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SUMMARY

This Record describes a computer program for calculating
distances between points on the Earth's surface whose latitude and
longitude are known to 0.1 min of arc. The distances must be in the
angular range 0° to 160°. The method has application to seismic
refraction studies.
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1. INTRODUCTION .

Seismic refraction studies require a number of parameters to
be calculated from field data, one of which is the distance from the
earthquake or shot-point to the seismic station. The computer program
EPICENT described in this Record is designed to calculate these
distances when the positions of the shot-points and seismic stations
are known.

2. METHOD

The formulae used to calculate the distances are given in
K.E. Bullen's textbook 'Introduction to the Theory of Seismology'
(1947), and are summarized below.

Let the co-latitude and east longitude of two points on the Earth's
surface be (0, @) and (O', ’) respectively. Then the parameters A, B,
C, D, E, G, H, and K are defined as follows:

A = 8in O cos ¢ B = sin @ sin ¢ C =cos @
D = sin@ E = -cos @ G =cos Q cos ¢
H = cos Osin@ K = -sinQ@

with corresponding (A', B'), ete., for the point (@' @'

The distance ( A) between the two points, measured as an angle subtended
at the Earth's centre is given by:

cosA= AA' + BB' + CC' L. (1)

Various other relations are:

2(l-cosa) = (A-AY2 + ®-BYY + c-cn® ... (2)
2(l+cos &) = (A + A')2 + (B+ B')2 + (C+ C')2 ........ (3)
2+2sindsinZ=@A'-D)% + B-E2+ c?® ... @)
2+2sinAcosZ=@A'-G2 + B-82 + (C'-K)?% ... (5)

where Z is the azimuth between the two points measured from north
through east.
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Bullen recommends that equation (2) be used for angular
distances between 0°:and 20° and equation (1) can be used between _
20° and 160°; these are the equations used in the computer program.

The error in equatlon (1) varies from 0. 05 at 1° distance to
0.007° at 20° dlstance

R

The error in equation (2) is less than 0.01° in the range 20°
to 160°.

3. USAGE

A listing of the Fortran IV program is given in Table 1 and
the format of the input cards in Table 2. The latitudes and longitudes
are required in degrees, minutes, and tenths of minutes. The distances
are calculated from the first shot-point to four stations whose locations
are punched on the first card. If further station distances are required,
a flag is put in column 78 of the first card, and further station positions
are indicated in the next card.

If distances are required from second and subsequent shots,
the data are punched as indicated in Table 2. '

On the last data card, a flag is put in column 79.
The form of the data printout is given in Table 3. The computed

angular distances are converted to kilometre distances by assuming the
mean radius of the earth to be 6378.388 km.

4. COMMENTS

This computer program provides data accurate enough for many
seismic refraction studies, but if higher accuracy is required at short
distances (less than 1500 km), it is recommended that a more exact

relation be used such as that incorporated in the Department of the Interior

'ROBBINS' program , in which accuracies of 2 cm are quoted. Plate 1
shows the difference between distances calculated by EPICENT and by
the 'ROBBINS' programs. The 'ROBBINS' program description and
computer card check are kept by BMR Regional Surveys Section.

il
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F9.320 ) 87/09/70 PAGE MO, i

PROGAAM EPICENY i
PROGRAM COMPUTHES EPICENTRaL DISTANCES IN DEGREES AND RILOHEYERS,
LOCATIONS SHOULD BE GUOTED 70 0.1 HINUTES OF LAPIPUDE AND ° -
LONGITUDE AND THB RESULTS ARE CALEULATED TO 0.1 KkH,
DISTANCE SHOULD BE [N THE RANGE 0 o 260 DEGREES,
TYPE. REAL LAEY,LGEM,LTH,LGH
DIMENSION NOH(49,LT(37,LB(A) 2
11 READ 30,LAE,LGE, {NOHCH),LT(K)LGIR)KO3:8) IND,LOY 3
LAG,LGE ARE €09RD OF QUAHE, LY,L6 OF & STAYIONS ' ' -
INBo1 IF SYATIINS ORE CONTINUED ON NEXY CaRD
L0Yaog ON L ASY gadp OF JOp
OUYPRINY HANIPYLATION
LABD o LAE/1000
LAEH o LAE o LAEDo1000 i .
LABRGLAEH/10, ’ ) ’ . T T
LGED o LGE/1066 i
LGBH o LGE o LBEDC1060
LBEHSLGEN/30,
INgogHN $ IN20¢HS O IQScYHE § INdoLHY
IDIREL o NS
IDIRE2 o INS
I7(LAED,LY,0) §DIRCY o IN2
IP(LOED,LT.8) iDIRE2 o INa
IP(LAED,LY,0) LABD o =LAEBD
IPCLOED,LY,0)LBED © oLGED
lP¢LAEH.L? 0) LAEN o0 olABH
IP(LBEX,LY,0) LGEH o oLBBH
c 70 CONYERY 70O QaD1aNS AND COHMPUTE TREG FCY
RAB o AAD(LAEY 8 RGE o RAD(LGE) 4
c NOHY CORRECY FOQ BLLIPTICITY
RABOATAN(Q,99327703IN(RAB)Y/COS(RAE)Y)
CPHE o COS(RAE) 8 SPH o SIN(RAE) 9
CLRE o COS(RGE) § SLBE © SIN(ROE) é ’ T o
c PRINY QUAKE POS]TION AND HEADING
PRINY 30, LAED.LAE®,IDIREY,LGED.LBEM,1DIRCE
LINE 0 0
Kot ¢ 60 70 160 10
12 READ 34, (NOBR(K) LT (K, LG(R),HO1,4),IRD,L0V .43
Kog eP1
c CALCULATION FOQ BACH SYAPION
40 RPH o RAD(LT(K)) § RLB o RAD(LG(K)) 12
RPHOATANCG,99327708IN(RPH)Y/COS(RPH))
CPu o Cos(épu) 8 SPH g SIN(RPH) 13
. CLB o €03¢(AL89 8 SLB o SIN(RLB) i¢
CDBL o SPHE o SPH oCPHEoEPHo(CLBoCLBE o SLBE o SLB) 1y
SDEBL o SORT(L, o CDELe02) 18
D o ACOS(CDEL90 57.290378 19
IF(D.LE,20,0)15,4¢ )
15 CDELoie(((CPHEOCLBE-CPHOELB)002) o ((CPHEOSLBECCPHoSLB) 002} 0 ( (SPHE
15SPH)002))/2
SDELs SGRY(4, oCDELo02) Co -
DaaCOS(CDEL)037.29978
4 CONTINUE
DKoACOS(CDEL)C4378.380
CZ o (8PH o SPHEOCDELY/(EPHE o SDEL) 26
S2 s CPH o (CLYEOSL - SLBEoc CLB) / SDEL i 21

(2]
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F3.32D ; 07/,09/50 PAGE NO, 2
AZ o ATANR2(SZ,ZZ) o 37.29978 223
IP(AZ,LT,0.,) AZ © AZ o 360. 229
c OUFYPRINT =ANIDPULAT]ION

LYD o LY(K)I/Z1000

L o LTtKIoTD010M0
LY“sLTH/20,

LGD o LG(K)/1090

LGY o LGt(K)=LGDO10ONO
LG4oLGM/10,

IDIRNG o INg

IDIAN2 s INJ

IF(LYD,LY,0) 1DI3NY = IN2
IFCLGD,LY,0) IDIIN2 o ING
XF(L?D-LT.O) LYC 8 o (7D
IFeLGD ,L7,00L3D = «LGD
IFELYH,LY,0) LYK 8 o (TH
'F‘LGHOLYOU) L3¥ 8 o LG"
IF (LINE,LE,28) 30 Y9 14
PRINT 90, LAED,LAE™,IDIRC1,LGED,LGE™,ID]IRC2

LINE o 0 3

(o PRINY QESULTS F0? ONE SYATION =

14 PRINY 81, NOM(X),D,AZ,"K,CZ,SZ.CDEL.LTD,LT>,IDIRNE,LGD,L5™,IDIAN2 o]

LIVE = LINE o ¢ E;
IFC(®,GE,4) ,OR. (. T(Ko1), EQ.0.AND,LG(Ke1) EN,0)) 30 TO

K o ey § G0 Y0 10 26 =

1 IF(IND.ED,O0) GO 7O 13 27 .y

Ksqy ¢ 60 79 12 28 0

13 IF(LOY7,.E0,0) GO YO 11 29 g

SYoP 30 =

90 FORMAT (1141 JUAKE AT,6%,12,1X,Fé,1,481.2X,13,1X.,Fé,1,81,///,42K S oy

1TATION  DEGREES AZIMUTH  KILCMETERS,17X, £

250WCO0S 2 SIn 2 €o0S DEL STATION COORDS ) ®

51 FORMaY (1K0,2X,83,3F12.2,15X,3F10.6,6X,12,1X,F6,1,81,2Y,13,F5,1,41 &

1)

30 FORMAT(]6,17,4(A3,16,17).211)
31 FORMAT(13x,4tA3,16,17y,211)
ENDN 38
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FUNCTION RAD(L)
(o3 TO CONVERY DEG MIN Y9 RADIANS
La = |
IFCL.LT,0) LA = o |
LD = L4/71000
LM s LA - LDe130)
RAD 8,0174533e._ [ ¢ .0000291e ™
IFeL,LT,0) RAD 3<RAD
END R
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EPICEY
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V.2;3,85:6;7,8. 9 1300 02,0321 15,1718.19,2C 21 22.23:34,2506:27,22.2% 3¢ 31,32 32,35 2535 37,32 43:44.85.85.47 26,4250 51i52 554 5,56:5758,59.60 61 62,6364 65£3¢7.688¢,72 7* 727 47s7erTai7 98 COMMENT
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AAc 03400 10519280¢ 14216  T4312DPT 32490 82£11TSR-04305 103492
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~24062 136411|STX-41337 215 134sTY-514640 106061 Tux_—_io_z_z_ ! __7324)18EEC-11402 194050

e PRYCBG ST a8 R N e e ) l

|

1smIog B1BQ nduy

b e e e ... Station nane . . Iatitude  Lomjgitudo . ... ... . .. .| _ Indicstor for laot|
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QUAKE AT 33 42,78 116 23.3%E
SYATIOR  DEGREES AZIMUTY  HLOMETERS cos 2 SIN Z CoS DEL SYATION COORDS
BUN 0.31 210.3%6 34,33 ~0.,862873 ©0,308420 0,999984 31 36.7S 116 12,9
TAR 1.53 161,30 17%:10 ©0.947676 0,319234 (,999632 33 11,35 316 99,0F
cRY 2.74 161,32 304,76 =0,945652 0.325181 0.998859 34 18,25 147 28,0€
(314 2.5% 79,99 28%.90 0.,174392 0,984643 0.99903" 31 13,95 119 19,4E
E
QUAKE AT 31 49,35 116 23.8¢ ES
(V)
STAYINN  DEGREES AZIMUTd X ILBMETERS cos 2 SIN 2 €3S DEL SYaATION COJRDS "
HUN 0.34 206,96 38.23 ©N,89136% =0,453884 0,999987 31 58,75 116 12,.3E o
HTB 1.78 168,71 1642.67 -n.93n0633 0,195856 10,99975n 32 55.95 116 41.4E 2y
£
HBR 3.10 159,70 343,64 ©0.937880 0,346967 0.998332 34 35,15 117 a1,8F o
SXC 2,59 80,93 283,48 9.159375 ,987218 0,9994315 31 13,95 119 39,9 ®
d
w
=y
9
&
ﬂ.
QUAKE AT 31 45,18 116 2%.SE
STATION DEGREES AZIMUTY <ILOYETERS c2s 2 SIN 2 COS DEL SYaTION CORRDS
MUN 0.27 214,37 30.58 ~0.823449 ©0,567392 0,999989 31 98,75 116 12,5E
8s8 2.na 161,92 227.53 “0.959159 0.312072 n.999%64 33 41,85 117 9,4
P18 1.n2 270,74 113.03 *n,935199 =0,354121 0,999843 32 42,25 115 57,9E

LY 4 2.56 79,37 284,7% 0.13948% (,98184% n.999n04 31 43,95 119 19,4
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