.1 12.5 19.8 26.9 33.8 40.4 46.8 52.9 58.6 63.9 69.0 74.0 78.9 P 0 8 0  
5.1 12.5 1q.8 26.9 33.9 40.5 46.9 53.0 58.7 64.1 69.2 74.2 79.2 P 0 8 1  
5.1 12.5 19.8 27.0 33.9 40.5 47.0 53.1 58.9 64.2 69.3 74.4 79.4 P 082  



5.2 12.6 19.9 27.0 34.0 40.7 47.1 53.3 59.0 64.4 69.6 74.7 79.7 P 083 
5.2 12.7 2C.O 27.1 34.1 40.7 47.2 53.4 59.2 64.6 69.7 74.9 79.9 P 084 
5.2 12.7 2O.C 27.1 34.1 40.8 47.3 53.5 59.3 64.7 69.9 75.1 80.1 P 085 
5.3 12.8 20.1 27.2 34.2 41.0 47.5 53.7 59.5 64.9 70.2 75.4 80.4 p 086 
5.3 12.8 20.2 27.3 34.3 41 - 1  47.6 53.8 59.7 65.1 70.4 75.6 80.6 P 087 
5.3 12.R 20.2 27.4 34.4 41.1 47.7 53.9 59.8 65.2 70.5 75.7 80.8 P 088 
5.3 12.9 2'2.3 27.5 34.5 41.3 47.8 54.0 59.9 65.3 70.7 75.9 81-0 P 089 
5.3 12.9 20.3 27.5 34.5 41.3 47.9 54.1 60.0 65.4 70.8 76.0 81.1 P 090 
5.2 12.8 20.2 27.5 34.5 41.3 47.9 54.1 60.0 65.4 70.8 76.0 81.1 P 0 9 1  
5.2 12.8 20.2 27.4 34.4 41.2 47.8 54.1 60.0 65.5 70.8 76.0 81.1 P 092 
5.2 12.9 20.2 27.4 34.4 41.2 47.8 54.1 60.0 65.5 70.8 76.0 81.2 P 093 
5.3 12.9 2C.3 27.5 34.5 41.3 47.9 54.1 60.0 65.6 70.8 76.0 81-2 P 094 
5.3 12.9 20.3 27.5 34.5 41.3 47.9 54.2 60.1 65.7 70.9 76.1 81.3 P 095 
5.4 13.0 20.4 27.6 34.6 41.3 47.9 54.3 60.2 65.8 71.0 76.2 81.4 P 096 
5.3 12.9 20.3 27.5 34.5 41.3 47.9 54.2 60.1 65.8 71.0 76.2 81.3 P 097 
5.3 12.9 20.3 27.5 34.5 41.3 47.8 54.2 60.1 65.8 71.0 76.2 81.3 P 098 
5.3 12.8 2C.2 27.4 34.4 41.2 47.8 54.2 60.1 65.8 71.0 76.2 81.3 P 099 
5.3 12.9 70.3 27.5 34.5 41.3 48.0 54.3 60.2 65.R 71.1 76.3 81.4 P 100 
5.3 12.9 20.3 27.5 34.5 41.4 48.1 54.4 60.3 65.9 71.2 76.4 81.5 p 101 
5.3 13.0 2C.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 P 102 
5.3 13.0 20.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 P 103 
5.3 13.0 2C.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 P 104  
5.3 13.0 i0.4 27.6 34.5 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 P 105 
5.3 13.0 2C.4 27.6 34.6 41.5 48.2 54.5 6C.4 66.C 71.3 76.5 81.6 P 106 
5.3 13.0 20.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 P 107 
5.3 13.0 20.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.6 p 108 
5.3 13.0 2C.4 27.6 34.6 41.5 48.2 54.5 60.4 66.0 71.3 '6.5 81.6 p 109 
5 . 3  13.0 20.4 27.6 34.6 41.5 48.2 54.5 60.4 66.C 71.3 76.5 81.6 P 110 
5.3 13.0 20.4 27.6 34.6 41.5 48.2 54.5 60.4 66.C 71.3 76.5 81.6 p 111 

lT4BLE 1 P J B  JEFFREVS AND RULLEN (1958)  TIMES FOR SURFACE FOCUS 
6.R 21.1 35.4 49.7 63.9 78.1 92.2 000-006 

106.3 120.3 134.2 148.0 161.7 175. 3 188.7 007-013 
201.9 215.0 228.0 240.7 253.2 265e.5 277.0 014-020 
287.4 257.5 307.4 317.1 326.8 336.2 345.4 071-927 
354.5 363.5 372.5 381 03  390.1 398.8 407.5 028-034 
416.1 424.6 433.0 441 94 449.8 458.1 466.3 035-041 
474.5 4E2.7 490. H 498.9 506.8 514.7 522.6 n4?-048 
5 3 ( ,  .3 CZ8.C 545.6 553.2 560.7 568.0 575.4 049-055 
582.6 'E9.8 596.8 603.8 61  0.7 6 17.5 624.3 056-062 
63C.9 6?7.5 644.0 650.4 656.8 663.1 669.3 063-669 
675.4 CE1.5 687.5 693.4 699.2 705.0 710.7 079-076 
716.3 7i1.8 727.3 732.7 738.0 743.2 748.4 077-083 
753.5 7P8.5 763.5 768.4 773.2 778.0 782.7 084-090 
787.3 751.9 796.5 801.1 R0 5.7 8 10.3 814.8 091-097 
819.3 E i 3 . 8  828.4 832.9 837.4 841.8 A4602 098-104 
850.6 e55.C 859.4 863.8 868.2 872.6 877.0 105-11 1 

1.0 
lPKP DEPTH ALLOWAkCES JEFFREYS- AND eULLEN (1958) 14 73 

0.00 33.CO 96.38 159.76 223.14 286.52 349.90PKPDEPSl 
413.28 416.66 540.04 603.42 666.80 730.18 793.56PKPOEPS2 

5.4 13.4 21.2 28.8 36.2 '43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 109 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 110 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP l11 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 112 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 113 
5.4 13.4 21.2 28.8 36.2 43.5 59.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 114 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PUP 115 
5.4 13.4 21.2 2R.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 DK" 116 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 117 
5.4 11.4 21.2 28.8 36.2 43.5 53.5 57.2 63.7 69.R 75.7 81.5 87.3 PKP l 1 8  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 119 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 120 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PUP 121  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 122 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.R 75.7 81.5 87.3 PKP 123 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 124 
5.4 13.4 21.2 28.8 36.2 41.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP l 2 5  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 126 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PUP 127 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 128 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87-3 PKP 129 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 130 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 131  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 132 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 81.3 PKP 133 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 134 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 135 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 136  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 137 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP l 3 8  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 139 
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 01.3 We LCO 



5.3 13.3 21.0 28.6 35.9 43.0 50.0 56.6 63.0 69.1 74.9 80.6 86.3 P U P  141  
5.3 13.2 i C . 5  28.4 35.6 42.6 49.5 56.1 62.4 68.4 74.1 79.8 85.3 P K P  142 
5.3 13.2 2 0 . 5  28.4 35.7 42.8 49.7 56.3 62.7 68.7 74.5 80.2 85.8 P K P  143 
5.3 13.2 i1.C 28.5 35.8 42.9 49.9 56.5 62.9 69.0 74.8 80.6 86.2 P U P  144 
5.3 13.2 21.0 28.5 35.9 43.1 50.1 56.9 63.? 69.3 75.2 81.0 86.7 P K P  145 
5.3 13.2 21.1 28.6 36.0 43.2 50.2 57.0 63.4 69.5 75.4 81.2 87.0 P K P  146 
5.3 13.3 21.1 28.7 36.1 43.3 50.4 57.1 63.6 69.7 75.6 81.5 87.3 P U P  147 
5.4 13.3 21.2 28.7 36.2 43.5 50.5 57.3 63.7 69.8 75.8 81.7 87.5 P U P  148 
5.4 13.4 21.2 28.8 36.3 43.6 5'3.7 57.4 63.9 70.0 76.0 82.0 87.8 P U P  149 
5.4 13.4 21.3 28.9 36.4 43.7 50.8 57.6 64.1 70.2 76.2 82.2 88.1 P U P  150 
5.4 13.4 i1.3 28.9 36.4 43.7 50.8 57.6 64.1 70.2 76.2 82.2 88.1 P U P  151  
C.4 13.4 21.3 28.9 36.4 43.7 50.8 57.6 64.1 70.2 76.2 82.2 88.7 P u p  152 
5.4 13.4 21.3 28.9 36.4 43.7 50.8 57.7 64.2 70.3 76.3 82.3 88.2 P U P  153 
5.4 13.4 i l . ?  28.9 36.4 43.7 50.8 57.7 64.2 70.3 76.3 82.3 88.2 P Y P  154 
2.4 13.4 21.3 29.0 36.5 43.8 50.9 '7.7 64.2 70.3 76.3 82.3 88.3 P U P  155 
5.4 13.4 21.3 29.0 36.5 43.6 50.9 57.7 64.2 70.3 76.3 82.3 88.3 P U P  156 
*.4 13.4 21.3 29.0 36.5 43.8 50.9 57.7 64.2 70.3 76.3 82.3 88.3 O Y P  157 
G.4 13.4 21.3 29.0 36.5 43.8 50.9 57.8 64.3 70.4 76.4 82.4 88.3 P K P  158 
5.4 13.4 21.2 29.0 36.547.8 50.9 57.R 64.3 70.4 76.4 82.4 88.4 P U o  159 
' -4 13.4 21.3 29.0 36.5 43.8 50.9 57.8 64.3 70.4 76.4 82.4 88.4 P K P  160 
5.4 13.4 21.3 29.0 36.5 43.8 50.9 57.8 64.7 70.4 76.4 82.4 88.4 P K p  161 
5.4 13.4 21.3 29.0 36.5 43.8 50.9 57.8 64.3 70.5 76.5 82.5 88.5 P K P  262 
5.4 13.6 21.3 29.0 36.5 43.8 51.0 57.9 64.4 70.5 76.5 82.5 88.5 P U P  163 
5.4 13.4 21.3 29.0 36.5 43.8 51.0 57.9 64.4 70.5 76.5 82.5 88.5 P K o  164 
5.4 13.5 21.4 29.1 36.6 43.9 51.0 57.9 64.4 70.6 76.6 82.6 88.6 P U P  165 
5.4 13.5 21.4 29.1 36.6 43.9 51.0 57.9 64.4 70.6 76.6 82.6 88.6 P U P  166 
5.4 13.5 21.4 29.1 36.6 43.9 51.0 57.9 64.4 70.6 76.6 82.6 88.6 P U P  167 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.6 76.6 82.6 88.6 P U P  168 
5.4 13.5 41.4 29.1 36.6 43.9 51.1 58.3 64.5 70.7 76.7 82.7 88.7 P U P  169 

1345 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70 r7  76.7 82.7 88.7 P U P  170 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.7 76.7 82.7 88.7 P U P  171 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.7 76.7 82.7 88.7 P K o  112 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.7 76.7 82.7 88.7 P K o  173 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58." 64.5 70.7 76.7 82.7 88.7 P U P  174 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.7 76.7 82.7 88.7 P U P  L75 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.9 P U P  176 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.9 P K P  177 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.8 P K P  178 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.8 P U P  179 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.8 o U P  180 
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.8 76.8 82.8 88.0 P U P  181  

1TARLE ? P U P  JB JEFFREYS AND BULLEN (1958) T I M E S  FOR SURFACF FOCUS 
1111.2 1113.2 1115.2 1117.1 1119.1 1121.1 P123.n 109-115 
1125.0 1126.S 1128.8 1130.8 1132.7 1134.7 1136.6 116-122 
1138.5 1140.5 1142.4 1144.3 1146.2 1148.2 1150.1 123-129 
1157.0 1153.9 1155.8 1157.7 1159.5 1161.4 1163.2 130-136 
1165.0 1166.9 1168.7 1170.5 1172.3 1174-0 1175.7 137-143 
1177.4 1179.2 1180.9 1182.6 1184.2 1185.8 1187.4 144-150 
1188.9 1150.4 1191.8 1193.2 1194.5 1195.8 1197.2 151-157 
1198.5 1159.7 1200.8 1201.8 1202.8 1203.8 1204.8158-164 
12P5.8 12C6.7 1207.4 1208.0 1208.6 1209.2 1209.8 165-171 
1210.4 1210.9 1211.2 1211.5 1211.8 1212.0 1212.1 172-178 
1212.1 1212.2 1212.3 1 .O 

lTABLE 3 F ( 0 )  E L L I P T I C I T Y  CORRECTIONS 
- 0 0 1  .O 2 .003 -004 -005 -006 . 07 -0  8 m0 9 S01 001- 1 
.J12 a014 -015 -017 -019 -021 -023 0024 ,026 .026 011-02 
.C29 .02Q .a30 -031 .032 a032 .033 .034 -034  .035 021-63 
.036 .036 .C37 a038 -039 -039 .040 -041  -041 .042 031-040 
,047 .043 .Q43 e044 .044 .045 -045 .046 -046 .047 041-050 
-047 ,048 .Q48 a048 -048 -049 -049 .049 -050 a050 051-060 
.051 -052 ,053 .Q54 a055 -056 -057 a058 * 0 5 9  .060 061-070 
.361 a061 .062 .062 -063 ,064 -064  -065 .065 ,066 071-980 
.D66 .066 .066 -066 .066 .066 -066 -066 -066 ,066 081-690 
.G66 .066 -066 -066 -066 -066 a066 -066 -066 -066 091-100 
.C66 .C66 .C66 -066 -066 -066 .066 .066 .Q66 -066 101-110 . 111-120 

121-13'3 . . 131-14Q . 141-150 
151-160 
161-170 . . 171-180 



F3. ADDITIONAL INPUT AND OUTPUT FOR SPEEDY 

Three examples of the use of SPEEDY are shown. These are the 
same examples as used for SPUR (appendix Fl) .  



**** 
LOS 

TSOl 
TS('2 
TSP? 
TS04 
TSO5 
TSOb 
TSO7 
T S O R  
TS09 
TS 1'l 
15. l l 
TS l 2  
TS13 
TS 14 
TS 15 
TSl6  
TS17 
TSIH 
1s 19 
T S  2t' 
TS 2 l 
TSZ? 
1523 
TS24 
TS27 
TS 28 
TS29 
TS1P 
rS31 
15.37 
TS33 
TS34 

10s 
T S O l  
TSP2 
TS03 
TS94 
TS05 
T S O b  
TSO' 
TS08 
TSOQ 
T S l l  
T S l l  
TS 12 
TS 13 
TS 14 
T S  1 5  
TS l 6  
~ s 1 7  
TSl8 
T S  19 
TS2' 
TS2l 
TS22 
TS23 
TS 24 
TS27 
TS28 
TS29 
TS30 
TS31 
TS 32 
TS33 
TS 34 

PUT EXTRA STITIGhS REFCRE 
45W 1 C C  CC. 0. 

1 9 15.0 
1 8 58.2 
1 8 13.5 
1 7 2.7 
1 5 28.8 
l 3 21.9 
1 1 58.9 
1 351 .3  
1 5 50.1 
1 7 19.1 
l 8 24.7 
1 9 3.7 
1 12 24.1 
1 12 8.5 
1 11 26.2 
1. 10 19.9 
1 8 58.8 
1 7 46.2 
1 7 2C.l 
1 7 59.1 
1 9 16.4 
1 10 35.1 
1 11 36.3  
1 12 13.2 
l 13 48.6 
l 12 57.7 
l 12 2.1 
1 11 16.7 
1 11 1.8 
1 11 25.2 
1 12 14.4 
1 13 8.7 

45k 2 C C  CC. 1C. 
2 9 16.0 
2 8 59.9 
2 R 15.5 
2 7 4.4 
2 5 29.8 
2 3 21.9 
2 1 57.9 
2 3 49.6 
2 5 48.1 
2 7 17.4 
2 8 23.7 
2 9 3.7 
2 12 25.1 
2 12 10.2 
2 11 28.2 
2 10 21.6 
2 8 59.8 
2 7 46.2 
2 7 19.1 
2 7 57.4 
2 9 14.4 
2 10 33.4 
2 11  35.3 
2 12 13.2 
2 13 50.6 
2 12 59.4 
2 12 3.1 
2 11 16.7 
2 11 0.8 
2 11 73.5 
2 12 12.4 
2 13  7.0 

HERE 
N 45. W RESTRAIN 

19s  45W 
?OS 45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  4SW 
1'3s 45W 
10s  45W 
1 0 s  19s  45W 45W 

10s  45W 
1')s 45W 
10s  45W 
LOS 45W 
I n s  45w 
10s  45W 
10s  45W 
10s  45n 
10s  45W 
10s  45W 
10s  45W 
LOS 45W 
10s  45W 
10s  4% 
1QS 45W 
10s  45W 
10s  45W 
1 0 s  45W 
10s  4% 
1QS 45W 
10s  45W 
10s  45W 
10s  45W 

PFSTRAIN 
10s  45W 
I n s  4 5 ~  
105 45W 
10s  45W 
10s  45W 
LOS 45W 
10s  45W 
1 0 s  4544 
10s  45W 
1 0 s  45W 
I b S  45W 
10s  45W 
10s  45W 
10s  45w 
10s  45W 
10s  45W 
10s  4% 
10s  45u 
10s  45u 
1.0s 45W 
19s  45W 
10s  45W 
1 0 s  45W 
10s  45W 
1 0 s  45Y 
1 0 s  45W 
10s  45W 
10s  45W 
Ins  45u 
LOS 45U 
LOS 45u 
LOS 45W 



2 9 / 1 0 / 6 5  
COL 
MAT 
K I P  
BM0 
PAS 
U00 
T  RO 
HNR 
OTT 
CPO 
PMG 
UPP 
WE S 
KON 
SHL 
VUN 
KOU 
PP T  
OAR 
CT A  
W E  
TEH 
RR S 
I S T  
R I V  
SJG 
TOO 

EPICENTRE DETERMINATION 
- - - - - - - - - - - - - - - - - - - - -W-  

N 179.18 E RE S T R A I N  
J E D  TEST OATA 
JEO TEST OATA 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST D e T b  
J E D  TEST O M A  
JEO TEST OATA 
JEO TEST OATA 
JEO TEST OATb 
JEC TEST DATA 
JEO TEST OATA 
JEO TEST DATb 
JEO TEST OATA 
JEO TEST DATP 
JED TEST OATA 
JEO T E S F  OAT4 
JEO TEST OATb 
JEO TEST OAT A  
JEO TEST OATA 
JEO TEST OATA 
JEO TEST DATA 
JEO TEST OATb 
JEO TEST OATA 
JEO TEST OATA 
JEO TEST OATA 

STATION ARRIVAL TIME 

T S O l  
TSOZ 
TS03  
T S 0 4  
TS05  
T S 0 6  
T S 0 7  
TSO8 
T  S 0 9  
TS13  
T S l l  
TS12  
TS13  
7 5 1 4  
TS15  
TS16  
TS17  
T S l 8  
T S 1 9  
TS20  
T S 2 1  
TS22  
T  S 2 3  
T S 2 4  
T S 2 7  
T S 2 8  
T S 2 9  
T  S30 
T S 3 1  
TS32  
T S 3 3  
T S 3 4  



TABLE >F KESIUUALS ----- ------------- 

STATIJN RESIDUAL 

1 TSOl 
3 TS03 
5 TS95 
7 TS07 - 
9 TS09 

11 T S l l  
13  TS13 
15 TS15 
1 7  T S l 7  
1 9  TS19 
2 1  T S L l  
23 7523 
2 5  TS27 
2 7  TSZY 
2 9  TS71 
3 1  1533  

AZIMUTH STATION 

2 TS02 
4 TS04 
6 1 5 0 6  
8 TSO8 

10  T S l Q  
1 2  TS12 
14 TS14 
16  T S l 6  
l 8  T S l 8  
20 1 5 2 0  
2 2  TS22 
2 4  TS24 
2 6  1 5 2 8  
28 TS30 
30 1 5 3 2  
3L TS34 

SUM OC 5:JlJAk EL' kESI  L)UALS AFTER 0 ITERATIENS 190961.7856 

SUM OF SuUAkED WESLUUALS AFTER 1 ITERATICNS = 304.2244 

SUM OF SdUAREO K t  blUUALS AFTER 2 ITERATICNS = 0.0248 

SUM DF SdUARtD FtSIDUALS AFTER 3 ITERATIONS = 0.0222 

SUM (.)F SblUARtU FtSIOUALS AFTER 4 ITERATICNS = 3.9222 

SUM Ol- SdUAktO RESIUUALS AFTER 5 ITERATIONS = 0.0222 

SUM OF SdUARkD RESILIUALS AFTEH h ITERATIONS = 3.0222 

SUM O F  SQUARED HtSlDUALS AFTER 7 ITERATIONS = 0.0,222 

SUM CF SUUARED RESIDUALS AFTER 8 ITERATIONS = 3.0222 

RESULTS AFTER M I TERATlONS ------- -------- ------------ 

ORIGINAL 
EPICENTRE 

LATITUDE 0.0 N 
L'JVGITUDE 45.000 n 

D R I b I N  TIME 1 C, 0.0 
DEPTH ( K M )  0.0 

RECALCULATED 
EPICENTRE 

10.000 S +OR- 0.21 KM 
45.000 k +OR- 0.20 KM 
0 5 9 6 0 . 0  +OR- 0.01 S 

-0.00 +OR- 0.00* 

JB TRAVEL TIMFS USkD 
* RESTIAIYED PARAMETERS 
ALL CONF IUENCt L I M I T S  95 PERCENT 

AREA UF 95 PERCENT CONFIDENCE REGICN ( F  TEST) I 0.20 SOaKH 

LATITUDE SHIFTED******* KM LOWITUDE SHIFTED -0.04 KM 
TOTAL SHIFT = 1104.69 KM DCRECTION OF SHIFT = 180.0 DEGS 

KESIDUAL 

48.980 
- 3.799 

-99.178 
-6.105 
73.299 
77.474 
3 0  -697 

-22.388 
-77.686 
-31.886 

43.476 
56.541 

-22.857 
-56.727 
-28.257 

23.387 

D I STANCE AZIMUTH 

55.1 
99.4 

154.6 
250.3 
324.2 

11.7 
57.7 

112.1 
171.7 
242.0 
307.6 

3.6 
119.6 
178.3 
239.6 
299.6 



TABLE OF RESIOUALS ------- ----------- 

SrATIDV RESIDUAL 31 STAMCE AZIWKH 

1 TSCl 
3 7503 
5 TS05 
7 TS07 
9 TS39 

11 T S l l  
13 TS13 

STATISTICAL 

-0.010 52.20 28.9 
0.028 44.26 66.6 

-0.038 25.18 106.8 
-0.625 7.90 218.3 
-0.018 27.47 311.7 
-0.011 45.70 351.1 
-0.C30 82.19 29.6 
-0 040 71.66 81.4 

0.015 50.08 135.8 
C .001 37.82 211.3 
0.034 52.34 284.2 
O.CS4 73.50 337.7 
0.008 99.85 91.7 
0.005 78.00 148. 

-0.002 6 7 - 8 1  210. 
0.012 80.15 271. 

AND OTHER VARlABLtS USE0 ----------------------- 

SUM OF SQUARED RE SIDUALS . C.02220 

AVERAGE SQUARED RESIDUAL = 0.00077 

STANOARD DEVlAlION = 0.02767 

NUMBER OF DEGREES I F  FREEDOM = 29 

NUMBER OF UNKNOWNS = 3 

STUDENTS T = 2.05 

VARIANCE RATIO F = 3.33 

TIME FOR THIS EVENT (SECONDS) 0.31 

EP ICENTKE DErEHMINATION ----------------------- 

STATION 

1 TSOl 
2 TSO2 
3 TS03 
4 TSO4 
5 TS05 
6 1506 
7 1507 
8 TS08 
9 T S09 

10 TSlO 
11 T S l l  
12 TS12 
13 TS13 
1 4  TS14 
1 5  TS15 
16 T S l 6  
17 TS l7  
1 8  TS l8  
19 TS19 
20  TS2C 
2 1  TS21 
22 TS22 
23 TS23 
24 TS24 
25 TS27 
26 TS28 
2 7  TS29 
28  TS30 
29 TS31 

ARRIVAL TIME 

STATION RES IUUAL DISTANCE AZ I MUTH 



STATI3Y KESIDUAL DISTANCE 

52.20 
44.26 
25.18 

7.00 
27.47 
4 5 . 7 ~  
82.19 
71.65 
50.08 
37.82 
52.34 
73.50 
99.85 
18 -08  
67.81 
80.15 

STATION 

2 TSOZ 
4 TS04 
6 1506 
8 TS08 

10 TS1.0 
12 TS12 
1 4  1514  
l 6  TS16 
18 T S l 8  
2 0  1520  
22 TS22 
2 4  TS24 
26 TS28 
28 TS3Q 
30 TS32 
32 TS34 

SUM OF SUUAkED RESIDUALS AFTER 0 ITERATIChS * 65.7421 

SUM OF SQUARED RESIDUALS AFTER 1 ITERATICKS = 13.7159 

SUM LIF SQUARED RESlDUALS AFTtR 2 ITERATIOhS = 13.7135 

SUM OF SUUAkED RESIOUALS AFTEH 3 ITERATIGhS = 13.7149 

SUy (!F SQUARED RESIOUALS AFTtH 4 ITERATIOhS 1 13.7170 

SUP OF 50UARED RESIOUALS AFTER 5 ITERATEOhS = 13.7135 

SUM OF SUUAXED RESIOUALS AFTER 6 ITERATlCkS 13.7138 

ORIGINAL 
tPICENTKt 

LATITUDE 10.000 S 
LOVGITUDE 45.000 U 

11Rl(;lh( T I M E  2 0 0.0 
DEPTH ( K M )  0.0 

REC ALCUL ATE0 
EPJCENTRE 

10.003 S ' +OR- 5.24 K M  
45.226 H +OR- 4 . U  KM 
1 5 9 5 9 . 9  +OR- 0.29 S 
-0.00 +OR- 0.00* 

J B  TR\VEL TIMES USED 
* RtST<AINE!) PARAMETERS 
ALL COQFIDE\CE LIMITS 95 PERCENT 

AREA CIF 95 PERCtNT CONFIDENCE REGICN (F TEST) * 126.46 SQ.KM 

LATITU'3F StiIFTEO -0.28 KM LOhGCTUOE SHCFTEO -24.77 KM 
TOTAL SHIFT = 24.77 KM DIRECTICN OF SHIFT = 269.4 DEGS 

TABLE O F  AESIDUALS - ------ ----- ------ 

RESIDUAL 

1.727 
1.729 

-0.015 
-1.740 
-1.719 
-0.022 

1.666 
1.673 
0.039 

-1.735 
-1.693 
-0.040 

1.685 
-0.032 
-1.707 
-1.6b2 

OISTANCE 

49.96 
35.71 
13.99 
16.24 
37.68 
50.72 
79.13 
61.27 
40.98 
42.51 
63.57 
80.17 
88.82 
70.29 
71.53 
91.18 

STATIJU RESIDUAL DISTANCE AZIMUTH SrATCON RESIDUAL DISTANCE AZIMUTH 

2 TS02 
4 TS04 
6 TS06 
8 TS08 

10 TSlO 
12 TS12 
1 4  TS14 
1 6  TSL6 
18  TSLB 
20 TSZO 
22 1522  
24 TS24 
26 TS28 
28 TS30 
30 TS32 
3 2  7534 



S T A T I S T I C A L  AND OTHER VAR1:ABLES USED --------------------- -,------------ 

SUM OF SQUARED R E S I D U A L S  13.71376 

AVERAGE SQUARLD R E S I D U A L  a 0.47289 

STANDARD D E V I A T I O N  C.68767 

NUMBER UF OEGREtS OF FREEDGM = 29 

NUMBER OF UNKNOWNS = 3 

STUOENrS T  = 2.05 

VARIANCE R A T I O  F  3.33 

T I U E  FOR T H I S  EVENT (SECONDS) 0.37 

E P I C k N T K E  DETERMINATION ---------------------- 

S T A T I U Y  A R R I V A L  T I M E  

1 COL 21 4 50.3 
2 MAT 21 6 32.2 
3 K I P  2k 6 53.9 
4 BMU 21 7 48.5 
5 PAS 21 8  36.0 
a UBO 21 8 47.2 
7 TRO 21 9 53.9 
U HNK 21 10 27.0 
9 OTT 21 10 30.8 
10 CPU 21 10 45.6 
11 PMG 21 10 51.4 
12 UPP 21 10 57.7 
13 WtS 21 10 59.8 
14 KUN 21 11 4.2 
15 SHL 21 l1 4.6 
16 VUN 21 11 8.6 
17 KOU 21 1 1  31.2 
18 P P 1  21 11 37.5 
19 OAR 21 11 49.0 
20 CTA 21 11 52.6 
21 QUE 21 12 7.2 
22 TEH 21 12 20.0 
23 B R S  2L 12 20.7 
24 I S T  21 12 30.0 
25 R I V  21 12 53.7 
26 SJG 21 13 1.3 
27 TOO 21 19 16.3 

TABLE J F  K E S I D U A L S  ------- ----------- 

S T A T I O N  R E S I D U A L  0 1  STANCE AZ IMUTH S T A T I O N  

1 COL 
3 K I P  
5 PAS 
7 TRO 
9 OTT 
11 PMG 
13 WES 
15 SHL 
17 KOU 
19 DAR 
21 QUE 
23 BRS 
25 R I V  
27 TOO 

HAT 
BM0 
U 0 0  
HNR 
ceo 
UPP 
KOM 
VUN 
P P 1  
CT A 
TIiH 
I ST 
SJG 

R E S I D U A L  A 2  I MUTH 

SUM OF SQUARED R E S I D U A L S  h F T E R  0 I l E R A $ L C M S  305.1199 

I 
sun OF SQUARED RESIDMLS AFTER 1 I T L R U I O ~ S  = 24.4881 I 

SUM OF SQUARED R E S I D U U S  AFTER 2 I,SER##ICrlYS * 24.4907 1 
1 
1 

SUM OF S Q U A R E D R E S I D U h t S  AFTER 3 iT.(iRhTICkS a,-4907 

a7 



RESULTS AFTER 3 I T E R A T I O N S  

O R I G I N A L  
EPICENTRE 

LATITUDE 51.440 N 
LONGITUDE 179.180 E 

O R I L I N  T I M t  21 0 0.1 
DEPTH (KM)  0.0 

RECALCULATED 
EPICENTRE 

51.643. N +OR- 9-64 KM 
179.210 E +OR- 10.21 KM 
20 59 57.0 +OK- 0.40 S 
-0 .OO +OK- 0.00* 

J B  TR4VEL T IMES USED 
* R t S T R 4 l N E D  PARANETERS 
ALL  CONFIDENCE L I M I T S  95 PERCENT 

A R t A  OF 95 P E d C t N T  CONFIDENCE R k G I C N  I F  TEST) S 487.23 SQ.KU 

L A T I T U D E  SHIFTED 22.65 KM LChGlTUOE SHIFTED 2.08 KM 
TOTAL S H I F T  = 22.74 KM DLRECTION OF SHLFT 5.2 OEGS 

STATIUV RESIDUAL DISTANCE AZIUUTH 

C O L  
K I P  
P A S  
TRO 
OTT 
P Y G  
W t S  
SHL 
KOU 
OAR 
OUE 
@R S 
hr v 
TOO 

S T A T l S T l C A L  ANU OTHER VAKIABLES USED 
_----------C------------------------ 

SUV OF SQUARED RESIDUALS = 24.49070 

AVERAGE SQUARED RESIDUAL = 1.02045 

STANDARD DEVIAT1.UN = 1.01017 

NUMBC3 UF D t G R t f S  OF FREEDOM = i4 

NUMBER OF UNKNOWNS = 3 

STUDf NTS T = 2.06 

VARIANCE R A T I O  F 3.40 

T I M E  FOR T H I S  EVENT (SECONDS) 3 0.25 

S T A T I  J N  

2 MAT 
4 eno 
6 U80 
8 HNK 
10 CPO 
12 UPP 
14 KON 
16 VUN 
18 P P 1  
20 CTA 
22 TEH 
24 I S 1  
26 SJG 

RESIDUAL DISTANCE A L I H U T H  



ADDITIONAL INPUT AND OUTPUT FOR JED 

Two examples of t h e  use of JED a r e  shown. 

F4.1 Theore t i ca l  s t a t i o n  study: J-B g r r i v a l  times ad jus ted  by 
2 s i n  A seconds 

This  example uses a r r i v a l  t i m e s  p redic ted  from t h e  J-B t a b l e s  
( t o  which a b i a s  has been added) f o r  a s e t  of 36 hypothet ica l  s t a t i o n s  
and 5 f i c t i t i o u s  earthquakes. The t r u e  e p i c e n t r e  of these  e a r t h q u a h  
a r e  used a s  names f o r  t h e  earthquakes, t h e i r  o r i g i n  times were a l l  set 
t o  02.00. 00 GMT. The b i a s  added t o  the  t r a v e l  times takes  t h e  form of 
a s t a t i o n  co r rec t ion  of 2 s i n  A seconds where A is the  azimuth of the  
s t a t i o n  from the  poin t  10N 35W, t he  ep icen t re  of the  middle earthquake 
of t h e  group. Using JED t h i s  b i a s  can be recovered and the  t r u e  
ep icen t re  determined (cf  r e s u l t s  obtained i n  SPUR and SPEEDY). 

F4.2 JED t e s t  d a t a  - f u l l  f l o a t  

This  uses observed d a t a  from the  explosion LONGSHOT and s i x  
earthquakes. Note t h a t  the  e r r o r  i n  t h e  LONGSHOT ep icen t re  is smaller 
than  t h a t  obtained i n  SPUR and SPEEDY b u t  t h a t  t h e  confidence l i m i t s  
a r e  l a r g e r .  



12.70 4.W 3.1R 2.78 2-57 2.45 2.36 2.31 2.26 2.23 2.20 2.18 2.16 2.14 2.13 2.12 
2.11 2.1C 2.PQ 2.CS 2.68 2.07 2.07 2.06 2 - 9 6  2.06 2.05 2.05 2.05 2.04 2 - 0 2  2-00 
2 .~11  1 . w  I.YA 1 . 9 ~  1.96 1.98 1.98 1.97 1.97 1.97 1.97 1.96 

199.519.00 9.55 t.94 5.79 5.14 4.74 4.46 4.26 4.10 3.98 3.89 3 - 8 1  3.74 3.68 3.63 
3 . 5 9  3.55 3.52 3 .44  3.47 3.44 3.42 3.4C 3 - 3 9  3.37 3.35 3.34 3.33 3.32 3.23 3.15 
3.12 3.09 3.117 ?.C7 3.06 3.05 3.04 3.01 3.02 3.01 3.01 3.017 
*+a* PUT EXTRA SlbTIOhS BEFCRE HERE 

5 
1CN 35k 2 C C  C O .  10. 
30N 24W 2 C C  CC. 30 .  
20Y 30W 2 C C  C C .  20. 
,)ON 40k 2 T C  CC.  00. 
10s 4 5 h  7 C C  CC. 1C. 
THEORt TILAL STbT I t kS  STUDY - 
THFURFTICAC STbTIChS STUDY - 
10Y 35k  7 C C  CC. 1C. 

TSOl 2 6 13.7 
TS02 2 6 14.6 
TS03 2 6 15.0 
TS04 2 6 14.7 
TS115 2 6 13.9 
TS06 2 6 12.9 
1507 2 6 11.9 
TSUB 2 6 11.3 
TSn9 2 6 11.C 
TS1q 2 6 11.2 
T S l l  2 6 11.7 
TS l 2  2 6 12.7 
TS13 7 10 11.6 
TS 14 2 10 12.8 
1515 2 10 13.4 
T S  l 6  2 10 13.0 
TS17 2 10 11.9 
TS l8  2 10 10.8 
TS 19 2 10 9.9 
TSZO 2 10 9.6 
TSZl 2 10 9.4 
TS23 2 10 9.4 
T523 2 10 9.6 
l 5 2 4  2 10 10.4 
TS25 2 13 3.6 
TSZh 2 13 5.0 
TS2 7 2 13 5.6 
T528 2 13 5.0 
T129 2 13 3.6 
T S  3n 2 13 2.2 
TS31 2 13 1.6 
7532 2 13 1.6 
T S 3  3 2 13 1.6 
TS 34 2 13 1.6 
T535 2 13 1.6 
1536 2 13 2.2 

24k 2 C C  C C .  3C. 
2 1 58.9 
2 3 57.8 
2 5 56.2 
2 7 24.6 
Z 8 28.8 
2 9 6.0 
2 9 15.2 
2 8 56.4 
2 8 10.1 
2 6 58.3 
2 5 23.7 
2 3 15.6 
2 7 19.6 
2 8 2.0 
2 9 21.1 
2 1 0  39.8 
2 11 39.9 
2 12 15.1 
2 12 24.0 
2 12 6.4 
2 11 22.4 
2 10 15.1 
2 8 53.7 
2 7 42.5 
2 l1  1.6 
2 11 27.3 
2 12 17.8 
2 1 3  12.1 
2 13 44.8 
2 L2 53.6 
2 11 58.3 
2 11 14.3 

35. 
24. 
30. 
4C. 
45. 

ARR IVAL 
AR4 IVAL 

35. 

W RESTRAIN 
W RESTRAIN 
W RESTRAIN 
W RESTRAIN 
W RESTRAIN 

TIMES 4DJUSTEC BY 2*SINIAZ) 
TIMES ADJUSTEC BY 2*SIN(AZ) 

W RESTRAIN 
10N 35W 
ION 35W 
?ON 35W 
I 1 N  35W 
ION 35W 
10'4 35W 
I O N  35W 
ION 35W 
ION 35W 
1nN 35W 
?ON 35W 
ION 35W 
I Q N  35W 
13N 35W 
lON 35W 
ION 35W 
lON 35W 
InN 3511 
I Q N  3% 
10N 35W 
ION 75W 
1OY 35W 
lON 75W 
inhJ 35W 
IQN 35W 
ION 35W 
ION 35W 
l0h l  35W 
13Y 35W 
I' lN 35W 
ION 35W 
ION 35W 
?.')N 35W 
ION 35W 
1qN 15W 
?ON 15W 



2ON 30k 
TSOl 
TS02 
TS03 
TF04 
TS05 
TSOh 
TSC7 
TSOH 
TS39 
TS l n  
TS l l 
TS12 
TS 13 
T S  14 
TS15 
TSlh  
TS 17 
TS 18 
TS 19 
TS2:J 
TSZl 
1522 
TS23 
TS24 
TS25 
TSZh 
TS27 
TS 2 R 
TS29 
TS 3" 
TS32 
T S  33 
TS 34 
1535 
TS3h 

GON 40b 
T S O l  
TS02 
T S C  3 
TS04 
Tsns 
TSCh 
TS07 
TSOR 
TS09 
1513 
T S l l  
TS12 
T S 1 3  
TS 14 
Tt15 
TS L6 
T S  17 
TS l R 
TS19 
TS.?!, 
T521 
TT22 
TS23 
TS24 
1526 
TS27 
TS28 
TS 29 
TS3i) 
TS31 
TS32 
TS33 
TS 34 
TS35 
TS36 

2 C C  OG. 20. N 30. W 
2 4 26.7 
2 4 57.0 
2 5 47.8 
2 h 37.7 
2 7 17.0 
2 7 40.5 
2 7 45.9 
2 7 33.1 
2 7 3.1 
2 6 19.3 
2 5 28.2 
2 4 42.4 
2 8 51.1 
2 9 8.R 
2 9 43.9 
2 10 23.1 
2 10 55.7 
2 11 15.9 
2 11 20.8 
2 11 9.7 
2 10 43.8 
2 10 7.3 
2 9 28.2 
2 8 58.8 
2 12 8.0 
2 12 19.8 
2 12 42.8 
2 13 9.0 
2 13 32.2 
2 13 47.7 
2 13 42.9 
2 13 23.1 
2 12 57.2 
2 12 30.9 
2 12 12.2 

2 O C  CO. 00. N 40. W 
2 7 48.4 
2 7 38.0 
2 7 9.4 
2 6 25.6 
2 5 33.1 
2 4 44.1 
2 4 23.8 
2 4 51.0 
2 541 .1  
2 6 32.0 
2 7 13.5 
2 7 39.9 
2 11 23.1 
2 11 14.3 
2 l 0  49.8 
2 10 13.1 
2 9 32.4 
2 9 0.0 
2 848 .8  
2 9 3.R 
2 9 37.8 
2 10  17.7 
2 10 52.3 
2 11 15.2 
2 13 47.4 
2 13 28.6 
2 13 2.2 
2 12 34.2 
2 12 12.8 
2 12 5.7 
2 12 15.4 
2 12 37.4 
2 13 4.4 
2 1 3  29.4 
2 13 47.5 

RESTRAIN 
20N 30W 
20N 30W 
20N 30W 
2ON 30W 
ZON 30W 
2OV 30W 
20N 30W 
20N 30W 
ZON 30W 
20N 3OW 
20N 30W 
20N 30W 
20N 30W 
2ON 30W 
20N 30W 
23N 30W 
2ON 30W 
ZON 30U 
ZON 30W 
20N 30W 
20N 30W 
20N 30W 
20N 30W 
20N 30W 
20N 30W 
2 n ~  
20N 30W 
20N 30W 
20N 30W 
2ON 30W 
20N 39W 
20N 30W 
20N 30W 
20N 30W 
20N 30W 

RESTRAIN 
OON 40W 
OON 40W 
9ON 40W 
OON 40W 
OON 40W 
CON 40W 
09N 40W 
OON 40W 
n0N 40W 
09N 40W 
00N 40W 
004 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40W 
0c)N 40W 
OON 40W 
OON 40W 
OON 40W 
00W 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40W 
OON 40U 
OON 40W 
00N 40W 
OON 40W 
OON 40W 
OON 40W 
30N 40W 



10s 
TSOl 
r s n ?  
T t O l  
TSP't 
TS05 
TS )h  

TS07 
TS04 
TSciLI 
T T  1 
'S11 
TS lL  
TS13 
~ ~ 1 4  
TS15 
T S l h  
TS17 
T t  1 Q  
TS1Y 
TS7 
TS2l  
TS27 
T(7 3 
r s 7 4  
TS27 
TS2H 
TS29 
TS37 
7531 
TS37 
T53 i 
TC 34 

45W 2 C C  CO. 10. 
2 9 16.0 
2 8 59.9 
2 8 15.5 
2 7 4.4 
2 5 29.8 
2 3 21.9 
2 1 57.9 
2 3 49.6 
2 5 48.1 
2 7 17.4 
2 8 23.7 
2 9 3.7 
2 12  25.1 

7 
2 0 /  10 /65  
92 /26 /66  
22/C1/66 
l 1/CB/66 
J6/ C2/C5 
19/C7/66 
10-C7-66 
JFrI TEST 
JFn TEST 
? 9 / 1 0 / 6 5  

COL 
YA T 
K I P  
'3Y 0 
PAS 
UHI' 
T R n  
H"(U 
OTT 
cpn 
O r G  

UPP 
WF S 
K'3N 
SHL 
VIJN 
uqu 
PP T 
OA H 
CTA 
QU F 
TE H 
BR S 
IST 
R I V  
SJG 
TOO 

~ i 2 / 0 6 / 6 6  
COL 
YBC 
K I P 
RMO 
PAS 
URO 
TRO 
PY G 
f3T T 
SHL 
UP p 

c PO 
CTA 
QU E 
STU 
BR S 
IST 
SJG 

21 C C  
3 27 

14 27 
I d  45 
16 5C 
1 4C 

19 2C 
DATA - 
OATA - 

21 O C  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
29 /10 /65  
29 /1C / t5  
29 /?0/C5 
2 9 / 1 0 / t 5  
29/10/C5 
2 9 / 1 0 / t 5  
29 /1  0 /65  
29 /10 /65  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
29 /10 /65  
29 /10 /65  
29/1n/65 
29 /10 /65  
2 9 / 1 0 / t 5  
2 9 / 1 0 / t 5  
29/10/C5 
29 /10 /65  
2 9 / l C / t 5  
29 /10/65 
29/1C/65 
2 9 / 1 0 / t 5  

00.1 51.44 
53.3 51.08 
C7.9 55.97 
59.6 52.76 
28.6 53.29 
53.9 56.20 
33.4 51.73 
FULL FLOAT 
FULL FLOAT 
C0.1 51.44 
2 1  04 50.3 
21  06 32.2 
2 1  0 6  53.9 
21  C7 48.5 
21  08 36.0 
2 1  08  47.2 
2 1  09 53.9 
21  10 27.0 
2 1  1C 30.8 
21  10 45.6 
21 10 51.4 
2 1  10 57.7 
2 1  1 0  59.8 
2 1  11 04.2 
21  11 04.6 
21  11 08.6 
21  11 31.2 
21  11 37.5 
21  11 49.0 
2 1  11 52.6 
21  12 07.2 
2 1  12 20.0 
21  12 20.7 
21  12 30.0 
21  12 53.7 
21 13 01.3 
2 1  1 3  16.3 

RFSTRAIN 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1'35 45W 
1 0 s  45W 
1 0 s  45W 
LOS 4 ' iW 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
I n s  4 5 ~  
1 0 s  45W 
1 0 s  45W 
1 0 s  45W 
'LOS 45W 
1 0 s  45W 
1 0 s  45W 
1 0 s  4 5 u  
1 0 s  *SW 
1 0 s  45W 
1 0 s  45W 
LOS 45W 
1 0 s  45Y 
LOS 45W 

RESTRAIN 
RESTRAIN 
RESTRAIN 
RESTRAIN 
RFSTRAIN 
RESTRAIN 
RESTRAlN 

0 -7 RESTRAIN 
JED TEST DATA 
JED TEST OAT4 
JED TEST DAT I  
JEO TEST DATA 
JEO TEST OAT A 
JEO TEST DATb 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
JED TEST DATb 
JED TEST OATA 
JED TEST DATb 
JEO TEST DATA 
JEO TEST DATb 
JEO TEST OATb 
JEO TEST OATA 
JEO TEST DATA 
JED TEST DATA 
JEO TEST DATP 
JED TEST DAT I  
JEO TEST DATA 
JED TEST DATA 
JEO TEST OATA 
JEO TEST OAT4 
JED TEST DATA 
JED TEST DATb 

41. RESTRAIN 
JEO TEST DATA 
JEO TEST DATA 
JED TEST DATA 
JEO TEST OATA 
JEO TEST DATA 
JED TEST DATA 
JED TEST OATA 
JEO TFST DATA 
JEO TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
JED TEST DATA 
JED T EST DAT A 
JEO TEST DATA 
JEO TEST D A T I  
JED TEST DATA 
JEO TEST DATA 
JED TEST DATb 



2 2 / 0 1 / 6 6  14 2 7  
HBC 2 2 / 0 1  /E6 
BY 0 2 2 / 0  1  /C6 
PAS 2 2 / 0 1 / 6 6  
ULIO 2 2 / 0  1 / 6 6  
K I P  2 2 / 0  1 / 6 6  
MAT 2 2 / 0 1  / 6 6  
CPO 2 2 / 0 1 / 6 6  
TRO 2 2 / 0 1 / 0 6  
KON 2 2 / 0 1  /C6 
UPP 2 2 / 0 1  /C6 
C L L  2 2 / 0 1  / t 6  
STU 2 2 / 0 1 / 6 6  
V U N  2 2 / 0  1  /C6 
PMG 2 2 / 9 1  /C6 
SHL 2 2 / 0 1 / 6 6  
I S T 2 2 / O l / t 6  
TEH 2Z/C l /C6 
CTA 2 2 / n  l  / t 6  

1 1 / 0 8 / 6 6  10 45  59.6 52.76 
COL L 1 / 0 8 / 6 6  l 0  4 9  46.0 
M BC 1 1 / 0 8 / 6 6  10 52 05.0 
RMO l l / O R / t 6  10 52 45.3 
MAT 1 1 / 0 8 / t h  1C 53  25.2 
PAS 1 1 / 0 8 / C 6  1C 53  37.0 
UBO 1 1 / Q 8 / 6 6  l 0  53 46.4 
TH Cl 1 1 / 0 8 / 6 6  1C 55 45.0 
OT T 1 1 / 0 8 / 6 6  10 55 45.0 
CPO 1 1 / 0 8 / 6 6  1 C  55 54.6 
UP P l l / n 8 / 6 6  10 56 50.9 
PM G 1 1 / 0 8 / 6 6  10 57 17.5 
SHL 1 1 / 0 8 / t 6  10 57 34.9 
C T A  1 1 / 0 8 / 6 6  10 58 13.0 
S J G  1 1 / 0 8 / t 6  1C 58 23.5 
QU E 1 1 / 0 8 / 6 6  10 58 24.7 
T t H  1 1 / 0 6 / 6 6  10 58 30.0 
HQ S 1 1 / 0 8 / 6 6  10 58 35.4 

0 6 / 0 2 / C 5  
M RC 
RMO 
K I P  
* A T  
OTT 
CP 0 
1 9 0  
UP P 
Hh( R 
PP T 
PYG 
S HL 
SJG 
KOU 
CTA 
I S T  
DAR 
TEH 
BR S 
R I V  
TOO 

1 9 / 0 7 / 6 6  
COL 
MAT 
MBC 
K I P  
RHO 
PAS 
URO 
SHL 
UP P 
HNR 
PM G 
QUE 
CL L 
CPO 
TE H 
STU 
V U N  
I S T  
CTA 
PP T 

N 153.69 W 33. R E S T R A I N  
J E O  T EST DATA 
J E D  TEST DATA 
JEO TEST OATA 
J E D  TEST DATA 
JEO TEST DATA 
J E O  TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
J E O  TEST OATA 
JEO TEST DATA 
JED TEST DATA 
J E D  TEST D A T b  
J E D  TEST DATA 
JED TEST DATA 
J E D  TEST DATA 
J E D  TEST OATA 
J E D  TEST OATA 
JEO TEST DATA 

N 169.74 W 61. RESTRAIN 
J E D  TEST OATA 
J E D  TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
J E D  T E S I  OATP 
J E D  TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
JED TEST OATA 
J E D  TEST DATA 
J E D  TEST DATA 
J E D  TEST OATA 
JEO TEST DATA 
JEO TEST OAT4 
JEO TEST DATA 
J E D  TEST DATA 

N 161.81 W 33. R E S T R 4 I N  
J E D  TEST DATA 
J E D  TEST DATA 
JEO TEST OATA 
J E O  TEST OATA 
JED TEST DATA 
J E D  TEST DATA 
JEC TEST OATP 
JEO TEST OATA 
J E D  TEST DATA 
J E D  TEST O A T 4  
JEO TEST OAT A 
JEO TEST DATA 
JEO TEST OATP 
J E D  TEST DATA 
J E D  TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
J E D  TEST DATA 
J E D  TEST OATA 
J E D  TEST DATA 
JEO TEST OATA 

N 164.90 E 18. R E S T R A I N  
JEO TEST DATA 
JEO TEST DATA 
J E O  TEST DATA 
JEO TEST DATA 
JED TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
J E D  TEST OATA 
J E D  TEST DATA 
JEO TEST OATA 
J E D  TEST O A T 4  
J E D  TEST DATA 
J E O  TEST DATA 
JEO TEST DATA 
JEO TEST DATA 
J E D  TEST DATA 
JED TEST OATA 
JEO T E S T  DATA 
J E D  TEST DATA 



19-07-66 
COL 
'QC 
MAT 
PAS 
UBO . 
TRO 
OTT 
CPO 
UES 
HN R 
UPP 
PMG 
SHL 
CL L 
CTA 
sru 
QU E 
TEn 
I S T  
SJ G 

USES DIMtNS16N A( 16s  17) ,R(  17s  8411C( 5 ,  8 4 )  

47 
JEO TE 
JEO TE 
JED TE 
JEO TE 
JEO TE 
JEO TE 
JED TE 
JEO TE 
JEO TE 
JED TE 
JED TE 
JED t E  
JED TE 
JEO T E 
JED TE 

-JEO TE 
JEO TE 
JEO TE 
JEO TE 
JED TE 

THEORETICAL STATIUNS STUDY - JB ARRIVAL TIMES ADJUSTED BY 2*S IN(AZ)  

STATICIN h Q R I V A L  TIME 

7 so1 
TS02 
T SO3 
1 5 0 4  
TS05 
T S06 
T SO' 
TS08 
TS09 
TSLO 
T S l l  
TS12 
TS13 
TS14 
7515  
TS16 
TS17 
r s l e  
7 5 1 9  
TS20 
T S Z l  
7522  
TS23 
TS24 
TS25 
1 5 2 6  
T S2 7 
TS28 
T S29 
1 5 3 0  
TS31 
TS32 
7533 
TS34 
7 5 3 5  
TS36 

RESTRAIN 
I f  DATA 
iT DATA 
IT DATb 
IT DATA 
IT DATA 
IT DATb 
IT 0ATL 
IT DATA 
;T DATA 
if OAT& 
;T DATL 
i f  OATA 
IT OAT4 
iT 01\11 
IT OATA 
IT DATA 
IT OATA 
,T DATA 
IT OAT1 
;T DATA 



S T A T I O N  

1 T S O l  
2 T S 0 2  
3  T S 0 3  
4  T S O A  
5 T S 0 9  
6  T S O b  
7 ~ ~ 0 7  
Q  TSOQ 
9 T S O Q  

1 0  T S l O  
11 T S l l  
1 2  T S 1 2  
1 3  ' S 1 3  
1 4  T S 1 4  
1 5  T S 1 5  
1 6  T S 1 6  
1 7  T S 1 7  
1 8  T S l P  
1 9  TSIQ 
20 T S 2 O  
2 1  T S 2 1  
2 2  T S 2 2  
2 3  T S 2 3  
2 4  ? S 2 4  
2 5  T S 2 5  
2 6  T S 2 h  
2 7  ~ ~ 2 7  
2 P  T S 2 R  
2 9  T S 3 3  
3 0  T S 3 4  
3 1  T S 3 5  
3 2  T S 3 6  

S T A T  IClN 

1 T S O l  
2  1 5 0 7  
3 T S O 5  
4  T S 0 4  
5  1 5 0 5  
6 T S O o  
7 T S C 7  
8  T S O S  
9 T S 0 9  

1 0  T S l O  
l 1  T S l l  
1 2  T S 1 2  
1 3  T S 1 3  
1 4  f S 1 4  
1 5  T S 1 5  
1 6  T S 1 6  
1 7  T S 1 7  
1 6  T S 1 8  
19 T S 1 9  
2 0  T S 2 0  
2 1  T S 2 l  

A R R I V A L  T I Y E  

ARP I V A L  T I Y E  



OON 40W 

STATIOFl 

1 T S O l  
2  T S 0 2  
3 7 5 0 3  
4 T S 0 4  
5 7 5 0 5  
C T S 0 6  
7 TSCT 
8 TSOH 
9 TSOO 

1 0  T S 1 0  
11 T S l l  
1 2  T S 1 2  
1 3  TS13  
1 4  T S 1 4  
1 5  T S 1 5  
1 6  T S l h  
1 7  T S l f  
i e  TSIR 
1 4  T S l ?  
2 0  1 5 2 0  
2 1  T S 2 l  
2 2  7 ~ 2 7  
2 3  T S 2 3  
7 4  1 5 2 4  
2 5  T S 2 6  
2 6  T S L 7  
2 7  T S 2 8  
2t' T S 2 9  
29 7 5 3 0  
3 0  1 5 3 1  
3 1  TS32  
3 2  T S 3 3  
3 3  T S 3 4  
34  T S 3 5  
3 5  T S 3 6  

1 0 s  45H 

STATIDY 

1 T S O l  
2  1 5 0 2  
3 7 5 0 3  
4  7 5 0 4  
5 T S 0 5  
6 7 5 0 6  
7 ~ ~ 0 7  
8 TSOD 
9 TSO? 

1 0  T S 1 0  
11 T S l l  
1 2  T S l L  
1 3  T S 1 3  
l r  1 5 1 4  
1 5  T S l 5  
10 T S l b  
1 7  T S 1 7  
l e  T s l *  
19 T S 1 7  
2 0  1 3 2 0  
2 1  t S 2 1  
2 2  T S 2 2  
23  T S 2 3  
2 4  T S 2 4  
2 5  T S 2 7  
2 0  7 S 2 R  
2 7  T S 2 9  
2 8  1 5 3 0  
2 9  T S 3 1  
30 T S 3 2  
3 1  7 5 3 3  
3 2  T S 3 4  

A R R I V A L  T IME 

A R V I  VAL T I M E  



STI 

SUM OF SQUAMFP R t  SInUALS AFTER 0 ITER4TIOWS 

SUM OF SQUAREO R f  SIDUALS AFTER 1 ITERATIONS = 

SUM OF SOUARFG dFSIOU4LS AFTER 2 ITERATIGNS = 

SUM OF SQUARE0 PF5IUUALS AFTER 3 ITERATIONS 

SUY OF SQUARED RFSIOUALS AFTER 4 ITERATIONS = 

OON 40Y 

0.9959* 
1.7014* 
1.0769* 
1.6998* 
O.Q967* 

-0.0441* 
-0.9783* 
-1.7280* 
-1.9894* 
-1.7478* 

2:;;3: 
1.0403* 
1.6804* 
'.0126* 
1.6669* 
1.0144* 
0.0374* 

-1.0345* 
-1.7403* 
-2.03523 
-1.6762* 
-0.9910* 
-0.007* 
0.0 
1.67$4* 
1.96@$* 
1.7141)* 
0.9993* 

-0.0229+ 
-1.0007* 
-1.66%* 
-z.omr* 
-1.652a 
-1.00 4* 
0.00$6* 

PESWTS AFTFR 4 I TER4TIONS 

F VE NT ORIGIN TIME IKPtH 1KWD LATITWOE LONG1 TUDO 

OPlGlYAL EPICtNTRE 10N 35U 2 0 0.0 6.0 10.000 N 35.000 (r 
RtCALCIRATfO EPICFNTRE 2 0 0.01 Q.0 * 10.000 N 34.999 W 

EPICENTRE WIFTED 0.088 KM 4ZIMUJH 217.71 OEGS 

ORIGINAL EPICENTRF 30N 24W 2 0 0.0 0.0 30.000 N 24.000 U' 
RECALCULATED EPICENTRE 2 0 3.00 6.0 * 30.008 N 24.000 Y 

EPICENTRE S#IFTEO 0.036 KM 4LImTH 319.11 OEGS 

nRlGlYAL EPICENTRE 2ON 30W 7 0 0.0 0.0 20.000 N 30.000 Y 
RECALCULA TFD EPICENTRE 2 0 3.00 0.0 * 20.000 N 30.000 Y 

CPICEYTRE WIFTEO 8.015 KM AZIIIYTM 216.45 OEQS 

I HC 2091 IBCOM - PROGRAM I NSRRUPT- OlVlOE CHECK OLD & IS PFO5000F820E E4C0 PEGI S # ~ R  CONTAI UP0 41100a8000000000 

TRhCEBACK ROUTINE CALLED FROM ISN REG. 14  RE& 15 =G. 0 R=. 1 

BAmEL 0324 4 2 0 f b ~ 0 ~  00Bew68 001 1588(1; OOOE4810 

WORM OM6 420113026' OOOIfPOge .61234f# OOOEtDU 

JFO 306 + t o ~ 2 e a c  o o o ~ e f e  r t o o o o l s  ~ o o o o o o  

UAI N 0001306~  010e@kl0 ff00001l ~ 1 4 ~ ~ 0 0  

ENTRY POINT= OlOE2810 

'STANMRD F IXUP TAKEN t EXECUTIW COhTINUIq 



ORIGINAL EPICENTRE OON 40W 2 0 010 0.0 0.0 N 40.000 W 
RECALCULATED EPICENTRE 1 59 60.00 0.0 * ,0.001 S 39.999 W 

EPICENTRE SHIFTED 0.176 KM AZIMUTH 333.62 DEGS 

ORIGINAL EPICENTRE iOS 45W 2 0 0.0 0.0 10.000 S 45.000 W 
RECALCULATED FPICFNTRi 1 59 59.99 +&O * L0.001 S 45.000 W 

EPICENTRE SHIFTED 0.130 KM AZIMUTH 347.38 OEGS 

MEAN EPICENTRE 

* RESTRAINFO PARAMETERS 

JH TRAVEL TIMES USED 

STdTION COPRFCTIONS (SECONDS) 

0.983 +OR- 0.039 
1.713 *?R- 0.037 
7.005 *OR- 0.036 
1.716 *99- 0.036 
0.$89 +3K- 0.037 
0.004 +OR- 0.038 

-1.011 +02- 0.039 
-1.716 +OR- 0.331 
-1.994 +*W- 0.036 
-1.705 +OR- 0.036 
-1.023 +gR- 0.037 
-0. 006 +$)R- 0.038 

0.995 +OR- 0.033 
1.696 +OR- 0.033 
2.008 + lh- 0.033 
1.714 +OR- 0.033 
1.002 *?R- 0.034 
0.041 +#)R- 0.033 

-1.C01 *OR- 0.033 
-1.10$ i 7 a -  0.033 
- i .OO"  +')R- 0.033 
-1.700 + m -  0.034 
-1.017 +OR- 0.034 
-0.015 +OK- 0.033 

0.997 +OR- 0.038 
1.712 +OR- 0.033 
Lac01 *OR- 0.030 
1.722 +OR- 0.030 
1.001 +09- 0.033 

-0.020 +OR- 0.033 
-0.903 +n*- 0.038 
-1.671 +OR- 0.033 
-2.014 +OK- 0.030 
-1.670 +OR- 0.030 
-0.996 +OH- 0.033 
-0.013 *OR- 0.033 

MEAN DISTANCE MEAN AZ lnutn 

52.202 28.86 
49.960 47.79 
44.260 66.60 
35.711 45.69 
25.176 106.78 
13.986 177.56 
7.805 218.28 

16.241 284.46 
27.473 31 1.73 
37.680 332.12 
45.701 351.07 
50.724 9.90 
82.193 29.61 
79.133 55.69 
71.655 81.35 
61.273 107.33 
50.076 135.82 
40.977 170.21 
37.824 211.28 
42.507 251.33 
52.338 284.23 
63.571 31 1.94 
73.504 331.73 
80.168 3.47 
78.986 31.38 
99.289 60.06 
99.848 91.74 
88.824 119.77 
78.078 148.01 
70.287 178.18 
67.813 210.25 
71.532 242.05 
80.152 27 1-74 
91.176 299.77 
96.043 329.07 
99.898 359.13 

S5 PERCENT CONFIDEWE LIMITS (KILOMETRES) 

LATITUDE 

LONG1 TUDE 

OEPTH (KM) 

OKlGlN TIME 

AREA OF CONF. 
D EGlON S0.KM. 

LATITUDE 

LONG1 TUOE 

DEPTH (KM) 

AR'EA OF CONF. 
R EGSON SO.KM. 

NO. 'IF REIDlNGS 

5. 
5. 
5. 
5. 
5. 
5. 
5. 
5. 
5. 
5. 
S. 
5. 
5. 
5. 
5. 
5. 

30N 24U 20N 30Y OON 40W 

0.411 30.000 N +OR- 01378 20.000 N +OR- 0.394 0.001 S +OR- 0.393 

0.413 24.000 Y +OR- 0.313 30.000 Y +OR- 0.381 39.999 U' +OR- 0.401 

0.0 0.0 +OR- 0.0 0.0 +OR- 0.0 0.0 +OR- 0.0 

0.01 S 2 o 0.00 +m- 0.01 S 2 o 0.m +OR- 0.01 S 1 5 s  60.00 +QR- 0.01 S 

0.58 0. i* 0.78 



T A B L E  O F  R F ~ I D ~ J A L S  

S T A T I O N  1 0 N  35W 3 0 N  2 4 Y  2 0 N  3 0 U  OON 4 0 ~  

T S O l  
1 S 0 2  
T  S 0 3  
T S 0 4  
T  S 0 5  
T  S 0 6  
T S 0 7  
7 S 0 6  
TSO? 
T S l U  
T S l l  
T S 1 2  
T S 1 3  
T S 1 4  
T S l S  
T S l 6  
T S I  
T S l R  
T S 1 9  
T S 2 Q  
T S 2 1  
T S 2 7  
T S 2 3  
T S 2 4  
T S Z S  
T S Z 6  
1 5 2 '  
T S 2 R  
T S 2 Q  
T S 3 C  
T S 3 1  
1 5 3 3  
T S 3 3  
T  S 3 4  
T S 3 5  
T S 3 6  

S T A T I S T I C A L  A N D  OTHER V A P I A B L E S  USED 
---W-------------------------------- 

SUM OF SQU4Rt 3 R E S I D U A L S  = 0.10594 

AVERAGE SQUARED R F S I O U A L  = 0 . 0 0 0 8 8  

STANDARD D E V I A T I O N  = 0.0297 1 

NUMBER OF DESREES OF FREEDOM = 1 2 0  

STUDENTS 1 = 1.98 

V A R I A N C E  R A T 1  J F = 3.07 

SUM @ F  SQUARES DUF 117 E P I C E N T R E  S H I F T S  = 0 . 0 0 2 0 9  

V A R I A N C E  DUE TO E P I C E N T R E  S H I F T S  = 0 . 0 8 0 2 1  

NUMBER USED = 10 

P R E A  O F  C O N F I D E N C t  R E G I O N  ON MEAN E V E N T  = 0.85 * F ( 10, 120 1 SPoKM. 

T I M E  T A K E N  FOR JOB = 13.99 SECONDS 

U S E S  D I M E N S I O N  A (  2 2 ,  2 3 ) , B (  23, 4 6 ) t C I  7r 4 6 )  



M U L T I P L E  E P I C E N T R E  D E T E R M 1 N A T I O N  -------------------------------- 

J t U  T E S T  OATA - F U L L  F L O A T  

STPTIL IN ARF I V A L  TT YE 

1 COL 
2 MAT 
7 K I P  
4  B Y 0  
5 P A S  
C UBO 
7 Tun 

HNR 
Q O T T  

1 0  CPO 
l1 PYG 
1 2  LJPP 
1 3  WES 
14 KON 
1 5  SHL 
1C. VUN 
1 7  K ' l U  
1 P  P P T  
19 OAK 
70 CTb 
"l QUF 
2 2  TCH 
2 3  P R S  
2 4  I S T  
25: P \ I V  
2 6  SJG 
2 7  TOO 

S T A T I O N  A R R I V A L  T l  YE 

COL 
MRC 
K I P  
R MO 
P A S  
UR 0 
TRO 
PMG 
n TT 
SHL 
UP P 
C PO 
C TA 
OUE 
S T U  
RR S 
I ST 
SJG 

S T A T I O N  A R R I V A L T I M E  

MRC 
RMO 
PP S 
U0 a 
K I P  
Y A T  
C PO 
TRD 
K O N  
U P P  
C L L  
S T U  
V UN 
PMG 
SHL 
I S T  
T E H  
C TA 



S T A T I O N  

1 COL 
2 MBC 
3 RMO 
4 MAT 
5 P A S  
6 URC' 
7 TRO 
8 O T T  
9 CPO 
10 UPP 
11 PMG 
12 SHL 
13 C T A  
14 S J G  
15 QUE 
16 T E H  
17 E R S  

S T A T I O N  

1 MBC 
2 B M 0  
3 K I P  
4 M A T  
5 (?TT 
6 CPO 
7 TRO 
8 UPP 
9 HNR 
10 P P 1  
11 PMG 
12 SHL 
13 S J G  
14 K O U  
15 C T A  
16 IS7 
17 DAR 
18 T E H  
19 B R S  
20 R I V  
2 1  TOO 

S T A T I O N  

1 COL 
2 M 4 T  
3 nec 
4 K I P  
5 RMO 
6 P A S  
7 URO 
8 SHL 
9 UPP 
10 HNR 
l1 PMG 
12 QUE 
13 C L L  
14 CPO 
15 T E H  
16 S T U  
17 VUN 
l e  IST 
19 CTA 
20 P P T  

A R R I V A L  T I M E  

A R R I V A L  T I M E  



IQ-Cl-66 

STA T I l ' N  

1 COL 
2 Mac 
3 HAT 
4 PAS 
5 UP0 
6 TMO 
7 OTT 
P CPU 
0 NES 

1 0  HNP 
11 UPP 
L2 PMG 
13  SHL 
14  CI.L 
1 5  CTA 
10 STU 
1 7  QUE 
l ?  TEH 
1 4  I C T  
20 S J t i  

4 R R l V A L  TIME 

TABLE DF U E S I D L 4 L S  ------------------ 
SThTlON 

1 CfIL 
2 M47 
3 K I P  
4 RWCI 
5 PAS 
t URD 
7 TOO 
A HNP 
9 OTT 

10 CPO 
11 PHG 
1 2  UPP 
1 3  WFS 
14 KON 
1 5  SHL 
1 6  VUN 
1 7  KOU 
1 9  PPT 
1 9  OAR 
2 0  CTA 
2 1  QIJE 
2 2  TEH 
2 3  BRS 
2 4  I S 1  
2 5  R I V  
26  SJG 
2 7  TOO 
2 8  WBC 
2 9  STU 
30 C L L  

SUY OF SQUARED RESIDUALS AFTER 0 ITERATIONS - 
SUM OF SQUARED PESIDUALS AFTER l . ITERATIONS 

SUM OF SQUARED P F S I D U a L S  AFTER 2 ITERATIONS = 



R k S U L T S  AFTER 2 I T E R A T I O N S  -------- ------------------- 

E VE Nf ' I R I G I N  T I M E  OEPTH ( K M )  L A T I T U D E  LONG I T W E  

O R 1 6 I b i A L E P I C E N T E E  29/10/65 21 0 0.10 0.700 51.440 N 179.180 E 
RELALCUlATCD EPICENTRE 20 5'7 57.13 0.700* 51.476 N 170.106 E 

EP ICEYTRE S H I F T E D  6.562 KM AZ IMUTH 308.21 DEGS 

[ I R I G I N A L  k P I C E N T R F  02/06/66 3 27 53.30 41.000 51.080 N 174.970 E 
RECALCIJL 4 T f  O EPICENTRE 3 27 53.40 41.000* 50.949 N 175.PS8 E 

'PICENTRC S H I F T E D  16.014 KM AZIMUTH 201.61 CEGS 

n P l G I Y h L  FP lCENTRE 22/01/66 14 27 7.90 33.000 55.970 N 153.690 W 
RFCALCULATFD EP ICENTR3  14 27 8.03 33. OOO* 55.915 N 153.994 W 

EPICENTRE S H I F T E D  20.399 KM A Z I Y U T H  252.18 DEGS 

I l N I G I N A L  EPICENTRE 11/08/66 10 45 59.60 61.000 52.760 N 169.740 h 
BECALCULATFD EPICENTRE 10 45 59.90 61.000* 52.782 N 160.844 W 

EPICENTRE S H I F T E D  7.434 KM AZ IMUTH 70.71 DEGS 

OF I C I N A L  EPICENTRE 06/02/65 16 50 28.60 33.000 53.290 N 161.OlO U 
RECALCUL4TFD EPICENTRE 16 50 2d.48 330000* 53.124 N 161.944 W 

CPICENTRE SHIFTED 20.984 KM AZ IMUTH 205.97 DEGS 

O R I G I N A L  EPICENTRE 19/07/66 1 40 53.90 18.000 56.200 N 164.Q00 E 
RECALCULATED EPICENTRE 1 40 54.81 18.000* 56.338 N 164.478 E 

EPICENTRE S H I F T E D  30.559 KM AZ IMUTH 300.55 DEGS 

O R I G I N A L  EPICENTRE 19-07-66 19 20 33.40 47.000 51.730 N 173.300 k 
RECALCUL4 TFD EPICENTRE 19 20 34.12 47.000* 51.796 N 173.450 U 

FPfCENTRE S H I F T E D  13.198 KM AZ IMUTH 305.40 DEGS 

MEAN EPICFNTRE 53.644 N 177.172 k 

* RESTRAINED PARAMETERS 

JB TR4VEL T I M E S  USED 



STATION CORRECT1 ONS (SECONDS) .............................. 
COL 
MbT 
KIP 
8'41 
P A S  
URO 
Th LI 
HNR 
OTT 
C pn  
PYG 
UPP 
W €  S 
KON 
SHL 
V UN 
KOU 
PPT 
DAR 
C TA 
Put 
T F H  
9R S 
I S: 
RIV 
SJG 
Tnn 
t'EC 
STU 
CLL 

+OR- 
+nR- 
+OR- 
+OR- 
+ m- 
+OR- 
+OR- 
+OR- 
+JR- 
+OR- 
+ OR- 
+3R- 
+OR- 
+ OR- 
+OR- 
+OR- 
+ox- 
+M- 
+OR- 
+OR- 
+OR- 
+OR- 
+OR- 
+OR- 
+')R- 
+OR- 
+ m -  
+OR- 
+ 0 9 -  
+OR- 

MEAN OISTANCE NO. OF READINGS 

5 5  PERTENT C'JNFIDENCE LIHITS (KILOMETRES) 

LONG1 TUPE 179.106 E +OR- 21.766 175.888 E +OR- 22.486 153.994 U +OR- 20.013 160.844 Y +OR- 21.779 

DEPTH (KM) 0.700 +OR- 0.0 41.000 +OR-. 0.0 33.COO +OR- 0.0 61.600 +OR-' 0.0 

,IN IGIN TIME 7 0  59 57.13 +OR- 0.46 5 3 27 53.40 +OR- 0.62 S 14  27 8.0a +OR- 0.53 S 1 0  45 59-00 *OR- 0.67 S. 

06/02 165 19/07/66 19-07-66 

LATI TUPE 53.124 N +OR- 33-89? 56.338 N +OR- 37.499 51.796 N *OR- 35.978 

LrNGl TUDE 161.944 U +OR- 22.509 164.478 E +OR- 18.007 173.450 Id *OR- 22.352 

~ E P T H  I U W ~  31.000 +OR- 0.0 18.000 +OR- 0.0 47.000 +OR- 0.0 

URIGINTIME 1 6 5 0 2 8 . 4 9  +OR- 0 . 5 4 s  1 4 0 5 4 . 8 1  +OR- 0 , 5 2 5  1 9 2 0 3 4 . 1 2  *OR- 0 .64s  

4 K b A  UF CINF. 3709.15 3266.70 3924.64 
d FC ION SQ.KY. 



T A B L E  CIF K E S I O U A L S  ------ ---- 
S T A T I O N  

1 COL 
2 MAT 
3 K I P  
4 H M n  
5 P h S  
6 U 0 0  
7 T A 0  
8 HNR 
Q O T T  

1 0  CPO 
11 PMG 
1 2  UPP 
13 WES 
1 4  K D N  
1 5  SHL 
16 VUN 
1 7  K O U  
1 8  P P T  
19 OAK 
7 0  CTA 
2 1  OUE 
2 2  T E H  
7 3  HRS 
24 I S T  
25 H I V  
26 S J G  
2 7  TOO 
Z *  MBC 
2 0  S T U  
3 0  C L L  

S T A T I 5 T I C A L  AND OTYER V A H I A H L E S  USED 
----------------------------------a- 

SUM OF SQUARED R E S I D U A L S  = 8 6 . 8 4 1 0 5  

AVERAGE SQUARED R E S I D U A L  = 0 . 9 5 4 3 0  

STANDARD Q E V I A T I C N  = 0.97688 

\UMBER flF DFGREES OF FREFDOM = 9 1 

NUMBFR OF UNKNCWNS = 50 

STUDENTS 1 = 2-00  

V A R I A N C E  R A T I C  F = 3.12 

SUM OF S Q U A u E S  DUF T J  E P I C E N T R E  S H I F T S  = 1 6 0 . 6 3 5 8 3  

V A R I A N C F  DUE TrJ EP1CENTP.E S H I F T S  = 1 1 . 4 7 3 9 9  

NUMBEK U S E D  = 14 

AHFA OF C r l N F I O E N C E  R E G I O N  ON MEAN EVENT 2509.79 * F ( 1 4 9  9 1  ) SP.KH. 

T I M E  T A K E N  FOR JOB = 7.60 SECTNDS 



SAMPLE INPUT AND OUTPUT FOR EFA 

Two examples of t h e  use of EFA a r e  given. 

F5.1 Longshot a t  t h e  four a r rays  - computed d a t a  

This example uses t h e  computed azimuth of the LONGSHOT 
ep icen t re  from each of t h e  four ar rays  : Yellowknife, Canada (a) , 
Eskdalemuir, Scotland (EKA), Gauribidanur, Ind ia  (GBA) and 
Warramunga, Aus t ra l i a  (WRA). The data  a r e  e r r o r  f r e e  so  t h e  estimated 
ep icen t re  should be exact ly  t h e  t r u e  ep icen t re  (which i t  i s )  wi th in  
the  rounding e r r o r  of the  input .  

LONGSHOT a t  t h e  four  array8 - reaf  d a t a  

This example uses observed data .  The input  is t h e  azimuth of 
ZONGSHOT a s  estimated by each of the  four arrays:  YKA, EKA, GBA and 
WRA . 



EKA ESKDALEMUIR ARRAY SCOTLAND LAT 55.333189 LONG -3.158756 
GBA GAURIBIDANUR ARRAY I N D I A  LAT 13.604167 LONG 77.436111 
WRA WARRAHUNGA bRRAY AUSTRALIA LAT-19.947778 LONG 134.350833 
YKA Y E L L O W K N I F F  ARRAY CAMAOA LAT 62.492858LONG-114.604593 
*W* END OF STATIONS 

T I T L E  LONGSHOT 47  THE FOUR ARRAYS -- COMPUTED DATA' 
NORTH 51.44 
EAST 179.18 

YKA 283.6 
EKA 358.5 
G8A 37.9 
WRA 26.5 

T I T L E  LONGSHOT AT TWE FOUR ARRAYS -- REAL DATA 
NORTH 51.44 
EAST 179.18 

YKA 285.1 
EKA 0.5 
GBA 36.4 
*A 31.7 

F I N D I N G  tP ICENTRES FROM AZIMUTHS -------------------------------- 
LONGSHOT AT THE FOUR ARRAYS -- COMPUTED DATA 

I N I T I A L  E P l t t N T R E  LATITUDE 51.440 NOROH 
LONGITUDE 179.180 EAST 

R t S U L T S  AFTEH 1 3  ITERATIONS 

COMPUTLD EPICENTRE LATITUDE 51.417 NDIOH +/- 3.8 KM 
LONGITUDE 179 .134  EAST +/- 3.6 KM 

SUM SPUAfiED PESIDUALS = 0.0002 
S H I F T  I N  EPICENTRE X 4.1 KC 
DIRECT13N OF SHLFT = 232.1 OECS 

STATI i lY  AZIMUTH RESIDUAL 
1 Y K A  , 283.60 -0.006 
3 tiRA 37.90 0.002 

STATION AZIMUTH RESIDUAL 
2 EKA 358.50 -0.004 
4 YRA 26.50 -0.014 

F I N D I N G  EPICENTRkS FROM AZIMUTHS 

LONGSWOT AT THE FOUR ARRAVS -- REAL DATA 

I N I T I A L  EPICENTRE LATITUDE 51.440 W O T H  
LONGITUDt 179.180 E I S T  

RESULTS AFTER 6 ITERATIONS 

CDMPUTtD EPICENTRE L A J I  TUDE 51.434 MRW +/- 1432.1 KM 
LUNGITUDE 179.382 CAST +/- 1376.1 KM 

SUM SUUAREO RESIDUALS = 35.2771 
S H I F T  I Y  EPICENTRE = 14.3 KM 
DIRECTION OF S H I F T  = 9 2 . 4 D E G S  

STATl.Olu AZIMUTH RESIDUAL 
1 YKA 285.10 1.676 
3 GBA 36.40 -1.399 

S T A T l C N  AZIMUTH RESIDUAL 
2 ERA 0.50 2.241 
4 YRA 31.70 5.066 
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