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I COMMONNOTATIONS

The program is used for calculation of functions on earthquake flow. Initial data for
calculation of functions - catalogs of earthquakes. The program works in an interactive mode.
The necessary input data are requested by using window interface. The values of parameters
for calculation of functions are written in a special binary format file - PROFILE. The
calculated values of functions are written in the same file. The extension of the name of this
file should be PAT. The program may create a file on a disk with results of dialog for

printout. The name of this ASCII format text file is PRO.PRI. The ASCII format text file
with the name FUN.PRI, which contains the values of the functions for printout, may also be
created.

To users.
The program is modified from time to time according to the experience of its applications.
Any suggestions or information on results obtained will be kindly appreciated. Please send
both to Dr.I.M.Rotwain or Dr.A.A.Soloviev,
International Institute of Earthquake Prediction Theory and Mathematical Geophysics,
Russian Academy of Sciences,
Warshavskoye sh.,79 k.2, Moscow 117556, Russia
Phone: +7095 1107795 Fax: +70953107032
B-mails: rotwain@mitp.ru, soloviev()mitp.ru

1.1 Cata1os

The program operates on catalogs of main shocks stored as non-text files (standard "20 bytes
binary format"). These catalogs have to be prepared by using program AFT or selected from
such catalog by using program CATAL. Records in a catalog should be ordered in increasing
time.

The records in a file with a catalog are specified as follows.

The first 4 bytes of the first record contain an integer, which is the total number of records in
the file (the number of earthquakes plus 1).

For all other records:
Positions in a record Contents Type
1-4 time of the earthquake in minutes A.D. integer *4
5-6 latitude, degrees multiplied by 100 integer *2
7-8 longitude, degrees multiplied by 100 integer *2
9-10 depth, km integer *2
11-12 magnitude mb multiplied by 100 integer *2
13-14 magnitude ms multiplied by 100 integer *2
15-16 magnitude ml multiplied by 100 integer *2
17-18 magnitude mp multiplied by 100 integer *2
19-20 macroseismic intensity integer *2

(not used usually in these programs)
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1.2 Functions

Values of functions may be calculated for objects (moments of time) in one or several

regions.

Before calculation of the functions three magnitude thresholds ml	 m3 have to be
calculated or specified. The low threshold M0 for magnitudes of strong shocks has also to be

specified. In the function definitions listed below there are parameters M (magnitude) and s

(time). The values of these parameters have to be specified for functions separately. Parameter

M may take values ml, m2 or m3. Parameter s is an integer number of years. In the function
definitions t means the time of the object.

The program calculates the following functions:

1. Ni - the number of main shocks with magnitude M? M calculated for the time period from
t - S to t.

2. N2 - the same as Ni but with other values of M and s.

3. K - the difference K1 - K2 between the numbers K1 and K2 of main shocks with magnitude
M ? M. Here K1 is calculated for the time period from t - s to t and K2- for the time

period from t - 2s to t - s.

4. G - the difference 1 - L2 IL1. Here L1 is the number of main shocks with magnitude M? M'
calculated for the time period from t - s to t and L2 is the number of main shocks with

magnitude M ? M calculated for the same time period. Value of parameter M' is
defined by the following way: ifM = m orM= m2 then M' m1; if = m3 then M' =
M2-

5. SIGMA - the sum C1OIM for main shocks with magnitudes M M1 M and the

origin time from t - s to t.

6. Smax - max Sj IKj. Here Sj is the sum ClOM for main shocks with magnitudes M M

M and the origin time from z' - j years to t - (j-1) years; Kj is the number of such
main shocks;j = 1, 2, ..., s.

7. S imax - max Si /Kj2. Here Si and Kj have the same sense as in the definition of the function

Smax;j 1, 2, ..., s. Values of coefficients C, D and F and magnitude threshold M are
the same for functions Smax and Simax.

8. Zmax - max Sj /Kj 2/3rn Here Si and Kj have the same sense as in the definition of function

Smax; j = 1, 2, ..., s. Values of coefficients C, D and F and magnitude threshold M
may differ from their values for functions Smax and Simax.

9. N3 - the number of main shocks with magnitude M? M calculated for the time period from
t-3s- 1 yeartot-2s- 1 year.

10. L - the difference between L1 and ratio L2 (t -T rounded to the nearest integer. Here T0
t-T0-s

is the time of the beginning of the catalog; L1 is the number of main shocks with

magnitude M? M calculated for the time period from T0 to t; L2 is the same number
calculated for the time period from T0 to t - s.
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11. q - the sum

	

max{0, ENTIRE(A-K)}. Here A = saM, where am is the average annual

number of main shocks with magnitude M ? M in the catalog; K is the number of
main shocks with magnitude M M calculated for the time period from t - s' - s - j
years to t - s' -j years, where s' ENTIRE((s-1)/2).

12. Ml - the maximal magnitude multiplied by 100 of the long-range aftershocks in the region
under consideration within the time period from t - s to t. Long-range aftershock is a
main shock with magnitude M? M, which follows a strong (with magnitude M? M1)
main shock in the region or in its neighbourhood within 1 year.

13. Bmax - the maximal number of aftershocks of main shocks with the origin time from t - s
to t. The number of aftershocks has to be in 13-14 positions of records of the catalog.

14. Q - the sum	 -

	

. Here K is the number of main shocks with magnitudeM

M calculated for the time period from t - js to t - (j - 1)s; j is the first number], for
which Kj > Kj1 and Kj > K+i(if there are no such] for] = 2, 3, ..., ENTIRE(151s) then

j ENTIRE(15/s)).

s+1

15. V - the sum	 I

	

- Kji I . Here K is the number of main shocks with magnitude M?:
j=2

Mcalculated for the time period from t -i years to t - (j - 1) years.

16. NFl - the number of main shocks with magnitude M ? M0 - 6, which occurred during the
time period from t - s to t in all regions, which are indicated as the regions on the same
fault for the region under consideration. Here M0 is a low magnitude threshold for
strong earthquakes.

17. NF2 - the same as NFl but with other values of 6 and s.

18. NR1 - the number of main shocks with magnitude M? M0 - 6, which occurred during the
time period from t - s to t in all regions, which are indicated as the regions in the
whole area for the region under consideration. Here M0 is a low magnitude threshold
for strong earthquakes.

19. NR2 - the same as NR1 but with other values of 6 and s.

20. Taq - mm Tk. Here Tk is the integer number of years, which passed before t after the end

of the last time period with duration s, during which the numbers of main shocks with

magnitude M? M in the region under consideration and in the k-th region from its

neighbourhood differ essentially. The time periods from t - s - j years to t -j years (j =
0, 1, ..., 15-s) are considered. Numbers of main shocks differ essentially if one of them
belongs to 1/3 quantile (number is small) and another belongs to 2/3 quantile (number
is large). Quantiles are calculated for the regions by using whole catalogs. If numbers
differ non essentially for all considered intervals then by definition Tk = 17 - s.

21. SIGTH - the sum ClOIM for main shocks with magnitudes M? M and the origin
time from t - s to t. Values of parameters M and s and coefficients C, D and F are the
same for functions SIGMA and SIGTH.
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1.3Setof functions forCNalgorithm

If CN algorithm (Keilis-Borok and Rotwain, 1990) is applied the following set of functions is
used:

N2with s=3 and M=m3;
Kwith s =2 andM m2;
G with s =3 andM= m2;

SIGMAwiths=3,M=m1,C=1,D=1,F=4.5, and M =Mo-0.l;
Smaxwiths=3,M=m1,C=1,D= 1,F=4.5, and M =M0-0.1;
Zmax withs=3,M=m1, C= 1,D=O.5,F=4.5, and M =Mo-0.1;
N3 with s=3 and M =

q with s =6 andM=
Bmax with s = 3;
SIGTH with s =3,M= ml, C = 1,D= 1 and, F=4.5;

This set of functions with the indicated values of parameters is called "Standard CN".

II DIALOG IN PROGRAM FUNC

To input data the program uses the interface organized as a set of menus with accessible
windows.

2.1 First menu

The first menu contains the window where the name of the input PROFILE has to be
indicated. The name has to have the extension PAT. Blank means that input PROFILE will
not be used.

By pressing FlO it is possible to stop the program.

2.2 Second menu

The second menu contains the following windows.

# Window Name Function and Comments
1 List of regions To specify the indexes ofregions, for which values of

functions will be calculated. These indexes may be from 1 to
25. The total number of regions has to be less than 26.

2 Region catalogs from To specify the common name offiles with subcatalogs,
which contain main shocks of regions. The name of the file
for the specific region will be formed by inserting the index of
the region in the common name before extension. The name
has to have extension DAT. Function key F9 maybe used to
search the file in the current directory.

3 Time from To specify the beginning (year, month, day, hour and
minute) ofthe catalogs.

4 Time to To specify the end (year, month, day, hour andminute) of
the catalogs.
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5 Skipping to To specify the beginning (year, month, day and hour) of the
time intervalfor moments, for which the values of the
functions may be calculated.

6 Learning to To specify the end (year, month, day and hour) oftime
interval, which is usedfor determination ofmagnitude
thresholds ml, m2 and M3-

7 MO To specify a value of the low threshold Mofor magnitudes of
strong shocks.

8 Definition of dates> To specify the dates of objects.
By list - A list of dates will be specified.
By step - Dates will be with a constant step.
The window can be opened by pressing F2 to get into the
third menu to specify the list of dates or the first and the last
dates and the step.

9 <Functions> To specify the list offunctions, which will be calculated and
values of their parameters.
Standard CN - Standard CN set of function will be

calculated.
Not standard - The window can be opened by pressing F2 to

get into thefourth menu to specify the the list of
functions and values of their parameters.

10 <Thresholds> To specify values of magnitude thresholds m, m2, and m3
Magnitudes - The window can be opened by pressing F2 to

specify the values of m1, m2, and m3 for each region.
Nos of events - The values of ml, m2, and m3 will be

calculated for each region to obtain the average annual
number ai of main shocks with M?: m1, the average
annual number a2 of main shocks withM ? m2 and the

average annual number a3 of main shocks withM?
m3. Values of a1, a2 and a3 are the same for all regions
and have to be specified. The segments of catalogs
from "Time from" to "Learning to' are used for
determination of ml, m2 and M3-

11 Annual events To specify values ofa1, a2 and a3 (a1 ? a2?: a3 > 0). This
window is used only if mi, m2, and m3 are calculated to obtain
ai, a2, and a3 as average annual numbers of events ("Nos of
events" is in window 10).

12 Type To set will values offunctions be typed or not.
ON - Values of functions will be typed.
OFF- Values of functions will not be typed.

13 Line to type To specify the value ofk. Values of functions will be typed
for objects with sequential numbers ki + 1 (i = 0, 1, ...). This
window is used only if values of functions will be typed.
("ON" is in window 12).

14 Print To set willprintout be created or not.
ON - Files PRO.PRI with the results of dialog and FIJN.PRI

with values of functions will be created for printout.
OFF- File FUN.FRI will not be created.






15 Protocol To set will printout with the results ofdialog be created or
not.
ON - Files PRO FRI with the results of dialog for printout

will be created.
OFF - File PRO.PRI will not be created.
This window is used only if file PAR.PRI with values of
functions for printout will not be created ("OFF" is in window
14).

16 Title for printout To specify a title ofprintout (a string with not more than 30
symbols, which will be written in file FUN.PRI as a title).
This window is used only if file FUN.PRI will be created
("ON" is in window 14).

17 Output profile To specify the name of the output PROFILE, which will
contain the results of the dialog and the values of the
functions. The name has to have extension .PAT. Blank
means that output PROFILE will not be created.

18 Control To show consistency of input data already indicated.
OK - data are consistent. If the cursor will be moved to this

window then after pressing ENTER the values of
thresholds m1, m2, and m3 or numbers fli, n2, and 123
will be calculated for each region. Here i is the total

number of main shocks with magnitude M ˆ ml in the
region during time period from "Time from" to
"Learning to", n2 is the same forM m2, n3 - for M?
m3. After calculation of ml, m2, and m3 or i, fl2, and 123
it is necessary to answer the question
"THRESHOLDS O.K.?". If the answer is "Y" the

program begins to calculate the values of the

functions. If the answer is "N" it returns to the second
menu.

999 - data are not consistent. By pressing ENTER the cursor
is moved to the window with inconsistent data.

By pressing ESC it is possible to return to thefirst menu.
By pressing FlO it is possible to stop the program.

2.3 Third menu

If the dates of objects are specified "by list" the third menu contains the following windows.

# Window Name Function and Comments
<List> To indicate how the list of dates ofobjects will beformed.

Current - After entering into window 2 a current list of dates
remains.

From strong shocks dates - After entering into window 2 a
new list of dates will be formed accordingly to the
dates of strong shocks in the regions, for which values
of functions are calculated.
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2 Dates of objects To input or to change the dates of objects. The maximal
number of dates is 100. The first date has to be after the date

"Skipping to" (see window 5 of the second menu).
WARNING. If "From strong shock dates" is in window 1
then after entering into window 2 the list of dates will be

changed by the following way. The list will contain the dates
of strong shocks of all regions, for which values of functions
are calculated minus an hour, the dates of strong shocks minus
a year and an hour and minus two years and an hour, which
are not before the previous strong shock and all dates 1 h of

January 1, which are not less than two years before the dates
of strong shocks. All these dates will be selected for time
interval from "Skipping to" to "Time to" (see windows 4 and
5 of the second menu). If the total number of such dates is
more than 100 it will be reduced to 100.

3 Mag. To specify the low thresholdfor magnitudes ofstrong
shocks, which will be used to form the list of dates. This
window is used only if "From strong shock dates" is in
window 1.

If the dates of objects are specified "by step" the third menu contains the following windows.

# Window Name Function and Comments
1 Dates from To specify thefirst date (year, month, day and hour).
2 Dates to To specify the upper boundary (year, month, day and hour)

ofdates.
3 Step To specify the step (years, months and days) between dates.

By pressing ESC it is possible to return to the second menu.

By pressing FlO it is possible to stop the program.

The names of the objects are formed by the following way. The name consists of 5 symbols:
the first two symbols are the number of the region, the next two symbols are the last two
digits of the year of the object date and the last symbol ('1', '2', '3', '4', '5', '6', '7', '8', '9', 'o', 'n'
or 'd') indicates the month of the object date.

2.4 Fourth menu

Thefourth menu contains the following windows.

# Window Name Function and Comments
1 Time Magnitude Delta To specify the functions, which will be calculated, and

values oftheirparameters: s (Time), M(Magnitude) and ö
(Delta). Function SIGTH is always calculated with values of
parameters of function SIGMA besides the case when all
functions Ni, N2, K, SIGMA, N3, L, q, Ml, Bmax, Q, V,
NFl, NF2, NR1, NR2, Tag are calculated.
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2 for SIGMA and SJGTH To specify values of coefficients C, D, and Fforfunctions
SIGMA and SIGTH and a value ofthe threshold magnitude
M forfunction SIGMA.

3 for Smax and Simax To specify values of coefficients C, D, andF and a value of
the threshold magnitude Mforfunctions Smax and Simax.
This window is used only if functions Smax or/and Simax are
calculated.

4 for Zmax To specify values of coefficients C, D, andF and a value of
the threshold magnitude M forfunction Zmax. This
window is used only if function Zmax is calculated.

5 Catalog of main shocks To specify the name ofthe file with the catalog, from which
for Ml strong main shocks will be selectedfor calculation of

function Ml. This name has to have extension MAT . This
window is used only if function Ml is calculated. Function key
F9 can be used to search the file in the current directory.

6 MO for Ml To specify a value ofmagnitude threshold Mi for
calculation offunction Ml. This window is used only if
function Ml is calculated.

7 List of regions To specify lists ofregionsfor calculation offunctions NFl,
NF2, NRI, NR2 and Taq.
on same fault (for NFl and NF2) - by pressing F2 the

window can be opened to input the lists of regions (
10) on the same fault with the regions, for which
values of functions are calculated.

in whole area (for NR1 and NR2) - by pressing F2 the
window can be opened to input the lists of regions (
6) in the whole area with the regions, for which values
of functions are calculated.

in neighbourhood (for Taq) - by pressing F2 the window can
be opened to input the lists of regions ( 10) in the
neighbourhoods of the regions, for which values of
functions are calculated.

Indexes of regions have to be from 1 to 25. The names of the
files with the subcatalogs of main shocks for the regions are
formed from the common name by the same way as in the
case of regions, for which values of the functions are
calculated (see window 2 of the second menu). This window
is not used if functions NIR1, NR2, 1%&1, NF2 and Taq are not
calculated.

By pressing ESC it is possible to return to the second menu.
By pressing FlO it is possible to stop the program.
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