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THE DESIGN OF A TEST TO EVALUATE 

THE EARTHQUAKE PREDICTION ALGORITHM, M8 


J. H. Healy, V. G. Kossobokov, and J. W. Deweyl 


ABSTRACT 


A test of the algorithm M8 is described. The test is constructed 

to meet four rules, which we propose to be applicable to the test 

of any method for earthquake prediction: 


1. An earthquake prediction technique should be presented as 

a well documented, logical algorithm that can be used by 

investigators without restrictions. 


2. The algorithm should be coded in a common programming 

language and implementable on widely available computer 

systems. 


3. A test of the earthquake prediction technique should 

involve future predictions with a black box version of the 

algorithm in which potentially adjustable parameters are fixed 

in advance. The source of the input data must be defined and 

ambiguities in these data must be resolved automatically by 

the algorithm. 


4. At least one reasonable null hypothesis should be stated 

in advance of testing the earthquake prediction method, and it 

should be stated how this null hypothesis will be used to 

estimate the statistical significance of the earthquake 

predictions. 


The M8 algorithm has successfully predicted several destructive 

earthquakes, in the sense that the earthquakes occurred inside 

regions with linear dimensions from 384 to 854 km that the 

algorithm had identified as being in times of increased probability 

for strong earthquakes. In addition, M8 has successfully "post 

predicted" high percentages of strong earthquakes in regions to 

which it has been applied in retroactive studies. The statistical 

significance of previous predictions has not been established, 

however, and post-prediction studies in general are notoriously 

subject to success-enhancement through hindsight. Nor has it been 
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determined how much more precise an M8 prediction might be than 

forecasts and probability-of-occurrence estimates made by other 

techniques. We view our test of M8 both as a means to better 

determine the effectiveness of M8 and as an experimental structure 

within which to make observations that might lead to improvements 

in the algorithm or conceivably lead to a radically different 

approach to earthquake prediction. 


Our implementation of the M8 algorithm will be directed to the 

prediction of earthquakes of magnitude 7.5 or greater. M8 will be 

applied to 147 circles of investigation located in the Circum 

Pacific seismic belt and Indonesia. Each circle has a radius of 

427 km. The algorithm identifies Times of Increased Probability, 

TIP's, in which there is hypothesized to be an increased 

probability for the occurrence of MO
7.5 earthquakes. In the 
first forward prediction, covering the period 7/1/91 to 1/1/92, 
TIP'S were identified for 38 of the 147 circles. The predictions 
will be updated every six months through 1997, by which time we 
anticipate that there will be a sufficient record to evaluate the 
algorithm. We will evaluate M8 against the null hypothesis that 
TIP's randomly distributed in the 147 circles of investigation are 
as effective as M8. We refer to the general test as "M8 Test". 
Two arms of M8 Test will be run in parallel: these are denoted M8 
Test A and M8 Test B, and they differ only in whether or not a TIP 
is terminated by the occurrence of an MO7.5 earthquake. 


In M8 Test A, a TIP is terminated when an M ? 7.5 earthquake occurs 
in the TIP region. Simulated forward predictions were made for the 
13 six-month intervals between January 1, 1985 and July 1, 1991, 
using procedures and parameters as they will be used in M8 Test A. 
There were ten earthquakes of M ? 7.5 in the circles of 
investigation. Six of the ten earthquakes occurred in circles with 
TIP's.OOn average, TIP's were declared in 22 percent of the 

circles in each six-month period. Evaluation of the success ratio, 

six earthquakes predicted out of ten, against the null hypothesis 

implies that successes of M8 between January 1, 1985 - July 1, 

1991 are significant at only a 76 % level of confidence, which 

neither proves nor disproves the validity of the algorithm. The 

number of circle-years of TIP per predicted earthquake is 34.1. 


The process of running simulated forward predictions for 1/1/85 ­
7/1/91 suggested the modification of the M8 algorithm that we will 

use in M8 Test B. This modification may improve M8's effectiveness 

and is necessary to account for space-time volumes corresponding to 

TIP-regions in which M > 7.5 earthquakes have occurred. Two of the 

four earthquakes missed in Test A occurred in the same circle as a 

preceding and predicted MO
7.5 earthquake. The second of each 

pair of earthquakes in the two circles were not predicted by M8 

because of the Test A convention that a TIP is terminated by a 

strong earthquake. In the B arm of M8 Test, a TIP is not turned 

off when an M > 7.5 earthquake occurs but is allowed to run its 

full term (commonly five years). With this modification, eight of 
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the ten strong earthquakes between 1/1/85 - 7/1/91 are predicted. 

Because Test B was formulated after the 1/1/85 - 7/1/91 data had 

been examined with Test A conventions, we cannot rigorously 

estimate the significance of the Test B conventions when applied to 

those data. Formal use of the same null hypothesis as used with 

Test A would suggest that the Test B results are significant at a 

97 percent level of confidence. The numbers of circle-years of TIP 

per predicted earthquake is 27.7. 


INTRODUCTION 


After the Loma Prieta earthquake on October 17, 1989, a group of 

scientists from the International Institute for Earthquake 

Prediction Theory and Mathematical Geophysics in Moscow came to 

Menlo Park, California, to explain and demonstrate their earthquake 

prediction -algorithms. One of the algorithms, M8, had successfully 

predicted the Loma Prieta earthquake, in that the earthquake 

occurred inside a circle of 280 kilometers radius that the M8 

algorithm had identified as being in a five year Time of Increased 

Probability (TIP) for an M ? 7 shock (Keilis-Borok and others, 

1990).O
The successful TIP was presented at a meeting of the 

National Earthquake Prediction Evaluation Council (NEPEC) in 1988. 

(Updike, 1989, Appendix A, Page 10). An M8 TIP for an MO
7.5 

shock in California was also presented at this meeting. Many 

seismologists in the U. S. Geological Survey have viewed the Loma 

Prieta prediction with skepticism: the M8 approach to earthquake 

prediction seems to these seismologists to be inconsistent with 

their understanding of earthquake genesis, and, in view of the 

large area and long time associated with the successful TIP, the 

successful prediction may have been fortuitous. In this paper we 

describe a test of the M8 algorithm. We have described what we 

believe to be the essential features of a test of an earthquake-

prediction technique, and we have constructed a test that has these 

features. We refer to this test as M8 Test. The M8 Test will have 

two arms, Test A and Test B. 


OVERVIEW OF M8 AND M8 TEST 


The M8 algorithm was originally designed for diagnosis of Times of 

Increased Probability (TIP's) of the strongest, magnitude 8 and 

above, earthquakes (Keilis-Borok and Kossobokov, 1986).O
The 

formulation of the algorithm was normalized in such a way, that it 

can be applied without additional data-fitting to diagnose TIP's of 

strong earthquakes of magnitude less than 8 (Keilis-Borok and 

Kossobokov, 1990a). 


TIP's are defined for regions within circles having pre-defined 

radii. The radii are five to ten times larger than the lengths of 

coseismic faulting typical of earthquakes of the magnitude being 

predicted: for the M > 7.5 earthquakes that are the objects of 
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prediction in M8 Test, the radii will be 427 km. The algorithm 

analyses seven functions of seismicity from within each circle. M8 

announces a TIP when most of these functions are anomalously high 

with respect to the long-term record of seismicity in the circle. 

M8-TIP's are generally defined to last for 5 years beyond the date 

at which the criteria for TIP-declaration are fulfilled, provided 

that the criteria for TIP-declaration continue to be fulfilled at 

that date in the course of further semiannual updates of the 

seismicity data-base. A TIP will be terminated at the time of a 

semiannual update, before 5 years have elapsed, if the criteria for 

TIP-declaration are no longer satisfied with the updated data-base. 

A TIP may be extended beyond 5 years if the levels of seismicity 

(as parameterized by M8) continue to increase after the TIP-

declaration criteria are first fulfilled. 


In most studies with M8 run up to the present time, a TIP has been 

terminated *on the occurrence of an earthquake of the size being 

predicted, and this convention has been continued in the A arm of 

M8 Test. The B arm of M8 Test will be run with a version of M8 in 

which a TIP is not terminated on the occurrence of an M ? 7.5 

earthquake within its circle. The decision to cancel or retain a 

TIP after a strong earthquake is rather the option of the user, 

since the rest of the analysis remains precisely the same. The 

choice depends on whether the user prefers to predict the second 

earthquake in a pair at the cost of increasing the total alarm 

time. 


The algorithm might diagnose a TIP in response to a dramatic short-

term increase of activity near the source region of the future 

strong earthquake, but most earthquakes are not preceded by such 

premonitory seismicity, and M8 is tuned more generally to detecting 

premonitory patterns over a broader space-time window than would be 

characteristic of a short-term, near-source, foreshock sequence. 


A more detailed discussion of the M8 functions and a listing of the 

algorithm are given in Appendix IV. 


Rationale for M8 Test 


We propose M8 Test because M8 appears promising to us from several 

standpoints, and we think the time has come to subject the 

algorithm to a rigorous test. 


A demonstration of the validity of the algorithm M8 would confirm 

the following general perceptions on which it is based. 

- A strong earthquake is commonly preceded by specific 

intermediate-term change of seismic activity in the small and 

moderate magnitude ranges. Among these changes is an increase of 

activity, clustering of earthquakes and several other phenomena. 

- These changes take place over large areas which may include many 
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active faults. 

- These changes are similar in a wide variety of seismic regions. 


$8 is based on a general geophysical hypothesis that has been 

widely proposed independently of M8. The general hypothesis, that 

a strong earthquake will commonly be preceded by an intermediate-

term increase in small and moderate earthquake activity in a broad 

region that includes the future source of the strong earthquake, 

has been put forth in a number of different versions (e.g., 

Kanamori, 1981; Mogi, 1981; Reyners, 1981; Scholz, 1990): many 

versions postulate that the time-period and region of increased 

seismicity encompasses a smaller space-time window of seismic 

quiescence.O
Ideally, the parameterization of M8 should have 

achieved a partial optimization of the general hypothesis and have 

implicitly accounted for near-source seismic quiescence.O
The 
proceedings of the 1988 NEPEC meeting (Updike, 1989) contain 
several different perspectives on the philosophy of M8 and the 
process of data-fitting the M8 parameters. 

As elaborated in Appendix IV, results of previous studies with the 
M8 algorithm are generally encouraging. Most previous studies have 
involved post-predictions.�Analyses of the post-predictions 

suggest that the level of success is statistically significant. 

Although there have been several strong earthquakes that have 

occurred in regions of TIP's following the diagnosis of the TIP's, 

statistical estimates of the effectiveness of the algorithm have so 

far been based on post predictions. 


From a practical standpoint, confirmation of the effectiveness of 

M8 may justify using TIP's as bases for some kinds of earthquake-

mitigation efforts.�
The practical value of M8 TIP's would be 

particularly enhanced by development of techniques to more 

precisely define the source region of a future strong earthquake 

within the broad circle of investigation for which the TIP is 

issued (e.g., Keilis-Borok and Kossobokov, 1990b; Kossobokov and 

others, 1990). 


The possibility that M8 might not be effective is implicit in our 
proposal to test the algorithm. The hypothesis may be false that 
regional seismicity tends to increase prior to strong earthquakes
in the fashion parameterized by M:. The NEIC data base to which M8 
is applied in Test A (Appendix I) may be too heterogeneous to 
permit recognition of precursory seismicity patterns.OIt is 

possible that successful predictions of M8 Test will be 

statistically significant but that the probability gain of M8 over 

well-
established methods of calculating earthquake probabilities 

will be too small to justify additional earthquake mitigation 

efforts on the basis of M8 TIP's. Arguments that M8 might not be 

effective are presented in more detail in the proceedings of the 

1988 NEPEC meeting (Updike, 1989). 


5 




The setting up and running of the M8 Test, besides accomplishing 

its primary purpose of testing the present formulation of M8, also 

provides a basis for collecting and organizing observations that 

may lead to improved formulations of M8 or possibly to 

substantially different approaches to earthquake prediction. 


— should they he calIe_cl predictions? 


Throughout this paper we refer to M8 TIP's as "predictions." We 

think our usage is consistent with the philosophy and 

characteristics of "earthquake prediction" suggested by the U.S. 

National Research Council, Panel on Earthquake Prediction of the 

Committee on Seismology (1976, p.7): "An earthquake prediction 

must specify the expected magnitude range, the geographical area 

within which it will occur, and the time interval within which it 

will happen with sufficient precision so that the ultimate success 

or failure of the prediction can readily be judged.O
Only by 

careful recording and analysis of failures as well as successes can 

the eventual success of the total effort be evaluated and future 

directions charted.O
Moreover, scientists should also assign a 

confidence level to each prediction." 


Our usage of "prediction" is intended to be synonymous with 

"research prediction". The Seismological Society of America (1983) 

has accepted a definition of earthquake prediction which requires 

that the prediction have sufficient precision that actions to 

minimize loss of life and reduce damage to property are possible; 

Wallace and others (1984) propose that earthquake predictions 

should refer to a specific future earthquake. Under these more 

stringent definitions of "earthquake prediction," the TIP's issued 

by M8 Test might not be classified as predictions. A prediction 

that was to be acted on by society, or a prediction of a specific 

future earthquake, would involve integration of all available 

evidence, of which M8 TIP's would constitute only one part. 


GENERAL RULES FOR TESTING EARTHQUAKE PREDICTION TECHNIQUES 


Our goal is to conduct a test of M8 that will be acceptable to a 
broad spectrum of the scientific community. In particular, if the 
test convinces us that M8 is effective at identifying times of 
increased probability of earthquake occurrence, we would like the 
test also to convince colleagues that this is the case, even if 
these colleagues now find the assumptions of M8 to be counter-
intuitive. Our goal is clearly similar to that of many who have 
developed earthquake prediction techniques and presented their 
predictions to the public. 

We agreed that a convincing test would have to be based on the 

following rules, which can be applied to all earthquake prediction 

techniques: 
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1. An earthquake prediction technique should be presented as 
a well documented, logical algorithm that can be used by 

other investigators without restrictions. 


2. The algorithm should be coded in a common programming 
language and implementable on widely available computer 
systems. 

3. A test of the earthquake prediction technique should 

involve future predictions with a black box version of the 

algorithm in which potentially adjustable parameters are fixed 

in advance. The source of the input data must be defined and 

ambiguities in these data must be resolved automatically by 

the algorithm. 


4. At least one reasonable null hypothesis should be stated 

in advance of testing the earthquake prediction method, and it 

should be stated how this null hypothesis will be used to 

estimate the statistical significance of the earthquake 

predictions. 


The rules are intended to eliminate the possibility of cheating or 

self deception on the part of the predictor. Rules 1 and 2 seem to 

us necessary to facilitate communication with scientists who may be 

working from different earthquake-prediction paradigms. 


SPECIFICS OF RUNNING AND EVALUATING M8 TEST 


We will apply M8 systematically to the intermediate-term 

prediction of future MO
7.5 earthquakes from 1 July 1991 through 

December 1997.O
These research predictions will be updated 

semiannually in February and August. The length of the test-period 

is equal to that of the simulated forward prediction study 

described below, in the section entitled "M8 TEST APPLIED TO THE 

INTERVAL 1/1/85 - 7/1/91", and should provide a sufficient record 

to evaluate the algorithm. 


Values of seismicity functions are computed for circles of 

investigation at six-month intervals for a span of years that 

begins at 1975/01/01 and ends at "Te". At February semiannual 

updates, "Te" will be 1 January of the current year; at August 

semiannual updates "Te" will be 1 July of the current year. The 

Qth percentiles that are used to define anomalous values of 

seismicity functions are based on a span of years that begins at 

1975/01/01 and ends at "T*."O
For most circles, "T*" will be six 

months earlier than "Te", in order that the definition of Qth 

percentiles be based entirely on Monthly PDE data.O
In some 

circles, past M > 7.5 earthquakes have been retroactively 

identified as having been preceded by TIP's. For these circles, 

the values of T* are set to dates before the date of the 
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successfully post-predicted earthquake; it is assumed that the 

triggering threshold-values of seismicity functions should be those 

on which the successful retroactive TIP's were based. 


We define a unit of TIP as six-months of a TIP in a single circle. 

TIP units are defined to span 1 January - 30 June or 1 July - 31 

December respectively.O
1 January - 30 June TIP units will 

therefore span between 98% and 99% of the time spanned by 1 July ­
31 December TIP units. Our definitions of units of TIP are made 

for the purpose of evaluating the results of M8 with a null 

hypothesis; the 1 January - 30 or 1 July - 31 December Tip units 

are not intrinsic to the M8 computer program. TIP-lengths defined 

by the M8 program are measured in minutes, rather than calendar 

days or months, and TIP's issued by the program are of equal length 

(5 years). As a result, there may be a mismatch between the 

beginnings or endings of TIP's issued by the M8 program and the 1 

January - 30 June, 1 July - 31 December TIP units defined for M8 

Test. A program-issued TIP may span either 98 percent or more of 

a six-month TIP-unit or 2 percent or less of a TIP-unit. For 

purposes of M8 Test, if a program-issued TIP spans 98 percent or 

more of a six-month TIP-unit, the TIP is considered "on" for the 

entire TIP-unit. If a program-issued TIP spans 2 percent or less 

of a six-month span, we consider that there is not a TIP for the 

entire potential TIP-unit. 


We consider M8 Test to have started on 1 July, 1991.O
Most 

potentially adjustable parameters of the test were fixed at that 

time. The TIP's for Table 1 were submitted to colleagues on 19 

September 1991, with a draft of this paper. The decision to use 

the B arm of M8 Test was made several months later and was 

incorporated in a draft of this paper that we submitted to the 

National Earthquake Prediction Evaluation Council (NEPEC) for 

consideration at their meeting of 8 May, 1992. J. H. Dieterich 

submitted his proposed alternate null hypothesis (Appendix VI) to 

NEPEC for consideration at the same meeting. 


We define future events to be those occurring on or after 1 July, 

1991, and past events to be those occurring before that date. As 

of 8 May 1992, the NEIC data-base (Appendix I) contained no M 7.5 

shocks during the period following 1 July 1991. 


For the purposes of the test, the M8 algorithm will be considered 

as a "black box", with potentially adjustable parameters in the 

algorithm fixed in advance of the date of the strong earthquakes 

that will be used to test the algorithm. We cannot rule out that 

a change in the structure of the NEIC data-base or our discovery of 

a logical oversight might force us to modify the algorithm in the 

course of running M8 Test. Any such change in the M8 algorithm 

would be announced in our reports of semiannual updates, prior to 

the beginnings of the TIP's that are diagnosed on the basis of the 

modified algorithm. Every half year we will run the same computer 

program in Moscow, Menlo Park, and Golden on the then-current NEIC 
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We claim that these procedures will enable us to 

satisfy the third of our General Rules for Testing Earthquake 

Prediction Techniques (previous section). 


data-base.O


Deal 


Analyses will be based on the NEIC data-base existing at the times 
of each update. The data base, and the conventions used in M8 Test 
A to select earthquakes and earthquake-parameters from the data 
base, are described in Appendix I. 

p==rams 
Hypocenters and magnitudes are extracted from the NEIC data-base 

using standard NEIC software (see Appendix I). Processing of the 

catalogs to obtain predictions is done by programs prepared at the 

International Institute of Earthquake Prediction Theory (Appendices 

II, III, and IV). 


We judge the documentation and accessibility of the programs as 
only marginally satisfying the first and second of our general 
rules for testing of earthquake prediction techniques. The spirit 
of rules 1 and 2, for example, suggests that the programs be 
written in a single, well-known, portable programming language. 
The C language would fulfill this requirement. A good C program 
written for an IBM PC computer could be easily transported to many 
other systems. As it stands, however, we use programs written in 
C and Fortran. In addition, we use a program (the EDBS software 
used for extracting the most recent NEIC data) that is not 
maintained by any one of us and that could, in principle, be 
altered during the period of conducting M8 Test without our knowing 
it. 

Regions covered by M8 Test 


We will run the M8 algorithm for 147 circles with radii of 427 km 

that are located in the Circum-Pacific seismic belt and Indonesia 

and that have on average at least sixteen magnitude 4.0 shocks per 

year (Figure 1). Coordinates of the circles are given in Table 1. 
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Table 1 (continued) 

M8 test A results for years 1985-1991. 

WM - TIP 
- no TIP 
- successful prediction 


L • I - earthquake located in this circle 

- blank - insufficient data 

85 86 87 88 89 90 93. 85 86 87 88 89 90 91 

ab abab abab ab ab ab abab abab ab ab 


1 	 74 

2 	 75 

3 11111{ II IlI1 ll.0.0	 74 

4 . ilildiliiihM1111111111thfill, 	 77 
• • IMMO'

00

�• • • • . . . • • 	 78 

• . . .�------ WOMMMMWM 74 

7 $0 


$1 

9▪ 

•0 •0
tilliihril 0111 $2
ili lkinfillithM111111111111111111 

10 	 11 1 1 . 3 • •0 • . . ....... 


• •�• 

12 • pppitm miqui 1,111;11 

11 	 44

iniutunolommloiri 	 SS 
13 	 1111l01{!; 46 IIlilllili1411ffilliu -
14 - - - - WM.. 1 iO

l f"'0 4711, MINIUM=�O

lb 	 -O 48 
14 •• t•Il•l 	 89 

17 ..../.3 O VO 
IS 	 11 HMEMIATV16111MINTIRIPPIF: 
19 	 $2 • -

• •0 •020 	 93 •0 •0 •0.... 

21 	 94 

22 	 95 

23 	 94 

24 	 87 

28 	 94 

26 	 49 : 
27 	 100 
 01041011:1;i:
2$ 	 101 ( • 3
21 102 l• 
30 MMWM 103 • 
31 	 104 ...... MMVIINMENIMthoAlia

32 	 10S 
33 	 104 

34 	 107 ........0• . • • . .
OOOOO

3S 	 10$ ••• • HUMAN. • • • • • • • •

• • • flq"'"IMUMMIUMIUMIMUIHIHINMINM
36 10$ 

37 110 

38 111 

39 112 OIMUMMIM

40 ••• •� ••• • • --- 113 

41 
42 	

• - MUMIUMWIMM - WHIHIM •MUNN! . . • 114 

115OO

43 116 Illi 
11111:44 	 117 

45 1iI;!!I!1! 	 IIS 
40 	 11$ 
47 	 120 MOMMIUMMIUMINMIM
46 121 

49 122 

50 123 

51 124 

42 • •00.0••••••••0• 125 

43 	 126IIMWMWMMMMMMMWMWMWMMMWMMMWMWM 

00••••0•0•0•400.10•00
44 127 

54 124
'iri41qi ,, ,, , ,ilimmill  undiilinimtilililiiili46 124 


-� •�-�- • HI1111lIUMINIU13:47 130 

58 IllIIIAE" 	 131 

49 132 
40 

4.1 	 134i• 3OO	MMUMUMIMWM•42 	 135 


136 

64 
 137
w...Tiggi'llYMMTNTNIRIITVIITITVOTIiIT 
46 inhithidihinthiailtadthilip,thi
GS 	 138 

• • • umnmp. - • • • • • •  • 139 

47 •- : uipli qq; Fr, I iippmp : : wpm?: 140
��i. . 	 141 
 1:i O 

72 145 ------ -O
73 1.3 	 146 


04 142 lVI' 70 - lopli 11;11,1111 Ni :pm,1111111;111111111inrp11111: OulniOOO71 - • •��� 143 1: •I i ulan! 
144
----- Iiiiimwthiailimilithiumwathili 	 ▪ - nin:utominsoimumwmi • - • -- 11011111nm - lolnimn 

147 


11 




  

 

 
 

 

 

  

 

  

 

 

 

 

0O

Table 1 (continued) 


1'18 test B results for years 1985-1991. 

- TIP 

- no TIP 

- successful prediction 

- earthquake located in this circle 

- blank - insufficient data 
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Egportim the Results 


Each half-year we will report the results of applying M8 to the 

updated NEIC data base. The format of the semiannual update report 

is given in Appendix V. 


_classification of predictions 


A prediction of a future large earthquake is called a future 

prediction. A "prediction" of a past large earthquake using only 

the data from smaller earthquakes that occurred before the large 

earthquake is a simulated forward prediction. An example of a 

simulated forward prediction would be the "prediction" in 1991 of 

a 1988 earthquake on the basis of 1985 - 1987 regional seismicity 

that was anomalous with respect to the regional seismicity of the 

entire period 1975-1987. A post prediction is defined to be the 

"prediction" of a past event in which the anomalous pattern of 

precursory seismicity is detected against background levels of 

seismicity that are defined using all available data, including 

events occurring after the earthquake. An example of a post-

prediction would be the "prediction" of a 1980 earthquake on the 

basis of seismicity in 1977-1979 that was anomalous with respect to 

the regional seismicity during 1975-1991/07/01. Previous 

evaluations of M8 have been based substantially on post predictions 

(e.g. Keilis-Borok and Kossobokov, 1990a). 


Practical considerations require introduction of the concept of the 
lagged future prediction. This is the "prediction" of an M ? 7.5 
earthquake occurring after 1 July 1991, made using the 
predetermined parameters and procedures of M8 and using only the 
catalog of smaller earthquakes that occurred before the large 
earthquake, but made using some hypocentral parameters of prior 
earthquakes that were actually computed after the occurrence of the 
large earthquake. The concept of the lagged future prediction is 
necessitated by the approximately seven-month time-lag between the 
occurrence of any sized earthquake and its final USGS cataloging in 
the Monthly PDE (see Appendix I for description of Monthly PDE). 
Our final evaluation of M8 Test will be based on hypocentral 
parameters as they are published in the Monthly PDE, and we will 
count lagged future predictions as successful research predictions. 
In principle, with future improvements in seismographic data 
collection, transmission, and inversion, it would be possible to 
drastically reduce the time-lag between the occurrence of an 
earthquake and its final USGS cataloging. 

Several examples will illustrate how we would judge different types 

of future predictions. The terms NEIC data-base and PDE-weekly 
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are defined in Appendix I. 


Scenario 1 - Successful future prediction with no 
complications. The M8 algorithm recognizes an episode of 
anomalous seismicity in a time period for which the NEIC 
data-base contains only Monthly PDE hypocentral parameters. 
A TIP is accordingly identified and a prediction issued. 
The prediction is issued prior to a strong earthquake that 
occurs within the TIP space-volume. The earthquake is 
assigned MO7.5 at every stage of the NEIC cataloging 

process. 


Scenario 2 - Successful lagged future prediction at every 
stage of the NEIC cataloging process. A strong earthquake 
of magnitude about 7.5 occurs in early January 1994, before 
we have had a chance to analyze regional seismicity data 
from July - December 1993. When we perform a semiannual 
update of TIP's in early February 1994, we see that the 
strong earthquake occurred in a TIP that was identifiable in 
a time period that includes July - December 1993, for which 
the NEIC data-base contains PDE-weekly hypocenters. And we 
see that the earthquake is assigned a magnitude of 7.5 in 
the PDE-weekly. The TIP is provisionally judged a successful 
lagged future prediction. When we next perform a semiannual 
update in early August 1994, the NEIC data-base contains 
entirely Monthly PDE hypocenters in the time-period in which 
the TIP was declared. Reanalysis of the data-base in August 
1994 confirms the TIP. In addition, in August the Monthly PDE 
magnitude of the January earthquake is confirmed to be 7.5. 
The successful lagged future prediction is confirmed, and the 
episode is counted as a successful prediction in our final 
evaluation of M8. 

Scenario 3 - Apparently successful lagged future prediction 

that is later disqualified on the basis of data in Monthly 

PDE. A strong earthquake occurs in early January 1994, before 

we have had a chance to analyze smaller earthquake data from 

July - December 1993. When we perform a semiannual update 

of TIP's in February 1994, the PDE-weekly data indicate that 

the earthquake had M= 7.5 and occurred in a TIP. But either 

the TIP does not emerge when M8 is applied to the data-base 

as it exists in August 1994, or the strong earthquake is 

seen to have M < 7.5 in the Monthly PDE. The provisionally 

successful lagged future prediction has not been confirmed, 

and the episode is not counted as a successful prediction in 

our final evaluation of M8. 


Scenario 4 - A successful lagged future prediction that is 

identifiable only after issuance of Monthly PDE. A strong 
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earthquake occurs in early January 1994. In our semiannual 

update of February 1994, either the earthquake is assigned M 

< 7.5 or a TIP is not recognized prior to the earthquake. 

But in August 1994, application of M8 to the augmented data 

base reveals that the January earthquake did occur in a TIP. 

Moreover, the Monthly PDE for January shows that the strong 

earthquake had M z 7.5. The episode is therefore a successful 

lagged future prediction and is counted as a successful 

prediction in our final evaluation of M8. 


Evaluation of results 

In evaluation of these results we will look at two statistics: the 

number of successful predictions and the number of units of TIP's. 

Our evaluation of test results will not consider failures-to­
predict except indirectly, as these are reflected in the count of 

successful predictions. The circles of investigation overlap and 

earthquakes usually occur in more than one circle. When circles 

with TIP's intersect circles without TIP's, the region of 

intersection is counted as being in a TIP. If the same earthquake 

is predicted by more than one TIP, we give credit for only one 

successful prediction. 


We define a null-hypothesis algorithm in which TIP's are randomly 

distributed in the 147 circles of investigation. The number of 

TIP's declared in the null-hypothesis algorithm shall be equal to 

the number of TIP's declared by M8 during the period of comparison. 

The level of confidence of M8 will be taken to be the percentage of 

runs with the null-hypothesis algorithm in which TIP units overlap 

fewer earthquakes than are successfully predicted by M8. We think 

this satisfies the fourth of our General Rules for Testing 

Earthquake Prediction Techniques. 


The test can be described by analogy to a gambling game in which 

the player is charged one dollar for each TIP declared during each 

six-month interval and wins a fixed sum for each earthquake 

predicted. The goal is to determine the amount the house can afford 

to pay for each successful prediction. This test can apply to any 

algorithm that assigns TIP's to circles. The results from other 

algorithms can be compared with M8 and with our null-hypothesis 

algorithm. Appendix VI presents one such alternative algorithm, 

proposed by J. Dieterich after he had read an earlier draft of this 

paper. 


M8 TEST A APPLIED TO THE INTERVAL JANUARY 1, 1985 - JULY 1,1991 


In the A-arm of M8 Test, TIP's declared by M8 will be terminated on 

the occurrence of an M > 7.5 earthquake within the circle(s) of 

investigation containing the TIP(s). We have run the algorithm as 

formulated for Test A and made simulated forward predictions for 
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six-month intervals between 1/1/85 - 7/1/91. These results are 

presented in Table 1, together with the results of the first future 

prediction (column 91b). 


The total number of TIP units for 1/1/85 - 7/1/91 (columns 85a 

through 91a, Table I) is 409. There are 1883 possibilities for TIP 

units. Approximately 22 percent of the possible TIP-units actually 

had TIP's. Six earthquakes were "predicted" out of ten (Table 2) 

that occurred in the circles of investigation during the simulated 

forward prediction.O
There were therefore 68.2 TIP-units per 

predicted earthquake, or 34.1 circle-years per predicted 

earthquake. 


TABLE 2 

Strong (M a 7.5) earthquakes affecting outcome of M8 Test A 


applied to 1/1/85 - 7/1/91 


Date Time(UTC) Lat Long Predicted by M8? 


1981/10/16 	0325 33.13S 73.07W * 

1985/03/03 	2247 33.13S 71.87W no 

1985/11/28 	0349 13.98S 166.18E yes(region 25) 

1986/05/07 	2247 51.52N 174.78W no 

1986/10/20 	0646 28.12S 176.37W yes(region 5) 

1987/02/08 1833 6.09S 147.69E yes(region 15) 

1987/10/16 2048 6.26S 149.06E no 

1987/11/30 1923 58.67N 142.78W yes(region 109) 

1990/04/05 2112 15.12N 147.59E yes(region 90) 

1990/07/16 0726 15.68N 121.17E no 

1991/04/22 2156 9.68N 83.07W yes(region 124) 


* responsible for failure to predict 1985/03/03 (see text) 


During the test period, six TIP's were terminated by earthquakes of 

magnitude ? 7.5, and 29 TIP's ended without an earthquake. Eighty-

three percent of the TIP's therefore ended without the occurrence 

of a large earthquake. Table 3 summarizes the number of TIP-units 

and the number of analyzed circles in each time interval. 


Table 3. 

The number of circles under alarm from 1. 


Year 	 1985 1986 1987 1988 1989 1990 1991 

aOaOb aOb b b b
aOa 


Alarms 31O31 27 27O28 31 35 39 35 38 

b. 	 b aOaOO


24O31O32 38OOO

Circles 139 141 143O 147
144 144 146 	146 146 146 147 147 147 147OO


To test the significance of the 1/1/85 - 7/1/91 results using our 

proposed null hypothesis, we randomly assigned TIP's, equal in 

number to the number of TIP's in Table 3, to circles equal in 
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number to the number of circles in Table 3.O
We used a random 

number generator to assign TIP's, and we made one million 

realizations of the null hypothesis algorithm. The results of 

these calculations are given in Figure 2 and Table 4. Column 1 

gives N, the number of earthquakes predicted. Column 2 is the 

number of times N earthquakes were predicted in 1,000,000 tries. 

Column 3 is the cumulative distribution of column 2, the number of 

times that at least N earthquakes were predicted; the level of 

confidence is the percentage of cases in which the null hypothesis 

performs worse than M8. 


In the set of 1,000,000 realizations, the null hypothesis algorithm 

performed worse than M8 (less than 6 earthquakes predicted) 76.4 


percent of the time, implying that the M8 results are significant 

at a 76.4 percent level of confidence. 


Table 4 


Random Distribution of TIPs in the A-test 

Number�Distribution Cumulative�
Level of 

of quakes�of distribution�
confidence 

predicted predictions of predictions 
0 2078 1000000 0.00 
1 18893 997922 0.21 
2 76382 979029 2.10 
3 174846 902647 9.74 
4 251732 727801 27.22 
5 239570 476069 52.39 
6 152444 236499 76.35 ** 

7 64040 84055 91.59 
8 17237 20015 98.00 
9 2635 2778 99.72 
10 143 143 99.99 

M8 TEST B - A TEST OF A MODIFIED FORM OF M8 


The B-arm of M8 Test, in which TIP's are not terminated at the 

times of M > 7.5 earthquakes, was designed as a consequence of the 

simulated forward prediction study with Test A conventions. 

Examination of M8 Test A applied to 1/1/85 - 7/1/91 revealed that 

two of the earthquakes that were not predicted occurred in regions 

for which TIP's had been declared within the previous five years, 

but in which previous strong earthquakes had occurred following 

declarations of the TIP's. The two shocks were those of 03/03/85 

and 10/16/87. Region 143 (South America - 16), in which 03/03/85 

occurred, had a TIP declared for it beginning 12/31/80. The TIP was 
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Figure 2. M8 Test A, Number of earthquakes predicted in 1000000 

random trys. 
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followed by a magnitude 7.5 earthquake that occurred on 10/16/81 

(Table 2), which turned off the TIP that would otherwise have 

extended at least to 12/31/85. A TIP for region 15 (New Guinea ­
5), in which 10/16/87 occurred, was followed by the shock of 

02/08/87 (Tables 1 and 2) which turned off the TIP which would 

otherwise have extended at least to 12/31/89. 


The three authors of this report agreed that the Test B 

modification is desirable for the purposes of testing M8. 

Otherwise, some space-time volumes (such as that in which 

1987/10/16 occurred) are formally inaccessible to M8 TIP's, and 

other space-time volumes (such as that in which 03/03/85 occurred) 

are strongly biased against M8 TIP's. With the unmodified Test A 

convention, the occurrence of a strong (M ? 7.5) earthquake in 

effect resets the clock used to evaluate TIP's; a TIP cannot in 

principle be announced for a region until at least one year has 

elapsed following the strong earthquake, and any subsequent TIP's 

can be based only on anomalous seismicity occurring after the 

strong earthquake. With the proposed modification, the number of 

TIP-units in a five year run will inevitably increase, but we will 

not have situations of strong shocks occurring in unclassifiable 

space-time volumes that are neither "TIP" nor "non-TIP". Test 

B will be identical in every respect to the algorithm in Test A, 

except that a TIP is not terminated at the occurrence of an M ? 7.5 

earthquake. 


Had Test B conventions been in force in our simulated forward 

prediction study of 1/1/85 - 7/1/91, the number of TIP-units would 
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have increased from 409 to 440, and M8 would have predicted 8 of 

the 10 strong earthquakes. Formal use of the same null hypothesis 

as used in Test A would suggest that Test B was statistically 

significant at a 97 percent level of confidence (Figure 3, Table 

5). However, this estimate of confidence level cannot be considered 

statistically rigorous, because Test B was formulated after the 

data had been examined using the Test A conventions. 


Table 5 


Random Distribution of TIPs in the B-test 

NumberOCumulativeO
DistributionOLevel of 

of quakesOdistributionO
ofO confidence 

predicted predictionsO %
of predictionsO

0 1239 1000000 0.00 
1 12768 998761 0.12 
2 58081 985993 1.40 
3 148613 927912 7.21 
4 238153 779299 22.07 
5 252113 541146 45.89 
6 177789 289033 71.10 
7 82531 111244 88.88 
8 24350 28713 97.13 * * 

9 4105 4363 99.56 
10 258 258 99.97 

CONCLUSION 


We have presented a description of a test of the earthquake 

prediction algorithm M8. Two arms of M8 Test are formulated, which 

we have denoted M8 Test A and M8 Test B. We have attempted to 

formulate M8 Tests A and B so that they are compatible with four 

general principles that we believe should be applied to any 

earthquake prediction test: we have documented the algorithms we 

will use and the conventions we will use, the algorithms are coded 

in common programming languages and run on commonly available 

computers, the tests will involve future predictions, and we have 

described the null hypothesis with which we will evaluate the 

performance of M8. 


The future predictions issued in the course of our test will be 

research predictions. They are "predictions" in the sense that 

they are forecasts of time/space windows that have anomalously high 

probabilities of strong earthquakes and in the sense that their 

success or failure can be evaluated. They are "research" because 

they are generated for the purpose of testing the M8 algorithm and 

determining the algorithm's effectiveness. 
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Figure 3. M8 Test B, Number of earthquakes predicted in 1000000 

random trys. 
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Most of the areas of investigation are known to include regions of 

high seismic hazard, irrespective of M8 results. It is important 

to periodically review seismic hazard in such regions.O
If a 

prediction resulting from this study is of concern, it would not be 

inappropriate to conduct a seismic hazard study tailored to the 

needs of the region. 
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.A.PPENDI X I 


The NEI C Earthquake Data Bas
System arncd M8 

James W. Dewey 

U. S. Geological Survey 


Golden, Colorado 


$tacieS Qf Catalbaing_Earthguakes at the NEIC 

The National Earthquake Information Center (NEIC) routinely issues 

catalogs of instrumentally computed earthquakes within three 

different time-frames and at three levels of completeness.O
In 

order of increasing time-lapse from the occurrence of an earthquake 

and in order of increasing completeness, these are: 


1. The "Quick Epicenter Determination" (QED) listing, 

issued within seven days of an earthquake. It is available 

to computers with dial-up capabilities.. 


2. The "Preliminary Determination of Epicenters (weekly 

listing), published within four weeks of the occurrence of 

an earthquake. In this report, this catalog is referred to 

as the PDE-weekly. 


3. The "Preliminary Determination of Epicenters - Monthly 

Listing," published within about seven months of the 

occurrence of an earthquake. In this report, this catalog 

is referred to as the Monthly PDL. 


The QED listings will not be used in M8 Test, for two reasons. 

First, the QED hypocenters and magnitudes are not stored, even 

temporarily, in the computer data-base system from which we will 

obtain the data that M8 will process. Second, the M8 functions 

depend on earthquakes of a magnitude for which the QED listings are 

significantly incomplete.O
The incompleteness is due to the 

relatively low percentage of world seismograph stations that send 

data in to the NEIC rapidly enough that the data can be used in the 

QED computation for a given earthquake. Neither the hypocenter-

cataloging conventions of the NEIC nor the incompleteness of the 

QED listings are fundamentally unchangeable, however. Conceivably 

X8 could be applied to QED listings in the future. 


The PDE-weekly listings typically contain about half the number of 

events that will be listed for the same time-period in the Monthly 

PDE.O
The incompleteness of the PDE-weekly listings varies 

geographically: many of the events not listed in the PDE-weekly are 

locally recorded events contributed by regional seismographic 

network operators, and for some regions of M8 Test the PDE-weekly 

listings are practically complete for earthquakes of the size that 
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are used in the M8 functions. The PDE-weekly hypocenters and 

magnitudes are stored only temporarily on the computer data-base 

System from which we will extract data for M8 Test; the PDE-weekly 

hypocenters and magnitudes are replaced in this data-base by those 

of the Monthly PDE when the latter become available. We will use 

y:0E-weekly hypocenters and magnitudes in M8 Test for the time-

periods during which they are stored on the computer data-base. 

Results obtained with M8 applied to time-periods containing PDE-

weekly data will be considered provisional. Final scoring of M8 

Test will be based on M8 applied entirely to Monthly PDE data, as 

these data are stored by the NEIC Earthquake Data Base System. 


The Monthly PDE, in addition to listing more earthquakes than the 

PDE-weekly, also commonly lists slightly different hypocenters and 

magnitudes for earthquakes that were listed previously in the PDE-

weekly. M8 functions based on the Monthly PDE may therefore differ 

from those based on the PDE-weekly even in regions for which the 

same events are listed in the PDE-weekly and Monthly PDE. The 

difference in magnitudes may cause an earthquake to change roles in 

M8, from being an object-of-prediction (M => 7.5) to not being an 

object-of-prediction, or vice-versa. Again, final scoring is based 

on the Monthly PDE, as these data are stored by the NEIC Earthquake 

Data Base System. 


Both the PDE-weekly and Monthly PDE data, as they are stored by the 

NEIC Earthquake Data Base System, are somewhat abbreviated from the 

form in which they are distributed in print. The Earthquake Data 

Base System always stores the mb and MS magnitudes published by the 

NEIC, but it stores no more than two, additional, contributed 

magnitudes. For teleseismically recorded earthquakes, preference 

is given to storing the magnitudes computed by the seismographic 

stations at Berkeley (BRK) and Pasadena (PAS). 


The data stored by the NEIC Earthquake Data Base System reside on 

a disk of a mini-mainframe computer at Golden, Colorado, from 

whence they are distributed as requested to members of the academic 

community, the private sector, and other governmental agencies. 

The data are updated weekly and monthly with hypocenters and 

magnitudes from respectively the PDE-weekly listings and the 

Monthly PDE listings. Besides the PDE data, the larger data-base 

contains data from numerous special catalogs.O
Some of these 

catalogs cover time-intervals for which PDE listings are 

nonexistent or incomplete; others present hypocenters and 

magnitudes that are intended to be improvements over those of the

PDE. Hypocenters and magnitudes computed by the International 

Seismological Centre (ISC) are also stored in the larger data-base. 


Some earthquakes whose epicenters and magnitudes were originally 

published in the PDE are not presently stored as PDE listings in 

the NEIC Earthquake Data Base System.O
Some of the "missing" 

earthquakes occurred as late as the early-1970's. Those PDE data-

gaps of which we are aware correspond to geographic regions (such 
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as Central and Southern California) or individual exceptional 

earthquakes (such as the great 1964 Alaska earthquake) that are 

covered by non-PDE contributions in the data-base. We surmise that 

at early stages of the decades-long process of assembling the data­
base, the compilers decided that the non-PDE contributions should 

be authoritative and that the PDE hypocenters and magnitudes did 

not need to be listed. The existence of the PDE-gaps means that we 

must include non-PDE contributions in our analysis: even though 

the M8 Test functions are only calculated for 1975 and later, some 

of the functions are influenced by seismicity occurring as early as 

1963 (see Appendix IV). 


The ITEIC data-base for Test 

For analysis of seismicity occurring through 1988, we use a subset 

of the larger data-base that was published as a CD-ROM in 1989. 

This is the Global Hypocenter CD-ROM Data Base Eversion 

available from the NEIC. Hypocenters and magnitudes are retrieved 

from the CD-ROM by the program EPIC, which is supplied by the NEIC 

along with the CD-ROM. The CD-ROM contains the PDE data that are 

available on the larger data-base. The non-PDE contributions that 

cover the PDE gaps that we have identified are also on the CD-ROM. 

Unlike the larger data-base, the CD-ROM does not include the ISC 

hypocenters and magnitudes. 


For analysis of seismicity occurring after 1988, we will use the 

hypocenters and the four or fewer magnitudes (NEIC mb and MS and 

two additional contributed magnitudes) that have been listed in the 

Monthly PDE and PDE-weekly and that are stored by the NEIC 

Earthquake Data Base System (EDBS). These data are accessed by 

EDBS software; this software is maintained by the NEIC, from whom 

documentation may be obtained. 


In this paper, the term NEIC data-base refers to the CD-ROM data, 

for shocks occurring through 1988, plus the Earthquake Data Base 

System entries from the Monthly-PDE and PDE-weekly, for shocks in 

1989 and later. 


cgnymaticmaAdza,gija.M8 Test for crocessing the NEIC data-base 

We adopt the following conventions on data-selection for M8 Test: 


Duplicate entries_ are identified by the procedure outlined in 

Appendix II.O
The hierarchy for selecting the preferred 

hypocenter/magnitude from a set of multiple entries is also given 

in that Appendix. 


Magnitudes used in M8 Test will be the largest of as many as four 

magnitudes that may be listed with a particular earthquake entry in 

the NEIC data-base.�
If there are multiple entries for a given 

earthquake, the preferred entry is first selected, then the 
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magnitude taken as the maximum value from the magnitudes listed in 
the preferred entry.
fials_aignandother hunan-indaced events are not removed from the 
data base. Human-induced earthquakes will in general be a source 
of noise in M8 Test, though it is conceivable that some types of 
human-induced activity might reflect changes in regional stress in 
the same way that natural seismicity is postulated to reflect 
changes in regional stress prior to large earthquakes. 
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.2%.E"E"EiNTDIX 


AUTOMATIC DUPLICATE IDENTIFICATION IN A SET OF 

EARTHQUAKE CATALOGUES MERGED TOGETHER 


(detailed description of the algorithm 

and program DUPLI_VX, version 2, 1991) 


Peter N. Shebalinl 


1. Introduction 

The use of information from several earthquake catalogues is often 

more preferable for many seismological studies. For example, if we 

decide to work with hypocentral data from the International 

Seismological Centre (ISC), to obtain information about 

surface-wave magnitudes (MS), we need to refer to other data 

sources as - ISC has published MS information on a routine basis 

starting in 1978 only. The other example is a study of a territory 

covered by two or more independent seismological networks. 


When the data sets that are used are not large, the correspondence 

of different sources can be determined easily by hand, otherwise, 

it is natural to automatize this process. The simplest way to make 

this determination is to define the time-space "window" and to 

consider data from different sources within this window as a 

"duplicate". But our experience shows that discrepancies in 

epicentre location by different agencies, even recently, can exceed 

hundreds of kilometres. Discrepancies in time are often larger than 

the time difference of two near seismic events. So, the "window" 

approach will lead to inevitable errors of one or both types: false 

and missed duplicates.O
Our estimation of the number of such 

errors, depending on the sizes of the window, is at least 1/20 of 

the number of all duplicated events with magnitude M ? 4 in 

worldwide catalogues from 1960 to 1980. Frequency of errors is 

higher for older data because of the rather significant number of 

errata in publications prepared without the help of a computer and 

the errors in their translation into computer-readable form. 


In this paper a more complicated algorithm for automatic duplicates 

determination in several earthquake catalogues is presented. This 

algorithm tests a large set of possible errata and errors leading 

to large discrepancies of origin time and epicentre coordinates in 

different catalogues. It also allows the presence of duplicates in 

separate catalogues. 


General ideas of the algorithm have been published in (Shebalin, 

1987). The new version is significantly improved. 


I 
International Inatituta for Larthquake Predlctior Theory and natheeatical Cloopbyslcs, Auaslan Atadatry of Sciancot. 

1Adreas: Oareharatoye tn., 70-2, 113554 Nosey., RUSSIA. Rhone: .7-00S-1104848: Fax: *7-015-3107032. 
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The program DUPLI_VX for MS-DOS C compiler, version 5.1, uses the 

algorithm for data in NEIC/USGS VX-format. VX-format is used for 

NEIC/USGS CD-ROM Earthquake Hypocentres database and its updates. 


2. Algorithm for identification of duplicates 


The main idea of the algorithm is to model the manual analysis of 

data. This is based on the author's experience in finding 

duplicates with the aid of a computer in worldwide and regional 

earthquake catalogues that merged together. 


How did we do it? First of all, the merged set of catalogues were 

ordered by time increase. Then, starting with the first event we 

found the "candidates" to be duplicates for each event not yet 

processed. All candidates were united into subsets. The possible 

duplicates of each element of the subset were also added to it, and 

so forth, until all "candidates" to "candidates" were exhausted. 

Then we analyzed the subset. The evident duplicates were combined 

into sub-subsets. Some sub-subsets could also be united, providing 

they did not contain obviously different events. Finally, the rest 

of the subset elements were associated with some sub-subsets or 

treated as separate events. To do that, we used some intuitive 

notion about the degree of "duplicateness" for each pair of subset 

elements. 


The trial to formalize such degrees of "duplicateness" is made in 

paragraph 2.2 below. The formalization of the method used to split 

subsets of possible duplicates into several clusters of elements 

corresponding to the same events is described in paragraph 2.3. 

The manual work on detection of duplicates has two important 

results. 


First, we discovered that the information contained in the 

catalogues is enough to identify duplicates in an overwhelming 

majority of cases, although we used station bulletins whenever 

possible. This has encouraged us to construct the algorithm. 


Second, we found the most widely distributed types of errata and 

errors leading to significant time and epicentre location 

discrepancies, and we found some specific features of the data, 

which could help to identify duplicates. This gave us the basis for 

the formalized "degree of duplicateness". 


2.1. Terminology and the task 

We consider the catalogues in the form of sequential files with 

fixed record length sorted in time order. We shall use the terms 

"string" or "record" to designate the set of earthquake parameters: 

origin time, epicentre coordinates, focus depth, magnitude 

(sometimes several types), epicentral intensity and some additional 

information (e.g. characteristics of accuracy of the values of 
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parameters, their reliability, indications on non-seismic events, 

etc.). 


Some catalogues list data about the same event from different 
sources. Such catalogues a priori contain duplicates. Using double 
abbreviation of catalogue/data source we can avoid this situation. 
Further, we shall use the term "catalogue" to indicate data sets 
with coinciding double abbreviations. 

All records of all catalogues under consideration form the set W = 

(wi), i = 1,...,I, I is their total number. 


The task is to divide the set W in advance into unknown number J of 

non-overlapping subsets D = (Di), j=1,...,J of duplicates, so that 

the elements of one subset correspond to the same event, and the 

elements of different subsets correspond to different events. Of 

course, some quantity of errors of duplicates identification is 

inevitable. 

2.2. Proximity function 


To formalize the "degree of duplicateness" the real non-negative 

function p(w,w') is defined for each pair (w,w') of records. Its 

larger values should correspond to more likely duplicates, so that 

the largest values correspond to evident duplicates, and the 

smallest values correspond to evident separate events. 


The causes of duplicates in one separate catalog and in different 
catalogs are principally different. In the first case, they are not 
normally expected and occur occasionally. Accordingly, the 
definition of function p is different for those two cases. This is 
an important difference in the new version of the algorithm. In the 
earlier version (Shebalin, 1988) each separate catalog was assumed 
to be "cleaned" manually: now, catalogues which contain duplicates 
also can be processed. 

The formal definition of proximity function p(w,w') follows: 


P(w,w')=C,(w,w')*max(R"(w,w'), C(w,w 1 )*max(R(w,w'),14,(w,w'))) 


(1) 


C1(w,w 1 )=0.75 if the intensity is known in both records w and w', 

and the difference is more than 2 units, and Ci(w,w' )=1 otherwise. 


R.,(w,w' )----max ( ri"( f„ fi. , f„, 6 (w,w 1 ) • 17P(w ,w' ) ) , where Ti•P(w,w') is the 

logical value (0 or 1) of the result of the j-th test of possible 

error in epicentre coordinates, where 4 tests are applied; f„f,,f„ 

are indices that correspond to the difference in time, epicentre 

coordinates, and magnitude in w and w' (see 2.2.1 - 2.2.3); 
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6(w,w') is equal to 0 if the data source for the whole record and 

the source for time and epicentre are the same in w and w', and is 

equal to 1 otherwise; 


•c(f„fr,f„,6) represents the parameters of the algorithm.

rl


R.,
(w,w') is responsible for possible errors in the epicentre 


coordinates in w or w'. 


R(w,w' )=r( f„ fr, f,, d (w,w' ) ) , where r ( ft, f r,, f,, d )�
represents the 

parameters of the algorithm. R(w,w') is responsible for "normal" 

discrepancies in w and w' (in significant or no errors in time and 

epicentre). 


max rit ( ft fr fp,� . , f„ , ) are the 

parameters of the algorithm; 

Rt(w,w' )=- (w ,w' )) •Tjt(w,w' ) ) , where r ( fz


T(w,w') is the result of i-th test of possible error in origin 

time of quake, where 8 tests are applied (see 2.2.4). 


C(w,w') is the coefficient obtained from additional tests of the 

pair (w,w') (see 2.2.6). 


• 


2.2.1. Definition of f t (w,w' ) 

f t (w,w') in (1) is the index corresponding to the value of the 
discrepancy in time determination in records w and w'. If time is 
given within an accuracy of seconds in both records, ft is simply 
the interval number to which the direct time difference dt(w,w') in 
w and w' belongs. If the origin time in one or both records is 
given with less accuracy, the determination of ft(w,w') is more 
complicated. The function dtl(w,w') is used instead of the direct 
time difference dt(w,w'); its values may be less, equal, or larger 
than those of dt. (The formal definition of function dtl is given 
below.) Finally, ft(w,w') is the interval number to which the value 
of dtl(w,w') belongs. The boundaries of the intervals are fixed 
separately as the parameters of the algorithm for (5(w,w') equal to 
0 and to 1 (same and different data sources). The value belongs to 
the interval if it is grater or equal to the left boundary value 
and smaller than the value of the right boundary.�Values of 
thresholds correspond to the right boundaries of the intervals; the 
left of the first interval is zero. 

The following cases of time representation in each record are 

considered: 


1)Time is given with accuracy of seconds; 

2) No seconds - seconds are blanked or given as 00 or 00.0; 
3)No minutes (blanked); 

4)No hour (blanked); 

5)No month or no day (blanked). 
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For each combination of cases in w and w' dtl(w,w') is defined by 
the appropriate sub—function: 

1 2O3O4O5 

1 
O

dtOdt, dtb dt, dt70 

2 
O

dt,Odt* dtb dt, dta0 

3
O

dtb dt, dt* dt, dt„„ 

4
O

dt,Odtb dt, dt* dta0 

5
O

dt.Odt. dt10 dt. dt* 

The following tables contain the definitions of those 
sub-functions. In the left columns of the tables the conditional 
expressions are listed in the in which order they are checked. If 
a higher condition is true, then the value from the right column 
of the table is chosen. 

da and da', hr and hr', and mn and mn' are the values of 
dates, hours, and minutes in w and w'. 

d, h, and m are integer numbers which minimize the left 
parts of the corresponding expressions. 

Determination of dt„(w,w') 

ConelltIonO ValJs. 


dt(voe') - 0 0 


dt(rops) < 60 

abs(dl-t.3600)<‘0,b,..1: 
a) anO It 6 360044an' 
b) alga 1:03400-20 

abe(ft-b.3600) 2 210 and an-30 or an' 10 
a) abe:dt-b•3600) < 300 C.3400•SC 
b) aba(tit-h.3400) < 450 14.3400•120 
c) aba;dt-b.3600) < 600 b.3400..1$: 
d) 441).41(02-).360C) < 400 h.3600-.2BT 
a) abm(dt-t•3600) < 1200 L1'310:4300 
f) aba(dt-b.3600) 2 1200 dt(w,w,) 

Ildbm(ft-6.3600)-.1$0 and an or an' equal to IS or 4St 
a) obsiet-b.3400) < 140 14.3400.90 
b) abe(dt-14•3000) < 300 14.3600.120 
c) abs(d2-14.3600) < 4$0 I:03600.240 
d) aba(dt-14•3600) < 100 0..34004300 
•) aba(dt-14.)600) 2 600 Ot(le,a') 

660 (dt-t'3 $00 ) Z 134 and on or an' equal to 10, 30, 40 or Sc: 
o) aba(dt-b.3400) < 140 14.34100•120 
b) aba(dt-a.3600) < 300 0'..3600•150 
C) abs(ft-14•3600) 2 300 dt(a,r') 

aba(abs(dt -15.3600)�< )0 b•3$00.00,10-20 

aba(abe(dt-14•)600) -48.60) 2 30 15., 3400.11.60-.20 
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Determination of dtb(w i wi) 


OftedltIbm 


Oh(v,v') - b •1600 • 0 


dt - 19 • 000 01 

s)O
sbs(lt-d•14400) • V00 


b)O
abs(tt-I•44400) •1000 or 3700 

e)O
alas 


abe(dt - d • 04400) < )400. 4 s• 1 1 

s) Abs(lit - d • < 40
06400)O

D)Oabe(dt • d • 60400)O
< 140 

e)Oabe(dt - d • 06400)O
< 060 

d)O
br • br' 

•)O01400)O
abe(dt - I • A 3110 

t) aba(dtOO• 2110
11 04400) 2O


br - hi's: 

a) It i 110 

b) It 1 300 

e)O
It t 600 

d)O
dt 1 000 

•)O
dt 1 1200 

t)O
dt > 1400 


< 190
abe(dt - b • )600)O


< 300
abs(dt - b • )400)O


< 60C
abw(dt - b • 3400)O


abe(dt - b • 360C) < 000 


2 000
aa•(dt - b • 3600)O


Value, 0 


Ot •140 


I 

d • 06400 • 140 

d • $4400 • 240 

ft 


••6400 • 10 

• 46400 • 40 

• $6400 • 90 

• 96400 • 220 

• 96400 • 1,0 

• 44400 • )00 


10 

)0 

GC 

$0 


120 

1$0 


t • )600 • 10C 


b • )400 • 120 


b • 3400 • 120 


b • 3400 • 140 


b • 3400 • 340 


Determination of dt1.„(w,w 1 ) 


CondltlenO Value, 


year and vonth are tae save 1n v and w' 

or 'Gantt is blanAed in v or v' 600 


Other 1000000 

• 
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Determination of dt*(w,w') 


Carati tion •s.1 u , ■ 

dt(w,10) 0 I 
a) ace t1 is blanked 160 
11) day is flanked 120 
c) Sioux is blaAaad 90 

) "Lbw 

SIM - b • S400 - 0 and so sr bra 6, 10, 
is, 20, 21, 30, 31, 40, 41, SO or SS: 

a) bcatt is blanked ft • 440 
b) day is blanked dt • 340 
c) bow' is b1ank,s4 ft • 34C 
I) ainyta is 13/an/ad ft • 140 
e) ctbax ft ♦ 40 

also 
s) iscortb is blanked It • SOO 
b) day is blanked, It • 380 
C) boux is blanAied� It • 260 
I) sinuta is blanked ft • 140 
a) (mbar� ft • 20 

It < 7200 It 30 

ft 2 7200 It 40 

2.2.2. Definition of fr(w,w') 


fr(w,w' ) in (I) is the index corresponding to the value of the 

discrepancy in the epicentre coordinates in records w and w'. 

Distance dr(w,w') in degrees on the Earth's surface between the 

points given by the epicentre coordinates in records w and w' is 

calculated. If a fractional part of both the latitude and 

longitude in w or w' is equal to zero, then the value of dr is 

diminished. Formally, if c, c', A, and A' are latitudes and 

longitudes in w and w': 


dr = ( t5c2 + 6A2 * cos2(c/2+c'/2) 

where 


6c = min (abs(c-c1 ),abs(abs(c-c')-0.5)), 

61 = min (abs(1-A'),abs(abs(A-1')-0.5)),O
if a fractional 


part of c and A or c' and A' is equal to zero, and 

6c = abs (c-c'), 6A = abs (A-A') otherwise. 


2.2.3. Definition of f11(w,w 1 ) 

Magnitude values from different sources for the same event may be 

very different depending on the type of magnitude and its data 

source. To calculate the magnitude index fm(w,w') we consider 

three cases: 


1) values of the same type and the same source exist in w and 

w'• 


2)values of the same type but from different sources exist in 

w and w'; 
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O

3) no values of magnitude of the same type exist in w and w'. 

(The actual case number defines the value of dm_case(w,w').) 


f (w,w') is the interval number to which the difference of
m

magnitudes belongs. In each case the lowest possible difference 

in magnitude value is considered. Intervals boudaries are given 

separately for the different values of d(w,w') and dm_case(w,w'). 

Three intervals are fixed. If no magnitude data exists in w or 

w', the value of f,1(w,w') is assigned to 2 (the largest value of 

M in w and w' is larger than the parameter value M_big)­
Otherwise, f,1(w,w') = 0. 


2.2.4. Tests of possible errors in time, T3'(w,w') 


2.2.4.1. Local time, Tit(w,w') 


This test of the possible use of local time is applied only if 

dtl(w,w') ?_ 6000 and if tl < dtl(w,w') < t2, where 


ti = ( min (abs(A)/15,abs(1')/15) - 2 ) * 3600, 

t2 = ( max (abs(A)/15,abs(A')/15) + 3 ) * 3600, and 

A and A' are the epicentral longitudes in w and w'. 


Otherwise, the value of ly(w,w') is 0. 


The minimal value 6t = abs(dtl(w,w') - h * 3600) is determined, 

there h is an integer. Finally, 


• = 2.3, ifOOt err,(6(w,w'))/15,
6tO

• = 1.7, 6t 5_ t err,(6(w,w'))/6,
ifOO


ifOOt erri(6(w,w')), 

Tit = 0.7, ifOO

• = 1.0, 6tO


6t 5_ t err,(6(w,w 1 ))*2, 

Tit = 0,�6t > t err,(6(w,w'))*2,
ifO


where t erri(6(w,w') is the parameter of the algorithm. 


2.2.4.2. Incorrect hour, T(w,w 1 ) 


This test of possible inaccurate translation of local time to GMT 

is applied only if dtl(w,w') > 3500 and the minutes are not 

blanked in both records. T2t = 1, if a positive integer h exists, 

so that dtl(w,w')O
h * 3600, h < 16. 


2.2.4.3. Possible error in hour, T,t(w,w 1 ) 


The most common reason for errors in the hour is inaccurate 

translation of local time to GMT. 
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The minimal value 6t = abs(dtl(w,w') - h * 3600)O
is determined, 

where h is equal to 1 or 2. 


11' 1 = 2.3, if 6t < t_err,,(6(w,w' ) )/15, 

Tst = 1.7, if 6t < t err,( 6 (w,w' ) )/6 , 

Tat = 1.0, if 6t < t err,,( 6 (w,w' ) ) , 

T,` = 0.7, if 6t < t err,a( 6 (w,w' ) ) *2 , 

71,` = 0, if 6t > t err,,( 6 (w,w' ) )*2, 


where t err„(6(w,w' ) is the parameter of the algorithm. 


2.2.4.4. Possible error in day or month, Lt(w,w') 


If the dates in w and w' are different then the minimal value 6t 

= abs(dtl(w,w') - d * 86400) is determined, where h is equal to 

1 or 2. 

O


Tgt = 2.3 ,O6t 5 t_errd( 6 (w,w' ) )/15,
if
O

T4t = 1.7,O6t 5 t err,,( 6 (w,w' ) )/6 ,
if
O

T.` = 1.0,O6t 5 t errd( 6 (w ,w' ) ) ,
if
O


= 0.7,O6t 5 t err„( 6 (w,w' ) )*2
if 


If the dates are the same and the hours are not blanked in both w 

and w', and the month values are different in w and w', then the 

month value in w is substituted by the value in w', and 6t = 

dtl(modified w,w') is calculated. 


Finally, 


T.` = 1.7,O6t < t err,,,,(6(w,w 1 ))/6,
ifO

T.` = 1.0,O6t < t err,,,(6(w,w 1 )),
ifO

T. = 0,O6t > t err,,,,(6(w,w 1 )),
ifO


where t err.,,(6(w,w')) is the parameter of the algorithm. 


2.2.4.5. Possible error in minute, T5t(w,w') 


This test is applied if the seconds are not blanked and are not 

equal to 0 in both w and w'. The value of T,t is equal to 1 if a 

valid modification of the first digit in w or w' exists, such 

that dtl(modified strings) 5 t_erri,(6(w,w')), and equal to 0 

otherwise, where t err,(6(w,w')) is the parameter of the 

algorithm. 


2.2.4.6. Possible reversal of two digits in time, T6t(w,w') 


This test is applied if dtl(w,w') ?. 300. The value of T,'(w,w')

is equal to 1 if a valid transposition of two neighbouring digits 

in the time field of w or w' can be found, such that dtl is less 
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than or equal to the value of the parameter t_fit(j05(w,w')), and 
is equal to 0 otherwise. j is the number of the first transposed 
digit counting from the first digit of the month. 

2.2.4.7. Possible reversal of two numbers in time, T,t(w,w') 


This test is applied if dtl(w,w') z 300. The value of T.,'(w,w') 

is equal to 1 if a valid transposition of two neighbouring two-

digit numbers in the time field (month, day, hour, minute) of w 

or w' can be found, such that dtl is less than or equal to the 

value of the parameter t_fit(j,6(w,w 1 )), and is equal to 0 
otherwise. j is the number of the first digit of the transposed 
number counting from the first digit of the month. 


2.2.4.8. Possible omission or insertion of one digit in time, 

Tst(w,w') 


This test is applied if dtl(w,w') ? 300. The value of Tit(w,w') 
is equal to 1 if a valid insertion of a digit into the time field 
of w or w' can be found, shifting the rest of the digits to the 
right, such that dtl is less than or equal to the value of the 
parameter t_fit(j,6(w,w')), and is equal to 0 otherwise. j is the 
number of the position where the digit was inserted, counting 
from the first digit of the month. 

2.2.5. Tests of possible errors in epicentre, Ti"(w,w') 


2.2.5.1. Incorrect sign of latitude or longitude, T,"(w,w') 


This test is applied if ft(w,w') < 5 (not too large a difference 

in time). In w and w'the latitude and longitude of the epicentre 

are substituted by northern latitudes and eastern longitudes, 

respectively, and the value 6r is obtained as a value of the 

function dr modified strings. 


T,"(w,w') = 1, if dr(w,w') > 1.0 and 6r < 0.5, 

or if dr(w,w') > 5.0 and Sr < 2.0, 

or if dr(w,w') > 10.0 and 6r < 3.0, 


T,"(w,w') = 0, otherwise. 


2.2.5.2. Possible format error in epicentre field, T,"(w,w') 


The value of T,"(w,w') is equal to 1 if a valid 
modification of w or w' can be founded by multiplying the values
of the latitude or longitude by the factor of 10 or 100, such 
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that the value of the function dr after modification is less than 

0.5; otherwise its value is 0. 

2.2.5.3. Possible omission of one digit in epicentre field, 

T,"(w,w') 


The value of T,4"P(w,w') is equal to 1 if a valid modification of w 
or w' can be found by inserting one digit into the latitude or 

longitude field, such that the value of the function dr after 
modification is less than 0.5, if modification was made in the 

latitude field and is less than 0.3 in longitude field; 
otherwise, its value is 0. 

2.2.5.4. Possible error in one digit in epicentre field, 
T. p̀(w,w1 ) 

This test is applied if dr(w,w') .? 2.0. The valid modification of 

the latitude and longitude (integer portion of the values only) 

in w and w' is made: the digit is replaced by a corresponding 

digit from the other string and also is increased or decreased by 

1, and the minimal value of dr after modification is found. The 

value of T."(w,w') is equal to 1 if the modified value is less 

than 2.0 and refers to the tens of a degree, and is equal to 0.7 

when it refers to the integer units of a degree. Otherwise, the 

value of T," is 0. 


2.2.6. Definition of C(w,w'). Additional tests 


C(w,w') = Co(w,w') * max (Cj(w,w'), j=1,..,7. 

Tai(w,w') 

Ci(w,w') = ci(d(w,w') 


where ci(d(w,w')), j=0,1,...,7 are parameters of the algorithm, 

Ta3(w,w1) - additional tests described below. 


2.2.6.0. Tao(w,w') 


This test is different for different values of 6(w,w'). 


For 6(w,w') = 1 (different data sources in w and w') the 
character comparison of the fields of time, epicentre, focus 
depth and magnitudes is made. If the difference is in one or two 
of these characters, then Tao (w,w') = 1; otherwise, it equals 0. 

For 6(w,w') = 0 (same data sources in w and w') Tao(w,w') = 1 if 
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the abbreviation of the data source is in the list of data 
sources, which normally may contain duplicates. 


The following tests are applied only if 6(w,w') = 0. 


2.2.6.1. Different number of stations, Ta,(w,w 1 ) 


This test is applied if the number of stations used for epicentre 
determination is given in both w and w'. The result is equal to 1 
if the difference in the number of stations is more than 5 or if 
the minimum number of stations is less than 10, and the 
difference is more than 3. Otherwise, the result is equal to 0. 

2.2.6.2. No number of stations in one string, Ta2(w,w') 

The result of this test is equal to 1 if in one string (w or w') 

the number of stations used for epicentre determination is not 

given; otherwise, the result is equal to 0. 


2.2.6.3. Unreliable data, Ta,(w,w' ) 

The result of this test is equal to 1 if in w or w' the flag 

corresponding to an unreliable epicentre or origin time 

determination is turned on; otherwise, the result is equal to 0. 


2.2.6.4. Poor accuracy of tine/epicentre, Ta4(w,w') 


The result of this test is equal to 1 if in w or w' the quality 
indicator for time and epicentre determination corresponds to 
"poor" data or accuracy worse than 50 km for epicentre and 10 s 
for time, or if the number of stations is given, but is less than 
7; otherwise the result is equal to 0. 

2.2.6.5-7. Possible redetermination of depth 


Tay,w,w') is equal to 1 if in one string the value of depth is 
assigned a value of 0, 25, or 33, or a special flag is turned on, 
and in the other string another value of depth is given; 
otherwise, Tas(w,w') equals 0. 

The following tests are applied only if the focus depth values 

are given in both w an w', and if they are not assigned; 

otherwise; their results are equal to 0. 


Ta,(w,w') is equal to 1 if in one string the value of depth is 
less than 50 km, and in the other it is greater than 50 km. 
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Ta7(w,v') is equal to 1 if the focus of depth values in w and w' 

are not equal. 


2.2.7. Evident duplicates. 


In some cases it is evident, that the two strings are duplicates. 

To avoid long tests in these cases special values of function 

p(w,w') are assigned. Those values are also parameters of the 

algorithm: 


ConditionO Value of p 


f,- = 0, f, < 3, f, < 5Oevl 


f, = 0, f, < 3, fr = 5Oev2 


8(w,w') = 1, f, = 0, fr < 4Oev3 


6(w,w') = 1, f, < 2, fr < 3, f, < 3Oev4 


dtl(w,w') = 0, dr(w,w') < drmaxOev5 


f, = 0, dr(w,w') < drmax, f, < 2Oev6 


ev7
6(w,w') = 1, dt(w,w') = 0, fr < 5, f, < 4O


where drmax is the value of the largest threshold for f_r 

determination multiplied by 5/3. 


2.2.8. Time limit for duplicates search 


To diminish calculation time function p(w,w') is assigned a 

negative value if the difference in origin time in w and w' is 

more than the value of the parameter dtmax. 


2.2.9. Determination of the parameters of the algorithm. 


All parameters can be different for different periods of time in 

the catalogs. All "threshold" parameters are chosen empirically. 


Parameters 1-3, r3", and cj are determined on the basis of a
O

learning set. A learning set is formed from actual catalogs 

merged together so that, if possible, each combination of values 

of indices ft, fr, and fm will occur several times, and also all 

tests T will be applicable with different values of corresponding 
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indices. Duplicates are marked in the learning set manually. 

The techniques for the determination of parameters is beyond the 

scope of this paper. General ideas are found in (Shebalin, 1987). 


The parameter values used for the program DUPLI_VX and determined 
for the set of catalogs from the database on CD-ROM, produced by 
NEIC/USGS, are listed in Appendix 1. 

2.3. Cluster of. duplicates 

studying the values of proximity function for pairs in the 

learning set, we can specify two rough pairs of thresholds: 


211(6(w,w i ) and A,(6(w,w'). 


Values of p < Al correspond to "most likely" duplicates and 

values of p > A, correspond to obviously different events. Later 

on those values can be determined more precisely. 


Set W of catalog records is divided into subsets of possible 

duplicates constructed pair by pair with proximity function 

values less than A„ i.e., "most likely" duplicates. Thus, a 

record is considered as a possible duplicate or an event only if 

it has at least one twin with p < LI belonging to this same 

event. The subsets can include pairs with p > A, corresponding to 

different earthquakes. In that case, the subset must be split 

into two or more parts, each part corresponding to one separate 

event, and within each part, all pairs will have values of p 

A,. It is natural to force any element within such a part to be 

"closer" in terns of proximity function to other elements of the 

part, rather than to any element outside that part. We call such 

parts "clusters of duplicates". We do not require that the 

maximum value of proximity function inside one cluster be less 

than the value for any pair formed by one element inside and 

another outside the part, as is common in clustering analysis. 

Otherwise, the erroneous records, which have larger values of 

proximity function with their duplicates in comparison with 

"normal" duplicates, could influence the occurrence of extra 

clusters corresponding to false events. 


The following is the formal definition of cluster of duplicates. 


1?eliMitiOR_IA. Subset G belonging to the set W is called 

ai-iinked if for any two of its elements w' and w" it is possible 

to find elements w1,w2,...,w. also belonging to G: wi=w1 ,w"=w. and 

P(w1,w1.1) 5- A l for all i=1,2,...,s-1. 
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Definition 2. Subset G' belonging to the set W is called 

A2-limited if for any two of its elements w' and w" p(w',w") < 

6,. 


pglialti0n 3. Subset K belonging to the set W is called cluster 

if for any three elements of W: w, w' belonging to K and w" not 

belonging to K 


p(w0.7')/111(6(w,w')) < P(w,w")/A1( 5(w,w")). 


?lain definition'. Subset D belonging to the set W is called 

cluster of duplicates if it is 1) a cluster, 2) A,-linked, 

3) A,-limited, and 4) if a larger subset of W that includes D 

with the same features does not exist. 


It is easy to show that clusters of duplicates do not overlap and 

that the subdivision of the set W into clusters is unique. 


Values of parameters A, and A, used in program DUPLI_VX are 

listed in Appendix 1. 

3. Program DUPLI_VX 


The program DUPLI_VX is the realization of the algorithm 

described for data in the format VX. Format VX is used for 

catalogs in NEIC/USGS CD-ROM Earthquake Hypocentres database and 

PDE and the final catalog produced by NEIC/USGS. 


The program is written for MS-DOS C compiler, version 5.1. All 

values of parameters are fixed inside the code of program. Values 

of parameters are different for the two different time periods: 

data through 1964 and data since 1965. The program automatically 

choses the appropriate set of values. Parameter values for both 

time periods are listed in Appendix 1. 


Input for the program is the set of catalogs in VX-format merged 

together and sorted by increase of time. 


The output is in the same format. The 116-th byte of the format 

is used to mark duplicates. If only one string (data from one 

catalog) corresponds to the event, the value of 116-th byte is 

blank. If several strings correspond to one event, all those 

strings (duplicates) follow each other in the output, even if 

they initially have been separated by other strings (e.g., due to 

incorrect date in one string). Inside the cluster of duplicates 

the strings are sorted by increase of earthquake origin time. The 

string with the earliest time is marked in 116-th byte by the 

symbol "+"; all others are marked by number: 1,2,...,9,0,1,2, 

etc. All first strings of clusters of duplicates keep the order 

of time increase. 
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4. Application to NEIC/USGS CD-ROM Earthkuake Hypocentre 

database and its updates 


The program DUPLI_ITX has been applied to all data on CD-ROM from 

1900 to 1988 and its updates for 1989 through June 1991. Data 

from CD-ROM have been retrieved by EPIC software with database 

duplicates removal option switched off. 


The total number of data strings is 457340. They have been 

subdivided by the program into 389406 clusters of duplicates. 


Examples of duplicates found by the program as well as erroneous 

results are given in Appendix 2. 


Following tables show the distribution of the difference in time 

and space for duplicates and separate events for several time 

intervals. The tables show that any simple algorithm of 

duplicate identification which uses time/space thresholds only 

would give a very significant number of not-found duplicates 

and/or false duplicates. 


1900 - 1927 

18107 records and 13092 groups of duplicates 


DUPLICATES 


15 s 30 s 1 a 2 a 4 a 1 a 15 t 30 a 1 0 > b 

2S ks 1560 ft 101 111 7 3 35 24 10 34 241 
SC lcs 
75 km 

101 
11S 

10 
12 

IC 
33 

1: 
1: 

7 
1 

3 
1 

2 
4 C 

2 
0 

Cl 
I: 

100 Ica 
12 5 km 
15C be 
17S ka 

61 
42 
18 
2 1 

34 
1) 
11 
11 

3' 
12 

1 
4 

12 
7 
1 
3 

2 
3 

01 

C 
2 

0 

10 
1 
1 

0 
0 
0 
0 

0 
1 

1 

4 
14 

1 
3 

IOC0tie 
>200ka 

10 
to 

12 
36 

1: 
4$ 

f 
27 12 

2 
7 30 

0 
4 

0 
1 

4 
6t 

NON - DUPLICATES 


IS s 30 . 1a la 42 I• 1$ a 30 a 1 b > 1 b 

2S ka 4 0 0 10 16 344 345 6 7 1 865 74 
S.) ka 0 0 0 0 4 24 31 52 44 73 

ka 1 0 0 S 7 15 37 11 44 7C
100 t• 0 0 0 0 I 6 I 11 23 42 
125 km 0 0 0 1 10 e 4 e 46
150 ka 0 0 0 0 1 4 4 e 14 33
175 0 0 0 0 1 t 1 7 14
200 ka 2 262 10 0 1 8 6 I 11
>30010. 

44 6 14 34 70 155 314 423 736 4007 

Comment: EPIC software with duplicate removal option switched on 

(thresholds 99 s in time and 99 km in space) gives 14229 events 

(approximately 8.7% of the events are duplicates not removed). 
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1928 - 1948 

29307 records and 22583 groups of duplicates 


DUPLICATES 


ass 30 • ls 3 m 4 n • a IS m 30 a 1 . >lb 

25 km 
so ks 
is km 

1777 
407 
335 

124 
46 
27 

1St 
47 
34 

04 
11 

3 

17 
4 
1 

7 
s 
2 

4 
4 
0 

4 
0 
0 

10 
2 
3 

239 
23 
11 

100 km 
125 km 
150 km 
171 km 

102 
113 

72 
44 

14 
21 

9 
14 

17 
12 

4 
4 

4 
3 
1 
2 

2 
1 
I 
1 

2 
2 
0 
0 

1 
0 
3 
0 

0 
0 
0 
0 

1 
0 
1 
2 

10 
7 
4 
• 

200 km 
>300km 

30 
112 

12 
03 

4 
32 

1 
10 

0 
I 

0 
4 

2 
4 

0 
3 

1 
1 

4 
120 

NON - DUPLICATES 


14• 105 1a 2a 4 m 154 30 ■ lb >lb 

20 km 1 4 3 46 257 492 727 1115 1541 731 
50 km 0 0 0 3 10 14 12 40 131 140 
75 km 0 0 0 0 2 11 30 74 40 0/ 

100 km 0 0 0 0 1 0 11 34 44 40 
125 kr 0 0 1 0 2 4 17 22 S4 21 
1 SC km 0 0 o 0 2 4 15 19 34 23 
175 kr 0 0 0 0 2 4 10 20 45 19 
200 km c 0 0 0 0 1 14 12 14 19 
>200km 30 17 4/ 77 137 277 474 1112 2135 5635 

Comment: EPIC software with duplicate removal option switched on 

(thresholds 99 s in time and 99 km in space) gives 23963 events 

(approximately 6.1% of the events are duplicates not removed). 


1979 - 1981 

29288 records and 24167 groups of duplicates 


DUPLICATES 


IS s 30 • 1 a 2 a 4 a Om�1Sm�30 a�lb�> 1 S 

2S km 4114 23 21 24 34 2 0 0�3�/6 
5C km 340 3 3 7 5 3 0 0�0�4 
75 Ma 70 0 2 0 3 0 0 0�0�1 

10C km 32 1 2 1 0 1 0 0�1�1 
12S km 2C 01 0 0 C 0 0 0�0�
1SC km 4 1 0 1 0 0 0 0�0�0 
17S km 1 $ o 1 0 0 c 0�0�0 
20: km 0 4 1 2 0 0 0 0�0�0 
>100km 2 7 7 1 0 0 0 0�0�2 

NON - DUPLICATES 


IS m 30 s 1 m 2 m 4 a 1 a�1$ m 30s�lb�> 1 b 

2S km 1429 2393 3441 1 11 74 312 441 741 
SC km 1 0 2 2 34 01 1S1 305 573 10' 
75 mm 0 0 1 4 20 34 65 324 224 35

let km 0 0 1 1 7 17 31 41 103 32 
12S km 0 0 0 0 5 4 14 22 41 14 
100 km 0 0 0 0 0 • 7 24 41 12 
175 km 0 0 o 1 0 4 3 IS 31 10 
200 km 0 0 0 0 0 • 14 31 36 21 
>2001m 44 114 322 422 420 1403 3447 7740 15764 4440 

Comment: EPIC software with duplicate removal option switched on 

(thresholds 60 s in time and 99 km in space) gives 24372 events 

(approximately 0.8% of the events are duplicates not removed). 
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1982 - 1988 

83783 records and 78002 groups of duplicates 


DUPLICATES 


11 • 30 • 1 a 3 a 4 a • a 11 a 30a 1 h > 1! 

444477 34 45 • 6 13 1 1 30 17231 101 32 16 13314 0 12 0 0 4 3110 ha 
74 1 4 10 3 0 1 0 3 147S 82 
30 3 0 2 1 1 0 0 2 S100 /2 

121 12 10 4 2 1 2 1 0 0 0 1 

1 4 1 2 1 0 0 0 0 1
310 82 
1 3 0 3 0 0 0 0 0 1375 12 
1 2 1 2 0 0 0 0 1 3 

>J00= 10 7 10 II 0 0 0 0 1 11 

NON - DUPLICATES 


11 • 30 • 1 a 2a 4 a Oa 11 a 30 a 1 h >1 h 

31 /2 4 7 47 226 150 1227 1684 3497 4034 430 

10 12 
 0 1 7 34 04 219 355 713 1304 101 

71 11 
 0 1 1 3 47 55 143 375 164 14 

ICC Is 0 0 0 4 22 44 73 170 300 20 
125 ks 0 0 0 7 12 31 11 114 204 11 
1SC ts 0 0 2 2 14 24 0' 117 222 II 
1 7 5 is 0 0 0 4 1 18 35 • I 143 10 
20C !a 0 0 0 1 8 23 25 10 132 12 
)30012 411 445 • 53 1744 3490 7115 12949 27842 04043 1149 

Comment: EPIC software with duplicate removal option switched on 

(thresholds 60 s in time and 99 km in space) gives 78524 events 

(approximately 0.7% of the events are duplicates not removed). 


REFERENCE 


P.N. Shebalin, 1987. Compilation of earthquake catalogs as the 

task of clustering with learning. - Doklady Ac. Sci. USSR, V.292, 

N 5, 1083-1086. 
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APPENDIX 1. 


Values of parameters of the algorithm used in program DUPLIVX 


1.Values of Al and A2' 

through 1964Osince 1965 


the same data sourceOA, = 150 A2 r 50O
A, = 200 A, = 100 

different data sourcesO210O
A, = 350 A2OA, = 250 A, = 150 


2.Values of dtmax (maximum time difference to search duplicates) 


OOOO
through 1600 1600-1799 1800-1899 1900-1949 since 1950
OOOO
32000000 s 2650000 s 263000 s 180000 s 87000 s 


3.Thresholds for determination of indices ft , fr and f, 


a)time (six thresholds, sec) 
 O

the same data source different data sources
O


through 1964O6 31 91 149 181 600 12 31 91 155 310 900
O

since 1965OO6 20 50 90 150 450 10 20 30 70 120 550 


b) space (six thresholds, km) 
 O

the same data source different data sources
O


through 1964O 25 50 75 200 500 1500
25 50 75 150 300 650
�

since 1965OO5 25 50 100 200 400 25 40 80 130 300 800 


c)magnitude (three thresholds for three cases) 


case 1: the same data source and type of magnitude 


the same data sourceO
different data sources
O

through 1964 0O6O2O
1O0O8
O
since 1965 1 2 7O0 2 8 


case 2: the same type of magnitude only 


the same data sourceO
different data sources
O
through 1964 5O3O18
3O18O5O
O
since 1965 1 3 8O2 5 12 


case 3: different sources and types of magnitude (minimal 

possible difference in values is considered) 


the same data sourceO
different data sources
O
through 1964 4O20O9O
7O4O20
�
since 1965 3 7 15O4 9 25 

M_big = 5.0 
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In the following tables the rows correspond to increasing values 

of ft, the columns to increasing values of fr. 


4. Values of r(f,,f,,f,05(w,wi)) 


a) Through 1964, the same data source 

1, - fp • 1O fp • 2 W O


1,60 160 120 1 20 9/1 480 320 210 170 130 430 310 260 170 135 120 400 244 200 40 V0 o
11,0 et, 
-


250 155 125 11 575 370 310 245 248 125 429 300 255 165 115 120 380 160 340 130 120 0
440 350 

310 150 122 11 950 330 255 240 123 121 401 280 250 160 150 170 350 160 120 120 110 0
600 230 

150 135 120 11$ 900 300 2/5 145 130 123 340 270 245 135 115 110 300 150 120 110 100 0
170 310 


280 241 140O12/ 122 210 260 120O140 100 0
145 130 117 11 2 S00 240 110 100 200 110 0 


330 340 

260 300 


140 125 115 la0 330 ro 215 135 22.1 120 300 260 221 190 185 180 ISO 120 100 0 0 0 


b) Through 1964, different data source 

fp • 0 Lp • 2 fp • 2 fp • 3 


1226 915 611 470 204 248 Off 020 900 SID 213 200 091 443 647 540 234 146 7,4 707 420 200 1,0 120 

1/4 747 4,8 210 /03 ZOO 042 792 667 540 ZOO 154 94, 76C 641 530 215 291 691 644 272 120 120 120 

222 757 494 203 200 200 471 767 640 530 177 302 059 750 630 520 160 141 572 6:0 241 120 12C 120 


550 734 484 201 201 200 044 760 622 518 200 157 Olt 740 412 508 155 135 492 427 220 120 120 120 

848 704 271 204 203 200 052 740 299 221O042 730 286 211 1S8 123
190 150 3/0 315 194 120 120 120 


310 210 150 110 149 147 340 230 210 290 153 160 220 213 200 120 ISO 172 200 196 152 121 120 120 


c) Since 1965, the same data source 

t„Ofp • 1O f, • 2 fp • 3
0 


717 620 240 205 200 123 132 715 370 270 20,130 194 127
110 643 245 203O634 471 254 150 lbe 100 

452 616 444 260 250 150 770 222 125 200 270 205 743 631 345 270 240 175 614 522 3:1 202 10: 1'0 

59' 57S 500 270 2SS 160 711 646 466 235 301 204 678 622 464 250 224 17" 612 5'1 377 1 70 150 140 

545 447 350 260 250 150 651 554 220 345O613 Sil 240 250 201 145
220 150 542 419 208 290 14' 113 


133 352 240 250 240 140 555 160 20" 203 200 15C 121 390 20C 155 14S 120 404 219 155 140 120 112 

SOO 242 240 150 125 100 SOO 270 205 152 130 105 454 250 19! 90 80 90 150 40 80 52 74 92 


d) Since 1965, different data source 

•0 1, • 1 fp • 2 


945 433 442 111O030 834 480 328O897 493 439 ItC 10' 105 793 4113 274 133 :o
304 104 240 100 

542 82' 453 200 135 100 022 551 400 2'0O513 730 514 202 154 IIC 34' 214 114 SC
11S 150 772 st, 


123 150 100 525 8/7 49S 165O 0
550 795 388O 125 150 893 521 5,4 232 152 102 81! 434 411 212 125 

452 475 316 125 155 102 061 IBS 445 110O804 742 594 25' 132 614 454 32: 194 44 2
135 130 70 

304 354 25/ 121 122 202 "211 '10 442 2'0O641 524 454 220 101 70 524 424 241 52 35
142 22S 2 

266 291 223 247 201 100 175 140 355 250 135 220 545 461 3'4 214 ICS 70 43' 219 155 10 21 2): 


5. Values of ri"(f„f„f,,,d(w,w 1 )) 


For values corresponding to each test four strings are given: the 

first and second are for data trough 1964, the third and fourth 

are since 1965, the first and third are for data from the same 

data source, the second and fourth are from different sources. 


On - 0 
 fp - 1 f 2 fr. 3tort I. 

314 120 200 160 150 140 
 280 26C 230 20C 150 140 21C 200 150 140 120 120 200 132 230 110 0 0 

411 3'4 200 100O
0 0 429 405 350 0 0 0 402 2'4 0 0 0 C 200 20: 0 0 0 0 

290 250 2'0 240 350 240 
 333 323 213 203 250 200 223 311 202 192 II: 145 333 333 333 333 200 150 

457 357 200 200 100 
$0 1157 4111 320 160 100 SO 467 377 300 100 50 0 0 0 0 0 0 0 


Trot 3. 
343 31S 310O0�0 
400 350 230 200 298 

0 
190 

275 
420 

285 
3'0 

255 
270 

0 
220 

0 
115 

0 
183 

270 
400 

260 
252 

230 
340 

0 
190 

0 
164 

0 
166 

250 
300 

250 
250 

125 
200 

0 
0 

0 
0 

0 
0 

400 250 200 115 150 
341 314 311 114O75 

150 
0 

SOO 
301 

300 
326 

250 
311 

III 
234 

170 
170 

150 
0 

450 
256 

257 
212 

200 
201 

200 
199 

180 
172 

100 
0 

40C 
242 

304 
2:3 

291 
109 

150 
171 

120 
107 

12C 
0 

tort 3 
21e Ite 0 0OO0400 350 211 20S 200 

• g�0 0OO0150 inO200�110OSo 

0 
180 
0 
SO 

215 
420 
0 

160 

241 
370 
0 

130 

230 
270 
0 

r%0 

200 
22C 
0 

100 

ISC 
20S 
0 
00 

0 
183 
0 
SO 

276 
400 
0 

255 

225 
35C 
0 

225 

210 
26D 
0 

205 

190 
140 
0 
95 

120 
166 
0 
0 

0 
164 
0 
0 

0 
300 
0 

100 

0 
230 
0 
70 

100 
200 
0 
SO 

100 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

t•rt 4. 
170 160 tic 140 IVO170 Igo Iso 140 120
0 

120 
120 

180 
150 

170 
170 

160 
160 

150 
150 

140 
140 

130 
130 

0O•110 120 loe 0OO• 
0 
• 

0 
160 

0 
130 

0 
120 

0 
0 

0 
0 

0 
0 

150 
150 

140 
140 

130 
120 

120 
120 

110 
110 

0 
155 

0 
225 

0 
105 

0 
0 

0 
0 

0 
0 
0 
0 

140 
140 

130 
130 

120 
120 

110 
110 

0 
100 

0 
70 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

%1st S. 
170 140 ISO 140 130 
170 160 150 140 120 

• 
•�0 
�

C�0O0 
0�0O0 

120 
120 
0 
0 

150 
190 
0 
0 

170 
170 
0 
0 

160 
360 
0 
0 

150 
150 
0 
0 

140 
140 
0 
0 

130 
130 
0 
0 

150 
150 
0 
0 

140 
140 
0 
0 

120 
130 
0 
0 

120 
12C 
0 
0 

110 

0 
0 

0 
0 
0 
0 

14C 
140 
0 
0 

13C 
130 
0 
0 

12C 
120 

C 
0 

110 
110 
0 
0 

0 
0 
0 
0 

0 
0 
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6. Values of rit( fr , fr ,f„, (w,w 1 


For values corresponding to each test four strings are given: the 

first and second are for data trough 1964, the third and fourth 

are since 1965, the first and third are for data from the same 

data source, the second and fourth are from different sources. 

Rows correspond to increasing values of fr. 


t. - * t. - 1 t. - 2 tx 3 
tart 1. 
210 114 113 111 04 0 214 111 104 113 101 0 110 130 100 90 0 0 90 120 IOC 0 0 0 
211 210 201 201 20.4 110 22S 220 211 210 201 105 220 215 213 207 204 120 204 204 176 111 01 41 
240 200 147 194 0 0 105 204 203 200 0 0 210 145 ISO 0 0 0 0 0 0 0 0 0 
320 210 200 240 148 110 210 245 210 140 140 130 235 225 201 1111 131 125 140 130 110 90 70 0 
lest 2. 
144 ISO 147 • • 0 146 131 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0O0 • 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

300 250 140 232 162 102 310 200 290 210 100 71 ISO 100 90 70 SO 0 0 0 0 0 0 0 
74at 3. 
160 150 149 141 741 7 154 153 112 111 SO 0 135 134 133 132 71 0 15 95 tS 0 0 0 
354 271 241 202 201 170 304 29S 272 244 20, 140 219 212 200 209 204 150 204 203 1'S 150 00 SO 
230 110 170 0 0 0 241 200 105 100 0 0 20/ 103 00 0 0 0 0 0 0 0 0 0 
210 200 110 140 120 110 230 220 200 141 130 0 224 215 105 144 122 0 150 120 100 0 0 0 
Tact 4. 
150 14C 131 12/ 101 011 135 119 114 SC 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
210 206 191 107 200 110 220 215 142 170 160 130 215 202 111 130 0 0 $3 13 15 SO 0 0 
200 190 140 0 0 0 21C 200 144 191 0 0 210 145 90 0 0 0 0 C 0 0 C 0 
200 190 170 120 00 0 220 210 1110 330 100 0 210 2CC 110 120 0 0 140 110 100 0 0 0 
?en S. 
114 153 112 0 0 0 13,113 140 0 0 C 0 C 0 0 0 0 0 C C 0 0 0 
220 215 203 200 200 200 230 220 202 200 140 142 220 215 204 202 2C: 140 0 0 0 0 0 0 
150 140 130 0 0 0 100 200 220 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 130 110 00 0 0 160 140 120 100 0 0 151 135 11S 40 0 0 135 115 0 0 0 0 
Tog! 6. 
250 150 0 0 0 0 11C 150 0 0 0 0 0 0 0 0 C 0 0 0 0 0 C 0 
0O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0O0 0 0 • 0 C 0 0 0 0 0 C 0 0 0 0 0 0 0 C 0 C 0 
0O0 0 0 0 0 00000 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tact 7. 
0O0 0 0 0 0 0 0 0 0 C 0 0 0 C 0 0 0 0 0 0 0 0 0 
0O0 0 0 0 0 200 144 0 0 0 0 222 202 0 C 0 0 520 251 0 0 0 0 
0O0 0 0 0 0 0 C 0 0 0 0 0 C 0 0 C 0 0 C 0 0 0 0 
0O0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 

?et 1. 
14/O140 130 121 141 160 144 130 120 144 13* 133 CCOCO C 0 0 0 0 0 0 
0OC o 0 • 0 0 0 0 0 0 0 C 0 0OOO0O0 0 0 0 0 0 0 0 

210 209 0 0 0 0 210 204 C 0 0 0 C 0 C 0 0 C 0 0 0 0 0 0 
0O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7. Values of c,(6(w,w')) (additional tests) 


1 2 3 4 1 4 7 
ttruugt 1044 1107 093 500 100 412 444 /41 423 300 
alhoeO1941 100
011 700 100 1100 471 350 530 176 
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APPENDIX 2 


Examples of possible duplicates in NEIC/USGS CD-ROM 

found by program DUPLI_VX 


1900 10001228 18.000-152.000 

ILIA 8.20CE011A 2 1. 

2101 7.701taA34 8.30910•A3 13 6

1000 10001220 40.000-142.000 60. 


Aft 7.70SLAX2 11 .
1000 100,122800 58.000-151.000 

It max • 0 sac, dr S22 - 847 km 


p0 1001 04052220 1 45.000 148.000 30. 7.50SASSA 211004. 

ASE 7.404.4A142 221
100: 0405233000 45.000 248.000 

ADA 1001 0405233045 45.000 148.000 60. 7.9001704. 
 221 19. 
dt Sex • 1445 sac, dr max • 0 km 

104 1001 04220638 ZR 47.302 7.600 4. 3.000501170 1144111A5 
SUP 144�41901 05220'38 FR 47.400 7.447 

dt max • S400 sec. dr Sex • ► km 


U! 1002 01010120 1 55.000 165.000 20. 7.10141041 4=4. 

Alt 1002 0101052000 55.000-145.000 7.00KLA.42 
 . 

.70A7 1002 0101052030 55.000-145.000 25. 7.00esA3t 7.80040•AS 

SCA 1002 0101052030 - 15.000-165.000 60. 7.40VEI0A 0 1. 

at max • 30 sec, dr sax • 171, km 


AS4 1902 0030214800 40.000 77.000 6.604LAX2 320 

140 1002 08302150 3'.000 71.000200. 4.04 01.70mASSA 12 ,G0t' 

ft sax • 120 sec, dr sax • 557 km 


EX 1903 04200045 ER 42.300 -3.100 10. 1 . ICV147.7 3" A 

2142 1001 0420004500.00 42.300 3.213 311 6 

St sax • 0 sec, dr sax • 472 km 


TO! 1003 04211325 EP 42.500 1.200 33. 4 .707173tY 3"/ 
ELM 1901 04211321 T2 42.400 12.100 25. 31:�7 
St sax • 240 sac. dr I= - 102 km 

1=�1404 0030 31.200 100.000 4.007TL!! 30' 1 

AS! 1004 0430114200 30.000 101.000 1.40T3A2r: 6.104.4A.42 30' 

ft sax • 42120 sec, dr sax • 120 ks 


8,4 1905 0430170' -1.000-141.000 40. 7.407TV:A 624 39. 
All 1905 04302'0'00 -20.000-1'5.000 7.104.4A142 1 , 2�. 
dt sax • 0 sec, dr sax • 2021 ks 

Al!�1000 0225234,00 4.000 33.000 4.004.04117. 51' 

Cl'?! 1904 0825134'14.00 9.000 39.000 4.'5744A.5 S51 

dt max • 36 sec, to sax • 778 km 


Al! 1004 1002015000 -4.000 140.000 , .2.2tLAY2 2C1 . 

SCA 1004 1002:252 -4.000 140.000 40. 202 14. 

dt sax • 3'20 sec, to sax - C km 


844 1904 10142215 t 44.400 2".300100. 5.5 C 5.504.:544 351.777.4 

t!'4 1904 10242315 7 46.401 2'.302130. 
 3512114 

at sax • 3600 sec, dr sax • C 12 


MR�1001 05191020 Al 3'.200 4.100 33. 4.207477.4 30' 8 f 
3 ,, 41044 1921 0520102000.00 37.100 -4.100 

et 122 - 0 sec. dr sax - 653 km 

Et4 1909 0424024' >Ar 30.900 -1.100 33. 4.007474.7 3'4 A ' 
124 1001 04240341 YR 39.000 -0.000 33. 4.00744R4 3'4 C ' 

1071 3 ,4 7
190, 0424034100.00 41.490 -1.0,0 
at sex • 3600 sec, dr sax • 2'9 km 

StA 1014 1003171212 16.000 -41.000100. 7. 40071:A 02 7. 
18! 1914 10021'2212 -14.000 41.000100. 42!7.4023Alt: . 
Cl'?! 1014 10032'2212.00 16.000 -41.000100. 7.40747AS 92 

ft sex • 0 sec, Sc' max • 12413 km 

4.4004474 3412224 
ttnt 1914 11181434 1a 3'.'00 21.700 33. 
raPO1914 11171420 73 3'.000�31.900 1'. 

4.4 0070011 368 C . 
St sax - 84400 sec. dr max - 12 km 

rm 4 .201341017 38' C .2910 04261850 MR 36.700 -1.100 33. 
303 .111 1019 0426125002.00 34.500 -10.000 
30' 4.114T 1110 042(1,0021.00 34.466 -1.013 

dt sax • 139 sec. dr sax • 754 km 

7.30,11A3E2 184 .Apt 1010 0031072044 -16.000 160.000160. 
116201 .1919 081117,2034.00 -15.000 165.000 

IDA 1019 0031172244 -14.000 140.000180. 7.257412A 184 14. 
7.257E4AS 184 . 

dt sax • 34000 sec, dr sax • 190 km 
MITI 11119 0811172044.00 -14.000 140.000180. 

1.411 04.20/45144 71 71XtE1421 0225142341 34.300 71.000180. 
5.407KPAS 717 .C'--'t 1928 0225172358.00 3'.300 47.000 

It sax • 10 sec, dr sax • 334 km 

CCS 1920 0'17003400.00 51.000-180.000 
XrAF 1020 0'17012'57 3'.00?-1'1.500 
ft sax • 231 sec, dr sax - 31 km 
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1929 1101044721 42.900 21.00016C. 4.4 06.90 04.60%4519 36102C' 
IV, 2929 1101042" 312 42.100 16.600160. 6.6012WMAX 3515237
Imp 1129 1101042'14 KM 44.000 26.100 33. 351 I . 
209 1421 1101042731 RR 45.100 24.400111. 6.60VXMMX 321 I 7 

1029 1101045731.001112TT 46.000 24.600140. 6.75VWPAS 221 . 
112D 192, 1101042722.00 45.000 24.100140. 4.2014aMin 321 . 

at max - 4104 sec. dr may 35 km 


AST�2930 1221142114 30.000 122.220170. 7.00m1A.921 241 

MOTT 1130 1221141134.00 20.000 122.250170. 6.10007A2 241 

121 1130 12212262 23.300 120.400 6.6002122 244 

dt sax • 32414 sac, dr max - 372 km 


ICU 11122 0419160000.00 22.600 400O14.000 4. 

11125 041111'274? KR 30.800 11.100 33.
TOR 6.302MWRX 401 I . 


Ili�1931 0419172747.00 30.800 16.600 401 . 

dt may • 7047 sac. dr max • 175 km 

Lou 11136 02121224 MR 37.000 3.000 15. 4.110017,/ 31'470. 

KDR 1236 0812223420 KR 37.000 21.700 33. 4.10 0900112 344 C . 

at sax - 30 sac, dt max 2068 km 


CMS 1,37 1012.211141.00 13.300 -92.000 61 

ISS�11137 1012155144.00 14.000 -12.000 49 

at max - 06290 sec. dr mar • 70 km 


W 1917 11141011210 32.000 72.000200. 4.111 07.2002.15, 7.3011411A 720002, 

BOA 1937 1114102812 24.600 70.200240. 7. 201730A 711 23. 

Air 1,37 1114105012 26.600 70.100240. 7.1011112I 711 . 

CUT! 11137 1114101112.00 14.200 70.500240. 7.20007AS 718 . 

at max 2 vac, dr max - 252 km 


20, 1930 0521000424 IR 34.100 -33.700 32. 4 .80071:73t7 414 C . 

151�2,38 0528000454.00 31.500 33.'00 34f . 

*t max - 0 sac. dr max - 5119 km 


=I 1921 0125141141.00 13.000 -10.000 71 

123 1939 0137141141.00 12.100 -19.500 73 

St ass 172100 sac. dr max 41 km 


IOW! 1939 020,142719.0C 3'.CCC -23.900 404 7 

15S 1920 0521162'11.00 3".000 -22.100 404 

Ott max e4400 sac. dr max C km 


rotOSot 34.100 15. 4.10077R7 244420.1121 0'311332 21.601' 

WUR 1939 0'2113324! RP 31.100 22.420 33. 4.1CCI01XX 344 I . 

ISS�2939 0721133242.00 31.800 -22.600 405 . 

St max 45 sac, Sr max - 424' km 


KM 1032 1222232" RR 31.500 31.200 23. 3ff 4 T 

SIR 1031 1224215716 2 39.'00 31.100 18. 8.001.222$ 3441rrs 

2141O1939 122E235'1f RR 31. 700 32. 700 33. 8 . Or:377Y 344 S I 

IOA 1932 1224235'21 31.200 31.500 4C. 1.90'.7.2.0A 244 30. 

2131 1129 1220235'21 MR 30.200 31.200 23. 1.000777.7 361 C . 

Alt 1122 1224225'21 31.500 31.500 1.10031201 ".1CMaA22.1 364 . 

OCTT 1939 1224235'21.00 22.600 31.500 8.00m,11.2 314 . 

larO1920 1226235'21.00 22.100 34.200 8.009011!00 304 

et max - 21 sac, dr sax • 11' km 


!UR 1941 0405210220 32 '3.300 2.400 33. 6.001:777., 640 C . 

207 2941 0401210224 32 7 2.000 -.520 33. 1 . 007777, 639 C . 

0072 1941 0404210224.00 72.000 -.100 1.40.77A1 431 . 

Ott max - 04404 sac, Sr sax .. 154 km 


KM 2941 11211212 RR 32.700 23.100 15. 4.100977.Y 345510. 

roeOMR 39.100 32. 345 .
11141 1121121224 23.100 4. 1101.7730..x C 

153 1941 1121121224.00 -31.'00 23.800 51' . 

et Six • 24 enc. Sr 1114.1 • 71140 km 


SCA 2943 0103021112 12.600-125.200 40. 7.400730A 411 31. 

Alt 1941 0503012912 12.500 122.200 7 .50021211 ".30MaA221 251 . 

CUM 1943 02C3012412.0C 12.600 125.500 7.4007714 231 . 

St may - C sec. Sr AGA • 10441 km 


CDM 21144 0602213442.0OP 34.233-114.433 .001011S 43C . 

CKS 1144 0903013642.00 34.200-116.400 43 . 

St max 1439, sec. Sr max • 4 km 


ISS�2060 0111032727.00 24.100 111.100 644 . 

CM=O 34.090-118.8'0 4.6040.PA5 39A 4
11140 0211032128.301 11. 
St max • 1 sae, Sr sax 0683 km 

SS 1971 0102042340.404 44.024 -16.770 33. W 4.4 0 63' 13. 
DISC 19711 0102043351.70 42.510 -14.340 10. A 4.60mDERSC 431 14. 
St as 11 sac, dr sax 111 km 

11174 0109272010.00 76.024 
SS, 141741 011003202' 34.400 72.500 4.2001322 3.1101227 714 . 

It max • 14417 sac. dr max • 702 km 

112O 32.922 22. 4.7 0 303 23. 

413 1974 01221,2044.90e 44.511 141.310 33. 9 4.3 0 221 16. 
AssO1974 0122192120 44.100 142.200 30. 3.0414.4228 221 . 
RIRO 3.711222, 22119/1 012319212' 44.600 141.300 30. 
St max .• 0941/ sec, Sr max .. 1 km 

. 
Ou0 3.4onsimit* 4.70stEM3C 331 45. 
MDRO1976 0424191332 41.300 51.400 S. 4.6002322 4. 722*13, 330 

11174 0424161334.70 41.540 51.070 10. A 
SS 11176 0424191232.40 41.459 20.1311 33. 1/ 4.9 0 331 24. 

1174 0424111122' 42.000 30.300* 4.9007112 4.1721152 338 . 
ft max - 5 sac, Sr sax - 120 km 
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11,6 0505007304.60* 04.1114-135.101 33. IICS 1471 0105022240.20 06.400-131.170 0. 671 10. 

K sox 7172 sec, dr sax • I km 
7Te1 677 . 

.4 2971 0412024143.60 31.311 20.463 38. 4.3 0 4.20110AT7! 391 19. 
57g 3.605g0N.10 3.80s600N10 319 14. 

c. 3,76 0412034143.60 27.360 20.110 10. A 
. 2611 sec, Sr sax • 30 ksdtsax 

goO24 ,4 010411,103 36.100 71.100110. 4.44197557! 717 .1176 0805143103.00ssO 36.442 71.330304. 4.6 0 711 11.dt Sox • 101100 sec, dr sax • 24 km 

imp 11176 0121233152 44.000 142.700330. 
642ds 1414 0121233111.10 40.11! 143.114360. 0 4.6 0 442 18.

dt sea • 963ft sec, dr sax • 38 ka 

1471 0104141114.10 31.140 20.370 10. 

2474 01104141138.30* 21.201 21.171 26. 


MSC 	 3.11014s21120 3.81mbD11C 112 12. 
j 	 364 10. 
St sax • 2 sac, dr sax • 144 km 

en 1494 0115204242 42.200 77.140 2.71MASSA 330 
gg1� 3.71=314 3301574 0014204242 42.200 77.200 

dt sax • e4400 S.C. dr sax • 3 km 


4s 1471 121123,440.30* .144 126.02/ 33. N 4.6 0 244 31. 
esO .425 226.074 5.6 26614/4 2220235444.60 33. 0 	 61. 
dt miss • 44311 sec, Sr sax • I km 

esO1977 0511234414.70 33.225 41.001 33. N 4.1 0 	 31/ 32. 
3477 0112234620.30 41.000 11.roleO 33.230 4.70mbE73C 311 62. 

St sex • 4440/ sec, Sr sax • 1 km 

sift0141-7 0701094114 42.100 44.300 1. 4.000314, 3.119s114 	 33' . 
33'rpicO191' 0'01214111.40 43.120 45.612 10. A 21. 

GI�19'7 0'01214414.ft 43.001 45.414 53. 4.1 0 33' 22. 
St max • 43:01 s.c. dr sax • 30 km 

GS 21,0 041'123441.40* -31.4"0 -61.111e 10. c 13' 4. 
GS 11,1 0511123441.30* -31.521 -4".1111 10. G 13? ". 
St max • 16400 IOC, dr sax • 24 km 

14,1 0'1'141551.30 -7.541 13. 
MC 1111 0'1'141151.10 3'.'90 1.440 10. A 31' 4. 
M sax • 0 sec, Sr sax • 1221 km 

scrrO 3'.113 3.10'27 	 311 113 

5 1411 0421014531 61.300 141.000 33. 6.0007.3111 3.41.1USS5 21$ . 
CS 19'1 0121214521.20. 51.341 150.'44 33. 5 1.7 0 219 3'. 
dt sax - 3600 sec, Sr sax ... 1' ft 

MGM 1471 1121145200.01 14.010 -41.512 1$. 7. 7 0MsSAYS! 40 . 
CS�1411 1121114241 .60 14.012 -94.511 21. 0 4.4 0'."2 0".12M1PY 41342. 
AB!�1471 1121115241 11.100 -14.400 23. 7.30s1A242 7.40013.A3E1 60 . 
St_ max • 11041 see. Sr mix - f Xs 

CS 1,12 0121233'20.2'. 11.461-101.114 43. St 15. 
GS 1912 0422113'19.427 1'.414-101.811 33. 4 1.31 51 13. 
dt max - /If, se:, dr sax • 3 km 

CS 2.412 0124:32122.441 44.11! 11.211 10. C 1.01 14! 24. 
GS 1912 0124:22/32.15 45.004 1.22' 10. G 1.314.6 1 4.1031:17.: 54! 24. 
ERIC 1412 0121:32134.'0 44.410 1.230 10. A 3.1011$2315: 4.21srE/1.10 545 44. 
dt 14422 sec, dr sax • 11 kz 

CS 11112 0110030134.44e 39.31' 22.41! 10. C .3? 341 I. 
C$ 1942 0111050235.42* 39.342 22.010 10. G .95 3.203C.A7.11 34! '. 
!ESC 11112 011.1e50e,'.10 30.350 23.0'0 10. A 3.0011'03122 34! 20. 
dt max - 14401 s•c, dr sax • ' kz 

CS 1413 0321044115.241 -33.151 -70.410101. .91 12' 4. 
OS 1913 033110411'1 .41 -33.003 -'0.34' 94. 1.024.! 4 12' 212 
dt ass • 14412 sec. dr sax • 14 Xm 

CS 1423 0403212319.035 34.2'3-120.041 7. C 3.22KL3P! 39 4. 
Cs 1992 0412212411.5'G 34.112-122.313 1. 0 3.24)^:4 39 2. 
dt sax - 2115' sec, Sr sax • 22 km 

CS 1443 052,05425'.0'0 36.223-120.211 4. G 3.6011L211, 3.6101034 3t 12. 
CS 1412 040'124231.3211 36.310-120.384 4. G 3.60X02117 39 12. 
dt sox - 25114 sec, dr sax - 12 km 

MS1 1413 0101143443.40 40.230 24.740 10. A 3.1051 DISC 345 10. 

GS 1003 0104113140. ,4* 31.434 24.61/ 10. G 1.10 3.30X0.. 36! 6. 
dt imam • 1011" sec, Sr sax - 33 km 

SS 1914 0112000234.13* 41.450 14.011 10. C 1.313.7 3 4.1011LT7t: 310 32. 
21111C 1484 0412202145.50 41.6'0 13.110 10. A 4.00Ms!MC 3.76mbEMS2 312 64. 
CS 1114 0512010124.467 42.011 13.434 10. C .24 3.70x=93A 311 4. 
dt sax • !SI' sec, Sr sax • 70 km 

5.IS 1904 0521134'11.241 40.421 .21.124 10. C .21 	 344 
541 4. 

dt sax • 3 sec, dr sax ... 1217 km 
CS 1984 0511135'14.327 61.409 20.216 20. G 1.20 

OS 1905 0103234154.91 41.315 6.643 12. .61 3AMU= 531 23. 
CS 	 431 22.1495 0104225944.11 45.434 6.414 10. C 1.05 

1S Ito! 0124235951.40 41.231 6.420 10. A 3.11011sMSC 131 61. 

St ssx • 04402 sec. dr sax - 20 k* 

310 19. 
&SC 1914 0427040'1'.10 3'.101 54.310 10. A 
CS 19"012'e40'11. 71* 31.17' 5".232 33. 0 .704.410 

3.1101UDIS: 1.33xtEMSC 341 29. 

N sax • 1 sec, dr sax • 244 ts 
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APPENDIX 3 

Examples of errors of duplicates identification 

by program DUPLIVX


• 

1017 0424013545.00 62.900 9.500211 3101017 041600)4 II 42.400 12.120 25.TM 5.5018011 311 1 1 


1017 0424043550 130 43.500 12.100 33.
giltO 1.58811777 311 A X •

jaD 5.00ALM.27: 301 . 1


1017 0436013159.00 43.500 12.100 

1_1S 311 2
1017 0426003601.00 43.400 12.000 . 

lit 1023 10e1230211.00 30.300 21.00: . •344 
scoOWM 41.300 S.2923 10092203 19.100 4.201210017 3015217 1 

011 1923 10012304 ICI 41.500 19.500 21. 391 C 7 

1033 1000230511.00 30.300lu�21.000 364 . 

guR 1921 05150151 2!2 44.100 20.500 10. 4.I0CT7MY 3135324 • 
j 102" 05150259 WM 44.100 20.500 3.0091XXXX 303 . 1 

102" 051503 20.500 33. 

got 102' 05150303 44.000 20.400 3.10777M, 313 . 2 

gcmOWM 44.100 3.107TYMY 313 5 4 • 

GS WI C30,024139.4: 31.042 13'.410442. 4.0 0 6.40CTIRY 211404. • 

Al' 10'1 030'024141 32.00: 13'.4::441. 7.10r312 02 211 . 1 

GS WI 020'02400.40 32.0:5 13'.60043I. 4.9 7.00:17,Ai 2111214 


.m.ampe...••••0 

SgR 1971 0323140643 44.100 1491.300 40. 4.00:1 7.50 3.3311ESSR 221 . 
05�1074 0322140711.10. 44.000 149.2" 33. 0 4.0 0 221 20. 

0.41.414.0.11.00.00 

GI 1970 0129023451.2: 40.039 78.001 C. G 5.0 C 329111. 
GS WI 0020023704.50 50.001 79.004 0. G 5.9 04.02 0 329190. 

...0.1000.00.01.0.10441.41 

GS 19'1 0901051045.00' 41.304 9.044 10. G 543 S. 

nisO19'1 0003012010 40.300 0.000 2.ITMLYRC 542 . 

GS 1012 0110200:02.73 39.043 24.0.: 1e. G 1.1'4.115 4.00".LAT! 345 43. • 


1002 0111200004.50 39."0 24.240 10. A 5.1:XstM3: 4.20stEMS: 340 44. 1 

MSC�2912 0111200054.40 39.132 24.150 10. A 5.0:1'1EMSC 4."09LTSMI0 343 '. 


.....0.00.0.0.414410.0.,004.041041 

GS 1'5 2C.1012 12202'4502.20. -24.5'4-1'5.211 33. 0 1.234.9 t 

61 1912 122:1'4524.02 -22 .144-1'5.'42 31. It 1.345.21! 
 I'4 24. • 

GS 1102 122:1'4601.02 -23.545-175.239 33. R 1.105.4144.3210 II. 1
1'4 

......N. 

14: 25.1914 1230213023.0). -30.'40 1".411 40. 1.115.2 2 
GS 1904 1230213404.41 -36.442 1'7.112 39. 1.304.2256.11:154.00MtlX7 4.400103.3 16C123. 

•••••••••••••11.•0 

00 212 5T.1905 0403102122.52 20.115 130.53041!. .014.111 
GS 4.20510A.5 31242'21005 04:3202134.24 21.220 139.525441. 0911.111.099 

0041.00414.041.000.040.0 N..41.0 

CI 212 34.1005 0120203221.'7 20.110 140.'35 33. W 1.224.'11 
212 34.GS 1901 00202:3243.00 21.090 140.403 33. 0 1.024.0 74.72 2 

212 22361 11115 0131043033.00* 28.012 140.131 15. • 1.314.0 2 212 II.asO
stss 0831063042.04 20.060 140.774 32. 0 1.005.216 

0 • • • 

684 23.R5 1.404.1 S1905 1112031411.52" -34.514 -07.910 10. G 492 II.GI 1.045.4315."1155 . 001484RY1905 1112033411.25 -34.499 -91.151 10. G 
4.••••••••O
 244304. •6$ 11144 1114212005.0' 23.911 111.454 33. W 1.315.4 3 244 700 1Cl 1.294.323'.021".50M45X7.1914 1114212010.55 23.901 122.574 33. G 

4.GS 1045 0217075355.109 $1. ,e, 174.232 33. W .524.4 1 I /4.GS 1.165.2101900 021 7 075314.40 51.650 174.753 33. II 

249 St. 
21 1901 33. W 1.304.4 30224004435.49 13.321 124.'14 249 33.21.135.2 05.6143 1910 0224084454.41 13.310 124.011 33. >fO
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APPENDIX 4 


Description of the program DPL ONE 


Program DPL_ONE chooses for each cluster of duplicates 

determined and marked by program DUPLI_VX one record (string) 

from one data source. 


The input is filed with extension .DP@ in VX-format. 116-th 

byte in .DP@ files is used to mark duplicates. 


The output is filed with the same name and extension .DPL 

in VX-format. Output is sorted by increase of time. 


The rule for choosing one record from the set of duplicates 

follows. 


1.Records of the highest priority data sources are taken. 

Following is the list of descending priorities: 


CGS, NOS, ERL, GS, PDE, GUTS, G-R, CDMG, NGDC, EMSC, SSR, 

EUR, ABE, BDA, LEE. 


2.If several records have the same data source, the data source 

of time/epicentre (pos.25-26 in VX-format) is checked. The 

following list of descending priorities is chosen: 


n* n
"KR", " ", anything exept ("% ","? ","* "),II ", n, n , . 


3.If several records still have the sane priority, those which 

have at least one non-zero value of magnitude of any type are 

chosen. 


4.The record with the largest number of stations used for 

epicentre determination is chosen, if this number exists and is 

greater than 7. 


5.Records that have a non-zero value for mb or MS magnitudes, or 

have a contributed magnitude 1 or 2 with the same data source as 

that for epicentre and time, are chosen from the rest. 


6.Records with a larger number of non-blanked bytes 

i11-23,46-48, 53-63, 75-80 and 89-92 of VX-format are chosen. 


7.The first record from the rest is chosen finally. 
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APPENDIX 5 


Sorce codes of the programs to combine catalogs 

( DUPLI_VX, DPL_ONE ) 


/••••••••••••••-••••• ••••••.•••••••-•-••••, 
 /
/* dupli 'et -main psograa • / 

0/ 

/. Thls pr egrus Idertlfiee end *Jut' duplicataa in input file 1..23
and writer tee result to tae file Lept:. Last digit (114-th) in tin 

file [Apt; is • • if the event dam no duplicstas. 


IS it bee, mod dlgit tom tupiloater to record marked by , • , • / 


'include cides.h> 

/include cirtello.h, 

'include ‹mtring.h, 

/Include ,std.lib.t, 

/include .tmalloc.hN 

/Include wtype.h: 

/Include 'qv...key-h. 

/include ..parood.b. 


static in t1-.0: J. index of time period for otter pereastazs ./ 

struct data 

chat record:Ild;: 

long rte: 

in set : 

strut:: data *r7 

atruct data .pb: 


struct g_data 

struct data •rc: 

int del t: 

int lost: 

dc,itls delta!: 

struct g_date 

1: 

maln(argt,argv] 

Int arvc: 

otor 


/. Let al1orested-2.1reed-t: ./ 

tear 1pfllefl0::

ctar opf11e:)02: 


bear irzec:130:: 

let 4lt-V.C2t1-0: 
deltai-C.C: 


int ?cat-t.,lbstl-0: 

register int I-e.:1.0:

long mrst-C: 

int grs_maa--0: number of records ire linked list ./

int mortars of and of file 


(0 - file exhoustrd, 1 - not yot) ./ 
long Sr-ti: number of records reed •/
I ong le7SL: number of records written ./ 
long ig-CL: number of duo:letter clusters 
long numrec.CL: slumber of records in file •/
idcLble star-t.e: num_rec/"'S 
double num_print-0.0: /• nest isumbez to print symbol ./ 

Lot tleg.-C,flegl-.0.tlagY-0,n_flag-.00,_flag-t: 
let nee-7 : 

4: 
tfrIene;ialr-1" agi­.tIrst..nemt,..vort,..last: list • / 

struct g_data ..g_first...g nart,..g_work..c_last:
/• pointer's to elements of sAir linked 

for clustar •//. peretart te aleoants of linked list 
rtruct g_dato vo"C-first.•ng_nett,.ng_rk,.ng_last:
rtr Ct g_dete ..mg_firitl,ong_latti:
struct g_data ..mc_firstl,.ng_last2:

pointers to aliments of linked list for almantsI. of group but not belonging to cluster •/ 

a'm't fiedt ..ille_info: 

int T-C: : liar tar 
&out?, edit-.J.01!..1C.:f ti 'Riled &tau */
do-:bd. adelta:int..rt:: 
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1
:I 


;�111: W" 
00( 1 r' .1 

opvve,,v,vivr14.•••••••••••••••••rvwso•••••••••••••• • •••••••� 

frit! ••):SatirrIFICL7C11Or D0r2IC).71:3 D Laxmocchn csituzaars mcm focrrszeO'.etit 
VeStSION 2.0-VI lenO 

"I: 
"I: 

L-lartf t 

1A11(..er 
Istft" 

Ifttaz ababalin 
Istarostianal Institute for Itartoquaka Prediction Theory

and Itatkawatioal deiphys1cs
earsbavakure ab. T0-2. 1133,4 bosooe !bone:11077,$ Pal:31°7031 

..):

..),
••.): 
"): 

..);pr (.--.."••••••••••••••••••••••••••••••••••••__•-•_.O \n\n\ne):.--.."(••••••••••••••••••••••••••••••••••••__•-•_. 

it (WV 4 2) 
dulai„„vk 41.11put Ella Babe (.,k)• (output file SASS (AkpfN\"):

P. ---
1slKatf1): 
,valry 1)): 

711.1:1<strlsofi(:file)71...) if ("(iOfile.1) '.') break:
'.') rtrsep7:lpfila+l,•.rrt ): 

0 (err < 3) 1 wtropy(welle,ipflle): 
lawi stropylopfile.arvv( 3 )): 
ow (1.1:1<rtrlen(epfile):1••) if (0 (opfile.1, '.') braak: 
if (•opfile..1)O.') stscp7fopfilw.:,...dp. 0 ); 

p botorlarm limitier and langtt af racords 0/ 

ale_icfc-trt-uct find _t 0; sallectaiseef!struct fin! t)): 

*e_findfirst!ipfile,_a_ROINAL.file_into): 

jps roe-lila imfo-aise:

ovitfile_info): 


it (ap!•fajonfipfile,"rt")) 
prIntff .te nct found. axitIng ...\r",ipf1110: asit:1;: ) 

11 t(vFf -foPent*TfIls.'0g0';) WVL1) 
Friatt:•ta cannot be .pan, exiting ...\n,opfilel: exittl;: I 

piedfinreo.120.1,1p1): 
for 1' (itistrec41)�'W) break: 
coat..1-113: 

aa_rect•flong11:
fter!double;nuarec,"9.0: 
mikp erstar:
is.sx:i(f,01..11t17322): 

allocate armory fez 1salt..d lists a records 0/
first-frcroct data 0; sallwaisecf:struct data::: 
fint-,pb-fttruct data 0) WVLL: 

LfIrst.!mtruct ,_data 0) aallocfsiseeffrtrutt q_dats;):

aLfirst-fstruct g_data 0; salloc:a1aeof:strzet c_data!;: 

w_vork-fat g_data .0) aalloctslaecf:stract g_data;;:

tart-first: 

unit -7 first: 

• sar-I: 

Alia:next (struct dot. .) IMLL) 


et vork-frtruot e_data 0; *allot fsiseeffstruct q_data;;:

iffnc_work -• (struct l_data •) 117..i.; break:

Lneart-7-p-ni_vork:

Loort-c_nart-,,,p: 

1...immt-`1""(struct c data •) WVII:

nut-fitruct data -7 salloc fulaeoffstruct data;;:

1! (work (struct data •) NMI) break:

mutt-no-work: 


•(port- : 

ont-next-r..p: 

owt-,p-istruct data 01211.: 

last-next: 

t• free weworr for q_data chain fall but first; 

WIlefq_awat l• (wCmact s_deta •) WW-L) 

tart.. aewt-•p:
11!=.4! l: (struct caste ') PULL) fr"( 1,-"""t1. w k: 

fun first I- fatruct q_data 1:171.L1 freelnc_firstl:
1: (oLoost 1- (struct g_data •) MI.; freatnc_ucrk):
brintff'\o‘otld re=rda to be processedvs0 ,ousrec): 

relrittt•Va � \r"):
P Pill imbed list •/
ent­firwt:1•0: 
wila(aeust (atruct dots •) WEILL) 

ffewakflpf): 

If Ctir) (bart-rpb•>p-(struct data •) XVII: break:) 
loot­mumw-lx: 
neat-,st -0:
Wiat.wwwt-p: 

Prift-ff •\APress -lham".. to tarainata program ...\n\n\n'): °/ 

is omit I sop •/
liLf irrt•fstruct data WE'LL: 
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q firrt -111-frtrumrt s_arts •) NULL: 

-
g first -adit.4i:
firet-a,cat-0:q:

s_s9/94): 


utlle febtoi(firet-ureessall.4.4) s. n(t)) t..:
If (t > 4) t1-1: 


while (iv < arse sec) 


If ftthIt() &A trortkerfq) CT11 ZED)) break:

If fit) al ebtel(first-areoord.4:4) a. rr:t1) ( t.*: if (t > 4)

g_firet-areallrwt:

1Ln:et -:41e1tal..0.1s 


first: 
aq_lsat-,Totroct 'Lasts .)

ag_firrt1-(strect g_data .) W7LL:

us_first?-(struct q_data •) MULL: 

o4-l: 

allt1.sla(adalta(doltaltt1 )(C).0 ).adalta(delta2:t1)(1),1)): 


aback it first la listed la aq_dats •/ 


if (p_md) 


if (ne_firrt-are-aama 99 first-sown) 


q_firet-a. first: 


q_wwrt -fstruct g_data 


1

also 


ns_mmt-ft._firrt: 

willefoq_oart->p 1. (utrurt .dats •) 1n7LLI 


If Cfb._oext..,1-:.re-rn1a .9 first--rota; break:

aq_aost-m_aext-ap:

1


If (n._oort-a.) fout-A ./ 


ql_first-ade.ltal-hq_newt-Na-rthaltal:

q_first -rr-ag_firrt: 


nol_nost-7.7-toqaest-rE-"T:

free :ani_vcrt):

aq_uork -(a-tract tats .)4
 

1 

alas g_firat->p-ft;_firrt: /• ne firrt in nq_date list ./

1 P. ...first is act ng_first ./ 


eg firrti -. first ->;:

s_lirst-rp-Trtroct q_data

aq-I: oql -1:

ac_first-(stroci. ldats .)
aq last -fstrs=t 'Lasts SULL: 

itc ftert • fIrrtl: 


I* Tpe_rz to first

C.iletwg_smert) 


dlt-41elta(q !Imre -Y.re-!.recort,og_nart -re-record,Alcat,t):
ealt-edeltaTdit,,cet):
og_next
oq_aost-rjcst-)cat:

nc_werk-mc_most-ap:

if :;tilt ollalta.1:=Xlcat:; hi (edit r- g_firet-adelta)!) 


y_lart-rp-aq_aort: 

1 
Isla,' it ((alt < dalta,:t1):jeat)) (adlt ! q_first-adelta3)) 


if (a a.) )
..
alas 1 sq_first..ac_part: sof_last-op_ftert: )
if fount > .fist g_first -rtielta2 -edit: 


1 

alas 


If (t 412 f a. last?-,1,-m_nart: mg_last2.m_last2-p: )

else I 12._first3-mq_bert: oc_1ast2-15;_nert: ) 


1 

aq_usart.aq_uorks 

._last-' p.(atrwet t data .) irru: 

11 (aq_last) aq_lawf-,9-(etroct q_data .) SULL:

If (av_lest2) ous_lost2->y.(struct •) 


aq_firsti-(street q data •) W711.:
aq_last2.(struct q_ ado •) NULL: 

t" pairs to second and furttar on (sort oq_first2) ./
nq_nert-mq_fIrrt2:
if (n_oga: utlle (mq_aort) 
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eq_eort-eq_tirwtt 

it�ag) seals fsq_umrt) 

gir-delta(eg wart -vre-oreserd.ra),_aest -ore•oreosrd,alcat,t):

asiviadaltatilt.sat)(

if ((Wit > sdeits(sg_sest-odlt,sq_sest-,,cet)) 


If (1_14: (sq_lset-op • s4 nett: ag_lest•eq_lakt->p: )
*Ism ( mg_first•cqsext: ag_last•sg_sext: 1

eq..: 
a 
((eailt•edelts(eg_east-odit,sg_aext-olcat)) > g_firit-odslta3) g_first-sialta)-edit:s1.q-i: break: 

sg_vort•eqlort -op: 

If (flog) ( ag_nmat-seg_ommt-og: sautimm: ) 
last-`1,04 next: 


g:lest -g_losi -op:

mg_sszt-sq_sszt-`vs

we.; 


if i teg_last) sg_leat->p(Irtruct ‘data •)
curt -,p•(struct g data •) 


ngi og_firsti -Tstruct g_date WEILL: 

/. a_sq l• 1 4./ 


0011"1" 

f. midst@ daltal-listed list 

I) ._firm - al-listed. (12-lisitod.

2) ag_first - ass- durlicstse tc first

2) sg_firsta - the rasa/Alm •/ 


/*find pairs to eecood and turtle: on •/
usert-g_first: 
vElle 

1 
sect" first--p:

stale (mum I- (strut data •) 1711) 


if (ftaxt-`:t: ( sast-naat-:.p: continue: ) 

dlt-dalta:g next-orc-,recard.narm-reccrd,iltat,t: 

if ((d2t < E; 66 Inert-7.ftm > g_nast-orc-,nuC: break:

ad2t-sdelte(d2t.,cat):

If (ad2t < adlt2) (nert•next-p: continue: )

east-,st-1: 

sc_serk-(struck g_dats sallsc(sisiscf(strunt g_data)):

rog_sorlt->p-(struct g_data •) 1"1' : 

ng_sert-n-c-next.

sg_werk,-4a2ta,-C.1: 

eg_errt-,42t-daltatg_first-orc-.record.nart-,rsccrd.alcatl,t::

eg vcra-at-lcati:

atIt-sdelts(r4_vorlt-dlt,ng_lonrk-olcat):

If (Ing_wort-odlt < daita2:t2;(ng_vcrk-jcat;; (wilt , g_first-sda!ta3): 


if fn_mg! ( )
else ( sq_first-c;_wcza: eg_last.mg_first: 

else 

if ft_nci: f aglastl-p-ngwork:

else og_firstl_-nc_vert: ng_lasta-n;_firsti: ) 


sest•suart->p: 

sort as_firsta tr g_first er sg_first 

mg_nest-ng_first2:

If (n_ftgll et4le (ng_nest!


1 

sq_eart-og_flrst:

fisq-e:

If (m_ng) (ng_scr>.1 


&It -dsltafn; work -frr-:.record,ng_nest -ore-orscord,Alcst,t):

(MIA -adalts:alt.)cat!:

If (ad2t > adalts(sq_nest-:411t,ng_sest-jcst); 


If (n_us0 log_last -op • og_ftext: sq_last-aq_last-,p: )

else ( sg_first-ogorst: ng_last.-ng_rust: )


sirs.: 
IT ((ad2V-edelta(ng_eart-odlt,sq_sest -"lest!) o g_first-ollalts3) g_first -odeltai-adlt: 
floc-1: fusel: 
1 

sq_sort-mc_vort-op: 

If (fleg) ( og asart...sq aset-opT vertigo.:
1_1ast-sp,mq_nist: 

ag_rommt-sg_sart-op:
or-o: 

lf fug eg last ->1-(struct g data >) 11721:
g_dats .) 

8-sill-O: sg_first1-(atruct g_dsta .) 1?-1: 

nest-g_seet -op: 
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/* remove umn-dImplieetas apoording delta, evedltime g/
g_nost..g_first:

ir (ft, > 3) of (g_memt->p) 


/* remove far tree g_firet g/ 

if (aielta(g_aggit",".dlt,g_mext->p->)oet) < g_first->daltal) 


-7.7.1_11nst, 


mg--: 

sc_laot-rp-(etruct g_data .1 ) WULLt

sentimue: 

)


if (Ig_mext->p-,v) break:

g_verk-g_mest->p:

akile (g_vert->p) 


dltgntaita(g next->p->ro->rmoord,g_vort->p->ro->reoerd,i)eat.t):

adlt-odaltaTdlt.)cat): 

if ((dlt < delta2ft1)()oat)) 
 (adlt < g_nart->p->da1ta3: (salt < g_verk->p->delta)))

1 
flegl-rmv(g_next->p.g_carx->p):


if (flag1) brava:
 
els. 


If (a aq) ( vq last-sprq_eort->p: ng_laat-ng_laat->p: )

mite 1 sq_firsE-v_work -,p: ng_laat -ns_firxt: )

g wart->p-(g_vork->p)->p:

17 (Ig_uork->p) g_lact-g_vork:

mg_liert->p,-(mtruot g_data •) Wt .I:

m_nvg-g: 
) 

) 

else g_sort-g_mork->p: 

if (Magi) g_aart-s_aaxt->p:

alas 


if (n_ng: (ng_laat->p-qnart->F: ng_last-ny_!ast->v 

els. (ng_firet-s_next->p: ag_lact-n;_fIrct:

g_next->p-(s_next->p)->p: 

if (lg_nost->p! q lart•s_nart:

ns_last->p-fatrucE g_data g) 

1:_rgirgg: 

) 

) 

/• W`11.11 (q neat->p->p: .1 


/g Mork if delta g delta to acme ng_data element c: older cluster g/ 

flaq-l:

ms_firat2-Trg first:

ac_lactig.nc_lest: 


If (ns > 11 vallaft_ns) 

cs_firsti-ns fIrst3: 

ns_laatl-nsIasti: 

ns_firsti-(str-Jot q data g)

rs_lact2-fatrurt g_iata 

g_nart-g_first:

m_ng-0: 

/* update g_first->dalta) •/
• next-cs_firxtl: 
✓tIle:nc_next: 

dlt-delta:first->record,ngnext->ro->record.i:ost.t1: 

adlt-adeltcrilt.lost):

if (adit > g_firet->deltai: g_first->deltal-adlt: 

rm_oest-eg_next->p: 

)


cbeck second and further en */
vtlle (g_oest as g_noxt->p) 

/* it (((double)s_ftest->p->dZt/fdeuble)deltal:t2::q_nart->p->jcat): g
max(fdoutls:dalta2:t1::g_nert->p->lost)/(do=ls:delta):t::(g_nart->p->)oat).g_first->dolta3)) 


adlt-adelta:q_naxt->p->dlt,g_nart->p->)cat::

if ((edit g g_first->daltal) (adlt < g_next->p->dolta))) 


if (a mg: ( eg lestl->p,-s_next->p; ng_last2-ng_last2->p: ) 

elm. mg_firsti-g_next->p: ag_last2g,ng_first2: 

l_next->p-q_next->p.->p:

• n_agd.*:

nc_laatl->"-(struct data •) NULL:

continue: 
) 


f• find maximum deltas to ag_deta or older cluster g/ 
aq_neat-mg_firati:
tlagl-C: 

Male (mq_mmst (struct data •) MILL) 


dlt-daltafg aert->p->rc->reoord,ng_aast->re->record.6,cat,t):

edit-adeltaTdit.lost):

delta(-1ex(delta4.adlt): 

og_oart-mg_nart->p: 


/g cneok g/ 
n_flag-9: 
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.0...ct delta with first ./ 

If (.4,1t.(41..h.ext->p-.41t,g_sest-3.7-.5cat ) < aoltat) 


it ( 5 5c) ( sq last.)->p-q_smort->p! eq_lastl-nq 1sat1->p: )
alga 7 sq_firat2-q_nast->p: wq_lactl-sq_first17 ) 

"."%->p) ->p: 


•sq_1art2-,p-Tstxmct (LastsOWV 1: 
-t
side'


emetlawe: 

oaca with ether true q_data list ./ 

t_work-q_first: 


to ls (q_surt->p) 

i
 

ii_nart->p->m->nua; (q_work-s_work->p: cortimus:&It-ba1t:A(9 wort -,p->rs->rscard , q_ftext->p->re->reocrd,i:cst,t) :atilt-sdaltaTalt,jcat): 

it ((tilt < dbalta2(t1)()cst)) :! (*Alt < dolts()) 


flags.sses(qaert->p,q_serit->p): 

if (flsql) break: 

also IS (flag]) ( qusset-q_eftrk: flsql -1: Creak: )

alas 


if (s_sq) (mq_Lart2-,7-1_wark-,p, sq_lastl-ni_lsat2-,p: 

alsa (ng_first2-q_sort-,p: roq_lsat2-rtg_first.1: )

q_sork -,p-(q_sork-,p) ->p: 

sq_isatl->lt-(struct g_data •) IFXL:

s_sq.00: 


alas (_work-q_work->p: 
1 

if (Iflaql) q_sert-q_next->t:

else 


If fr_ss) (nq_lsat2-,p-q_mmwt->t: nq_last2-nq_1ast2-,p7 

e las (sc_first2-1_nart-,p: sq_1est2-r.;_fIrst2: )

q_ftert->p-:;_nart-sr-,'D: 

mq_last-2-,p-tetruct g_dats •) 


) /. while (lumext-,p-p) •/ 

cart). If all are daltsl-linkad e1t2: flrct •/ 

eq 

cjirct-,r-fr--ryct q_data 0)

q_bawt-q_first:

q_last-s_first; 

whIle (q_swart.) 


whint:sq_sext) 

d2t-deita:q_nart-,r,--,rsocrd.nq_nart-,rc-'recerd,i:cat,t::

if , de/ts::t!)(1cat)) tcsaX: 


eq_mart-nc_nart-,p: 

g_last-q_last-%F!

q_lact-,p-(strut q_dats 


sq_sert-sq_next: 

If :rs_wark) while (ny w-t-,p)
... 

dit-delta:g_next-,der-srecerd,nc_ser),- ,p-,rt-,reccrd,i!=at,t):

if (tilt , delta::T.1):1cat ( nq_eczk-r;_work-,s: ccr.t1r.,s: I 


rag_sork-,p-nq_scrlt-,1,-,p7 

q_last->p-(struct q_dsta •) In:11: 

1 


q_sart-q_sext-,y: 

If (wq_nwirt (struct q_dsta •) Ir712.) 

if fr_W! ( rq_last2-,p-mt_nert: ) 

else ( sq_first2-mq_next: nq_lset2-nc_first2, ) 


( s_nq-*: ) 

if (flag) flag-0:
alas 

If (sq_first I- (strum q_dats •) /MIL) sq_1sst -,p-nq_fIrstl: 

else sq first-mg ftrrtl: 

If (nq_lastl (- Tztruct q_dets •) W1..L) sq_ltist-mg_lsstl: 


IO
Walla (n_sq) 0/ 

• 1/'• detrulme delta) in sq_data list 

nq wart-sq first:
sells (sq_iert) 

▪q wart-q_firrt:

(q_sart) 


dlt-6e1ta(fnq_bast-,rc)-,record.(q_nart-,m)-,rscord,Ajcst.t): 
atilt­edaltsAlt.lcst):

if :silt > n;_ftart-,daltai) wq_nart-,delta3-stilt: 

q_aset-q_sert-,p: 
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)
ne_bertwbejedettw>p: 

boot tar cluster of Staplieetae and writs to output file.
free q_date limbed lirt 0/ 

LS (Ifwrite(first-Preoerd,1111.1.0,f)) 

prLettMnVeDnable to write to ortput file (disk full) ... saltine ...\n•;:ealt(1), 

1 


1www: 

agwir 
we: 

lest->t-first: 

firtt->pbwlast:

first-first->p:

first-•pbw(ctrect data NULL? 

last-last->p: 

leet->pw(stroct data FULL: 

If (f_f1ret->p — (etruct e_dete •) NOLL) twits:* \r%/01 ,7,1.epf):

aloe 


ferlte( sw\r‘s•,3.1.0111)t 

/• ..strop

e_sertwc_firrt: 

ntile((e_next->p), tw (strum data •) NULL)


4 
flaqw0:

workwq_nert-NT: 

stile (e_work-p lw ((truct 1-data •) NULL; 


1/ (((g_mork-,F)-,.ro)->nus < ((g_sext-,-;;-rc)-,nue; 

flag-l: 

break: 
)


e_workwg_wort-mt: 

11 (111841 g_nertwe_next-"T:
) 


/* writing and treeing g_dete
flag.-:: 

next-:eat: 

whLlsoLnext 1- ((trust q_dets .1 ) FULL: 


4 

e_werkwe_newt-,;: 

werkwe_nart-,rr: 

?r-fwrite:werk-Nreccre.:14,1.o7f;:

* (work- recer4 ̀  -:ft9t::)•‘C. : 
Da2=7Vfwork-,reccrt-1. •\r\n*.2):
If (1w) 1,r-limits(werk-;.record.3.1,opf;:

If (11w) 


printf(*\netehle to write to output file (CO: ful.1; ax!tIne ...\n'): 
exit!!): 
flee1-1: 

break: 


itoww: 

If (e_next (rtruct l_date .8) WULL) freete_next): 

e nert-q_weirk: 


mart->p-work: 

If (work-spt Iw (wtrurt date •) FULL) ( work-work-,pr: work-p-twork-p;-;: (work-sp)-powvork: 1 

e lke 4 firrt-firtI-:.p: first->pb-(struct data I.) W_._: 

(Hart-,p)->pb-next:

bett-nett-,p: 

asst->pw(struct data NULL: 

sq..: 
)


if (flog!) break:
else •/

e_firitt-:.pw(struct e_data •) INCIL: 

/w update sets linked lilt 11/

neit-last: 

tells (neat lw (rtruct q_dets •) TULL) 


If (lr) 3rwiread(sext->record,111.1.11,1):

11 (1r) 


Ir..: 

ffeeekflpfl: 

west -,nunwix: 

nest->etwO: 

1 


else 

Witortevart-,pt,

neat->p-(must date •) FULL:

break: 

1 


last-nest: 

nextwrs - : 
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if (iv > 110•4) 'los-Print) ( print sum_yrInto-etep: ) 

) /.while (iv < ir) 

oirt.1(•••):
pci,t1(•\m‘nIld recor4s rwd, tld vrittas, lid groups of duplImates\n\rs,ir,iv,11): 

if fir <�(printi(stc\ndes-recognised error during execution, please reetart\ns,(ahar),): exit(1): ) 
imit(0 ) 1 

/
ist rww(strIgstrf) 

amt g_data 


&sale adelta():

if (adelta(strl->dlt,rtrl->icat) 4 adelta(str2->tlt,str2->)cat)) return(1):

if (adelta(strl->dat,strl-> cat) > adelta(str2->dlt,str2->3cat): teturr(0): 

if (Ctri-rre-seum > Irt:2->tc->aum) return(1): 

rdban( 0 )( 

*odae adelta(val.act) 

1st val,jct: 


rMairn((dpuble)val/(dcubla)daltal(t1)(Ist)): 

1 


ffeseek(ffff) 

riaz stiff: 


static char •-": 

for (:() ( tread(aa,1.1,tfif): 1f (a '\A') break: 

retorr(l): 


d:tI. 
pp00. 

/include .urtring.h>

/Include cstdait.h> 

/Include csa:loc.n>

/include !ctype.n> 

11nc:ude cmat"..n> 

/include sparaa.ts 


/define 111110AX 

✓ function ret=ns the value of prosialry function for recors first and next si 

✓ it is also returns pctnter to value of lost - 0 if data source is t.• am, */ 

to 1 otnervise s/

is argument t is C (parameters for period prior 1541) or 1 (starting 1911 )0*/

/• value of paraastars are stored in paraz.t s/ 


delts(firet,next,jcat,t) 

Cur sf:rat,snext: 

Int *lost: 

int t: 

1 

long (let: te Mitt: si 

irt 

Lot fil,f12,11.1,110,dfl,daa.L1,02:

let 1.nst:,7st2: 

in returr value: 

lot 

in fIag,rs: 

but:e val,factor,factorl: 

int tl: 

int e;: _error: 

int ties errcr: 

Sat r_ada:XUMPAR): 


leap Qt:(): 
tl•t/S: 

6et-et:(firet.nert): 

if (alt > ttmax(t:, return(-1):

rotare_value-0: 


ties error--1: 

opi_irror--1: 

ter ()C:).1rUKPAIA: 1.) r_egd(j)•0: 


is 'cat • 0 It catalog and data source ars the same • / 

s'est.seascsp(tirst,nert.11): 

If f •lest! sbcat-1: 

'If ((.(first•24) ***) !' (*(firsts24) '7')) sjcat..0:
1"
Si.. if ((*(nerts14) ,s,) :(*(nextsia) 'V)) sjcst-0: 

sine if (bamomp)firststs,nextsia,2)) sjcat-1:

else sjcat..0: 


ter fl_t-0:1_t ! 4: if (ddt - t_v(ti)(sjcat)(1_t)) break: 


fl1-cttol(firets2t,4):

laa ...mtto:(firets31.'):

11/-chtt it nexm' 24 . 4 !:
1.2-chto1(next..33.7): 


Appendix II - Page 35 


http:1.2-chto1(next..33
http:s'est.seascsp(tirst,nert.11
http:sparaa.ts


 

   

 
 
  

 
  
 

 
 

 

 
 

 

 

 

 

 

 

 
 

 

 

ddr-dr(fil.fL2 .1111.142):

ter (j_r-0:1_r < 4: 1.r...) 1/ 
(eft < e_wIt1 )( .)0at)Ij_r)) Creak: 

1_e-dm(flrot.ftect.•10st.ti)* 

print/(• td M id* ,,_tol_r.j_e): 4/ 

p retort 10000 11 it 1a evident duplicate ./ 

if ( 1 1_t LA < 3)) ( it Tr < 1) return(4000): if (j_r < 4) return(600): )

if (.5cet 44 1 _t 44 (j_r < 4) return(4000): 

if (*jest 64 (j t<2) $4 (1 r 4 3) 64 (:_m<3)) return(5000):

i• if ((j...tc2) Is (j_r 4 33 41 (1_143)) return(10000): ./

if (141d1 14 (44r A (o_v(tl)(1)(6).4/3)) 44 (j_s 4 4)) return(1000):

If (1j _t 64 (ddr < (e_v(t1)(1)(5).6/3)) 64 < 2)) returntlofc:: 

If (*lost 44 Idt(fixstosext) 44 (j_r < 6) 64 (l_m < 4)) return(4000): 


If (l_m 4 0) return(0)1 

big difference it intensity I./ 

ustl•(1nt)*(first.52)-(ict)'0°: if (ease < A) 

else it (esti > 0) 


if (*(fireTv43) 'I') meta ..10: 

/+ else if (.(first*O1) '2') ostl..11: ./ 

iv else if (*(t.iret..121 '1") •/

oleo aetl -0: 
) 


sett?-(imtr(mort.42)-(ict)'0': if (n412 < 3) ost1-0:

else if (meta > 9) 


if ( 4.(meat..92) '2') ust3-10:

else if (1.friect*92) 'i') ./ 


iv else if (•(n t•12) 'T') ease-12: •/

else oct2 -0: 


If (net1 4.4 mort2 41 (ddt > 510) 

if (sbm(aet1-nat2) > 2) factor:-0.75: 

else if (mbe;netl-net2) > 3: tooter: -C.45: 

else if (ste(nsta-nsti) > 4: facto:1.-0.1: 

else fectorl -1.000001: 


else flactorl..1.000000001: 

/• teats of errors in coordinates 

If ((l_t < 5) 66 (dam > Ice): 


(epl_errIt111..joat)(01:1_41)(1_t) AA (drfabeff111.4beff12),soeflai:,abs(110)) 50:: 
epi_errac--0: /0 sign of latitude, longitude •/

else if ((dAr > *0C) 46 41;!_arr;t1)1.:catilo;::_c:Lt; LA (4r(abe)f11),abeff!2),abc:141),abe:la2:7 < 20:)) 
41;!arrar-e. /. 'iv of latitude, long:V.1de .1

else if ((ddr > 1000: 44 sr;!_arr!t1;:.}est;!c:: .:_a)!!_t; 64 (dr(abeffil),abe)fi2),abeflal),ab:14.2)) -. 30C)) 
/• Sign of latitude, longitude ./

ala▪ e if (ep:err(t1):.jost::2):1_21f;_t) 44 epi_fit1211.212.141.112:: 

et: error-2: /• forest error ./ 


else if (epi_err[till'jcat::1):;_s1)1_t) iL epi_digffirst,next,(11,212,141.162:) 

*pierror.1: /• one digit error in coord •/


else if (epi_errIti:).1cat):3):;_:):j_t) Ai dig_siss:fil,141,112,1W! 

. :_error-1: /. one digit missed 'V


else if (epi_err(t1):.joat):4::::_s:::_t: 44 lat_lonffil.f12.141,142:: 

spierrow-4. 1st and ion reversed or let - lot ./ 


)

if (j_r > 5) 

if ((j_t s 0) !: (epi_error returnfC):

returz_value-opi errft1):.jcat)(epi_orror)(1_8)::_t): 

return(retarm_vaTue): 

) 


P. possible error in time 5/
factor..1.0: re-1: 
1. if (fl_r < 1) 64 (ddt > 4014) •/ 
If (ddt > 5010 

if (time_err(tljtvjost)(2)(1_e)fj_r) II (re-err_bour(ddt,first,nest,t1,.joat)))

time error-2:0error in Doi: 


Si... if (tier errIt11(.jost)(3):1_:::1_r) 64 (re..err_day(ddt,firit,next,t1..joet))) 

tieeerror-I: /I. error in toy or aunt,':
 

else if (time err(t1)("jost)(0)(1_11)(j r) 66 (re -lec_timei(ddt o lirst,next,lal,141,t1,.jost:)) 

time error-3: local tine 1 ./ -


else if (ties err(tl)f.jcat)(1 ) (: - s)(j_r) 11 (riv.lec_tiss2(ddt,first,next,lal,141))) 

time error-I: /4, local time 1 ./


else if (time_err)t11(.1cat)(4)fj_a)fj_r] 46 (rw-dlg_rev(ddt,first,rauct,t1,.)ost))) 

time error-e:0/• digits reversed •/ 


else if (time errIt.111vjoat)(1)11_11)(j_r) 64 (re -num_rev(ddt,first,next,t1..)cat))) 

time_error-1: /• number* reversed ./ 


else if (time err/t11(.1cat)14::: a ) (1 r) 41 (re..dig_time(ddt,first,nert,t1,')cat))) 

time error-Z:0/• digit slas63 or idled •/ 


else if (time err)ti)(.jcat)(7)11 m)(i_r) 66 (rer..arr_sin(611t,first,nert,t1,•joat))) 

time_errer.1: /. error ill minute 


if (rs 2) factor-1.3:

else if (re 2) factor-1.7( 

else if froO
4) factor-0.7:
) 

if (j_t > 0) ( 
if ((j_r > 0)0(time error 0)) return(0): 
returm vslee-time_err(i1)) 6 1cat:(tiso_error)()_8 ));_r): ) 

else If .• 4) (
retarnvolue - r_val(t.1 )(.)ost)(j_r)(1_s)(j_t): 
11 (ti0error >- 0) I 
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if (tles_ertit1)(v)ost)(tlise error)[).$);)_r) s return value) (

rerturn_valser...tise_ert(t1 )0;joet)(tiseerror)()_a)()_;): ) )


• 	 (esi error 0) ( 

If (41 arrItlIfolost)fesl errer,()_12)(;_t) > return value) (


returi_valse-spIerrItAg.)oet)lesi_errer111-2]11-fl: » 

(Preturn_eslua) return(0):• 

• ass* addltlenal srdummets tot duplicates gimlet 7•/ 

O (•'est) /• almost all bras are the ease ./ 

If (addltism(t1)(0)) 

1 

flat-C: 

fur( : 1 1:}••) if ("(firet..1) 1.(nest..1)) neg..; 

ter( 26:)<1140.....) if (*(firet.j) 1. v(nast..:)) 

It ( 100 < 2) 


1 

etd(0)returnvulue: 


vil..(2000.0.(6ouble)addltion:t1)(0))/1000.0: 

returc_eulus..(returm_vslue'vel): 


ale. 

ter (1-C:1<pl_src(ti),).....) 

1 

if Masscspffirst,arcl:11,3) 41 (1sescap!ert1()).3,firet..24,2) leescasfercl()).3....°.211)

(1sascastfirstotrcl( 4 ',3) 46 (122escus .,srcl::).2,firet.24,2:
( return_value-(return._valuw.factor.factorl.1.11): return(return_value): 

rsturn_vslise-(return_valuiefectsnvfactorl): 
return(return_velue): 

/* source stic.( say (contain luslicataa •/ 

for < o_arc;t1): 


if (1sescar,first.ert::1.3)) 

1 

✓ edd:I)-neturn value: 

vol/.1000.C: 

If (val s 0.11) return_vslue-(ret.urn_valueovel): 

break: 


if ((f.(first.o11)-'0') 2.- 0) to ((..(firse-,1)-'0')�5:: neti-chteiffiret.77,3:: 
site nstl..0: 

If (i(*(nart..91)-'0') 0) 64 ((*(next..t1)-'0') <- 7)) net2-chtsi(nert.47,3;:
else net?-0: 

if ((1net.1 44 net') (Hall 64 1net2)) r_add:3)..returr_vslue: 

if (nstl > ft) net:-C: 
is (ost2 s t11) net2-C: 

/' tiff nst ./ 
if (eddltlentt1)(2) 44 net.: 46 net, 44 

Wainfnetl,net2: < IC; 44 (abe:nstl-Hatt` • 3)) 
(02.12,1ostl,nst2: 10) 44 (abs;oetl-nsti: • 2))))
r_add;2)-return_value: 

if (addition;t1:14: 64 snrIbl(first.next)) 
/v unrellatle data •/ 

7...add:el-return votive: 
else if (adlitictrt1;;S; 46 ()_t<d) 1.6 bed_acc;firtt.nert,nst:,nst21)

bad 'cc ./ 
redi:S)...return_velue: 

hi .cntrl(firstL.41.2): 

If (ft! ...- 2S: :: (hi 32)
(*(firet..4,) v- 'A') " (.(firet•4,) 

' 11t•ffirst.4 ,) .V.) !! pi(firitt•4') '0')
(*(first...?) •••) (*(first.(7) , 7 , )) 
If ((h2 2S) (b2 22) ::

("(nert.e,) 'A') " (..)neste(7) '31' )

(*(nert..67 ) 'C.') (v(nezt.47) 'C') 11 

("(nevt.e7) v- '.') ;; (..(next.e7) '?')) b2•0 : 

If (hi h2) 

else if (Ihi 1b2)

((hi s 40) 44 (b2 < SO)) 1'2 :▪sloe it ((b2if 2. SO) 66 (b1 < 20)) 1'2 :
else 1.2: 
If 11) radd;44j)..rsturn_velue: 

f ey 11-2:j.IVOMPAA:).....) if (2. add :)1 44 ((double) addltIon:t1)(1) 7 v01)) 
vel..eddltlon(t1)();:

1411/..1000.0: 
if ("11) 7 0.t) return value-(return veluevvel):
r•turn velue-(return ;s1uer.fector.fictos1):
ryturn(rrturn vulus)7 

I. 	 • I
tactser 

tons.O	 / 

•/to 'he fallowing ars functions used by delta() 
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finclade estring.b> 

/Include cettlib.s>

/include wrype.b> 

/include <ust.b> 

/include 6pareal.b. 


static cbaz rue(27)we .4 

gristle tsar c212)-. 


re•e••••eweweeweeewweewwwwwwwwwww• dIg_sies in dpi 
/ 

Sti4.biaa(latl,leml.let2.1aa2)

let latl,leal..lat2.1en2: 


let bew,aign.baae: 

(latl<d) ( algn--lt beara.lall•(-1), ) else sIgn+1: serlatIr )


bate-new/1000: if (base)

4 ........v11000: if (ir(norilign,let2,1onajerro) < SO) return(1):

..v.b....e100w(esnot100): if (0r(new.sIgn.let2,1enl,10n2) < 30) r0turn(1): 


it (let2<e) ( aign--1: dow•Ist2<(-1): ) else ( sign-1: sew-lst2:

base-new/1000: if (base)


4......11000: it (dr(latl,new7sign,len1.10e2) < 40) return(1): 

are-base+200.(arwt100): if (dr(letl,new.sI0n,leal.lon2) ( )0: return(1): 


if fismied) ( sib*--1: ) else ( )
base-now/18000: it (base) 


( ftww-eme110000: if (dr(latl,lat)osewosIgn,lon2) < SO) return(1): 

sew-lbase.20004(newt1000): if (dr(let1,1st),new•sign,lon)) < SO) return(1): ) 


base--new/10001 if (base) 


It (bees < 10) (neriesw110001 if (dr(letl.let),newesign,lan)) < 40) return(1):)

awsw-lbasea1d.0.(mewS100): 1/ (dr(lstl.let2,new•sIgn.10n2) < )0; return(1): 


if (10142<0) ( a1gr--1: ber-lon2.(-1): ) else ( sign-1: new+10n1: ) 
base-new/10000: if (base) 


I new-new110000: it 01::(Istl,let2,1s3n2,new4 s1g1-.; < SC: returnf1):

sew-base.1000.(newt1000): if (0r(Istl,lat2,10nI,new.11gn: .c 10) return(1): ) 


base-new1100t: if (base) 

if (base < 10) (new-new11000: if (dr(letl.lat2,10n!.new.e:gn) < SC: return(1):) 

serbace.100.(now1100): if (dr(Ist2,let2,10=1,new.s:gn: < )0) ret=n(1): 

1 


retat-n(0): 

ap!_divetrl.etr2,1atI,Ist2,1ona,len2) 

Int lat2.let2.1on.:.lon2: 

Cat .strl..stri: 


tear baffle): 

Set wel: 


secarpyfbuff.wtr1.2f,41: 

if ((•(str2.2S) ") 46 (.(str2+20) 1-


*(bff.$1)-4 (str2.27 ): 

if (.(buff.1) ")

a:se if (*(buff.1) '-') .(1=f:•1)..0 0': 

vel..ctttei(b=ff,6):

if (0r(val.let2.1onl,lon2) < 200) return(1): 

if (dr(ve)..10CC.lat2,10n:,1on2) < 200) revsn(1):

if (dr(vel-1000.1et2,1cm2,1nn2) < 200: retArn(1): 

.(buft..1)-m, (strl..27): 

1 
..(b.:ff*2)-.(irtr2+22): 
if (.(bulf*2) ") 
else If :..(buff•2) '-')
wal-ettel(b=if.0::
if (dr(we2.let.2.101,1on2) < 70; return(11:
if (5fwe2.100,1at2,1on1.10n2; < 70; return(21: 
if (dr(ns2-100,1sta,lan1.10m2; < 70; return:1): 

seacpy:beff,str1.)3.7): 

If ((.(rti2.34) ") 14 (*(str2.)4) '-')) 


,(bulf.2)...(etr24)S): 

If (.(balf.2) • ') 

else It (..(buff.2) '-') *(buff.))..9 0': 

vel.ettel(bulf.7):

if (tr:)atI.let2.vel.les2) < 200) return(1): 

if (dr(1atl.let2.val.1000.1on2) < 200: return(1): 

if (dr(latl,let).va)-1000.1m2) < 200) retur7(1): 


'4beff.3)...:etr2w3S):

if (.(bm/f.3) ") .(buffe))-'0': 

else It (..(buff.)) '-')

wel-cktel(butf.7): 

if (4r(1atl.lat2.yel.len2) < 70) return(1): 

if (dr:latI.let2,vel.100,1en2) < 70) return(1): 

if (dr:latl.lat2ors1-100.14.112) < 70 ) return(1) : 

.(buff.))-•(etr1.34): 

if (.(rtr2o)S) ') return(0): 

if (.tetr2o3S1 '-') return(0): 

If (*(etr24 )6) ") return(0): 

If (*(etr2.36) '-') return(0): 

*(buff.1)-..(str2+)4):

wel -cmtei(l=ff. 7 ):

if (Or(istl.lat2.va2.liso2) 4 2)0) return(1): 

return:0): 
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:(e)usnzas ((19/(zezC)(1:I-Ixo)(bugit) •> (1000C -2p,:ampT) .-
“C"J"%.4 ((lSr/:Za41(ZIg-4.ty)(euoT ) 

I.OC. .O;T ./ 

/4. :(0)uan.104 to .O
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1 
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:140, 6u°1

(zweV.VciveT232*IPIP1Ameg 4J, 
0:now tzT arise
 0 0.40.0.0 

1

:(0)41-1211.4

r(C)Usame4( wolf) 3/ 
:ICZOCilee.*Ige

s(o)urnae4 (1009C.C/14 < wo) iT
s(covammas (100,C.114 > .10O) it 
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.(rec.))'*(rec4 }•2 ): 

.(rop.)4 1).-cr 
If Ota(stri.roc) 4 t_flt(t)(leat)0-11)) returb(1)7
...(ree.1•1)1
.(rre+1.1)...(ree.1): 
ofre047)-4: 

1

rrtbro(0): 

ninedini rimed .......�
 .M....00/ 

NO,..11WW(dartArtriAltr2A.,Cat) 

leaf dift : 
Oar .11 ?XI oetr2: 
1st to lcatt 

long at-g):
in 3$ 

if (dIdt < 110.0L) retors(0)7
geowy(rec,r1=2,23): 
for(2-11:1<17:14 3) 

if (•(etr1•1•1) 5.. • 5) meet: 
if ( 4 (ree41•3) "". ' ') break: 

if (neocup(ree.1,rec*,42,1) •-• 0) continue: 
seactry(C2.ree4 j,2): stemepy(ree.j .rec.)4 2.1)! seeep7(ree.1.1,c2,2):
if (dt3(strl,rec) < t_fit(t)ileat)11-11)) return(1):
semegy(ca,rec+j,I), somery(reo+5 mascpy(ree.).2,c2,2): 

bolciY(rocostri, 211 )T
for0-11:J<17:1.-2) ' 

1 
if (.(strI*1•3) • .) break: if (*(ree...143) •) break:

if (aescop(rwe4),ree+42,2) 0) continue: 

eemery(c2,rec+1,2): asecri(rec•1 orec.j42,2): sescpy(rec.)•2,c2,21:

If (dt2(st:2,rec) < t_flt(t):jcat !!:-111) return(1):

bancpy(c2,ree.;,2): teesepyrrec.1 .rec+1.2,2): arsecpy1rec.j4 2,c2.2): 


reitera(e): 

elq_t4s. 
/ 

dIg_time(tiett,rtrl,rtr2,t,jcat)
long d4t: 
Chat oat:: ,oirt.r2:
int t„leas: 

in I: 

long dt2(): 

11 (ddt < 3041) returs(0): 

/. - era dig!t 'lased •/

If ((*(str1.2.1.) ' .) (..(str142e) 'C'))

1 

samppr:recortr1,251: soomere(reeols,rec-13,11):

for 0-13: 1,17: 1..-+! 


if f•(str24;4 2: .) break:
if (olatzl•j.2) • 1 ) break: 

it (dt2(str2.rec) < t_fitit'llcatl[1-11)) return(1): 

1 

if :(*(str2•20) • •) ii (*(str24 2C) 'C'))

1 

beftWT:recArtr2,3S): tommoove(rec.14,rec•13,11):

for (1-12: jA 27; }.4)


4 

if (•firtz1•1421 "" • •) break: If (o(scr241.2) ") break: 

o frec.,1)-..(etrlol):

if (41t2:atrl,recl ! t flt:t)ilcat)11 -11)) return(1): 

o(rec.)-•(ree.:•:.): 

t• sem tig3t eore 0/ 

oescpy(rec,rtr2.2S):

for V-It:J.:21:1*-o) if (..(ree.01) • ') (.(ree*1)-'C': break: ) 
.zer( 11:5(17:,..2) 

if f•IstrI*1.11) .. • .1 break: if (.(rec.14 3) •) break: 

beelo4y(c2.ree.1,2): meosavefree.lorec•14 1.22 

If (tttl(strl,rec) < t tit(t)(1cet)(1-11)) return(1):

boonemetrec.)41,rec.1:32 semepy(rec41,c2.2):

amorove(rec.J.1,ree. 2,22-1): 

if fftitstrl.rec) < t fititl(cet)(1-11)) return(1):

blembeve:rec.1.3,rec4 17:1,22-J): bescpy(rec•l.c2.2): 

ibubcP71ree,rtrl,2S):
for (2.441:121:3.4) iffer( k.11:5<17:1.•-.2) 

(*(ree.1) • •) (.(rec.1)''0 '1 ) 

if f•(rtr241.3) • 0) break: If (..(riec4 ).3) ") break: 
amma-p7(c2,rec.1,2): messere4ree.),rec.15 1,22j):
if idt2(44t72,ree) t fit:t):1cat)(1-11)) rocurn41):

eammenre roc* j• 1 , ree-.1722 ) eemcw(rec• ,O2 2 ) :

toommaye(rec-.141,ree.J.2,22-j):

if (et2:rtr2,rec) < t flt!t)4loat)4j -11)) return(1):

foomovve(rec.1.2,rec+).71,22-j): mencpy4rec..1,c2,2): 
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wetsru(0): 

bsa_aocursc7 • • • / 

boa acc(ftri.atrf.nota,matI)
opal •strl,ertr2: 

int morti,nst2: 


Mar c: 
if meertl s 1) SS (esti < /)) ((nst2 s 1) 41, (nati < 7))) raters:1):w..(strI.47): 

If ((s — 'D') (c — '0')O
(c (c "'" 'r')O(c -- '411 ')'1')(CO(c '1')) roturn(1):
es..s(rtr2eet): 

If ((c 'D') (c (c 'v•) 
ii (c — '2') :: (C "'• 'C') ii(c (c •I')) return(1):
rwizame(0): 

unrIbl(St71.stx2) 
1014.7 .stri...wtz2; 

if (1uslecup(strla24..! '.2)) returrs(I):

If (imescrpfstr1w24..LT.,2)) retornfl):

If (*(etz1•24) '7') rsturn(1):

If (s(strI.24) '5')Oreturn());

If (s(etr1•24) w- '4') returh(1):

if (s(str1.24) ••• (Char) 43) return(I): 

if 0.(str1.24)�(char) 27) return(1):

If (Isswcepfstr2•24..1 '1 ,2)) roturtf1):

If (Isescap(str2.,24, 11 1-T•.2)) returr(I):

if (v(str2•24) '7')�returnfl):

If (v(str2•24) ••')O
return(1):
if (v(stz2•34; 't.) return:1):

if (v(str2•24) (=ftar) 43) return:I):

if (v(str2..24) (char) 37 ) returnfl):

rwturn(0): 


/...410.4••••••••••••••••••••••• 

at 
1.0.4.10.1.0.40.640.4104.14.40.. 

/v Three functions ere to deteraine discrepancies ir. time : */ 

/' et() returns direct time diffarenoe •/


dtI(: is mein function rasa in da1tat)

/' !tit) is used to check some of possible errors In tise s/ 


/include <stdIlb.1%,
finclude estrins.us 

static int oa1:2)(11) • (0,31,17.90.12C,131.111,212,24),2'3,30o,334,1(5,

0.31.00.01.121.132.112.213.344,27 4,3C5,335.364:: 


lora dt(etrl.str2)
cb.er wstrl. .stri: 

int yrl.yr2,uel.so2.dal.da2.(Lr,snoscorial,vis2:
long ws1: 

yr1-cft•to1(etr1.4.4): 1'161..1'1.1g4: if fv1s1) vial-C: s1 ss
yr2-chtoi(wtr2..4,4): wis2-yr2t4: if (vis2) 11 1110
so:-chteifstr1e11.2): if (sari < 1) sot-1: else if (s: , I2 so:-12:
soi....chvo1(rtr2.11,2): if (sot < 1) se2-1: els* if (so2 N 12; so2-l2:
da)...chtci(str1.13.2): if (dal<l) ds1-1:
dal-.chtsifrxr2•13.2): if (da2,1) dal-1:
dr...chtai(str2.12.2)-obtoi(str1.11.2):
un-chtei(str2.17.2-onto1(strlo17,2):
ac-vetoi(str24111.2)-chtol(str1411.2): 

wial•((((lcmg)((yr2-yr1).(341-ewial)wcallwis2)(so2-1)-cal(vic1):sol-1)..da2-dal;o 241frhr;•40*arl.t 0+scl: 

retsru(ws1):
1
/.......................... etio / 


ion, dt1(strl,str2)
Char wstrl. sstr1: 

Ion, ws1ors11:
int 1.11.sids.un: 
long dt():
lean oc_un(iosc_kr().sc_da().so_yr(): 

for (1..11:IA21:14w) If (v(etrie)) • ') Areal.:
/v if (Isescup(rtr1.17. 800 ..4)) 1-17 : '1
If (luescup:stzlwIS..00 v,S) Iseacupfstrlolt,.00.006 ,4)) J-17: 

for (31•11:31<21:11•4 ) if (v(strl.;1) ' ') break: 

/• if fluescupfstr2.17.•00 31•1': 

If (Issesscup(str2.111.•00 '.1) immucuP(str2•19 . •00 . 00* . 5 )) 


mds-(22-uls(j,31))/2:

If (lads) rstcra(labs(dt(str1.str2))): 


12 (31 — 3) 


esi-Ishs(et(strI.str21):
If (1,10) ( If (rids < 2) rwturn(01.): rerturnt(long)ndse3CL;: )

if (1(valt)GOOL)) 


son-chtei(str1.17.2): 
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If (Kums)) return(eel.(lefte)ndu01001,40i): 
rrpou (val.(leng)adw01201,1001): 

) (.si < 1400L) retern(se1-301.): /1, se sewn& 1/

;:c11.(ee1/3400i): 11.-(es113400L): if (11�
1804)�111100 : 31-03400: 
0 (yell < 3L) return(val - 30 • 31 / abs(31))* 

st foal - 40 • J1 / abs(31)):
O


1 

pritcb(3) 

1
.,. II* /1eacendis ast blanked in first •/ 
— switch(31) 

ease It: ease 20: retern(sc_un(str2,str1)): 

OM 171 0000 11* returm(sc_hr(str2.etz1)): 

ease 11: caae 141 reternotc_ds(strl,str2)): 

ease 13: ease 14: return(ae_yr(strl,atz1.1)): 

mese 11: ease 12: return(ue_yr(str1,etz2,0)): 

default: return(os1): 


mis4 Is: case 201 /0 seconds are blanked 111 first •/

switcb(51) 


cam 21: return(ec_un(strl.str2))* 
ease 17s ease 11: return(sc_hr(str2,str1))* 

ease 111 ease 141 roturm(sc_da(strlottr2)): 

case 13: ease 14* return(se_yr(strl,str2,1)); 

rasa 11: case 12: return(ac_yr(strl,atr2.0)): 

default: retuin(os1): 


ease 17: case IS: /0 ainutae ars blanked in first •/ 

witch (11) 


case 21: return(st_br(stzl,str2)): 
case 11: case 20: returnfac_br(strl,etr2)): 

case 15: case 14: return(sc_da(strl,str2)): 

case 13: case 34: return(se_yrtatrl,str2,11): 

case Ill case 12: return(se_yr(etrl,str2,0)): 
default: return(vs1): 

case IS: we 141 /0 hours are blanked ire first •/ 

settct(j1) 


case 21: return(sc_dafstrl,str2)): 
case 19: case 20: return(sc_da(strl.str2)): 

case 17: case 11: return:scda(strl,str2)): 

case 13: use 14: return(se__yT(stzl.etr2.1)): 

case 11: case 12: returntse_yr(ettl,str2,0)), 
defa2lt: return(val): 

case 13: use 14: /0 days are blanked in first •/ 

switchf11) 


case 11t case 14: case 17: Case 11: case 111: case 2C: cats 21: 
return;sc_yr(strl,st:2,1)): 

case 11: case 12: returnfac_yr(strl,otr1,0)): 
default: returntral): 

case 11: case 12: /0 sans is blanked in first •/ 

returnfec_yrtstrlostr/.0!): 


default: return:v*11): 


lone se erfblanked,nblanked; 
Otar 1branked, .nblanked: 

lone t: 

1st t3: 

long tl,t2: 

int un: 

t.dt:blanked,nblanked, if (It) return(OL): t201abett): 

if (t2 < 401.) retv.rn;5L;: 

tr.....chtel(blenked.17 ,2):

tl-t2/310CL: t3-(t2t)42C): if (t3�1100) 3400 -t3: 1
t30O

if (1.3O
40) 


1 

if (fteacapfblanked.o17,nblanked417,21) rerturn(t113400L0 20L): 

return(t11316001AIL): 

1 


If (1(unt)0)) 

1 

If (t3 < 210) ur01 

else If (t3 < 300) return(t1.1 3600L410L): 

else if (t) 4 4 30) return(t1•3400L.120L): 

else If (t3 4 400 ) return(t1134001,0100i): 

else If (t3 < 400) retur7:(t1131001..24CL): 

else If (t3 < 1200 ) return(t1•3400L.300L): 

else return(t2): 

1 


else if (1(ten111)) 

it (t3 < 110) an-1 

else it (t3 < 110) rerturn(t1134001,0101.): 

else if (t3 < 300) return(t1136001,•120L): 

else if (t3 < 450) return;t11)4001/.240L): 

else it (t) <4") return(t113400L.300L): 

else return(t2): 

1 


else If (1(an110)) 

If ft3 < 15C1 are-1 

else it (t3 < ISO) return(t113400L.120L): 
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also if (t3 < SOO) returu(tI*)400L.110L): 

ales retura(t2)/ 

1 


tl...(t2/SGOOL)t tl...t2ISSOOL: if (t1 > 12001) t34.: 

If (t > CIL) t-...(t1•24)00L): else t•-(1.2..2100L): t2-labs(t): 

ti-(t214111.): t2...(t1/10L): 

If (ft2) 


It (t1 < SOL) rwturn(t31.1400L.20.1.): 

roturn(t14.2410L4 301): 

1 


If (t * aL) 


If (t1 < SOL) rirturn(t3.3100L4L2*40L • 20L): 

sirturn(t3.3400Lot2.401. • 401): 

1 

if (ti < SOL) return(t3..2400L.t2•GOL - 20L): 

retara(t.2.31001ftt2.10L • 201): 


lend et br(bIanked,nblanked) 

char *blanked, .114/11anked: 


land t: Int tl: long t2: 

t..d.t(blanked,ablanked): 

if (I(t13400L)) return(labs(t).01SOL): 

1f (1(t1100L)) 


tl-labs(t)/114400L: t2-labs(t)1914001: 

it (t2 14400L) return((leng) tl • 14400L • 1414 0L):

It (t2 OSSCOL) retern((lons: tl • 1440CL • 11330i): 

if (t2 •-• 12/001.) return((1011c) tl • 9140CL • 116640L:: 

if (t1 •- 1100.10) returnf(long: tl • 044001. • 240L): 

if (t1 Si (t2 1001)) return((long) ti • 144001. • 1301.): 

if (t1 hi (t2 27001)) rsturn((long) tl • 14400L • 2401:: 

t-labs1t): 

If (t! ;! (t2 > 10000L)) return(t): 

C2-2/3400L: t1-(tt2100L): 

if (t1 > 11001 ( t1..3400-t1: ) 

II (t1 $00) return(t29 2100L.4150L): 

return(t20 )0001,424CL): 


if (labs(t) > S0000) 

tl..labs(tV144CCL: t2-labs(t)111402L: 
if (t2 > 540010 ( tl••: t2-14400-t2: ) 
If (t2 > 74001: return(labs(t1): 
if (t2 c SOL; retsr:flonc)t!•14400•10LI: 
if (t2 < IICL: returrf(lenvt1 014400.40::: 
if (t2 11401.) returl.:((10nvt1.11400..1!1.): 
if (Isescsp(tlkftked•IS,nblanked-13.2,) return((1ong1t1•11400412Ci): 
if (t2 21101: returntflong:t1.14400L...130L:: 
1uturn;(1eing)tl*044C0L3002.): 
1 

if (tmescap(biankode1S,nblanked•15.2)) 

If (t < 1111.) returr.(1CL): 

if (t 30.1i) return:3110: 

if (t < 1011.) rsturr:4CL1: 

if (t < 10010 retl:rn;1OL1: 

if (t < 1/00L) rsturt(1SCL1: 

rotor 8001): 


*t•labs(t): 

t2.-t/210CL: t!....(t124COL): If (ti > 1/0C) ( t1-)42C-t1: ) 

if (t1 < 192L1 returntt2.3400IAIOCL): 

if (t1 < 5001.1 return(t2.)4CCL•12CL:: 

if (t1 < G0CL) returntt2.3400L•ISCL:: 

if (t1 < COOL! return(t2..340CL•11CL): 

retcrn(t.2.1400L,4240L): 

long ac 4144(first,nert) 

char •first, •nest: 


long t,t1: Int t2,t1: 

t..labs1dt(first,nert1): 

If (sencap;first•12,nest.1S,2)) t2-1: else t)-C: 

t2-t/144001.4 t1-(t5144001.): if (t2 41 (t1 > 422001)) ft2••: t1-14400-t1: 

if ((t.2..-1) 14 (tl < 310001)) t2 

C.-(lon4It2•14400: 

If (t1 < 2400L) return(t.4.40L430L•flong)t3): 

If (t1 < 72001.) return(tHOL...401...(long)t2):

refsL-n(t•1101,4120L11 (leng)t3): 


lomq scyr(first,nart,f)aq) 
char ...first, .131611.: irt 110q: 

it ((easicapffirit.4.44ext.4.4,4.(flao4)))) rcturn(400L); 

return(1000000L): 


i•-•••••••••••••••••••••••••••• ift2() 


lerig ft2(etrl.rtz2) 

cher •str1, sett2: 


int yr1,7r201401.4102.41.42.0a1.hr .hr1,an,ani , sc , scl ,vis1 ..182,1amax2,daaaxl: 

long es!: 

lot atta: 
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-C 

r4,t,1(wer244,4): 4 4: if (vis2) vis2-0: else via)-1: 


v .eptel(striv4,4): vial•yvi I 4: if (vial) via1•01 else vial-1:

,) ( 0 (str2•11) '))


I me1•1: mo2-1; vis2•0: ) 

orqutsitrtr2•11.2): 
if f(so2 < 1) :: (001 > 13)) rutura(tottvoL): 

od.coltal(rtzl•11 , 2 ): 


tool < 1) (uol • 12)) rettarn(t,11,11,L)1 

ows2-clal(v1s2)(mo2)-eal(via2)(s02-1): 

deassl-cal(vis1 )(soi) -oallvial)(sol -1): 

I( ((*(01r1•13 ) ""' • .) i, (*(etS2•1)) ( dal.i da2-1: 


ol
O o.j). 


else 

Ma3•eetol(strle1),2): if ((442 < 1) (42 • damax2)) return(ftetteL):
dal•catai(strl•13,2): If ((dal < 1) is (del • damsel)) return(,,,,,,L): 

orcatoi(ertel+111,2): 1f ((ec < 0) ii (se • SS)) return , OfttfOL):

opcietoiletr10111.2): if ((sci < 0) (eel • St)) return(t19,111L): 

If ((•Istr1410 1 ""' ") i, (*(0tr2410) • .)) ( etts -5: )

sloe ov-...0c1: 

tun > St)) return(O,V14,1):

01.entai(str1+17,2): if ((snl < 0) (snl • St)) return(ftee,,L);

if ((.(vtr1•17) • •) i, (*(stz3+17 ) — ")) SA-0: stts-4: ) 


mvsetel(str2•17 .2): if ((ten < o)O

lase sen-...mni: 
1rsletoi(str2•13,2): if ((Sr < 0) (hr • 2))) return(1,4,4,L):
6e1..cirtsi(str1.13,2): if ((brl < 0) (hrl • 23)) return(1(91,0,L):if ((.(striels)� (.(str2.1S) stta -3: I• ')� • 8)) (O

else br--srl: 


es1•((((1014)((7"f2-Yr1)•)45.
sal(vis2)(202 -1)-CaliviaiNsol-1).da1 -dial).24L.tr).40.en).60.sc): 

netsern(1scs(ve1)): 
•-•••• . 


dr •/
i•••••••••••••••••••••••••••••••••••••••••• ......... ..................... 


(include carth.m

/include <stdlib.h:. 


/* function returns integer value of distance between points specified Sc •/
/• epicentres in first end next records .1/

/• Ite corractior is used for cases of sere valust of fractional parts of •/ 

p bomb ietitade and longitude at least in one record 

tr(f11,f12,1a1,112)
1st fil,f12,1a1,1a2: 

fleet ao: 

long dl.df:

4f-late:(larog)f11-flong,f12):

41•146001:flonclei-(long:la2): if (dl > 111000L) d1-34000L-dl: 


•/* if !ram:anal parts in lectl latitude and longitude are zeroes
If M(1114100) 64 1(laltIOC); (1(f125100) 64. 1(1a2tIOC:)) 

If (0f • 2SL) III•lebefdf-50L):
if (d2 • 2SL) dl-laba(41-50L): 

a•-ere (0.0000I'3 • (dcuble)(fil•fi2)): d1•-co:
111*.62:di.....(di • df): df • (serrt((doutles) d1).0.5):

Isturni(int) d1:: 


• 

fisciede crtring,to.

e.std.lib.b' 


/* function returns index of magnitudes difference in first and next records • 

ts there are 3 types of magnitude difference:
• - type and source are ante,

1- only type is sese

2 - minimal difference among all values 

feactime returns: 

0 - if no segnItude in ens and main < mbig in otber

1 - adme:Olttype)()est) 

a • so magnitude in one and main H ably in ether

or adz elder2(1)(type)()cat)
3 - dds dd20(2)(type)(jcet)
-1- etsermise 

static Let mblq-SO: 

rtrtle let dida5:2)(3)(3)(2) - ( 
0 .0. 2,), 4.4, 1,2, 5,5, 7,S, 4, it, 11,11, 20,20. 
1 .0 , 1.2. 3,4, 2,2, 3,5, 7,11, 7, A, 9,22, 15,15): 

ds:first,nert,lcat,t)
0464z vfirst,•nest: 
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}owt.t: 

int 1.117 

int tlit),t2lA),Islain sialm.dde.Sami, faO
./ 

alfOrciitel(firet+113.3): 

aill +catel(firet+1111,3): 

10131+(catol(firet+44.4 ).1)/10: 

a
13)+(ebtal(first•711,4)+0)/10: 

s2(0)-ebtoi(nemt.43.3) , 

a2(1)+eatei(nest+114,3)I 

s2(2)+(ektei(nent.14. 4 Y01 )/10: 

a2131..(eatsi(sest.34.0441/10, 


alain+1110: fer (1+07144044) If (sill) 16 (sill) < slain)) slain-el:1):

sleln+100: tar (1+073<4:1++) if (112 0J 44 (112 ) 3) < again)) aftln-a1(5):

If (slain ++ 100) alsin+41 

if (sin ++ 100) .:sin-0: 

If Milan < 10) alais+0: 

If (again 4 10) a2aLs+0/ 


if (Islain S4 (Wain 4 obis)) retorn(0): 

If (Iniain 66 (aisle < sblq)) retorn(0): 

if ()slain 66 (.gala >+ ablq)) return(2): 

If (I.. .is 66 (alain >+ nalq)) return(2): 


If ((alala > 21) 466 (s2ain > 21)) 

dde+.100, 

fee (3-0:141:1++) 

for (31+011143:31.a) 


If (1s/[142)) matinee: 

if (laesemp(firet+6e.,+11,na..2)) continue: 

If (Iftememp(first+64+1.11,"Mealia'.1)) continua: 

if (1a2:31.2)) continue: 

if (Isemnp(nert+40+11.11."4r.,2)) continue: 

if (lsemmp(ftext+46•51+11..NeSSIe,6)) continue: 

ddal+ebetel(1.2)-a2(11+2)): 

if (Isescap(firwt+0641.11,1mit+414 j11.11.6) I& (Mal < dam)) dell-d461: 

1 


If (11ost) 

if (1'110) SA 02:0)) ddal+Ms(111(0)-112(0)): else eldal..10C: 

If (Meal 4 ddm) dds-ddel: 

if (s1:1) 64 s2:1)) ddal-ebs(s1(1)-s2(1)): else dds1-10e: 

If tadma < don) don-ddal: 

1 


if tame 4 100) 

for (1-0:1<3:1++) if (ddm 4- ddat:t)11)(C,:lest)) break: 

if (3 -- 3) return(-1): 

return (141): 

1 

I.sane type •/ 

dde-100: 

for (1-a:}-J:1++)

for (11+9:31.:2:31....) 


if (ia1t1+2)) continue: 
If (1s2:12+2)) continue: 

if (leemespffiret+4,4.1.11,.NeS27*,S)) continue: 

if (Imesamp;nert+411+51.11,'WaSSP..1)) Continue: 

ddal+abefall).6 2)-s1:11+21): 

if (Isea_napffirst+411.,•11,nert.411.11.11,S) 66 (ddal < Ode)) ( 6dB-14ml:break: 

if (Iserecer(firet+41143•11.1117•,3)) continue: 

If (lesmicap(next+te+11+11,.11”,2)) continue: 

if (Imes=eptfiret+411•3•11.nert+411•11.11.2) 66 (ddml < AL's)) dde-Mml: 
1 

if (safe) 46 'cot) 

If (.212) 64, laemer(next+46,sub',2)) ddal..mbetal(0) - a2:2)): else M131,1-100: 
if (ddhea < ddm) date-ddsl: 

If (1'2:3) Ca Inemapfnext+71,ftb*,2)) Mal-e :.110) n2(3)): else Ods1•100: 

if (Maki 4 Ms) dda+ddal: 


It (a2(0) as jest) 

if (WM 46 amescapffiret+41,.1'b..2)) ddal+abs(s2(0) - al(2)): else Adel-100: 
If (ddma < Ads) dds-ddmal: 

if (s1(33 64 Isesenc(firet•71.'sb..2)) ddal+abe(62(0) - al(3)): else Mal-100: 

if (alai < Ads) rider0l: 

1 


if (sill) 66 jest 14 sencinp(firet,°12,'.3)) 

If (1'2(2) 46 1ssmonp(mmt.40..11.0'.2) 416 sesosp(next..70, 1,114a . ,3)) 
del-Me (s1(1 - e3) 3)) else ddal..100: 


if (dda1 4 ads, 1: 

if (52)3) 64 lassemp(next4 71, 11W.1) as sesomp(next.41. 61SR., 3 )) 

ddal-she(m1(1) - s2(3)): elee 

if (Adel 4 dear) ddir-donl: 

1 


if (s211) 64 lost 66 nemomp(neet..11=',3)) 

If (a1(2) 66 lasnceptfiret+46..ne,2) 66 sesam(firet+70,.SW.3))(51
d2)+41 - al(2)): else ddal..100: 


it (driftl < dde) ddm-Adel: 

If (1'1(3) 64 ImescapffIrst.,7,..es',2) 14 smemp(first..11..SW,3)) 


ddmi-ebe!s1:1) - e2(3)): else ddal..100: 

If (ddai < dam: Ads-ddal: 
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(xmt) 


if polo] 66 102)01) Ilia1..ebs(e1(0)-%2(0)): ela• eft4.100: 

if (Adel < ide) 


(2111) &A fa(l)) Ildml.nabs(011[1)-14.2(1)): else 410m1s100: 

if tidal <ilex) diersidhl: 


is (obi 4 100) 

if (nes(elain,e2alm) > 40) die-s1: 

gas. If (astalsin.a2sIn) > 70) ids-s2: 

pw�1,-.00<3,1•.) If (Ode As. iim0(t) ( J))1)(1cat)) break: 

�) return( -I);3
( 


fete!' (,41)7 
I
/0 It Ma* > 29 */ 

alftergint typos ./ 

imr180: 

to O.-0:1440.4 ) 


fer 01.4:13.44:11.4 ) 


1f (le1(1)) continue: 
If (le2(jI)) continue: 

010•46b91961 1J)-192 1i1)): 

If (Adria < ids) Ader.ddbali 


If fide < 100) 

if (sex(elain,n3In) < 33) 

else if (assfelein.e7ein) > 1.9) dam--2: 

else If (uss(alain,stein) > 62) Ada--1: 

else If (nez(s2eln.a2min) > 47) dds-s4: 

else if (amusfalela.e2sinl > 72) dds--4:

for (1-00.0:1.4) if (din c- odn0(t ) [5)(2)(1cat]) break:

If (1 ..... 1) reture(-1): 

return (141): 


return(2): 

chtc!. 
r • 40•41,111. ...... •••• 11.1111. 

/* ?his is an analog to standard stol function, but it skips periods (.). 
/* replaces blanker by zeroes, and stops at byte f(len-1) iron the start 

ottolfetr,len) 

char not:: 

in len: 


int j1 

Int sal: 

Int factor: 

char c: 

factor-1: 

valst: 

for (}-1.?-17j 0:}—) 


9"*(107-r')):
If (c .- • •) c_.0.: 

else if (c�1 .") oontinue: 

else if (c�'-')�vals-(-1): return(ss1): ) 

else if (c�'4') return(vel): 

eal....(fectorsfc-'0')): 

factors-10: 

1 


return(sel): 

I.� •/ 
• epethey:, 

4./

/......................./ 


Oincludic <bacia.lv. 


int swortkny(veld) 

/* Dane the SIM to reed the nest inryboard ottarscur 

/* See 16A2C0 in getley.b 

lot key. Lin. hi: 

ha!61414mkeybri( IEXTUXD_RIAD):
le • key 6 0220r7: 
hi - (key I 027700) » I: 
return( (le�0) T hi • 234 : 10)2 

Katie Int r ral( 7 )17)( 4 )19 )(0) • ( 
5,0,470,360,T60,130.120. 999.910,320.2"."0,130,
440 .310.210,175,121.111. 971,270,210,245,140,121, 
400 ,9)0,240.110,122,114, 130,220,215,240,122.120, 
270 .310,110,122,120.112, 900,200,275,145,120.122. 
140,300,141.130,117.112, 000,200,265,140,127 ,122, 
220 .240.140.121,119,110. 330,270,215,124,125,120, 

916,919,411.470,204.141, 09,0130.100,010,212,200, 
174 .76 s .499,210,202.200. 993,792,467,540,200,114, 
044 ,753,4194,202,200,200, 175,707,040,330,177 .202, 
650 .7 34,094,202,101,200, O64,700,622,511,200,157, 
141,704.27 1.704,703,200, e53,,49,219,221,190,100, 
220.120,190.190.1411,147, 140,220,210,10C,115,140, 

.1 

420,210,200,170,133,120, 
421,200.235,105,115,120, 
401,210,210,160,110,170, 
240,270,241,125,115,110, 
230,160,240,120,110,100, 
300,230,221,190,101,100, 

114,143,647,140,224,146, 
161,760,641,330,215,191, 
139, 7 50,430,52e,16C,141, 
154,740,412,501,155,135, 
042,730,204,211,150,132, 
220,212,200,110,110,1'2. 

• / 

�
/ 

• / 

• / 

400,241,200,�00.�10,�0, 
390.160,140,12C,120,�0, 
250,160,130,120,110,�0, 
200,110,120,110,100,�0, 
200,140,110,100, 0,��0, 
150,120,100,�0, 0,��0, 

774,707,420,200,120,120, 
601,440,372,120,120,120, 
5 ,2,310,201,120,120,120, 
419,42',220,120,120,12C, 
221,315.101,120.120,120, 
200,100,150,125,120,12C, 
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'OS '04 'OST''‘I'COC'SOC 'cst'foc'soc . ‘cecu'oetc '011'..0C'OPen.1"i4C'SOC 'oct'roc'roc'sses,c'ssc 

'a 'co 'o '0 'a 'o '0 '3 '0 '3 '0 '0 '0 '0 '0 '0 '3 '0 '0 so '0 '0 '0 so 

'OS 'Z6 'tst's,t'poc'soc 'ost'poe‘oectc'stc'occ '66t'SOCOtt'llIt'Ott'SCC 'ost•por'soc'soc'occ'stc 


'0 '0 '0 '0 '0 '0 	'0 '0 '0 '0 '0 '0 'cct'oct'srt'ocract'sios 'OWSIPT'SCI'OCVOVT'SPT 

'0 '0 '0O'0 '0 '0 '0 '0 '0 '0 '0 '0 '0
 '0 '0 '0 '0 '0 '0 'a .0 '0 '0 


'0 '0 '0 '0 '0 '0 '0 '0 '0O'0 '0 '0 '0 '0 '0 '011.0ST '0 '0 '0 '0 'OST.3S1
 'a 
'0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '01T'Crt'4CT '0 '0 '0 'rsecsesst 

.0 
'0 OOO'66 'TOCItt'6W001.
 
'0 '0 '66 '66 '611 '0 'cct'cct'rct'sct '0 '06 'Tirtiit'Cir4ST '4, '64 '1141. 64Z'OSCO1t 


'0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '00T'itt'OPT '0�'0�'0�'LlIt'OST'POT 

'0 '0 '0 '001'OIT'041 '0 '0 '06 'oot'oct'ocr '0 '60T . CSI'OST'SgeOt1 '0 '06 'tirtS1'10St'Ott 


(CtIltaltclEcl.t.ts-own ImT *tans 


'0 'o '0 '0 	'0 '0 '0 '0 '0 '01 '3$ '1It'41TT'Stt 011 

.0 .0 0* :10 'o '0 '0 'o '0 '0 '0 '0 '0 '0 '0 Oa 'o '0 '0 V, '0 '0 '0 

'0 '3 '0 '0 'OL 'JOT '0 '0 '0 '60e6tT'Sgt '0 '0 ��'0�'Ott'OCT'0111 '0 '0 '0 '00T'Ott'Oet 

'0 '0 '0 '01 'OL '001 '0 '0 '66 ';oVcrt'sst '01 '00 '00T'Ott'Ott'0OT '04 '04 '06 'oat'oceost 

'0O'0 . 66t . ZOC'tW116C '0 '34I'OCetteltellOC '0 'Si. 'ttet0C. PTC61C
 . ..01. T4L'1SI'CCei.,C 	't4t 
'
0 '0 '0 '0 '0 '0 '0 '01 '001. 00C . 44e4,4 '01 '00e0WOCC. 464 . 41S 'OS '0CIt'0000OC..SC'4114 I* 	O..0 I,

'0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 '0 0'0 '0 '0 '0 '0 '0 '0 s o fa Oa 

'0 
so so so so so '0 '0 '0 '0
 '0 '0O'0 '0 '0 '0 '0 0* '0 so 

So

'o 'o 'o '0 6'0 ' 0 ' 0 ' 0 '0 '0 '0 '0 11 0 '0 '0 '0 '0 .• '0 so 


'oct'oct'osetorsoc'oot '00t'011e000'OOC . 41C . 014 
'0WOCT'OST'OST'00C.000 '00r0iT'S‘T'00C'O6t'009 

'osrooc'ccc'ccc'ccc'ccc '61It'CIt't6t'COCCTC'CiC 'ooc'osecoc'cts'ccc'ccc aopc'ost'osecoiz'oseost 


'0 '0 'Ott'Ott'OCT'OPT '0 'Otl'OtT'OCT'OPT'011T 'oct'opeost'otecuroor 'Ott'OCT'OPT'OfT'00t'OCT 

'0 '0 'OtrOtt'OCT'Ott 'OIT'Ott'Ott'Ott'Oft
 '0O
'OtrOPrOST'014e0Lt'O0T 'OCt'OCT'Ott'OST'Ott'OLT
'0 '0 '0 '00C06COOC 	'fft'Ott'061. 01t'06C'001 'cersoc'ocrocecocc'ocr *ost'ooc'soc'oceost'oo, 

o 'o '0 'aoroscoot 'fft'461. 06t'Oft'OSC'000 'tst'sst'oct'occ'occ'oc0 'osesseoca'oscsosc'oop

''0 'oot'oot '0 '0 '0 '0 '44C4101 'o 'o 'a 'osc'sos'es, '0 'oot'ocu'vcca stp
 0O


'0 '0 'Ott'Ott'OCT'Oft '0 'cotT'oteoct'ott'osT 'oct'opt'ost'ogrociloat 'OCT"OCT'OOT'Vet'09TiOtt 
'0 '0 'OtrOtt'Ott'OPT '0 'otrocroct'opt'ost 'oct'ort'ost'ost'oct'ost 'act'oct'opt'ost'ott'oct

'0 '0 '001'30t'0 '0 '0 'OCI'06rOtt'Ste141 '0 'ost'oot'ocr's,c'sas '0 'o '0 No 'oot'coot

'0 '0 '0 'SCT'Oit'06C '0 '0 '0 'OSt'011t'04t '0 'a '0 'isc'ssescs 'co 'o 'OSC'S6C.6,4
'0 '0 'ott'ocrost'oot '0W0CTI Ott'Oft'00C'Ott '00T.04T.004'066.01$6.001: '051'OIT'01T•00e04g1014 


(61(0/ISJItl(CIJash-Tdo WT nwmil 

IC 'It 'os 'ssesercc, 'CL '10T'5TC'44C'T14 .1,11 'OCT'SCt'OSCISC'061.11L0 '00e0Ot'Lleteet0e1Ot
'C 'SC '61 '1101. 0110,01 'OL '1101'01t' ,14 . 461. 911 'sct'opeocc'cts'ou'art '00T'OWLIT'Lie ,WPOC
'C '46 '44t. t06'111'440 'OL 'ttt'cit' 4 61't,49 4041 'oct'sct'ost'ssr'sss'sos .00L'SWOCI'4TC'SLO' 611 9

'0 'tertfeter',CO'STI '00 T'CIt'011C,411'IWC61 'ost'sst'sst'ss.'4.411'sz6 '00T'O4T'cot'10C'Sge0,0

'OS 'ott'rte‘sc'tts'cLt. 'Ott' 0111'60t'4O6'0(4 . (19 'ost'sst'occ'osp'tcs'ecit '00T'161'OOCCS ,'GCS'Ite '01 '06 'CCT'94CC64 . C114 '10 t .40T . 04I'6C1't6104111 'oot'ofc'scc'oat'ocs'oca 'worroetsr'cor'cca'ssa 

'C6 '4. '01 '011 '06 'Oft '04 'os '04 '16T .01C4114 'SO1'OCT.CST'SWOLL'000 'oat'syt'ort'oretseaot 'Itt'OCT'0WtOt'61C00, 'oct'sst'ssroorooetct '011L'OOCCOC.LOCOWSIM 'ort'orroseosc'csc'crs 'ccr.trost'soc'sso'stt 'srt'soc'oseosc'sts'cts 'ost'osr'sreocc'tss'tss '01t'oseatc'o4c't1r114 'ott'ost'oct'L‘c'tcs'cIo 'LLercrosc'pot'cro'sc, '101'soc'scs'ioss'sos'Itc 'ost'ssc'ocepos'scs'om 'curoot'oorttects'ST, 'scroseocc's,c'tco'crc '101'ocro0esse004'oL4 'OST'OSt'09C41411',W 11,
'001'00t . 41I'Oft't44'4C6 'cct'sst'coc'soc'ess'ote 'oct'coc'ou'occ'sta.'cla 'SCI'001'10e0WOC11.41L 



 
  

 
 
 
 
 

  
 
 
  
  
 
 

 

 
 
 
 
 

 

 
 
 
 

 

 

 

6/ 


oeje Lamp Sec 'tf2)13) ., f 121L, 1411. 301., 120E 
static 1St err_t(2)(2; .. ( 11. 111. 4S, 120 I: 

static tat errd12)(2) .. ( 121, 121, 4S, 120 I: 

wale 1110 srr.0:2)( 2 ) . f 0. 12. 3, 10 )1 

atatic lire t fittl)(2)(1) .. ( 

00.. 41L, glr, 311, 311, IL, IL, 1L, 

opt, 1301., 1201. 60L, 40L, 101, 10L, IL, 

6, IL, ANL. 121, 111.. IL, IL. LL, 

0, 61„ Id., 30L, 30L, 1DL, laL, 31): 

Maine MACKSVALT�I�p, back ups. key Si 

Welles 1CMM7r7M 12 
Wilma 11111Tla 13 /1 carriare return (entail • / 


mwein. ZOCO2/ 

f1afime PUSS 43 

msafine =DOS 42 

Wine MOM 327 

ftafine Ms 332 

'Wine UP� 322 /1 up arrow •/

/define DOW! 236 /1 down arrow ./

hafine P001 321 

Matins MGM 337 

mistime LEFT 331 t• latt arrow ./

hWfins RIGHT 333 /. rust arrow •/ 

Mafia, =SEES 331 

hmfine DEL 331 

hM/1ne CTILLLZTT 371 

teeth.
teeth. CTRL__RIGI 37 2 

/Mains CTRL_DOMX 3 12 

Wins clumjsm 372 

Wine Tad I 

testi:** imiLLFZ_TAI�371 

felefina T1 312 

biotin* 112 314 

beeline r3 317 

Ida f 1 ne Fa 314 

febefine TS 311 

/del i rt. rsO320 

044f in* T7 321 

'define reO322 

teatime 211 323 

Mein* ri0 324 

/64.f/na ALT R14 7 

feieflee 161.T_END 1 


/.•.•«..� •••••••••••• 

Opl_ene - min prograr 
/•••••• ••••••••••••••••• 

finclade eet410.t> 

f1nclude catring.h". 

(include crtA21O.K, 

f!nclude .aa2loc.h6 

finclodo wctype,ns

/include .oaat!t.h,. 

Pnclode 

'beim Plana 33 

/1 This program choosam eme record trim sect clustar of Ouplicstec 1r .41 file 6/ 

strtaM deem 

char roc:lit!: 

int prime: 

Street data •p:

is 

as in aric .azys

int ar=c: 

char w•aripr: 


char 1pf11e:301:
char erf 1 le; 30; : 

?IL! • 1pf „ •opf : 


rionmM dirts 

street arta 1b_1iret,.15 work,.b_nart: 


street Lade 

char semroe14): 

char tam(3):

lame nem: 

lenq ammo: 

strum late Tp:

'Tree! Info .pb: 


11ftre_ilret..Lato_1ast...1nft_nert.11nfo_work: 

Le r. 1r.411L.1m.01: 
!et }cot-e: 
int melon-110: 
ft.: lame:130):
/at prier_mer-31191/:
ant flar-e: 
'trust ftmd_t
lone num rec..OL: 
double aim_ print.-0.0: 

doable irtmpr-0. 0: f. see_rec/71 ./ 


let 1.0.26-..0,11.-0,1pre-0,gre1.0,Info_46-0: 
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opf110:0)...": 

Inrec(0)•.": 


If (ar,C 4 2) 

prirtf(eTble pre/pram reads Input .0,1 file, cbeemee eine record froe\r•): 

priasf(smecb claimer of duplicates eccording default system of prioritles\n*): 

printf(*for data sourced and information completeness, and writes abosen\n.): 

printf( .recerle to output .0r2 file\n•)) 

printf(.rOKKAS: dpleme <input file name (.dpf), (eavtput file same 1.*p1), \n• 

emit(1): 


wrrePT(Iptile.arpw(1)), 

if (arpc e 1) rtrcpy(opfile o lpfile): 

else if (arlv( 2 )1 0 ) 1 ** ortrcri(oPfile,grire(2))1
else ( Ledo a..-11 istrcpy(optile.ipf.110): ) 

If (uric > 3) info_w-lf 


for ()-l0<mtrlen(lpflle):1.4) 
if (.(ipflle+j) *.°) break: 


if (*(lpflle4j) '.') irtrypy(ipflle.j.*.dp,w)! 

for (1•1:1-fmtrIon(opfile):144 ) 

If (.(OptIlirj) '.') break: 


(*(optilwe)) •.*) strcpy(opellmo) o o.dpl•)1 


ie determine sember et rImamt4W */ 

file inte-(struct find_t *1 ) salloc(sleeof(rtruct tied t)):


dee-findfirst(441111,_A_ManAL.file_Info): 

ere. Fry-file ints->eise: 

troW(film_isio): 


if ((ipt.-topen(lpille,•rb*)) 11171.1.) 

( printf(.te not found, exiting) ...\n.,ipille): mmIttl): ) 


if ((opf-forpen(opfile,•vbs)) KULL) 

( printWts cannot be open. exiting ...\n,opf1140): exit(1): ) 


/* determine length of record •/ 

fread(inrec,130,1.1pf): 

for (reclen-V:reclem<130:reclen.4) If (.(inrec+recler) *\n') break: reclon64: 

fiseek(ipt.OL,22ZY_STT): 

nua_rec/-(lonq)recion: 


):
printff's 

printf(** 228013I Cr DV71-1CATT3 ?RCM TEL 1IL2 MOW= BY 10471.1_V7 PROGRAK 

print ('• 

printf(.• eccordInp to default rule 

print!('• 

printf('• V1,21091 1.0 

prirtf(" 

print1( 


printf(*\ntld records to be proceesed\nm,nuz_rec): 

prIrti(*\,c \r'): 

ster,(dcuble)amarec/7,.0: 

numprint-step: 

irfc_fIrst-( etsvct info *) 

firet..(str.:tt data •) aalloc (elseof(struct data)), 

jr-freed(first->rec.114.1.103: ffs•ek:ig): 


b first-(etzuct data 1:1141.: 

vElle (first b_first) 


/• write rise elements from buffer if it it s time ./ 
wb4le(b_firrt cc ((cap(b_firrt->rec,first->rec) < 0) (first (atruct date *) 21:12.))) 

if (fivrIta(1:_fIrst-,rec.116,1,opf)) (printi(s\nDlsk full°): exit(1): ) 

fer/te(*\r\n'.2,1.opf): 


bwcrk-b_first: 

b_firirt-b_first->p: 

free(b_scrk): 

1 


if (IfIrmt) break: 

last -first : 
pre-1: 

for (:7) 


lest->p-(etract data .) mallet (siseof(struct data)): 

if (jr) jr-freadflest->p->rec,116.1,W): 

If (11r) ( lest-no-(in:mot data •) XV"..1.: break: ) 

ffseek(ipfl: 

last-lest->p: 

if (in > (long) mom_prInt) ( nmprint.-step: ) 

If ((list->rec(11S) • ') (last->rec(112) '•')) break: 


for ()1-0:J1<s:114.e) 

If (Ws < 2) break: 

meet-first: 

prior ems-11/19: 

for (3-0:jegrs:)....) 


next ->b-lor-priority(nert ->rec,)1): 

If (matt-'prior < Prior_mom) prior_sernert->prior: 

sort-mmrt->p: 


mtlle (first ->prior > prlor_mmx) ( work-first: first -first -%p: pre--: freefvork): ) 
nest-tint: 
for (1-1:1,prit:)..4 )

If (most ->p->prior > prlor_ims) ( work-nett->p: nest ->p-ner•->p->p: pre--:/.1--:./ free(work): 
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tins MOIrr"..Sort 
) 

r rrw all bat first elements •/

for( t.i f ivcrs:1.4) ( work-first->p: first-.1,first-.,-,p; free (work): 


isat brta in record ./ 

If (oral 4 10) flret->rec(1111).cre1.'0 1 ) 

else first ->rec(111) 


r statistics •/ 

If (Infe_w) 


if (iLafe_firet) 

info_leat (strut into •) balloc(siseof (irtruct info)):

Info_lest-wipb-(strwct info •) MULL: 

sescFy(info_leat-*source,firmt-*rec,1):

sescry(lafe_lest-kta s flret->rec.24.1): 

info_lest-smus..OL: 

Iftfo_last->nume.OL: 

info last
_ first: 
int 

gaol 


Info bezt..info first( 

tail; (sencop(iirst->rsc.info_newt-ksource.S) oescep(first-kric424,infonwm->te,2))


if (info_sert->p) lato_nert•info_ftext-,F: 

*les (flag-1: break?)

it (flag) 


info_next-vp-(stroct info •) salloc(siseof(etruct info)):

info_lest-info nert-.p: 

infc_leat->pb-Infonext: 

info_leat ->p-(atroct info .) NULL:

infc_lese->nus-OL: 

inflart-nuad-OL: 

sms0TY(info_leet-keource,firet->rec,5): 

mwmcPY(irfs_lact->ta,first->m.24.2): 

else info_last•-info_next: 

info last->krur.: 
if (Taes.mer,firsc->roc.S],' •,2) It laeacspffiret-krec.St,* •,3) 

Issecap(first->rec•64,".2) 64 lesecrp;first-nec.'S,. •,3)) info_leet-•nur:*•: 
) 


/• write if ordered correctly ./ 

/. if (first->p 64 (ca;:)first-,rec.first-p-,rey) , 0)) mt(firstoppf):

if (first-,p II (car(first-:.rec,firet-,p-:.rec) 0)) 


if (ifwrite(first-,rec,116.1,opf)) (printf(*\ftDiak fg11°): exit(1): 

rwrice(e\r\n*,2.1.opf): 


workfirrt: 

first-first->p: 

free(work): 

)


else /• 644 first to buffer •/ 

if (lb first)0b first-first: first-first-'p: b - firet-,p-:strurt data .! rte-; 

else if ( cup(firit-,rec,t firet-,rec) C ) 


( werk-firs:->p: first->p-b_first: b_firtt-first: first-work: ) 

also /• sort ./ 


b serk-t:first: 
wiile:t_work-:.; 64 (capffiret-7.rec,t_scrk->p-,rsc; 0)) b_work-t_work...p:

first->p-c_work-,p: b_work-,p-first: first-lit:: 

)

larr-tirrt: 

fcloeeilpf): 

fclose(opf): 

prilttf(..\r\rtld record: read from Ie. old written to tsar.', 

ir,lpfile.lw.opflle): 


print statistics if required ./ 

if (Info").

etrcpy(inrec.oselle):

for (I-1!1,stzlen:opfile),,..) if (.(opfils.j) s.') break: 

stregy(o;filw.),•.pris): 

epf-facem(opfile.'w'): if (lopf) exit(0): 


fprintf(opf,*Ild record reed from Is, and 1110 written to ts\n\r'. 

t. sort •/ 

info_next*Infe first -.1):

itfo _first-,p-istruct into *) MULL:
L: 

while(lsfonert) 

info sort -infefiret: 
flag=0: 

stile (seecup(info_nest-reource,info_scrk->source,S) > 0) 


If (info .art->p) info sork•info_work-p:

else ( break: 

) 
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it (Ifleg) while (usecsg(info_nert->ta,info_work->ta.2) > 0) 

If (info_mort->p) info_sork•infe_tcm't->p: 

else ( lIag-1: break: ) 


It (flag) 

info lest->p• 

info:mat ->pn-info_last: 

info_last•info_last->ps

info_meat•infonamt->ps 

info_last->p e(IrtrUCt info •) NULL: 

sass if (into_eort->pb) 

info sort -wpb->p-info_nszt: 

info:next ->pb-info_enrk ->ph: 

Info_wark->pb-info art: 

info 

info work->pb-wyp-info works 


salsa 

Info_seriminfo_nert: 

info_nart.info_nest-sp: 

info_work->p.into first;

info_firet->pb-inio_scrks 

info first-info work: 

in/o:firet->pb-Tetruct info •) VULL: 


ehile(info_firvt) 

info_firet-asource ( S)..'\0':

info first ->ta:21 -'\0': 

fprii(opl.•eSs\"tic\• - tele' (lid no magnitude:\n", info_first->sourca,infc_first-ta,infofiret->num,infofirst->nuse):
_info_firstinio_first-p: 

print! ('see statistics in ts*,opfills): 

1411.1.1.111•••••-••••••• 

ffseakfifff)

FILL *tiff: 


Mar -": 
fez (::) 

fread(4a,1.1.ffff): if (a -+ I\n') break: 

return(I): 

p• / 


prioritVetr o num_tact) 

char estr: 

Int Hum Lett: 


static char erc(Intal,M;:S) (

'CGS .1 ,'VCS 11 ,"GS ". 


ftcst ...r,Lt .,•65 t e,
•ccs, 11..1017 •,'CA:..• ...GSO
s, 

'CGS. ',"CA:° . ..GS • • 
wrOf.o.,"rtstO","PDV2 • 

•rnt. •,°C7Tff",.0-Aff...=ttfe.. 


.16112tf.,•11:2Aff"..I.Z2ff.):

int return value: 

Int nst,3: 


restyrn_walue..0:
me-Itch (num_teet) 

rase On /' data source and time/location authority •/ 
for (repturn_valard: return_wslue c PRAM: rrturn_walue+4 ) 

If (semcmp(str,src(rsturn valui),3)) continuo:

if (Isemcscrarc(return_vaIue)*3..W.2)) return(rerturn_valuss): 

If (imesacap(arc(rsturr_valus)43,...°,2)) 


if (osecap(etr.24,' '1 ,2) Li seecap(stro24,"2 11 ,2) II samcmp(etr.24,"LT',2) 

46 sescrptatr•24.** 11 ,2) 64 memcsap(str.2e,” ..,2) 66 sescmp(str•24,..? *,2)) 


return(returr_value):

sig. continue: 


If (Issecap(arc(rsturn_walus)0," °,2) 1.6 

lmeecrp(etroie,. .1 ,2) ii Isescsep(st:4 24,"1 111 .2) I: Isemcmp(str,24,"1.T'.2)) 


return(raturn_walus): 

*Ise continua: 

If IlanocsO(srs(return_valuis).str424,2)) return(return_value): 


rsturn(retmrn_value): 

case itO/• processes of magnitude ./ 

If (Imemcsvetro$3,' ',3) 66 laascarstr..51,' ',3) 


46 Isemcsvetr.64.' ',3) 64 Isamcmo(str./5." ..2)) rerturn(1): 

return (0): 


coos 21 Dunbar of stations •/ 
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If ((*(ser.41) ***) M (4(gtr.01) '3')) mort..eftsai(wtr+Of.3):
else net-O: 


If ()semeep(rtr.34, 604 ,2)) neft.01 

i• if (net ' let) art-o: v/

if (net < 7) set-O: 

rirters(20a - sort): 

sews 3: re sb or MO given, sr sourer •f bola sr Mail • diets vows. Si
if (smisaap(rtr.S3. •O'.)) meneeig(etr.ge.. ..3 ) 


lesnone(etr,etr470.3) 
 1amememp(str,wer.73,3)) resurs(0):

reters(1); 


more at /* sember ef blanked position of the format */ 
for (1'"111'3•11•4) if (*(str'1) ""O1) return 'slues.:

e)
for ()+44: 440,3..) if (4.(str43)O

for (113:1<e47).4) lf (4 (Kr, )0' ') return velar.:

for fr7 5:14iitl") if (*(str4 7 ) • ') return-vslu•+.: 

ter (1•111111<43:1") if ((e(mtr*,) • *) ...))
(eletz.3)O
reters(return_vslaa): 

• 

emp(rirl.Str2)

*Air festr1,0str2: 


1s it 

ter (j../fIcSS:}..) 


if (*tiv171•11 <•(4 3+1)1 retsrn( -1):
alas if (*(stri.j) > v(rtr2.5)) reemrn(1): 


/*tor (1"4):141:1-*-6) 


if (4(stz14 1) 4 4(s122.1)) return( -1): 

else If (.(stri.i) > 4 (strI*1)) rsturn(2): 

1*/ 


retars(0): 
1 
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APPENDIX III 


Me source code of the program to remove aftershocks. 


Comment: This program determines the catalog of main shocks for a 

given catalog of earthquakes. It uses rather crude, but generally 

accepted, definition of aftershocks by a set of magnitude dependent 

temporal and spatial windows (e.g. Gardner and Knopoff, 1974, BSSA, 

64,O
1363-1367). 


In the M8 test we use the following limits introduced by Keilis-

Borok et al. (1980, JGR, 85, 803-811): 


Magnitude, M 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0+ 

R(M), km 40 40 50 50 50 100 100 150 200 

T(M), days 23 46 91 183 183 365 730 913 1096 


The program estimates R by the following approximation: 


R = (111.1111• [ (VI (Al - )2)2•cos2((4)1O
c2) 2OOT2)/2)3)1/2 , 

where (41), 11) and (c2 , 12) are coordinates in degrees. 

* 

/. This pro datorelnwe afterthocit using vs:ust of p4:42sters • 1 

/. 0/ rtentart elporlt!. •.4 fixed for tne test of 14-1 slocrIt.n4 

dot/ input end output f1144 ars In 20-bytes forost • I 


/Include 4.frvile-h, 
/Include cwt.:log.6> 
/include oallec.16, 
/include co/m.1,h, 
/include cstallib.16. 

/define =CT far 
/define KkLLOC faallec 
/define YitZ tire* 

*tract =PUT f long tr lot let: int lon: let 6: int a(5): ) 

etrect 216.171 1114OCI 4 street =PVT fot20: char mint, long offset:. struct L 0 17000Q TUC! •p: ) 

stmt emrcT_ram ( int s_aele: int s_isft: ): 

lot a I int-dr 
Ltrt i_Ehrece(4)-1 449, 496, L41, 11111, 641, 449, '41, 'SO, 90C ): 
Lone t_threan(4). ( 111.301., 642401, 1310401, 263S20L, 1635201., 120600:

10012001, 13147201, 167i1001 pr 
/* 
leog %I throws( 2) (... ( 
/01 601, 201601, 201601., 201601. 20160L, 201601- 201601, 201601, 301601., 

2112911, 442401. 1310401, 2430201., )6)0201, 6266001. 10012001, 13147201., 15761001 ) : 

./ 

10., ti_throob...201401: 

double r throwel9) ( 40.0, 40.0, 10.0. $0.0. 640.0, 100.0. 100 . 0, "C.°. 300.0): 

otrIert StUCT_PAX 


statle double 10..3.14111112457 

usia4arvc,ar,v) 
Lim eric. 
Char woargy; 
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raz wild.wepf 


ct 11171711:1=7102 •aalnflret,trrZiet 0 max .fainsewt, OVOL .salnwork:
irtfr artari..0: 
ire p-0 

long LraL.Lsr.MM4 


nt 

jouble dr(): 

pip.10000.0: 

if forge < 3) llitlfrtf ('\nferest: attar:het cimput filo se a> coutput filo seme>\n')r 

exit(1) 1 1

if ((ipd•tipareestargwil),.re.)) WOLL) (print! (..\Onahle to find tas ,arev(1))) esit(1); )
if ((egif-topair(argraq2),•1111,••)) =II) (print! (•\11noblo to open ta . ,argv(2))) sait(1): ) 
wiect_psr-(etruct WELECT_PAR •) nallec(slasof (street 1121.2CTPiA)), 

041ect_par-rs sair400: -

ealect_par-,eaft .400: 


teput•(wtrwet EWFOT •) sallec(sissof(wtruct IWPVT)): 

fraa0((chat •) ispot,20.1.1pf): 

loodr(ept.OL.2222 MET):

Perits((cbar ..)inium,20,104p4)r to record showing swear of reeerte •/

erihtf('‘ateld records in input filo', input->t): 


for (sr)
( freed(tCher inpvt, 20, 1, Ipf): Ir.*: if (aelect(input,select_par,ka)) breaks )

main firwt-(street sang SID0Or WOG! .) 1A1-LOS (aisoof (struet XxIs 12CC7)):
if (realm first) fprlarti(*\nacrry, aaraory is not ohmic!: to parfori aftaranockn renomal\n.)) 

snit(1)7 
• 


bee main(usin_eiret,Paput,ccd,s,ia)t 

priiitf (.\n‘n 0-tt record being processed•): 


shils(frerad(fcear •) imput.10.1.10)) 
4 

if (1(irt1001)) gnintf(*\rt410*,ir):

if (iselect(input.selectpor,4m)) continuo: 


/g remove first if necessary ‘,/ 

while (main_first-,p) 


if ttnaln_firot-,f1220.t4t tbreab(usin_firat-,a_int)) < input-,t) 

if (j.alain_firwt-,fst10.8(1)) 

fseek(epf,sain fire: -soffset.121.,SEEY_SfT):

fwrite((char .T(‘;),2.2,opf): 


tain_wrork-mair_first: 

set- first-hats. first->p:

FIUM(sain_work)_: 


else break: 

p, aback ungnitade of first •/
if (seln_flrwt-,tnt20.2:0) s) 


4 

seln_wort.main_firet: 

whilo(nain_work 66 (sain_work->firt20.s:0) s)? 


If (sfterehocktsain_vcrk,input)) 4flag-1: broak:f 

bein_work-usin_wcwk->p: 


if (flog) cectinue: 

1 


if fa amel_firet->fut20.s:0)) 

4 


ae• ln newt.., (struct KAI'S =0C1 WM/ •) (aireof (struet )AIW_SMOCY)): 

ode joIn(sair next,infoCt,opf,a.is):

hair, nit->p-saln first: 

noir first-mein riirt: 

ow:Timm: 


P. Check if it is aftershock of first •/
If (afterabock(sain_first,input)) continuo: 

/. second maim mod further */ 
nota_narrtmein_firwt: 
while (sain_seet->p) 

t" Mack if is rename free list */ 
if ((sals_nont-,p-,firt20.t.tthresh(sain_newt-,p-se_int)) < input-,t) 

if ()-eals_sent-sp->fet20.o(1)) 

fosektoVfOislr+ Tart-,p-,offset.12L.5227_2ET):

twrita((cbax •3(4)),2,1,opf): 


Inain_warrimmain_seart->p: 

masinumwt-,p-main_next-rp->p:

FIZt(sein_werk): 

if (Inelwseart-,p) break: 

cactlaws: 
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/4 abort If momnitmdo is "restos - odd to list of main 'Mocks */
1/ (main_mest-Pp->rmt.20.o(0) m) 


1 

main wort-main nowt->p: flag-0:

vlkili(moin_vorf is (main_essr->fmt20.m(0) m)) 


If (a/torebock(main_scrk,input)) (flar.lt breas:) 

main_wark-mainvork->p: 

1 


1f (Elom) break: 

if (maim_somt-no-rtmt.20.s(0) - a) 

1 

tar.? 

main vork4(wtrect MAIM 10100( •) MAISCC (aiseof (rtruct MAIN ItROCr))!

If (lmain_vort) ( prinif( .\n6orry. memory is net snouo!+ to perfoh Mossbacks removal.): exit(1): 1

odd main(lain work.input,opf,r.im), 

sal; work-sp4imaIn_amet->p: mainnest-Nrsain_vort:

bremE: 


/. aback 11 it Is mn oftarebock

if (aftscrabccb(mein_mort->p.imput)) break:

main_most-musin_nmmt-,p: 

1 

is add to tbo end •/ 

If (Imals_mart-,p) 


main nort->p•(wtruct MAZW_SItC7 WI= KALLOC (siseof (strurt MA/NSMOOK) ) : 

if amain nest->p) print/ (•\natorry, memory Is not anowp to perfora aftershocks removal.): esit(1):

mals_mostZealnnost-sip: 

im44 : 

mdd_mokin(main_nort.imput.oml.o.io): 


1 
/4write valves of vasomotor' from the list of main itoocks not removed yet 4/

vtlle(main_first) 


faeottipl.mair_firrt-soffset.111.,S/27_6111: 

If (j.main_first-:.fmt20.s:1)) 


fseet(opf.main first->olfset.121..11117_6LT): 

fvrito((chas .1(61).2,1.0pf): 


Imain_first-main_firwt->p: 

faeok(opf.OL.1127117): 
furitc(char •) tiz.4.1,010f);

feeak(op!.0/..6117_1W2): 

fclose(ort):

printf(.‘rtilld records reed fres ts, tld main *backs vrittan tc 

ir.armv:11.1m-1.argv:2;): 


add_mmin(main_wtr,Inp_rts.f1.na2ritude.num-msin) 

struct KAI'S ibOCY IC :I smair_str: 

struct IMP .inp_str: 

int isagnItude

long nur_sain: 

P1LZ •fl: 


int 1: 
rain_acr-,fut20.t-inprts-,t: 
main_str-fst2C.let-inc_otz-let: 
aair_sts->fst20.1on-ini_ats-lon: 

main_str->fmt20.h-inT_rts-h: 
sain_str-*ffmt.n.a:0)4magnitude: 
inp_etr-4s[Opmagitude:
for (1-1: 1 .t 6: 14A) ( main_sts->fmt10.m:1)-t: ) 
for (1-0:1-u, m int:1.4) if (magnitude m_thresb:1)) brest: 

main_atr->mini (ctar) jr 

mainrtr-,-offeet-nux sain4 2CL-201.: 

moin__sts->p-(struct rtAIIIS)!OCY !TX! s) 

farak(fl,num mair420L-201.11M_SVT):

If (lfvrita T(cbas s) inp_sts, 20. 1. 11)) (printi(s\nDist funs): exit(1):1 

Mersboct(main rtr.inc_str)
struct MAD, SPICer WC! swain rts: 
struct LlfrOf oinp_str: 

If ((inp_str->t-sain rtr->fmt20.t) > t threet!vainstr-o int)) soturn(0):
fst2t.lon .inp_str-:.lon)/s it (dr(moin_etr-qmt20.1et.inp_str-31st.sain_rts­

r thsestluain 
-qmt20 . 1 on,inp_sts->lon o rtbrest(main sts->a ist)p

if (Idri(nain_Otr->tmt.20.1at e inp_rts->lei.main_sts
return(0): 

is somber a/ afters/socks end alga. 4/
/sO t1_tbrest(0)(main_rts-rs_int)) s/if ((inp_atr ->t -wain efts ->fmt10.t) 
if ((inp_rtr -vein rti->fot10.t) 4• tl_tbsea0) 
mainrtr-,tmt20.o(1);4:
1. if ((inp_etr ->t-said efts->fmt20.t) g. tl_threeh(1)(main_rts->s_int)) 
main_str->fmt.20.s(2)..:-./ 

return ( 1 ): 
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• /....•••••••••••••••••...�•• .. 
dr 

..............• WO • • •• • ••••11 �
••••••••••• • • / 

04310 Ar(fil,112,141.1.1112) 

fleet 00: 
wigO
t 

0*/.08((iOng)f11-(lonctl211 

.1804((1ea9)lal -(101+0)14,), if (dl > 210001) al.340001.41: 

ornaa (1.0000173 • (0audas)(fil.f12)); po..co: 

ratara((deablo)m4rt((fl0at)(df•di) • (flast)(di.d1)0m)*1.211111): 


aelact(lap_wtr,pariadasq) 

etrwet Z17 Z •lap_atr: 

samict SZLIICT_PLA *pared:

lat 

if Www4rnmurfsarfinlo_litr-m1 0 ).inP_Irtr->sill).16Kfinp_etrPs12),iap_sts-sa[3))))
4 dia(salactar-raaala, aolact_par->s_aft)) rrturat0): 


reAcra(1): 

1 


lot drl(f11.EL2.1d1,162,1121t) 

jot fil.f12,1a1.1a2t 

doable MAIL: 


lam dla: 

dautas 41.d2.0.aael.oara: 

if (abe ( fil-fi2) a (irt)lialt) raturm(0): 

410..labe((1era0)lal-(lanvia2): if pile s 1200011 die -3G0001,-dia: 


t(doub1e)(alsooda((f1oat)(pis(fil•f12)/2.0))), licit) retorn(0): 
12•pi*fil: 
11-caa((float)g2): 
12-lin((float)42): 
p•ooet(floot)(Wdla)): 

MCI-vin((flost)ese0): 

mml.coa(tflostleseC): 

if (017•eaci.411.,13•0acc) < (oloobl•)eas((float)(li1t/1371.16))) recarn(e): 

ratara(1): 
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APPENDIX IV 


M8 ]g c)m

e s c r i p t i ori a ri d S our c e C c:› c e 


TheO- 3_ t 1-1m 


The prototype of the M8 algorithm was designed by V.I. Keilis-Borok 

and V.G. Kossobokov in 1984, and presented at the 27th Geological 

Congress in Moscow (Keilis-Borok and Kossobokov, 1984). The 

algorithm was post-predicting the occurrence of the magnitude 

8.0-and-above earthquakes worldwide. In 1985 this algorithm was 

simplified and reassembled for application to predict smaller 

magnitude earthquakes, preserving the scheme and general definition 

of functionals (Keilis-Borok and Kossobokov, 1986). This 

modification was named the M8 algorithm when it was retroactively 

tested on 12 large earthquakes that occurred in seismic regions, 

mainly in the USSR territory (Gabrielov et al., 1986). During the 

next few years the M8 algorithm was tested in applications to 

postdict large earthquakes in other territories. The results of 

these studies are summarized in (Keilis-Borok and Kossobokov, 

1990): 39 out of 44 large earthquakes, with magnitudes ranging from 

4.9 to above 8.0, were postdicted in 19 seismic regions; the alarm 

times (TIP's) covered less than 20 percent of the total space-time 

considered. By 1990, two earthquakes had been predicted in advance: 

the Spitak (Armenia) earthquake on December 7, 1988, M = 6.9, and 

the Loma Prieta (California) earthquake on October 18, 1989, M = 

7.1. The predictions were published prior to the earthquakes (see 

Gabrielov et al., 1986; Keilis-Borok and Kossobokov, 1988; Updike, 

1989, page 10 of Appendix A). 


In 1990, within the framework of Project III of the US-USSR 

Cooperative Program in Earthquake Prediction, a program directed by 

the U.S. Geological Survey under the auspices of the Environmental 

Protective Agency we started the monitoring of seismicity of the 

Circum-Pacific. Each half-year we updated the global catalog, and 

V.G. Kossobokov communicated the results obtained using the M8 

algorithm to James W. Dewey of the USGS in Golden, Colorado, and to 

John H. Healy of the USGS in Menlo Park, California (Figures 1-3). 


The update on January 1, 1991 issued the prediction of an 
earthquake of magnitude 7.5-and-above for the territory of Costa 
Rica and Panama (Figure 4). This prediction was discussed with 
Federico Guendel of the Observatorio Vulcanologico y SismolOgico de 
Costa Rica and other participants of the Workshop on Prediction of 
Earthquakes held in Caracas, Venezuela (February 26-March 12, 
1991). The April 22, 1991, M = 7.5, earthquake in Costa Rica 
confirmed this prediction. 
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Figure 1. TIP's in January 1, 1990 - July 1, 1990. 


Algorithm 118: present alerts for 117.5+ 

IIMINIMItqr . 

_

I . 1111116L't'illhIIMIIIIII 
aw.lH iii/•-

1.. •,�- _ 

C _ �- — 

- ,...,C I- -��.�• _
C .-a • 

.... -C 
4
r ...... 

. rtA L--,---I-N.,i, 
C 

eri 
C 

r. 

C 


C 2.1!"--
Mi 188 118 120 IS8 148 15816B 1,--8 188170 145 Ica 148 130 120118-10B -98 -e -7-0 -60 -5e -40 

Figure 2. TIP's in July 1, 1990 - January 1, 1991. 
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Figure 3. TIP's in January 1, 1991 - July 1, 1991. 


Algorithm 118: present alerts for 117.5+ 
......T�_1 _Ts i0•,0....,--
;...„...--, I 17-- '''' .., N;,., 

4 	 ,- , -..0.,• 	 Zr 
1 

...,, ... ... T... , 
• 

..________.4:,..,..,i, --4, 
I

�  / � 

Updatcd to January 1st, 1991 1,4
_1 1_ I 1111 !Il 

10100 11012013414015011017b144317011615014431301213110180-98-ge-79-a-50-4-30-2 

Figure 4. Central America: TIP's in January 1, 1991 - July 1, 1991. 
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A short description of the M8 algorithm 


The M8 algorithm is composed of a series of very simple steps. We 
can describe those steps, but in combination the algorithm
sometimes produces surprises that are not easy to explain in a 
short description. The formal description of the algorithm is 
contained in the Fortran code with the standard profiles which are
used in the M8 test A. The simple description is as follows. 

itss___L, We prepare the global catalog of all earthquakesO
4.0 

using the source catalogs from the NEIC Data Base. This catalog is 
prepared by a computer program with all parameters fixed. The 
algorithm automatically selects a single magnitude from a number of 
choices in the source catalogs. 

Step 2. We run an algorithm that automatically identifies and 

removes aftershocks from this catalog to produce the catalog of 

mainshocks which then is used as an input in the M8 algorithm. 

Thus, the M8 algorithm uses the global catalog of mainshocks of 

magnitude ? 4.0 since January 1, 1963. This input catalog also 

contains the count of aftershocks that occurred within two weeks 

after each mainshock. 


Step 3. We select a latitude and longitude which is the center of 

a circle of investigation. In this test this circle has a radius 

equal to 427 km. This number is appropriate to the size of the 

predicted earthquake and results from our decision to configure the 

algorithm to predict magnitude 7.5-and-above earthquakes in this 

test. 


Step 4. The algorithm identifies all the earthquakes in the global 

catalog of mainshocks which fall within this circle of 

investigation. 


Step 5. The algorithm prepares two subcatalogs from the earthquakes 

within the circle. The first subcatalog identifies a magnitude 

cutoff that is just sufficient to provide an average of 20 

earthquakes per year between January 1, 1975 and the time of the 

prediction. For a forward prediction this time is the time of the 

last catalog update. To simulate the forward prediction in the 

past, the time is the time chosen for the simulated forward 

prediction. All earthquakes that are greater than this magnitude 

cutoff are included in subcatalog 1. Usually there will be more 

than 20 events per year in the catalog, because the selected 

magnitude cutoff does not relate exactly to this average. If the 

circle of investigation is located in the region of low seismicity 

that does not provide 20 mainshocks per year the program issues a 

warning. If there are fewer than 16 earthquakes per year the 

program will not run. 


The second subcatalog is prepared in the same way but the magnitude 
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cutoff is chosen in order to produce at least 10 earthquakes per 

year. 


Step 6. These subcatalogs are used to calculate three groups of 

functions with two functions in each group. 


Group 1. 


The first function in the first group is a six-year trailing 

average of the number of earthquakes in subcatalog 1. The second 

function in the first group is a six-year trailing average of the 

number of earthquakes in subcatalog 2. 


For example we let the number of earthquakes in subcatalog 1 in the 

i-th half-year period equal X. We designate the value of the first 

function of the first group by F,(i) then: 


(subcatalog 1)
Fl(i) = X1-11 + Xi-io + ... + X,O


We designate the second function in the first group as F,(i). This 

function is calculated in a similar way using the data from 

subcatalog 2. 

(subcatalog 2)
F,(i) = X1-2.1 + X,-ita + ... + X,O

Group 2. 

This group calculates the difference between a predicted and an 

actual rate of seismicity. We designate the first function of the 

second group as F,(i). The function is calculated by taking the 

difference between the sum of all earthquakes between the start of 

the catalog on January 1, 1963 and including the time of the i-th 

half-year interval and the sum of all earthquakes in the catalog 

through the time of the i-12-th half-year multiplied by i/(i-12): 


F,(i) = (X1 + X2 + ... + X,) - (X, + X, + • • • + X1-12)*i/(i-12) 

(subcatalog 1) 


We designate the second function in the second group as F,(i). This 
function is calculated in a similar way using the data from 
subcatalog 2. 

F.(i) = (X, + X2 + ... + Xi ) - (X, + X2 + • — + X„_,2 )*i/(i-12) 

(subcatalog 2) 


Group 3. 

The functions in group 3 are similar to the functions in group 1, 

exept that we use a magnitude weighted sum. For this calculation, 
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in order to avoid domination by the largest magnitudes, we set zero 

weights for mainshocks of magnitude 7.0 or greater. We designate 

the two functions of group 3 as F,(i) and F,(i), and we define a

function S, = 1 10."", where M? is the magnitude of the j-th 

mainshock in he i-th half-year interval. The function Fs(i) is

calculated as follows: 


Fs(i) = (S1-11 + S1-10 + X,) 2 / 3+ + X1-10 *" 

(subcatalog 1) 


The second function in the third group, F,(i), is calculated in a 

similar way using the data from subcatalog 2. 


F6(i) = (Si-ii�• + S1 )/(X1 _11 + X,_„ + . ▪ . + X,)213s1-10�


(subcatalog 2) 

Group 4. 


This group contains a single function calculated from the count of 

aftershocks made in Step 2, and included in the catalog of 

mainshocks. For each event in our global catalog of mainshocks we 

have a count of the number of aftershocks occurring in the first 

two weeks following the event. The algorithm prepares a third 

subcatalog including all events of magnitude�
5.5 and < 7.3 in a 

circle of investigation. The 7-th function is designated as F,(i). 

We let Ai be equal to the number of aftershocks associated with the 

j-th event in subcatalog 3. Then we set F7(i) equal to the maximal 

value of Al that occurs in the i-l-th and i-th half-years. 


Step 7, In this step we identify the anomalously high values of 

each function. From the values of each function between January 1, 

1975 and the time of the prediction (see Step 3 above) we select 

the highest 10 percent of the values and declare those values 

anomalous. During the periods when the function is anomalous it 

votes for a declaration of a TIP, or Tine of Increased Probability, 

for the occurrence of the 7.5-and-above earthquake.�
Integer 

arithmetics complicates the application of this rule.�
Between 

January 1, 1975 and January 1, 1987 there are 22 one-half-year 

periods, so we select from the 22 values of the function the 2.2(!) 

highest values; obviously, by convention we take the two highest 

values. On July 1, 1989 we have 25 values of the functions and we 

select the 2.5(!) highest values; by convention we round it to 3. 


Sometimes, more than 10 percent of the highest values are equal. 

For example, consider that on January 1, 1985 when we have 20 

values of the functions and we wish to select the two highest 

values we find that the five highest values of the function are 

731, 730, 730, 730, 730. In this case, we select only the single 

value 731 as anomalously high to avoid declaring five anomalous 

periods which would equal 25 percent of the total number of values. 

If the five highest values were 730, 730, 730, 730, 730, we then 
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must select 730 as the anomalous value in order not to throw away

this function. This example shows the complexity of integer
arithmetics. 


We calculate the anomalous period of the first six functions 

following the above procedure. 


For the 7-th function, we define the highest 25 percent of the

values as anomalous. 


Step 8. Declaration of TIP'S. 

We count the votes in the following way. When a function is
anomalous in any period it votes for a declaration of a TIP in the 
following three years, or six one-half-year periods. When one 
function in any group votes the group votes for a TIP. To declare 
a TIP all four groups must vote, and six out of seven functions 
must vote in two consecutive half-year intervals. 
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Software 

program that realizes the M8 algorithm and its description was
distributed at Workshops in Lima, Peru, 1986 (version for VAX under 
VMS), in Trieste, Italy, 1988, 1991, and in Caracas, Venezuela, 
1991 (versions for IBM PC). 

Source code 

66program ad 

Devised version 3.30b. 1991/09/0. 


6O
 
6---- Change' of Leis., niob, i nifun should be made ----


both in aa.for 4 allauer.for 1 

C�
 

charectar.S shneme:9),short.chfun(1) 

integers2 v(132,9),11n(e) 


• 	 .vg:132).vh(132) 

integer.] 


• 	 t( 9 ).,e(1).ntAllfS,

integer-3 cl(11,11).1.2( , .11),nee!9).nuut.),ntt0;9: 

real.. bef11),df.:,anf132,9,11!.C122).as:1CC.11) 

lnteger.2 fn(132.9,11).=csr:132,10‘,,f(172) 

integer t.ataf11:,atsf18).at1b(11) 

charecter.1 fnrac;*),cr.vc;.: 

chsracter.40 recf,ef:11) 

character.1 ccf;.0,1) 

integer..? nye(19),nesflO:,nds(18) 

real.4 14;11).1o:111 


c- ississ..132 , slob;-11 hifun-, 

integer.. nfirst:11).nfires(11) o nlast:1/!.nlasta:11) 
intager.2 indext;19) 


ittegero2 kf'),a,a 

integer., lat.lon 

character.ls sign 


characterol line:12),11n(4,11),acale:SC; 
character•IC line) 


chara=ter.9 cam: 

cherecter.1 reccrtf20) 


cherecter.20 reco, srecc(100) 

caaracter.10 trece:50),trc 
intager.2 tipnur 
integer.. ttil,tti2 
equivalence (trc:1:2).t.ipnua),(trc:3:6).tti1),(trc(7:10).tt12)

e---tip 
&virulence (recerd:1).recc, 


equivalence (recorCi),t),(recordtS),k(1)) 

equivalence (k:1).1at),(k:2),lon),(1E(.),a),(ktd),a) 


t 

cNiractar.10 flne.asfl.fufl 

charactereld recit2),inta:2: 


equivalence (cf(1),tcf;1.1)) 

eovivelence (1ine(1),I1nt.1) 


comeon maq/aaC 

emenon itC,ita.v,fn 


data nfiret/111.0/,nflrea/19.0/.nlast/19.0/,nlasta/19.0/ 
data rept,' severe. ',' circles '/,irrtepT.,.'Te'/ 

data 

data asf2/'seestUS.dat'/ 

data caar,'SP,No)./ 


Leis, -132 stiobj..111 nifon-9 

wefts..40000./36C. 

pka100-gredia/100. 


inderr..0 

el992..0 


isise-132 

nioC1-111 

nifun-t 


ItC•700 

adt..0.900000 

as0..a0 

&se-eat/100. 


attain-1 

rted4-1 


ate-1119C 

atAaarl 
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word-1 

st•7 

mr..1 

orm..2 

stye-1 

kimr-41 
la(1)•36.00 

le(1)..-120.00 

ors (1)•100, 

em44(1)•1 

ade(1)•1 

Tats cl(1)/'m Oct 10 12 

data cf(2)/'O act 20 12 

data cf(3)/s1 act 10 12 1063 

Site cf(4)/'1 act 20 12 1043 

data cf(6)Pa act shf 10 0.50 12 0.46 0.67./

data cf(0)/sa act abd 30 0.50 12 0.44 0.67 1 / 

data .i(7)/'b aht ski 3.00 0.20 2 


pb-0.211 

mtso•O 

mtam..10 


10.4 

manwpr•1 

manef 

fufl••144amPri.gta s 

writa(4.1001) 

writa(6.1111) 

write(4.1001) 


1001 format(1s.76(115.))

1003 format(' dome prafila?(r-s-meme) 

102 montinue 


write(6,1003) 

road(4,2001) tine 


.3.001 formats) 

if(flna(1:1).eg.'n') go to 00 

lf(finc(111).ag.'y') tben 

rtite(f,1103) 

road(4,2001) funs 

and 1f 


1103 format(' JAWS the profile, please (name; 

C 

open(2,fily-flna,mtatus•'o1d',err•100) 

1004 format(' Snare is no suet file') 


reading profile 

read(2.2002) mafl,m0 

reed:2,2003) zdt.ntb,nte,n1,nr,ntyndcar,ntys 


2002 format(a14,13) 

2003 format(f1.5,214,312.14.12) 


do 1 i•l.nr 

10romd( 1 .1004 ) ICi).10f1).nys(i).nacs),ftdsr1l

2004 format;f4.2.f7.2.14.212) 


do 1 1 -1,nf 

• 	 rosd(2,2001) cf(i) 

readf2,2005) p,pe.atau,mteu,ag,ab.nanspr,nansf,fufl 

2005 format(214.2,213.212,111.014) 

20031 foreat(14.212,14,212) 


am0•10/100. 

resd:2,20C3i.erT•20032,end -20032) 


• mtb.ntbmm,ntodd.nte,ntamt,ntadd 

20032 closs(2) 

C 0 
Of writa(4,1005) asfl.ma0 

1005 format(' 1. Catalog of omit shocks : ',a14,' No ..',f5.2( 


mr,-rtbms/10 

eat-ntides-met..10 

mc 7 -nt.bdt/10 

me4•ntbdd-44,•10 

=S.-numb/10 

am4•71tamm -mm5.10 

am)..rtedA/10 

em2-ntedd-ma3•10 


mrita(4,1007) ntb,mof.aml,me7,4m4,nta,ma5,14a4,aa1,ma2, 

• mdt,inta(nty4) 

all minta(ntb,nt2mma,ntbdd,0,0,atC) 

call minta(ntamtmem o ntadd,0,0orts) 


1007 format(' 2. ?las interval (Tb,Te) • (',14,2('/',211), 
• '• ',14.1('/'.211).'W/Sz,'Itap in time dt yearg'/ 


is alftlaatad in a period from lb up to ',e10) 

1f(kmr.gt.0) writa(ckar.1104) Scar 


110a 	 format(SS) 
writa(4,1006) ar,regi(mt-rn),cbmr 
if(kmr.eg.0) then 
mr..emp(aa0 -5.6) 

mr..(wr..1.)..grsdkm 

kmar•nint(sT/2) 

esita(t.10021) beer 


oleo 

write(6, 41 ) 


and if 


mr1te(6.1000) 

do 10011 1.1.mr 

if(mod:1,2).84.1) writa(6,.) 

mot..nas(1)/10 

met -naa(i) -em0•10 

ma'•nds(1)/10 

mag•nds(1)•47.10 


10061 writa(4.1000) 1,1a(1).10(1).nys(1).met.mol.mo..mm4 
4. 
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�

loos format(' 3.',14,1s.a10,' >< wOk, .\) 

spoil feruat(2(' Me. let�len Tot yy-mo-dd: ')\)

ipes teruet(lz.11.' )'.00 .2.221.f7.3.17.3('/'.211).'/ '\) 


writa(4,o) 

arito(4,1010) 


1.110 format(' 

o2s,' �
 
oSs.'� is
Maqtaltambets X and Mkt Intervals 

*Ss,' latalromeir a a�ea�sift alt ft cTo i beta�1:/)


010 recast( 

*Ws,' � L lo: 


1113 geraat( 

sea, � Ihrsien 3.3GA. 1991 '/

011.0O	 0/


./ 


./

./ 


latatmedlate-Tera Zartavuka Prediction� 0/ 

*es.'� 0/ 


Algorithm NA� '/ 

wfs.'� 0/ 


9/ 

*Om.' 0/

oft,"Oby V. Leeeoaokov 0/ 


'1 
Pattarmational Institute of Larthquake Prediction Theory*/ 

ofst.' and Mathematical Geophysics. Aesaary of Sciences USs1 '/ 
Iserahawahoe Moose. 70-2, 113114 Ihnisow. USSR�9'I/oft.' 


0111.' Telex: 411 421 =TVA SU '/

ogs,' Par ft 7 (014) 310 7032 '/ 


Phone: 7 (000) 110 7714 '/

olx) 

arlts(0.1011) (1.(cef(j.1), 1-1,40).1..1.M) 


write(0.1010) 

1011 format(2r.'F',11,':'.3x.al,1x.10111. 


o2s,3a1.1s.2e1.2x.4a1.11.1a1.1x.341) 

writs(1,1012) ph.p,etsu.ev,ah.mtau 


1112 !onset(' S. Constants of diagnortleate/ 

031.'peromatile p • (for D. fez others: •� ):'/ 
• 3n. s tiar window for *slaultaneous" ertreaa Ter •'.13,'.0t:'/ 
o3x,'threeholds (4 and X) • (',12,' and'.12,' ):'/ 

o1x.'duration of as alert. Tau •'.13.'•dt.') 


if(lndarr.gt.0)�wrltaf4.0101) asfl 

1ndarr•O 


11013 writa(4,1013) 

1013 forsatf' any cbanges7(o-y) 
2007 format(il) 


read:4.2001) reef 

lf:reef:1211.ev.ge': etc 

11(recf(lr1).eq.'11') go to 11 


11:(0teet(1:1).41q.'y').or.(relf:1:1).eq.'/')) vc to 11113 

lf(reef(1:1).ne.'y') veto 11013 


11113�writa:4.1103: 

reatif4,41 ) nuaq 


1103 format(' lumbar of block to be oorreetad7(1-$) 

lftnuaq.vt.1) vc to 3 


11�write:1.1090) asfl,aaD 

write'4,10141 

reed:1.2001) reef 


1014 foraat:' la it correct?'y,n,2-1) •,'\) 

lf((reeff1:1).eq..y. ).or.(recf:1:1).eq.'/')) tic tc 01 

Wreef(1:1).eq.'710 ) go to 3 

rea0:reef,2007) auaq 

go to 3 

writ/C4.1014) oaf! 


1014 fattest:* same of file with stain ahochs?(',e14,')�,\) 
road:4,2001: roof 

11(racf(1:1).eq.'/') go to 4 

reud(reci.2002) min 

wr1ta:4.1011! sac 


1011 forest(' lb •'.14.2." 7 w>'\) 

read:1,o) este 

IsConint(ast0.100.) 


3�1f(nuaq.gt.2! go to 4 

11(nuar4.1t.2) go to 11 


31�me1-nthaa/10 

ame-mtbass-auto10 

ae7•athed/10 

arre-olhdd-a7.10 

ast5-artaaa/10 

sma-amsha-ms6.10 

tea3•ntad4 /10 

mi1ommadd-m3o10 


wrlta(11.1007) ntadm1,1se5,ma7.4m1osta.sm3ome.sta3.aal, 
o 	adt.lats(ntya) 

write(4.10111) 

ree0"41.2001) reef 

11((reacf(1:1).eq.or).er.(recf(1z1).eq.'/')1 go to 09 

11(ritcf(1:1).eq.'n') go to 7 

rood(reef,A007) smug 

vo to 3


7 write:4.1017) ath.ethete.ntlald.nta,ntasta.ntadd
1017 	 formatt' (Tt. Tel • (',14,2('.'.12),',',14.2('.',12).') 

read(4.5 ) ath.nthaa.mtodd.nts,ntame,ntodd 
wrltet1.1011) z4t

10110 forest(' d% • ',f7.$,' 7 ..a.\) 
ree0"1..) ads

10 write(t.1020) ntya 
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1020 format(' Tina Latorva1 for activity setlintion?,/
.12s,'( 1 for (et.,/•) ea 2 for (Sti,T4) ) 1 (',11,') •>'\)
read(6,*) tirri 
if((nVya.lt.1).ov.(stya.gt.2)) go to 10

61 go to 31 
6 1f(nuag.gt.3) go to 11

if(numg.lt.3) go to 3 
41 	 writs(6,1006) nr, vogi(etyn),alcar

1f(10a.aq.0) than 
rvasp(aa0 -6.6) 
r-(6-41.).gradam 
kmarvaint(r/2)
writa(t,14021) low 

alas 

write(4,*) 


amA if 


acito(0,1008) 

do 10082 1•1,nr 
if(aod(1.2).eq.1) arite(6,e) 

untmas(i)/10

mal•nms(1)-sme0 10 

ma,•nds(1)/10

an6-nds(1)-m67•10 


10082 arlte(6.1008) i.la(1),1*(1),nya(1),aa4,mal,mo7,m4 
writo(4,o) 


writef6,1016) 

roa4(4,2001) recf 

if(reof(161).eq.'y') go to ft 

1f(recf(1:1).eq.'n') go to 40

smad(rocf,2007 ) smog 

go to 3


40 writeft,1021) ntyn 

1021 format(' Shape of aras7(' 


11.'1 - squares or 2 - circles) I (',11,•) .N.\) 

raadf6.°) ntYn

1f((ntyn.lt.1).oc.(ntyn.gt.2)) 90 to 40 


42 write16,1022) cam: 

1022 forsetf' 1 • ',aS,' ka7 (punch 0 for ..Iflito)) •,'\) 


vead:6,2001) rocf 

if((recf(1:1).eq.'y').ar.(recf(1s1).46q.'/')) go to 43 

raad:rocf,1104) km: 

writatcamr.1104) kar 

1f()=.1e.0) ckmr-'11(ao)'

if(Caz.og.0) than 

v•erp:ast, -5.6) 

r-(r.1.)•vradma 

kamr-nint:r/2) 

writs:1,16021) Us:* 

end if 


43 	 atits:4,1009) 

de 10082 1•1,nr 

1f:aod:1,23.46g.1) write(4,..) 

ust-nesf1)/10

sal -nas:1) -oat.10 

am7 -nds(1)/10 

mat..nds(1)-ea'.10 


10043 write:6,1008) 1,166(1),1o(1),nys(1),aefocal,am7 ,amt

writs:1,.) 

writs:6,1023)


1023 fortis:' Correction, 641stAon or additiont(c -6-41-n) • \) 

ros0:4,2001) roof

if(res:(1:1).eg.'c') than 


44 vrite10.1024; 

1024 format(' Ares 80.7 

res6:4,.) nn 
if((nr.lt.1).or.(oc.gt.nr )) gc to 44 
writaf6,102!: la(nn)

1025 lomat(' Lotlta4s7(',f6.2,') 
reed:6,..) la:nn) 

45 a:Its:4,1026) lo(nn) 
1024 !avast(' Longitods7(',t7.2,') '''\)

reat:4,..) lo(nv) 
Www•••••••••••••••• 

mofvnoo(nn)/10 

ma8-nas:nr)-6069•10 

ao7-nds(nn)/10 

4•nds(nn)-me'.10


46 	 writm( 8 .102/) ay4(nn).ami,ma4,16a7 ,maf 

1027 !avast(' Te: year, month, day7(',14,2(',',211),') 
rao6(4,.) nye(ne),cas(nn)06da(nn)
go to 43 
461ao if(recf(1:1).eq.'e') then
kl•vm 
if(k1.1t.niobl) go to 481
writet6,112!: 

3.125 !avast(' ?hare are already enough areas ') 
90 co 43 

481 ar•nr*1 
ls(nr).16(a1) 
lo(nr)•10(161)
wym(nr)-nys(11) 
eas(nr)•now(ki)
mds(nr)vndsfal) 
writs(4,1025: la(k1)
resti:6, 0 ) la(nr) 

48 	 writo(6,1026) lo(al) 
resd'6,.) lo(nr) 
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mot-mma(k1)/1041 
al-mme(11)-eo4•10
a'-mdefkl./10 
ose4•mda(11)-mm".10 
writo(6,1027) mys(k1).omf,m61,am7,m4 

simmd(4,.) mys(orhome(nr),ada(nr) 

go to 43 

alee if(recf(121).eq.'d.) then 

writo(6,1024) 

read(6, 4 ) mn 

Imon.it.1).or.(on.gt.or)) go to 43 

11(mc.gt.1) go to 411 

writo(4,1116) 


2116 format(' Plow, do mot delete the only romaining area,',
4. • loot correct It') 

gm to 43 


III sr-sr-1 

2f(mr.lt.on) go to 43 

do 21 1..sh.or 

11..161 

1a(1)..15(11) 

1.(1)-16(11)

oym(1).mys(il) 

mmo(1)..cma:i1) 


110ada(1)...ada(il) 

go to 43 

also if(recf(121).mg.'n') than 

go to 41 

also 

go to 43 

mod if 


31 If(nomq.qt.4) go to 12

if(numg.lt.4) go to 6 


61 mrita(6,1010)

writa(4.1011) 


erltet4.1510) 
writeft,IC141) 
rimmd(4,2001) recf 
if((recf(1:1).eg.'y').or.(recf(1:1).eq.'/')) go to OS 
if(recf(1:1).4.2.'n') to to 53
road:recf.20C') hung 
go to 3 

13 writofi.1010) 
wrIta(6.1011) (1.(ccf(j.1).5.1,40),1-1.r.f)

write:6,1110) 

writef4.1021)

read',4,20C1)recf 

1f:redf(1:1).eq.'d') then 

write:G.1028) 


1021 farsatf' Function so.? 
reed:41. 6 ) nn 
1f:(nn.lt.1).er.(nn.gt.nf )) gc to 13
if(n.f.gt.1) go to 221 
writs:4,1127)

112' format:' Please, do not &blots the only remaining function,' 
• 'int correct It')

go tc 53 
121 af-m1-1 

lf:n1.1t.nn) go to 53 
ic 22 1,,,nn.n1 

12 	 cf:!)•cf(II) 
90 tc Sl 
else if(recf(1:1).og.'4') then
If:nt.lt.nifun) go to $4 

1021 format(' There are already enougt 
go to 53

14 kl.mf 
af..n1.1 
rocf-cf(ki) 
all corfun(recf)
of(n1)•reof 
gc to 13
sloe if(recf(1:1).eq.'e) than 
writof6.1021) 
romad:4,*) no 

functions ') 

Ift(nn.lt.1).or.(nn.gialf)) go to 13

recf•cf(an) 

call corfun(recf)

cf(nn),.recf 

90 to 13 

else if(recf(1:1).44.'n') than 

go to SS 

else 

go to 53 

end if 

go to SS 


13 	 Lf(numq.gt.S) go to 011
123 	 writo(6,1013) ph,p.mtau,mq,sh,mtau


v(1044;6.1016) 

roadt6.2001) r.cf 

If((recf(1:1).eq.'y').or.(recf(1:1).eq.'/')) go to OS 

Iftreof(1:1).eq.'n') go to 13

road(rec1,2007) numq 

gm to 3 


13 write(6,1121) pb,p

1125 twalluv , ',alums of peroantIle p for b (pb) and other functions', 


(V)? ('

..y3.2.',',03.2.') 
rood:ft.') PO4

14 writatt.1C30) 'tau 
1030 iforaat:' Value of Me. (fem-014v.dt )7 ( . 0 13 " .) '''" 

reodt6.6 ) Mau 
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19 avito(6.1031) og.ob 

1031 format(' Values of C mod 07('.11,1b,.12,.) .,,\) 


res4(4.*) 09 ,0h 

14 writa(4.1032) Mao 

1032 format(' Value of 8sa (Taw.flau•et)?(',31,') 


read(4, 0 ) &tau 

17 go to ft 

100 writo(4,1004) 


go to 102 
OS 	 sesof.-0 


asaspr-0 

vvito(4.2011) 


1024 f ersat (' Do rem wont to print functions7(r-n) 

read(6,2001) reef 

if((rerf(it1).eq.'79).or.(rerf(181).eq.'/')) sanspr.1 


writo(4.1034) 

e•••1024 format(' to you wont to save values et function:0(y -n) 

Irmo�rsed(4,2001) reef 


If ((recf(iii).eg.'y').or.(recf(111).eq..1')) than 
CWW 
 sent-1 


write(4.1037) 

4...1037 format(' Soso the file for functions, plasma 


read(0,1001) fall 

end if 


orita(4.1033) 

1811 format(' Do rem ment to save s'. 


4111 profilo7(r-s) -''\) 

row:1(6,2001) roof 

1f(recf(1:1).eg.'e) then 

vrito(6.1034) 


1034 format(' Baas the profile, please •,,,,\) 

road(4.2001)flno 

opm1(1,fi1e-flmo,status-'unknovng) 

vrite(1.2007) mofl,s0 

mrita(2.10C3) sdt.atb,nte,ftf,nr.otyn,tor,ntys 

do 18 1 -1.nz 


It vrito(1,2004) ls(i),10(1),nrs(1),nas(i),nds(1) 

do 19 1..1,nf 


If vr!to(1,20C1) rffi) 

writa(1,2009) p,pb.stou,stsu,sq,ah,nahspr,nahsf,fun 


vvita(2.10031) mt,nthme,ntbdd,nts,nters,ntsdd 
close(2) 
end 11 
opan:2.f/1er'ot.pris) 
oper(4.file.msfl.socoos-'dlrect',stotus-'old',rarl-10,err-001; 
road(s.rec-1) Toro 
ATJIK 

ovite;2.10CS) osfl,sse 

=f-ntbes/10 

one-nit:so -mm9.1 10 

ms"-nthddil0 

mot -ntbd4 -mo".10 

net-c2omm/10 

one-ntono-oo9.10 

mo2-ntedd/10 

no2otadd-ma3.10 


vrita(1.100") ntb,mo,,omf,mo",inf,nta,ao!,me4,sa1.ma2, 
• mdt,ints(ntys) 

c-- write(1.1111) 

vvitaf2.1004! nr.regi(rtym).cbcr 
erita(2.1009) 


do 10085 1..1.nr 

mmt-nos(1)/1C 

oma-ream(!)-18.4.10 

om".mds(1)/10 

omd-nds(1)-mm".10 

wite:lin(1.1),10Cef, me, 

vrita(1in(1.1).1001f; wog 

vrite:lin(3,i),10C10; ma' 

vvite(lin(4.1),100$4) omf 


10001 	 continue 
writa(1.10014) (1.111(1).10(1),nye(1'„(lin(lk.1),1k -1.4), 1•1,nr; 

10014 formot(b2,2(12,12.')',14.1,1s,f'.1,17,1('/',14:;.': ')) 
20086 format(11) 

write(2.1010) 

writa(2.1011) (1,(orf(1,1),,..1,40),1-1,nf) 


vrite(1,1910) 

vrito(1.1012) pb.p.otsu,og,oh,otou 

write(6.1997) 


n19,2-1 .)1992 fornotifies,' ••••• Volt, a bit... 
c sod of Aislogus : start 

nquant -100 

if(nnn.gt.7000) squart.mnn/79.1 

langth.mhn/nguant 

de 4211 1..7,1sowth41 


1200 	 ocale(1).-'r 
acale(1).." 
vT1to(e,201'1) (scals(1),1..1,1angth•1) 

odt..vdt.221NO0 
orivle.vita-cdt•stau 


on-0 

do 71 1 -1.n1 

iff(ccf(2.1).eg.'40).or.(ccf(8,1).eg.'s'))nn-nn.1 

do 71 1-1,4 

if(crf(1,1).eg.fnno(j)) lfn(1).1 


/2 	 continmo 
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iffkmr.44.01 thee 

F•exp(ms0-6.4)

r..(r.1.)•grsdam
kor-nlmt(r/2)
wrlta.(2.1002) regl(mtyn),km:


1002 tweet(' is4116s of . .0.10.14.' km .)

15021 csoV g.".11. 1 km.) 


tii l 

g 


lf(nn.1e.0) ge to 700 
C Sato of Activity. begishlng 

do 73 1•1,x14.10 

de 72 1..1.100 


71 x(1 .1)"0 

do 74 1..1.mc 

Uto(1)..uto

if(stya.eg.1) than

tro1•wye(1)

meo1...mme(1)

mdal•admtl)

sell mloto(nysi.mosidlds/.0.0.mto(1))
and if 
lf((eta(1).141.etb).er.(mto(1).gt.ote)) mta(i)...mte 

74 	 weetlmos 
0•1•••••••••••••••=•..... 

Lamos.1•3 

do 723 1•2,7mn
seed(4.rec-1) reoe 

lf(mod(1.hquant).eg.0) than

ocole(16041)..11'

kcal-lscs1.1 

irite(t.20171) (scole(j),..7-1.1engt2:.1)

end if 

do 12 1-1.nr 

lf(tdlat(ntynAstm200,1at.lon,116(1),10(1)).gt.kmr).of. 


• 	 (t.lt.mtb).or.(t.qt.eta(:))) pc to /2

lf(ni1rsat1).18.0; nflres;J;•=

mlesta ( :)..1


so-7/1041

ms:ms,1)..ma(me.j).1. 


.2 
 oantleme 
721 continue 

do 1.4 1-1.hr 
do 76 1-1.01 
11-100-1 
12-1141mcil. j • ji).sc,1).fts ( 12,J)

Wast 2 .1)-K.0 )


71 	 coetlaue 
mns-:mta:12-stbl/S21,40.
de 77 1.1,sme 


77O940:1.:!/Ink
ko:l.11­
76 	 oar:Amos 

C Kato of setly1ty. end 

701 °antis/44e 

do SO 1..1.nr 
smaam...0 

lndox0:j2-0


do SIC 

1f(ccf(3.1).eg.'09 ) then


X • oonat 

reodfel(1),1021 stmt
100 formot(12s.f4.2)
102 	 format:1,x.f4.22 

a1.1.1)..mInt(am4.100.) 

else lf(cmc/(3,1).eg..s.) then
4.•-•••••• X • - mhlft 

reod(cf(1).100) am1
01(1.1)..s0-almt(m41..100.) 

else Li(oef(3,1).eq.'s.) then
0 • Crams of activate)


reed(ci(1).101) no

lf(somez.lt.ho) asmsx..ho 

101 torest(12c.14)
107O
format(17x.14)

11•0 
01 	 11..11.1 

lf(no.le.ms(11,1)) go to 11 
101 (1.,)-(11-2)•10 
end lf 

O.211,11•9100 

If(oci(1.1).eg.sc.) then
reed(c/(1),102) azi
O2(14)...nlnt(sal.100.) 

e lee lf(c.cf(1.1).eq.'sg) then

resd(c/(1).1C2) ace.:
a2(1,j)..40-161nt(a01.100.) 
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alga if(ccf(1.1).eg.ea•) teen 

read(c/11),1107) AM 

11..0 


SI�11•11.1 

Sf(na.le.se (11,1)) go to 12 

a2(14)-(11-2)•10 

and 11 

ammr•es(1,1)

1f(naaas.gt.smals) Lndeso(1)-1 
lf(aaaaa.gt.exam.1.23) Ladamo(j)..2 

ISO ventinme 

SO continue 


Priatovt of s and ss --

do SO@ 1..1,nr 

de $011 11,nf 

1121(1.1.j)•(flest(111(1.1)).4.1)/10C.

SOS1 es(2,1,1)..(flost(a2(1,j)).0.1)/100.

if(lndaso(1).eq.1) writ.(2.so12) 3 

lf(ialiemo(1).eq.2) write(2.10113) j


if(nn.gt.17) teen 

write(2,409) 1,se(1,j) 


read(4,ree.mfirsa(j)) rem 


cell Tudes(ly,Lmo,1d,ilt,is,t) 

axle -float(lat)/100. 

uslo-float(lan)/100. 

xraag-flost(s)/100. 


usdr.imo/10 

sat-iso-ea9.10 

s7-1d/10 

sera..1d-se7•10 


'7.1mA:2,77222) 4,ss11,saS,us',Ret,ill,is,mmla,mmlo,k(3),semag 

'T7232 format(' ?ire@ quake:',10,2('/'.211),13, 1 1 1 ,12,2f9.2,14,10.2) 


remd(d,ree-mlasta(1)) roco 

call radhm(iy,lso,14,1h,ia,t)

exle.-floet(lat)/1CC. 

rmle-flost(lon)/100.

mosec-flost(s)/100. 


um11.1so/10 

mat-ise-me,•10 

we'-id/10 

sef -id -am0.10 


writat(2,•11222) 

71222 format(' Last oaks :',15.2('/',211),13,':',12,2f1.2,11,f5.2) 


write(2,00114) (1,sn(1,1,j),sn(2,1,j),1.-1,nf, 

end if 


if(nn.le.0)wrim,s(2,1001) j.(1.01r(1,1,1),11n:2,1,:).1•1,nf) 


000 continue 

S092 format:/' ••• Warning I The annual rata of sesaielty say be', 
• ' ireafficients/ls,'
• ,' for arclicatior Sr. Rec(on Me.',12) 


11013 format;/' The annua: rate of seacinIty is ins•zffieie-.t'. 

• ' for emlicatien'/' ••• in Radon Wo.'.12; 


1001 format(/' Magnitude cnsesholdm in aegior. Wm.', 

• 12/3(5(`s,'2,': ,111:.2,':')/)` 


009 format(/' Magnitude ttrecholds in Region No.', 

• 12,3x,•(',141.2,' quake: per yea: )')


1109a forset(3(S(1z,12.':',2f5.2,';')/)) 


rrtr- 0 

re:Cs-nth 

de SI 1-1,nf 

read(cf(1),St) nesfil.ou="1),ntte(i).be;1),d:1) 

11((cel(1,1).eq.'1').and.(ntOm.gt.ntt0:1))) nt0s-ntt0;1) 

nt-net(1)..nuu(1) 

if(rt.gt.nts) stet-nt 


10 	 centinue 
BS 	 fortat(21m,13,12,14,2f5.2)


nt.mtt-n•net 

call alnta(nt0m,1,1,04,st0) 

lf(stC.gt.et ) stO -nt 

do 110 1-1,nr 

wyel•mys(j) 

nee:..nectj)

sile!..nde(!) 

call lainta(nyel.nsa),ndal.0,0,stx(1))

etfb(j).-aod;mts())-stO,ndt)


$0 	 stfb(1)...rt0•lettb(j) 

de l2 1-1,1s1se 

do 92 1..1,nlob1 


02 	 usam(1,1).3
do 03 
do 113 1-1,nifur. 
@le 03 j1•1,nionj 
in(1,1,11)-0
if(ccf(1,1).eg.•W) tn(1,1,11),9911 

93 er(1,1,11)-0 
low-0 

sumat-t 

surtl..0 

enact-0 

sumft-,0 

numee-0 


C 

de 12511( 1-2,1wmith•I

$2514 5ea1e:1)-'t' 
scale:1)..• • 
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wrIba(4,..) 

itt(un.141.0).and.(n1992.1s.0)) write(4.1092)

/1(nn.gt.0) WT100(4,7217) 


7217 forsat( 1 ...eirmat Vs/ half al a bit. 'hat gas sActbar 


IP" 

wslta(4,20171) (a0.11(1).1..1.1angth.1)
soale(1) 

local -2 


do 91 ir..2.nnn 

rsed(4,rwc-fir) race 


it(sad(is,nguart).401.0) than 
scalo(lacal)''''

isoal•isca1•1 

visita(t,20171) (scale(1).2-,1,1ength*1)

44nd it 


ift(t.ltarte).or.(t.gt.sta)) go to 91 

g gagsmosaaasasaasaaassaaaaaasassa 

if(a.lt.ae) go to 0172

amat•husot.1 

graccfnuast)..roco 


as 

9172 vontiome 

do 0102 1..1.nr 

a 1111.1111/111111411 / 1 111111111 


if(indoso(3).gs.2) go to 0102 


Ifidlist(ntyn,gica100.1at,lon.lafj),1ot3ll.vt.gaz) go to a1c2 

if(ftfirst:11.1a.0) nfirst(1)-ir 
blast;11-is 

1o...(t-atfbfll)rndt*1

lf(io.gt.ie! vc to 9102 


if(io.gt.ics)

if(a.gt.ahasfic,j)) ahasfio,1!..s 

do 0203 1•1.n.! 

If(:1.2t.1.1(2.1)).C27.(0.07t.R7(i,j))) qc to 0103 

lf(cc1;1.1).ne.'V; gc to 0101 

Ift(fn;ic.1.21.qa.09991.or.;in;10,1.:).1t.a)) fn:10,1,1!-4 

go to 0103 


9101 Intic.1,:-Infio.i.1141 

1f(cci(1.1).no.'s') go to 0103 


0103 cortlmw 

0102 °anti:tug 

01 continue 


C 0 Ccrunting functIC.4 

if; 1s-Soo 


do 04 1-1.n/ 

do 94 1r-1,ns 


Iiiii111111111:11illilltiilii 

iflindasc;1r).g4.2) gc to 04 


nsi-nstfil 

if(:cof'1.1).ne.'W).and.;=f;1.1).na.'1':; thor 

f(1:-in;1.1.1r)

do 01 1•1.fts1-1 


1'141
IS 	 t(31:-!:1)..in;!1.1,1r) 


do 011 1.n2s1.1*-1 

11'1'1 

ls•11-nal 

001 	 t:11:-V.:).fnf11,1,1r)-2n;14.1.1r)
11(ccf;1.!).44c.'e; than 
do 050 .1.1.ml-1 
fn(1.1.1r)..0009

dc 952 j-ns1.14


012 	 Ir(:.1.1r)•.1(3)
go to 04 
end if 
If(ccf;1.1).no.'4,) go to 014 
istr.nuu:1)
ny.msi.nu-1 
do 050 j•l,m, 

'seO


0.000In(3.1.1.r)•100011 
intnw.1.1r)-0 
do 003 j-nsi.nw-1 
/1'141 
t-!(',1)-f(3)

912912 flItnw,1.1r)-In(rry.1,1r).1aba(jf) 
do 054 1..m.1,-1 

31-3.)

142-is•1 


-ftla: -1(11'1) 

jf..1(1)-f(11) 

004 	 en(31.1./r)•ta(j,l o ir)-labg(jfs) 
• 	 iiioc;lf) 

go to 04 


004 	 if(ccf31.1).ne.'1V) go to *S'
mr-nsi.ns! 
do 040 ..pm,14, 
3s..1-na1 

040 	 fr(3.i.is)..f:::)-1(jc) 
sernip-I 
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do 941 1-1. my 
fe(1.1.1r)...9/494i 
• to 94 


$37 
 111(1).mo(1.1,ir) 

do 142 j...1,44.41 -1 

13-1.1 

942 	 41(11) ..41(1)*am(11.1.1r) 

do 143 

11'1'1

la.)1-0141 

a(11)..e:j).am(11.1.ir)-an(le.1.44) 

do 144 ,-102441 -1 


044 	 fn(1,1,ir)-95/11 

smarod 

do 941 

lf(f(1)-1M.0) 


'6(1) '"e(1)/f(j)..4(1) 

iftf(1).1a.0) 


'4(1)

if(emax.lt.a(1)) emax-c:1)


941 csoatiame 

k10.•0 


MIS if(aaax.1C.1.0000) to to 1111 

IUD-51041 

do 1112 1...mai,i4s 


91112 	 14 (5)",1 (1)/2.0 
amam-amax/10 
go to 1111 


1111 if(11.10.qt.0) vrita:2,111113) 1,11*AI0 

0113 foram(' 'Unction ao...12,' in /Legion Wo.',12,


11'L multiplied by factor 1/10',13,' times')

do 9154 


9114 fn(1,1.1r)..s(j) 

To to 94 

and if 

if(ocf(1.1).fte.'b') so to 144 

do 9471 1-1,1• 

e-, -mai*: 


f(j).9111 

if(je.lt.l: j1-1

do 147 11•314,3 

if(((fe(11.1,ir:ort.f:11).end.(fn::1.l.ir:.ne.14114::

• .ar.(1(:).eq.14411)) 

1147 continue 

9471 continue 


dc 141 :-1.ie 

141 fn(1.1.1r)..f(j) 


to to 114 

944 	 ntc01..cCC0:1) 


call ainta(nrtei,1.1,O,C o rttl)

isti-(ettl-mtfb:ir;!/cdt.1 

efiati!-In:ist1,1,1r) 

do 041 -ixt1.1,19 

11-1-1


149 	 a(j)4(11)...fr41.1.ir) 

do f,C I•1,1e 

if(1.1e.ael-latl) titan 


also 


la -j -rad 

n:!.1 .ir)-gti:-!1•g:ls):/le


end if 

1'0 continuo 

14 cormlnue 


Lnd of ocrimtlr; functIcni 

do 41 C1•1,5 
41 atl;:klp.0


ammar-0 

if(cangf.le.0) go to 11C1C 

Open(2.filerfefl) 

mctl•O 

dc SOO it-1,er 


O iiiiiiiiiilliliiiiiilliiiiili 

if(iedezo(lx).041.2) lc to SOO 


moC!..mobj.ie-(mtb-atfb:Ir!)/nds

100 continua 


oclte(3..) stf,aobj

103 forastflleS)

102�farastf3al.12) 


dc 302 1.1.of 

oxite:abt,1031 ccf(1.1).ocf(27.1).ccf(24,1).1


SO2 abnaar111-4host 

wrItaf3.1t1) (abaasee:1).1..1,af)


11010 continue 


do 402 tr-l.az 

if(nancpc.gt.0) writa(2,2014) 


C 1.1111111111111141111111111111 
if(indaso:ir:....2) time 
writa(2,80113) it • 

to to 402 

Snit If 

if(indszo(ir).5e.1) yr/U(2,1012) it 


itb....(web-mtfb(ir))/mdtol 

Itartatm:Ir1-atfCfirWadt 

if(ltm.lt.itb) Its-144 


dc 310 -1,sf 

11-7 


call qmar!1,9.1.17e 
110 continua 
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11((n7.qt.0).end.(n0.1e.0)) tom
writ/1(2.3001) now 


iftelon.eq. s eTTP') ftunct•esuoct..1 

if(aign.eq.'1,111,') nunfv•ounft*1 

If(sign.sl. o e.c. $ ) Imunker••isinoc•1 


end if 
terast(Ix,'• tin locrtegualte of nagr1tude'ji.2.' eccurred2001 •gdorlaq ttls Lbw') 

it(ese.se.c. $ ) thee 
sentl•norti•1 

timus-ir 

tt11•1t1 

tt12•1t2 

treco(aucti)...trc 

and 11 


r•-t1P 
end if 

000 ferast(2.x,a4,1s.13,V7.2,f1.2,214.4014) 
if(sliqn.ne. g e.c. 0 ) writa(2.300) divo.ir,14(1r).1o(1r).1y1,1y2, 

• 	 (c(k1).1141•1,of),(snax(kl.is),a1.14,1)).1vr,ive,17,14
if(s1ss.44.°1171P') ntip(1)•stip(1)*1 

ifts1,1n.eq.eTTTV1 ) ntip!2)..st.lpf2)41 

if(siss.eq. e CTIP') ntip(3)ntip(3)*2 

If(cien.eq.'TTTP') stip(4)•otip(4).1

if(sign.eq.le.c.") at1p(4)..ntip(0).1 


1*(ntap to east alars) 

-

1.1.0 

11•1•41tuno1 

do 47 k1•i,n1 

c(k1)-0

do 47 12•11.1 


47 o(101)•2•c(101)ev(i2,k1) 
41 ind•O 

t1e.222,222 
44 ied-1 

17•1vr 
10•1va 
if(1-1s) 410,212,212

122 continue 

OWISSALSKASSIMIVISSWILSASIMCS 

do 2222 istr•l o nunat 

roow•creco(istr) 

iflaist:rtys.gknICC o lat.lor.141:ir),14)(ir)).qt.kar) go to 2222 

eell rol.%z:ly.inc.id.in,is,t)

xxls-flost(1a1:/1CC. 

xxly•flost:ior)/10C-

mcori-flostts)/10C.


nnt•Iso/10

see-ino-set•10 

nr'-id/10

ssf-id-nn,•10 


vT1tet2.'222) ir.ung,satomq,sw4-1h,1a,xx2a,sx:o,kf 3s, scsaq ,1: 
7122 foTsat!' rtrons 

•11.2.' in Regtor 

2121 cc:minus 

eummumaaaassataansaesassaasaasa 
if:namap7.1e.0; go to 4021 

rite 2,•• 
writa:2.3101: ir,nys(ir).1afir).1of1r) 

read(4.roc-T/irat(111) rem 

call yotn:17,ino.id,Lb.in,t) 

mair-floet:lat)/100. 

ss1 e-flostflen:/100.

momIr-float(44:/20:. 


sne-ino/10

une-ise-may.10

.40•1d/le

as.-SO-x••10 


,44.7 ,ond ,i0,in,IX111.=10,k(3) .CCOS0Write:2.77122) Lyme,O

lenset(10s.'lleclon Po.',13.112,2:12.2) 

torsat(10004.'( continued )')

ternat:/) 


ternat(40a1)

sett•1 


It(nt.rt.10) noff•2 

do 103 32-1.mnif 

ate-10.1 j3-1)+1
afe•52•10 

Male-In-of) nie•ef 

li()2.gt.1) write:2,2011)


vrita(liee1.2002) (1. j""Ifb'ftfe)
1n9-22.4.(nie-nfb•1)

vrite(2,..) 

erite(2.20071) (line(j),j -2,1m)

erite(2.*) 
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do 103 11-1eb.ie 

1t1..11.adt.atib(1r) 

11ne
CO
1l(It1.9t.ate.7900) ,e tis 103 


0412 rudha(1y1,1ao.14.1bo,lai.itl) 

amm"ma":11 . 1r)/100 . 


do 1131 1.-ntb.nia 

cnvo(j)." 

ctsfunt1).' 


1f(f 15 (11 .1.1x).hs.309 9) writm(chfut(1).33133) tn01,1./r)
Iftv(1.1).19t.4) cben(J)•,.' 

1291 -acctLaiia 

051(-2ao/10 

ma'-1d/10 
am4•10-05..10 

wrItn(2.201 ) vg(11)..t(11).axam.1y1.nall.sal,na'omal,
• (cAtun(j).cheo(j),3.mtb.n/e) 

103 sontinue 

read(4,mc.olaat(12)) recc 

4=11 yudha(ly,1ao.i1.1b,ia.t) 

axle-floet(1at)/100.

sx10-float:1on)/100. 

smaag-float(a)/100.


sate-Lac/10 

ant-Lao-mat.10 

an,-26/10 


erritaf2,/4222) 1y.aa, ,051,sa7.aat,ii.i.socalsocalo,l(3),ssaag

4021 if (nansf.10.0) qo to 402


dc SO2 31..itn,ie 

lt1 -(11 -I).ndt•stfbf1r) 

call radta:iyl.1ao,id,1to,1a1.1t1) 


susnaa-n 1 
1V-41-1300 


if(iac.1t.10) vTite:short.$0,) Lao

1f(lac.og.10) write:chart-SOS) 'o' 

lf(Lac.ac.11) writafahort.SCS) 'r.'

if(lac.eg.12) writefahort,SOS) 'd' 


writa:atortt124;.SO4)

304 fcmat:211) 

33133 forsatfiS)

307 tomet(42.11)

SOS lomat:43(.41)


ahnanafnusnaz)..short 

1f(nuanaa.lt.lt ) pc to Set 

wr1te:3,S01) (atname::),1-I.11) 

nuanaa-C 


SOO nent1nuf 

402 	 oontinas 

write:2,201i! 

wr1ta:2,212) rtip',1),ntlp:4).rtip:2),nti;:5)


212 for94t:lo, I nsatar of STIP"' -',13,': FT:P"a 

co:,''a e.c."1 •',I3)


3002 format:In.'. The guakoe of X 2 Mr-.S. < )to ocorred it 

'12.* T:10"12 and CTIT"s')


1f((tzact.gt.C).or.ttlmft.ct.C)) writaf2,30C2 nuaft-nuart 

iffrumer..gt.0) write:2.3012! nurac


3003 lomat:Ia.'. The aaltthocks of M I no-.S occiu'rat with!t 

.'S Tsars after strong') 


ea 	 writa:2.212) ntlp:1).ntIP:4).tt1cf2).ntip:3) , ntIrS) 
ors 

cr:212 foraattla.'nuaber of ST:P"s .',13,': rr1,"6 •'.13, 

- • 	 e.o."a': TT:P"a -'.13.': CTIP"a 

If(natat.le.0) go to 9911 

1f((num-.arArt.0).and.:nzenaa.lt.11))


• 	 vrits:3.SC!) (altname::),1-1,nataa) 

do SO4 it-1.nr 


C 11111111LL1111111111111111111 

if(indesotir).ge.2) qo to SO4 


1tb-(atb-stft:ir))/ndt.1 

do 5041 31..Itt.1e 


3041 writa:3..) (fn:11.1.1r),j•l.nt)

SO4 pantinue 


closof3)
9,99 wsita:4.1993) 


close:I)

close(2) 


12.4.0 p 
agret(2,f11,..'10.era') 
open:3.111e-'ad.tip')

int-0 


44222 	 formatfiS.1,) 
ao 31222 is-l e ns 

1f(Indeso(ir).eq.2) than

Indexpfirp. -1 

elae 

1ndesof1r).0 

end If 

110..nintf1efir).100.) 

110-tintflef3r:.100.) 

write:2.44222) 115,110 


91222 continua 
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do 21332 It1v.-1,soart1 
tro...tr000(itlp)


nail rodhv(IYI.Lool.i21,1111,is,tt11) 

moll yodno(172.1mo2.1d2.12,1s,tt12) 


1rtlenum 

least=-0 


91312 irt2+.1stro1 

11(1str.0't.eamort) do to 11131 


recar-sreco(ixtr) 
11((t.lt.tt11).or.(t.ft.tt12)) le to 211/2 

3.t(d1st(ntym,9231,100.1at,lon,le(12).1o(ir)).1t.1ow) so to 21214 
ludstristx 

91332 11((tt12.1t.sto.7200).and.(indotz.le.C)) indsze(ir)-1 

91333 usite(3,44331) 1r,iy1,1sol,i41.1y2,1o02,i22,Indstr 

44333 tocost(12.11,212.14.212,12) 


dose()) 

cleoef2) 

4ppon(2.filw,s1.str.) 

opom(3,f1le-'sa.res'i 


do 92222 1str..1,nosst ' 
recotreoo:istr) 

small yodhol(17,1so.i1,114,1s,t) 
vrIto(2,412.22) 1y.1so.14,11,1o,(t(1),1..1,7),int 

,2211 eaeotlnuo 

41222 torsat(14.412.° IP.111,14,113,11) 


442/3 Ifewoot(. surremt TIP/ for profilet '0'10)
44242 dorault(11, • .• .2f10.2.14 ) 

IIIMS.•11tent / 1 0 

ale4 .TrtiMir-left • 1 0 

so,•.ntodell0 

moUhmtedd-os1.10 


aerite(3,44223) nts,o23,10.40221,221,flna 
do 2:222 it-1,nr 
writo:3,44222) Ir,la(ir).10(ir),indeso(1r) 

91292 ocsatinuo 

closef3) 

close:2) 


close:a) 

1913 format:. Outpvt"s ars In files s1.. -----') 


qo to 99922 

402 1roderr1 


do to 21 

1301 format; 

�.t.c.c Maze is se file of salt shocks nomad ',old, 


so aa.a>,):.,,, , ) 

9/299O'tor 

201 forast(13.1h:,11.f1.1,13.2('P.211),22.1C:a5,111,1 

2022 forroat(2x,';:11 Hoax Date ',1C;' P',11))

301 foruat(1112) 


end 

sutras-tine goax(2,;,110.1r) 

irstoger.2 e(132.2 ;,t)112: 

into3er.2 ft:112.2,1C 

oommoct itt.itx,e,fr 


• islar132 . c1oC:-111 nifur-4 

somr--92411 

no-t 

nosar.O. 

do 1 1...itb.itz 

1f(fn!!,s.1r)-2112) 4,1,1 


4 osse.1 
1f(f.cfl,s.12)-sax) 1.2,3 

2 mosa+vomp.1 
go to 1 

3 oiso-ft(l.o.ir) 
sons-1 

1 comtlnue 

le-no 

2-11.44+0.11 


If(noo0-111) 41 .2.100 
• Iftuosa-lq) 4,4,101 
• do S 1,-1.1212e 
• m(1).../nfl.2.1t)
SO 	 do 7 1-itb,1tx 

1f(tf1)-sax) 7,1.2 
▪ s(1)-92,2 
7 com/Atue 

mo--02112 
uss-0 
do 10 1-St!?. it: 
1f(of1)-22111 11.10,10 

11a if(sti)-mo) 10,11.12 
11 omo-noe..1 

vo to IC 
12 se-n(1) 

nos-1 
1.1 oomminow 

flOWININLILI.M• 
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�O

if(smos-141) 11.11,14 

13 
 IIILX".114 


1,0 to 20 

34 mmermaar-sma 


qe to 100 


IS�
te.11,11■1 
up 0 do 20 1•1.1sise 


v(1,110)•0 

11 ((1n( 1 .a.l.r).1t.aas).ar.ttn(1,a,ir).4m.0,,,:) go to IC

v(1.110)•10 


30 
 aertInua 

so to 102 


101 searmar•I 

tees:-0 

so to 100 


103 return 
mod 

•••••••••••••••••••••••••••••••••.•••••••••••••••••••• • • •• •• • .....N • • • 

subroutine vorfun(cf)

aharector.40 o1.11 

Oftoractor.1 off( 40 ),Inon(4),anow.fnA.1)1.nal,na2

tharsomore4 u(4),aa(3),hla 

.sewn laai/1s0 

squivolanca (olf(1).f1),(nal.a(1)),(na2.2(2)) 

data forsa/ 1 2 1 , 1 30, 1 1 1 , 1 41'. 1,',W/.131/' '/.


...em/'act 1.1101 1 , 1 oor '/ 

141a-bil 

Tt-of 

read(ff,212) inn,* 


213 	 formst(lol,4(11,84)) 
✓ead:ff,211) na,numte,hoto,d4 


311 foruot(11w.13.12.14,2f5.2)

40 format:14.2) 

41 torasti14)


rsodtaf2).40) mai 

roadis(4).40) ass


200 write:I,10) ct(1:1) 

10 torsat:' Pleese,select function !roe the list Veen below -'

• /1 n - stt:M,t) - nuator of main shooks tritA X: X in' 
• (t-e,t) tine iota.-vat'

/. k• ktt:x.$) • n:t:X,t! • nft-e:M.o!'/' 1 - 1(t:X,$)
• 1n(t:MA-To) - ((t-To;/(t-s-To))*Mt-s:M.t-e-To)'
• / e • e(t:X.XX,o) •1 , 

• • sua:eup1Cfbets.:Mi-elfs!)/In(t:14,1)-n:t:XX,$)..d'

• 	 /1Sa. 1 for Bain shocks (II with X <• M! < MX' 


ft-e.t tIre interval.' 

• /1 • - v:t:X.s.u: - war(t,t-u: n!t!M.I)'," t - t'.
• eft!R.MX.X.o,e.e! - sax number of efterehockc with M" Xe'/
• 14e,"tor the &sin stocks fro) (X.XX: es7nitude and (t-s,:) tile' 
• / 34a,'Intorvele yorzmell for e deye'//
• 	 111:, 1 7Unction 1 .o1, 1 7 


read:4.22) &MY 

seO
format:el 

Inn-snow 

11((answ.es. 1/ 1 ).or.(answ.ec.'y')) fnr-cfr111) 

Hens -C 

dc 2 1..1,4 

if(fnm.ec.fens:1)) nahs-i


2 	 omot.inue 

11:aanz.le.0: qr. to 200

wrItof6.1001 no 


100 foroot:' Value of its (e•ns•dt:?:',12,') ".)

21 foroorthe.s.1.4(1:,:44).12,11,14,2f5.2) 


rued(t,.) its

If:nons.eq.$) then 

writofe.1t13 nu


ICI 	 foraat:ICs,'Voium of nu (u•nu•dt)1( 1 .12, 1 ) •,'\)

read:f.*) su 

aloe if(noma.eq.1) than 

writs:4.101) nett


102 	 foruot:10s.'1osinaing of the catoloc, To • ',14,' ..\; 
reed1.4.*3 vitt 
end If 
welto(4.102)

3 wrIto:4,107) nal 
103 forsot:lx.' Olownitude thresholds :')
107 forast(Ss,"Tyva of X7(', 

. soo. e- K e: e- K - s: e- K(s)

roodi(.20) anew 

If((erov.eq. 1 r).or.(amaw.sg. 1 / 1 )) answ•nal

if(ensw.eq.'s1 ) than 

write:1,1043 sal 


104 	 terust(10e,'M - • • 1 ,14.1. 1 7 ..,1\) 
read:G..) and
writof1f11,40) sal 
afIl•ns:3: 
aloe if(anorw.eq.ess) then 
writof11.10S) sal

10S 	 forust:10s,'s • No - K •1 ,/S.2,'? .1.1\) 
rood(4,*) sal
af1)•naill 
writ/lei:1(11.40) sal 
elite If(onsw.eq.'4 1 ) then 
no•(ani..001).100
writce.104: its 


10o tornat(3o. 10 • K's), voters e is the soars,' 
.1 abrual number of sale it10ClA: a .',13,'1 
reodft,.) as 
• 11)•nsfl) 

writo(e(2),41) no 
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••••••-•-•-•-•-••-•-•• 
)minstm / yeer,00nth.dey.bour,m1hot• 

subroutine yodbe(iyear,imoc,iday,Lh,Laln,mina) 

integer irear,toon,iday,kh,Lein 

integer sine 

co11 ainydn(lyeer,igday,Lh,tmln,ains) 

lyear-iresr.1 

own ju1grefirear.Loon,1day.11dey.1) 

rotorm 

end 


..40.4400,••••••414.1,11.14.11.11,•••••••••••••.....•-••••••P•-• • lb • •-•••• • •••••••••• 0 -•-•.*1111...a • • • • 

subroutine sinydh(iyeer,iday,lbour,min.einute) 
clammy*, takes it. raxabar of minutes since it. bevInning 


of the oentury and convert it into a j ul i an date. 

)210,140-)3.246.344).24.40 


c0)525400-249.14 8 40 
c )1440-24.40 


latarrar einutaosinutr,o4yrim,1d,ftryear 

s4yrsr.minute/3103440 

slnutr-mlnuta-2103840*n4yrgr 

oryser.minutr/521400 

if(nryear.oq.4) nayear.3 

tainuts.minvtr-125400.neyear 

iyear..4en4yrgr.neyear 

id ...mini:Mr/1440 


stinutresinutr-1440.14 
ibour .ntinutr/tC 

winutr...ainutr-40.1hour 

win -smuts 

rerturna 

and 


c•.•114,411.••••••••••-••••••••••••••••••-••• 4,••••••••••• • ••-•• • ....O.. • 

subroutine ydtutinfiyear,iday,lhour,min,sinute) 
Leversa of minydh 


))neyrgT is the number of a year groups. 

))1461-3.345.344 


integer minute,n4yrgr,ipr 

n4rrgr.iyear/4 

ipr-neyrgr.1461.1dsy 

ipr-ipr.(iresr-4endy-rg7).345 

1pr.ipn-.24.1hour 


minute-1pr 

return 

end 


••••49,11.111� •-•••� 

sut-routine julgre;year.sontt,day.)ulien) 

integer yes.r.day,tndpeo 

ctimer.A:ar. tndpco:24 

data t.ndpec /0,11,5,,,0,120.131,111.212,243.2,3,304,334, 


1 0,31,40,01.12.1.152.1$2,213,244,274,305,335/ 

noonpl.13 

if (mcd;yesr,4).eq.0) noonp1.21 

dc 14 ;f1.1.12 

scuff.....uporp-jfi 

if (lu1isn.le.tndpir.,;sont1)) foto 14 

day-juliar-tndps0;scrt!'.1 

if (mon2L.4,2.12) sonth.mcnth -12 

return. 


14 continue 
Tertairr. 
and 

c.a.... • •• • 
rear,sorth,day/yeer,dey 

subroutine grejul(year,sonth,day,julien) 

irrtsg.s year,day,tndpec 

dieensior tndprof24) 

date tndpeo/0,31,5,,,C,120,151,111,212,243,2'3,304.334, 


1 0.31.40.111,121,1$2,112,213,244,274,105,335/ 

1..somrth 

if (mod(year,4).04).0) 1.1.12 

It11ar,tndpoo(1).day 

return 

end 
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A sample of the semiannual update for the M8 Test 


Regions of Increased Probability of magnitude 7.5+ 

Earthquakes for the Period from January 1, 1992 to July 1, 1992 


The attached map and table represent the results to date of an 

ongoing test of the earthquake-prediction algorithm M8. Algorithm 

M8 is described by Kossobokov and Keilis-Borok (1990). We refer 

interested parties to the paper by Healy and others (1992) for a 

more complete description of the test and its rationale. 


The map and Table 1 represent Times of Increased Probability 

(TIP's) that have been identified by the algorithm M8 as configured 

for the M8 Test.O
The purpose of the test is to estimate the 

statistical significance of M8 TIP's and to determine if an M8 TIP 

provides information that improves our ability to estimate the 

probability of large earthquakes.O
The TIP's should therefore be 

viewed as "research TIP's".O
The U. S. Geological Survey does not, 

at this time, endorse this algorithm as being capable of predicting 

earthquakes and does not recommend that any special action be taken 

because of this information. 


The warnings or TIP's declared by this algorithm occur in regions 

where large earthquakes are possible and where appropriate steps to 

mitigate the earthquake hazard are desirable in any case. Any 

recommendation for public action would be based on a synthesis of 

all the available information for each region performed by the 

specialists and authorities who are responsible for that region. 


Reference 


Keilis-Borok, V. I., and Kossobokov, V. G., b, Times of increased 

probability of strong earthquakes (M => 7.5) diagnosed by algorithm 

M8 in Japan and adjacent territories: Journal of Geophysical 
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of a test to evaluate the Soviet earthquake prediction algorithm, 
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Table 1. 


THE DISTRIBUTION OF TIMES OF INCREASED PROBABILITY (TIP) FOR 

RTHQUAKES OF MAGNITUDE Z 7.5 IN THE CIRCUM PACIFIC SEISMIC ZONE. 


The location of circle of investigation. 


I," go Lat LemO L.nO
Geographle Location Reg So LatOOOeograpnic Location 


-11.00 -171.00 
2 -17.10 -174.00 
3 -20.00 -171.00 
4 -22.10 -176.00 
it -25.00 -177.00 

-27.10 -177.10 
7 -30.00 -174.00 

-32.10 -179.00 
• -31.00 180.00 

Tonga Trench 
Tonga Trench
Tonga Trench 
Tonga ?ranch
Tonga Trench 
Tonga ?ranch
Kermadec Trench 
Kermadec Trench 
Karuadec Trench 

74 
71 
76 
77 
78 
71 
80 
41 
82 

45.50 
44.00 
43.50 
43.00 
41.00 
31.00 
34.10 
35.00 
33.00 

150.50 
144.00 
145.50 
143.00 
141.00 
142.00 
141.00 
111.00 
141.00 

Kuril Islands 
Kuril Islands 
Kuril Islands 
Japan
Japan 
Japan
Japan 
Japan
Isu Trench 

10 -37.00 178.00 
11 -2.00 136.00 
12 -2.21 138.10 
13 -2.10 141.00 
14 143.10 
$O-1.00 146.00 
10 -1.00 146.00 

Kernadec Trench 
Mew Guinea 
Mew Guinea 
New Guinea 
Res Guinea 
Mew *ulnas& 
New Guinea 

83 
84 
45 
86 
87 
44 
44 

31.00 
29.00 
27.00 
25.00 
23.00 
21.00 
19.00 

142.00 
142.10 
143.00 
143.00 
143.00 
144.10 
146.00 

Isu Trench 
Itu Trench 
Sonin Trench 
Sonin Trench 
Sonin Trench 
Sonin Trench 
Mariana Trench 

17 
le 
19 

-1.00 
-4.25 
-7.10 

162.00 
114.00 
156.00 

Solomon Islands 
Solomon !Aland* 
Solomon Islands 

*0 
91 
92 

16.50 
14.00 
12.00 

147.00 
146.00 
144.00 

Mariana Trench 
Mariana Trench 
Mariana Trench 

20 
21 

-8.75 
-10.00 

118.00 
160.00 

Solomon Islands 
Solomon Islands 

*3 
94 

12.00 
46.00 

141.00 
152.00 

Mariana Trench 
Kuril Islands 

22 -10.50 162.10 Solomon Islands 15 48.10 155.10 Kuril Islands 
23 
24 

-11.00 
-13.00 

165.00 
166.25 

Solomon Islands 
Mew !.brides 

16 
*7 

51.00 
53.50 

158.00 
160.00 

Kamchatka 
Kamchatka 

26 -15.00 147.50 New Sebridas 98 16.50 161.50 Xaschatka 
24 -17.10 168.25 Mew lebridaa 11 65.00 106.50 Aleutian Trench 
27 -20.00 161.00 Mew 2.bridas 100 11.50 176.00 Aleutian Trench 
28 
29 

-21.25 
9.50 

170.75 
93.75 

Mew Sobrides 
Java Trench 

101 
102 

51.00 -178.50 
11.10 -173.00 

Aleutian Trench 
Aleutian Trench 

30 7.00 14.50 Java Trench 103 52.50 -16'.50 Aleutian Trench 
31 5.00 15.75 Java Trench 104 114.00 -162.50 Aleutian Trench 
32 
33 

3.00 
2.00 

97.00 
1011.10 

Java Trench 
Java Trench 

105 
106 

55.50 -157.50 
56.50 -152.00 

Aleutian Trench 
Aleutian Trench 

34 -1.00 100.00 Java Trench 10" 60.00 -153.00 Alaska 
35 -3.00 101.60 Java Trench 108 63.00 -151.00 Alaska 
36 
37 

-5.00 
..6.50 

103.00 
105.00 

Jaw* Trench 
Java Trench 

101 
110 

62.00 -145.00 
44.50 -130.00 

Alaska 
!lance Fault Ions 

38 
34 

-6.00 
-4.50 

10'.00 
101.50 

Java Trench 
Java Trench 

111 
112 

43.00 -126.00 
40.50 -128.00 

Gorda Ridge
Mendocino Fault Ione 

40 ...1.00 112.00 Java Trench 113 40.50 -123.00 Mendocino Fault lone 
41 -1.25 114.50 Java Trench 114 38.00 -111.00 Nevada 
42 -1.50 11'.00 Java Trench 115 37.50 -122.00 San ...harem' Fault loneO
43 
44 

-1.50 
-1.50 

111.50 
122.00 

Java Trench 
Java Trench 

116 
11' 

35.00 -118.10 
37.00 -118.00 

San Andreas Fault /one 
Nevada 

49 -8.25 124.50 Sands sea 118 16.00 -88.00 Central America 
46 -7.00 127.00 Sands Sea 111 16.00 -17.00 Central America 
47 -4.00 129.00 Wanda Sea 120 15.00 -14.00 Central America 
64 -5.00 131.00 Rands Sea 121 14.00 -11.00 Central America 
41 -3.50 121.25 Sand. Sea 122 12.00 -68.00 Central America 
SO 
51 

-2.00 
-1.00 

12,.50 
125.25 

Sands Sea 
Glebes Sasin 

123 
124 

10.00 
8.00 

-85.00 
-02.50 

Central America 
Central America 

12 .00 123.00 Celebes Sasin 125 1.00 -82.50 South America 
53 .00 120.50 Celebea Sasin 126 6.00 -76.00 South America 
14 1.50 125.00 Celebes basin 127 8.00 -73.00 South America 
SS 
14 
17 
SO 
11 
60 
61 
62 
63 
64 
65 
66 
67 
44 
61 
70 
71 

3.00 
1.25 
7.50 
1.75 

12.00 
13.50 
15.00 
35.00 
34.00 
33.00 
31.00 
21.00 
27.00 
26.00 
25.00 
25.00 
22.60 

12'.00 
126.50 
126.00 
125.30 
125.00 
123.00 
121.00 
136.00 
134.00 
132.00 
132.00 
131.00 
129.00 
127.00 
124.10 
122.00 
121.10 

Philippine Islands 
Philippine Islands
Philippine Islands 
Philippine Islands
Philippine Islands 
Philippine Islands
Phillppine Islands 
Southern Japan
Southern Japan 
Southern Japan
Southern Japan 
Southern Japan
Ryukyu Islands 
Ryukyu Islands
Ryukyu Islands 
Ryukyu Islands
Taiwan 

128 
121 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

.00 
-5.00. 

-11.00 
-12.00 
-15.00 
-17.50 
-20.50 
-22.00 
-23.50 
-25.00 
-27.00 
-21.00 
-30.00 
-31.00 
-33.00 
-34.00 
-36.00 

-60.00 
-77.00 
-74.00 
-7/.50
-75.00 
-71.00 
-41.00 
-67.00 
-70.00 
-48.00 
-71.00 
-49.00 
-71.50 
-70.00 
-72.50 
-71.00 
-73.00 

South America 
South America 
South Americo 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 
South America 

72 
73 

20.00 
17.10 

121.50 
121.00 

Taiwan 
Taiwan 

145 
146 
147 

-56.00 
-17.00 
-18.50 

-27.00 
-25.00 
-25.50 

South Sandwich Islands 
South Sandwich Islands 
South Sandwich Islands 

The symbols in the following tables indicate the status of each 

circle of investigation in six-month intervals from January 1, 1985 

to January 1, 1992. wm indicates a TIP, •O
indicates no TIP, 

Om indicates a successful prediction, 1.1 earthquake occurred at 

this location, and a blankO
indicates insufficient data to run 

the algorithm. Because the circles of investigation overlap an 

earthquake usually occurs in more than one circle. 
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Table 1(continued) 


X8 test 13 results for years from July 1, 1991. 


wm - TIP 

- no TIP 

um - successful prediction 
- earthquake located in this circle 

- blank - insufficient data 


91 92 91 92 

b a b a 


1 74 • • 


2 • • 75 

3 74 • • 


4 WIWI; 77 

3�• • 71 


79 

7 SO 

• 	 61 

lirirtil;111; 


.10 43 

• 	 42 

Mil!! i;CI 
11 V11, 1 ! 84 

12 1 1 1 ,1!!!!!!! $ 5 

13 46
111.111:ffif1
 
14 87 

15 • 44 

16 49 

17 90 11611WM 

I S 91 

19 92 

20 . - 93 

21 94 

22�. 95 

23 106 

24 9" 

25 98 

26 19 

27 - 100 

24 . • 101 

29 102 

30 103 

31 104
• '1 1,11,1 1, 

32 - • 105 

33 106 

34 10' 

35 104 

36 109 

37 110 

34 • • • •
111 
31 • • 112 

40 • 113 . . 

41 114 •
IMO!!! • 


42 • • 
 115 
43 116 
44 117 • •

• 
45 111 

46 
 119 
4- 120 
41 121 
49 • • 122 
SO • 123 
51 . 124 
32 . . 	 3.25 

126S3 111 1.1! • 
127S• • 
128 • •35 Pni!!!!!!! 
129 • •360111 1.1!1:1:1; 
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SS 131" -
39 . . 	 132 

133 

61 • -
60�


134 
135 
13663 pt!!!!!1! 

114 owisi!H 	 137 
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139 

47 140 
141 
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14370 

71 144 
. • 	 145 -72 

14673 
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APPENDIX VI 

An Alternate Null Hypothesis 

James H. Dieterich 

U. S. Geological Survey 

Menlo Park, California 


As part of the review process, the following test was developed to compare the results of 
the M8 test with a method of random assignment of TIPs based on the Poisson model of 
earthquake occurrence. At the request J. Healy, the following memorandum was prepared 
to describe the method employed for the test and results obtained. 

April 21, 1992 

Mum 
To: J. Healy, V. Kossobokov and J. Dewey 
From: Jim Dieterich 
Subject: Comparison of M8 test results with 'Poisson' model 

Thank you for the opportunity to look at and comment upon the draft Open-File Report, 
and for supplying the data needed to undertake the comparison that I describe below. I 
fully endorse the goals of this study to develop an objective test of the M8 algorithm. This 
is an important topic and I believe what you have done is both reasonable and constructive. 

As I discussed previously, I have been interested in the question: How does M8 
compare with a simple scheme of assignment of TIPs based on a Poisson model for 
earthquake occurrence? The Poisson model is widely regarded as an acceptable zero-order 
model of earthquake occurrence. Hence, departures of the M8 test results from a Poisson-
based method of TIP assignment, would be useful for evaluating the value and 
performance of M8. 

I have written a computer program for a simple implementation of this comparison. 
The test assigns TIPs randomly to the circles, weighting the probability of a TIP by a 
measure of the long-term average rate of earthquake activity in the circle. I think this is an 
appropriate null hypothesis for the M8 test. It is a variant of your comparison of M8 that is 
based on unweighted assignment of TIPs. However, the unweighted assignment of TIPs 
has the problem that all circles will not have the same rate of seismic activity and 
consequently, may not have the same chance of randomly producing an earthquake in some 
interval of time. 

The measure of average rate of activity for this test is taken to be the number of 
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earthquakes M26.5 in each circle since 1900. For this I used the data you provided to me 
from the earlier draft version of the report 

The weighting parameter, Fi , for random assignment of a TIP for circle, i is 

number of earthquakes 1v16.5 in circle i (sirla 1900)Fl 
sum of number of earthquakes M26.5 over all circles (since 1900) 

The test is run in six month increments for the period covered by the M8 test. For 
direct comparison with the performance of M8, the total number of randomly assigned 
Poisson TIPs should be the same as produced by the M8 algorithm over the duration of the 
test Hence, the average number of TIPs/6month, as declared by M8, over the entire 13 
six-month intervals was used. For the weighted random TIP assignment, the probability, 
Pi, of a TIP being declared in circle, i for any six month interval is 

Pi=FiN , 

where Nis the average number of TIPs per six month interval declared by M8 (i.e., N = 
409/1 3). 

COMPUTATIONAL PROCEDURE 

Iterate though time the intervals and circles i 
1)For each interval and circle, draw a random number R (range 0 to 1) 
2) If, Pi >R, then, declare a TIP for circle i 

At end of simulation, count number of earthquakes M27.5 that had at least one TIP 
declared for the circles and interval in which it occurrtd. Such earthquakes are 
defined by M8 as a successful prediction. 

Repeat the simulation 

(Note: in practice it is only necessary to iterate over the circles and interval in which each 
IviZ7..5 earthquake occurred) 

ORCUM PAC-11-1C TEST: GENERAL CHARACTERISTICS 

Average number of earthquakes/circle for any half-year interval: 

26 circles affected by M27.5 EQs . 0.014 . 
(13 imervals)(147 circles) 
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TEST A - THE BASIC MODEL 

The first comparison is with the original test of the M8 algorithm. The M8 algorithm 
generated a total of 409 TIP intervals. Table 1 gives the results of the random assignment 
of TIPs to circles for 100,000 simulations. The columns labeled 'Weighted' are the results 
obtained for assignment of TIPs using the weighting procedure, described above, based on 
historical rate of seismicity in each circle. The columns labeled 'Unweighted' employ a 
simple unweighted random assignment of TIPs that should be equivalent to the random test 
given in the report. The results of 'Unweighted' agree quite well with the random test of 
the report. 

Table 1: Random Model A 
(100,000 simulations) 

Weighted Unweighted 
Cumulative Cumulative 

Success Number percent Number percent 
0 30 100.0 197 100 
1 365 100.0 1920 99.8 
2 2411 99.6 8406 97.9 
3 8862 97.2 18566 89.5 
4 20759 88.3 2534.4 70.9 
5 27541 67.6 23217 45.6 
6 23930 40.0 14796 22.4 
7 11983 16.1 5643 7.6 
8 3585 4.1 1622 1.9 
9 519 0.5 274 0.3 

10 15 0 15 0 

Results of M8 algorithm (From Healy, et al.) 
Successful TIPs = 6 

(success is defined as earthquake, M.7.5, occurring in a circle with active TIP) 
Successes/TIP interval: 6/409 = 0.015 

Results for weighted random assignment of TIPs: 
Average successes/simulation = 5.13 
Successes/TIP interval: 5.13/409 = 0.013 
Weighted random assignment of TIPs does as well, or better, than M8, 40% of the 

time. 
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TEST B - THE MODIFIED M8 TEST 

This comparison is with the test of the M8 algorithm, modified to not automaticAlly rum 
off a TIP if an earthquake, MZ7.5, occurs. The modified M8 algorithm generated a 446 
TIP intervals in the 13 six-month intervals. Table 1 gives the results of the random 
assignment of TIPs for 100,000 simulations. Again, the results of 'Unweighted' agree 
quite well with the random test of the report. 

Table 2: Random Model B 
(100,000 simulations) 

Weighted Unweighted 
Cumulative Cumulative 

Success 
0 

Number 
0 

percent 
100.0 

Number 
75 

percent 
100.0 

1 72 100.0 1254 99.9 
2 1401 99.9 5909 98.7 
3 5812 98.5 15158 92.8 
4 16776 92.7 23607 77.6 
5 26833 75.9 2484.4 54.0 
6 27469 49.1 17747 29.2 
7 15472 21.6 8301 11.4 
8 5082 6.2 2557 3.1 
9 1010 1.1 518 0.5 

10 73 0.1 30 0 

Results of M8 algorithm (From Healy et al.) 
Successful TIPs = 8 
Successes/rIP interval: 8/446* = 0.018 

(* 480 TIPS declared in 7 years, estimated as 446 I1Ps in 13 intervals) 

Results for weighted random assignment of TIPs: 
Average successes/simulation = 5.45 (4.67 for unweighted random) 
Successesii IP interval: 5.45/446 = 0.012 
Weighted random assignment of TIPs does as well, or better, than M8, 6% of the 

time. 

DISCUSSION 

From the results of Table 1, it appears that the original M8 algorithm was not 
significantly betLcr at declaring successful I1Ps than the simple method of random 
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assignment based on the Poisson probability model. 
The modified M8 algorithm (Test B) is more problematic. The results of Table 2 

indicate that th►e weighted random model could do as well or better that the modified M8 
only about 6 percent of the time. There is however, the troublesome issue of altering the 
M8 algorithm after the results of the first test were seen. While the arguments in support of 
the change seem plausible, it also seems evident that the modified algorithm cannot receive 
an independent test from the data set employed for Test A. For the circum-Pacific, I feel 
the test begins now and will be decided by future earthquakes. I look forward with interest 
to see how it comes out. 

Finally, I would like to take this opportunity to offer an opinion, based on these results, 
on the present status and appropriate uses of M8. I think it is at least plausible that future 
earthquakes could support the modified M8 algorithm and yield a success rate comparable 
to that indicated by the B test. If for the sake of argument we accept that speculation, the 
probability of an earthquake, M7.5, occurring in a circle during a 6 month TIP interval 
would be about 0.018. This remains is a rather low probability, not much greater than the 
observed average number of earthquakes/circle for any half-year interval of 0.014. Also, 
the method does not predict specific earthquakes because any earthquake, M27.5, located 
within the large area of a circle will satisfy a TIP. In view of these results, I believe at 
present, the method is principally of scientific interest to a) possibly improve our 
understanding of underlying physics of earthquake occurrence, and b) attempt to develop 
improved algorithms that could someday serve as a basis for recommendations of public 
response. 
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