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ABSTRACT

Hoenig, J. M., M. H. Prager, and N. B. Payton. 1989. Computer programs for
investigating the effects of environmental events on a time series of
recruitment. Can., Tech. Rep. Fish. Aquat. Sci. 1713: v + 43 p.

Prager and Hoenig (in press) used a randomization procedure to test the
significance of discrete environmental events, such as el Nifio-Southern
Oscillation events, on a time series of recruitment. Their procedure
implicitly accounted for autocorrelation and other problems frequently
encountered when trying to use a parametric testing procedure. In a follow up
paper, Prager and Hoenig (in prep.) investigated the power of several
randomization tests and compared them to parametric alternatives. This report
presents the two Fortran computer programs used in these studies.

RESUME

Hoenig, J. M., M. H. Prager, and N. B. Payton. 1989. Computer programs for
investigating the effects of environmental events on a time series of
recruitment. Can. Tech. Rep. Fish. Aquat. Seci. 1713: v + 43 p.

Prager et Hoenig (sous presse) ont employé une méthode de randomization
afin de tester le degré de significance d’événements environementaux discrets,
.tels que les événements El Nifio, sur une série chronologique de recrutement.
Leur méthode tenait compte de fagon implicite de l’autocorrélation ainsi que
d’autres problémes rencontrés fréquemment lors de l’emploi de méthodes de test
paramétriques. Dans un autre article, Prager et Hoenig (en préparation) ont
étudié la puissance de plusieurs tests de randomization et les ont comparés a
d’autres tests paramétriques. Dans ce rapport on présente les deux programmes
Fortran qui ont servi dans ces études.



PREFACE

This report provides descriptions, listings, and user’s instructions for
two Fortran computer programs used by Prager and Hoenig (in press; in review)
to study environmental influences on recruitment. The purpose of the report is
to 'document the computational procedures used and to ensure that the programs
remain available to future investigators. We have tested these programs
carefully. However, as with any large program, it is not possible to state
categorically that the programs are error-free. Users are warned to use the
programs at their own risk. The programs are available through the American
Fisheries Society’s Computer Users’ Section.



INTRODUCTION

In recent years, a great deal of attention
has been focused on the problem of determining to
what extent environmental conditions
recruitment. A large number of studies have
involved the use of parametric statistical methods
(e.qg. regression, correlation, t-tests) to
describe and test the relationship between
environmental factors and recruitment in available
time series. These approaches generally require
the following assumptions: independence of
observations (i.e., from year to year), normality,
and homogeneity and/or homoscedasticity of
variances. All of these assumptions may be
suspect when dealing with time series data. In
addition, the parametric methods assume random
sampling (of time) which is obviously not
possible. Few studies have considered the effects
of failure to meet the necessary assumptions.

above-mentioned

classical time
example, by Box
Prager and Hoenig (in press)
described another approach based on randomization
tests. We concentrate on the latter approach in
this report.

One alternative to the
parametric procedures is to use
serles methods as described, for
and Jenkins (1970).

The randomization
Hoeniq (in press) is
recruitment in key event
which a specified type of
occurred, with recruitment in background years,
i.e. the years immediately surrounding the key
event years. For example, key event years might
be taken to be years in which an el Nifio-Southern
Oscillation event occurred or vyears in which
offshore transport in May exceeded a pre—specified
threshold. Background years might be defined as
the two years before and the two years after a key
event year. Alternatively, one might define
background years as the two years before a key
event year and ignore the years immediately after
the key events. (This would be appropriate if one
had reason to believe that the effect of the key
event carried over into the years immediately
after the event year.) In the parlance of
Haurwitz and Brier (1981), a key event year and
its associated background year together comprise
an epoch. Superposing (i.e. averaging) a set of
epochs provides a visual method for assessing the
"average"” trend over the course of epochs.

approach of Prager and
based on comparing the

years, 1i.e. years in
environmental event

The goal, then, is to test whether
recruitment in key event years tends to be
different from that in background years. The

usual (parametric) approach to comparing two means
is to compute some sort of t-statistic and refer
to a table of Student’s t-distribution to
determine the significance 1level. 1In the case
considered here, we could certainly compute a
t-statistic. However, we would be ill-advised to
assume this statistic follows a Student’s-t under
the null hypothesis because of fajlures of the
assumptions. However, we can determine the null
distribution, and hence the significance level, by
casting the problem as a randomization test (see
below). In this way we implicitly account for the
failures of assumptions assocliated with the
parametric approach.

- For a randomization test, we assume that the
available observations comprise the entire
population of interest, i.e. that we are not
dealing with a sample from some larger population.

influence

statistic for

We then test whether the association between two
variables could have arisen by the chance
"assignment"” of the values of each variable to the
units in the population. For example, the units
in the population could be years; the values of
one variable, recruitment, could have been
assigned to the units according to some arbitrary
process. Then the question becomes: could the
label "key event” (versus "not-key event”) have
been assigned to the units (years) independently
of the recruitment variable? or, is there
evidence that the key events have some association
with the recruitment values, e.g. tending to occur
when recruitment is high?

Suppose Wwe wish to measure the strength of
the association between recruitment and key event

years by computing a t-statistic (exactly as one
would for a Student’'s t-test). We need to
determine the significance of the computed
statistic with respect to the null hypothesis

(that recruitment and key event status [yes or no]
are assigned independently to years). Under the
null hypothesis, the label "key event year"™ has no
significance with respect to recruitment. Hence,
key events could occur anywhere with respect to
recruitment. Consequentdy, the exact null
distribution of the test statistic could be
determined by computing the value of the  test
every possible allocation of key

events to years. For example, if 4 key events
occurred in a 30 year period, there would be 30
choose 4 = 27,405 possible allocations of key
events to years. Since the number of allocations

can be large, an attractive alternative, which we

used, is to determine the approximate null
distribution by a Monte Carlo method. 1In this
approximation version, a given number of "trials"

For each trial, one of the possible
(of key events to year) is randomly
selected. (The recruitment time series remains as
originally observed.) The resulting histogram of
computed values of the test statistic approximates
the null distribution. If the observed value of
the test statistic occurs in the extreme tail of
the null distribution, the null hypothesis is
rejected.

is generated.
allocations

The interested reader is referred to

Edgington (1987) for further information on
randomization tests. Detajils of our use of
randomization tests for testing hypotheses about

recruitment are presented in Prager and Hoenig (in
press).

Program EPOCH can be used to test for an
association between discrete environmental events
and a time series of recruitment (or relative
recruitment or productivity). Since there are
various ways to describe the degree of association
(i.e. various possible test statistics), the
program can be used to determine the significance
level for three test statistics.

Program EPOWER was written to investigate the

power of the statistical test under various
assumed conditions (see Prager and Hoenig 1in
prep.). Power ig defined here as the probability

of rejecting the null hypothesis under specified
conditions. The program can be used to answer two
kinds of questions:

1) which test statistics are 1likely to be the

most powerful for a given type of recruitment
pattern; and



2) what kind of power might be expected in
practice if recruitment follows a given
process and key events affect rocruxtmont in
a given way.

It is difficult to determine analytically
which test statistics are the most powerful and
what power levels can be achieved. Program EPOWER
is written in a modular style so that additional
test statistics and additional patterns of
recruitment can be added to the program as needed.

PROGRAM EPOCH
DESCRIPTION

This Fortran 77 program reads in a time
series of recruitment and a list of key event
years. It also reads in the (user-specified)
definition of background years {(either the k years
before each key event or the k years before and
the 5 years after each key ovo;t), and the number

of Monte Carlo trials desired. Three test
statistics can be computed (D, T, or W — see
below). The program then estimates the
significance level for the chosen test statistic
by a Monte Carlo randomization test. The

significance level is estimated by (x + 1)/(v + 1)
where v is the number of Monte Carlo trials and x
is the number of trials in which the computed test
statistic exceeds the value of the test statistic
for the actual data.

The simplest test statistic, D, is the
difference between the mean recruitment in
key event years (E) and the mean value in
background years (5):

D=E- B.

The second statistic, T, was modified from
Haurwitz and Brier (1981). It is computed as one
would compute an ordinary Student’s t-statistic:

T=(E-B)/Ss,

where E and B are as defined for the D statistic.
The pooled standard deviation S is computed as for
a t-test:

(8sy, + Ssp) (N + No) i

’

E

NENB(NE + NB - 2)

where SS_ is the sum of sgquared deviations of the
values of recruitment in key event years from
tEoir mean:

2

E
ssg = 'Z (B, - E)?,
i=1

where E. is the recruitment in key event year i.

Similarli, SSB is the sum of the squared

e e T

deviations of the recruitment values in
background years from tReir grand mean.

. The W statistic is analogous to Student’s
t-statistic computed for paired data. Each key
event year is compared with its own background
years:

w=d JNB / Sw'

where Sw is a measure of dispersion (defined
below), NB is as defined for the T statistic, and
d 1is the mean of all paired differences between
the recruitment value in key event year i and the
recruitment value in each corresponding background
year. More precisely,

NE ni
d= 1 z L (, ~8,.),
N =l ge1l Y i3

where ny i8* the number of background values
available on recruitment for key event i.
Generally n, is a constant (e.g. 2 years before +
2 years aft@er = 4), but it has fewer observations
when the key event occurs near a missing value of
the response or near either end of the time
series. In other words, missing values of
recruitment are accommodated by eliminating them
from computation of the test statistic, and
adjusting n, and N accordingly. The measure of
dispersion Sw is computed as for a paired t-test:

N n
- ZE Zi a |
S = N, -1 (E, - B,, — d)?
w B iml §ml i ij

output from the program consists of two
files. One contains information for plotting
estimated significance level as a function of the
number of Monte Carlo trials. 1In this way, one
can examine whether the estimated significance
level (P-value)} has stabilized. The other output
file documents the data and test options used, and
presents the test results.

Program EPOCH uses a slightly modified
version of subroutine RAN3 (@ 1986 by Numerical
Recipes Software. Reproduced by permission, from
the book Numerical Recipes: The Art of Scientific
Computing, published by Cambridge University
Press).

PROGRAM PREPARATION

The program is written in standard Fortran 77
and could easily be run on a microcomputer. The
program operates in batch mode - all input is read
from a single data file called EPOCH.DAT and
output is written to two files. One output file
contains information for plotting estimated
significance level as a function of the number of
Monte Carlo trials (to determine whether the
estimated significance level has stabilized). The
second output file contains a summary of the data



and parameters used in the test and the test
results.

The data arrays are dimensioned to allow up
to 100 observations (years of data); 50 key
events, and to permit up to 10,000 Monte Carlo

trials. If this arrangement is satisfactory the
program can be compiled and run without
modification.

DATA INPUT

A sample data input file is presented in
Appendix I. Parameters and data for analysis are
entered into a data file called EPOCH.DAT in free
format, as follows:

line 1: number of years (rows) of recruitment
data (= NYear)

line 2: number of Monte Carlo trials

line 3: number of key events (= NKey)

next NKey rows: one pair of numbers in each row,
each row pertaining to a key event.
First number = Year ID for the key
event; second number = indicator for
expected response (see (1) below)

next line: minimum spacing for key events (ses
(2) below) .

next line: indicator for which test statistic
should be used (enter ’'T’, ’'D’, or 'W’
{n single quotes])

next line: sgseed for random number generator RAN3
from Numerical Recipes (enter a
negative integer)

next line: epoch definition - enter 1 if only
background years preceding the key
events are used; enter 2 if epoch is
two-sided, i.e. background vyears on
each side of the key events are used.

next line: number of background years preceding
each key event (and also succeeding
each key event vyear, 1if two-sided
epochs are used).

next NYear lines: time series of recruitment, one
vear per line. Each line consists of
two - numbers -~ the year 1ID and the
recruitment value. Years for which no
recruitment data are available are
left out of the file.

Notes:

(1) Enter +1 if the recruitment is hypothesized
to be higher than background (i.e. a "peak”) for
the corresponding type of key event (under the
alternative hypothesis); enter -1 if recruitment
is hypothesized to be 1lower than background
(i.e. a trough). A combination of pluses and
minuses is used for reflected event analysis.

(2) Minimum spacing for key events — there may be
physical or other reasons for believing that key
events cannot occur in adjacent years. In this
case, the randomizations (Monte Carlo trials) can
be generated subject to the restriction that key
events have a minimum spacing. Otherwise enter a
1.

PROGRAM OUTPUT

File EPOCH.SIG contains information on the
estimated significance level as a function of the
number of Monte Carlo trials. A two line header
(label) is followed by two blank lines. The

remaining lines give, for every second Monte Carlo
trial, the following information on a line:
Monte Carlo trial number i, value of the test
statistic for the trial data i, and running
significance level ([x+1]/[i+1], where x is the
number of ¢trial data sets for which the test
statistic is greater than that observed for the
actual data). The estimated significance level
can be plotted against the trial number to see if
the estimated significance has stabilized.

rile EPOCH.OUT documents the analysis with
the following information:

width of epoch

# of background vyears preceding the key
events

# of background years following the key
events

the random number generator seed

# rows of input data .

the year ID for the first row of data

the year ID for the last row of data

range of ID values

# of rows with missing data

# of key events (NKey)

the next NKey rows list the year ID of the
key event years and the expected direction
of he difference between key event years
and background years (i.e., positive or
negative)

which test statistic was used

value of the test statistic for the actual
data

# of Monte Carlo trials

minimum spacing allowed between the key
events in the Monte Carlo trials

number of Monte Carlo trials with test
statistic greater than that observed for
the actual data

estimated significance level

PROGRAM EPOWER
DESCRIPTION

This Fortran 77 program estimates the
realized alpha level and the power of the
randomization test under various possible
conditions. The simulated conditions can be such
that a parametric test (e.g. a t-test) is
appropriate. That is, the observations in the
time series can be generated independently from a
normal distribution with observations in key event
years being merely shifted by some amount delta.
Or, the time series can be generated with a linear
trend or with autocorrelation (AR1 model) or both.

In general, recruitment value in year i is
generated according to the general model
XX, = slope " i + AR ' XX, , + delta " Z, + e,
where XX is the recruitment value in year {,
slope 1is the trend (per year) in recruitment, AR
i8 the autoregressive parameter, delta is the
amount by which key event years differ from
non-key event years, Z, is an indicator variable
for key event status (a"]1l if year i is a key event
year), and 01 is a standard normal random
variable.

Six test statistics/test procedures are
included in the program. Two of these are the
usual parametric tests: t-test and paired t-test,
with signficance level determined by referring to



Student’'s t-distribution. The other test
procedures involve determining the significance
level by randomization. The program can be used
to determine the penalty for using a randomization
test when a parametric test is appropriate and
vice versa.

The test statistics are as follows:
1) D=E - B = difference of means; see detailed
description in writeup for Program EPOCH.

Significance is determined by randomization.

2) T =(E - B) /S = parametric t-statistic; see
detailed description in writeup for program

EPOCH. Significance is determined by
referring to a table of Student’s
t-distribution with N_ + NB - 2 degrees of

freedom where N and N_ are the number of
observations on key event and background
years, respectively.

3) T = game as (2) but significance is
determined by randomization.

4) W = d 4; (] = paired t-statistic; see
detailed dosc?iption in writeup for program
EPOCH. Significanc is determined by
randomization. :

5) Q = paired t-statisic defined as follows:
A
Q =
S
Q
where
NE
D=L (g, -B,)
iml i i
N
E
I _ _ i
S = (E, — B, — D)1?
Q tal & 1
NE -1

and N is the number of key event years, and
B is the mean of the recruitment values for
background years associated with key event i.
Significance is determined by referring to a
table of Student’s t-distribution with NE -1

degrees of freedom.

6) Q@ = same as (5) but significance is
determined by randomization.

Program EPOWER uses slightly modified
versions of the following routines: RAN3, GASDEV,
AVEVAR, TTEST, TPTEST, BETAI, BETACF, GAMMLN.
(® 1986 by Numercial Recipes Software. Reproduced
by permission, from the book Numerical Recipes:
The Art of Scientific Computing, published by
Cambridge University Press.)

PROGRAM PREPARATION

The program is written in standard Fortran
77. Although memory requirements are small, so
the program could be run on a microcomputer, the
execution time is substantial. We used about 100
hours of CPU time on a mainframe supercomputer to
generate the series of power curves in Prager and
Hoenig (in prep). It took approximately
20 minutes of CPU time to estimate the power for
one set of conditions.

The program operates in batch mode - all
input is read from a single data file called
EPOWER.DAT and output is written to two files.
one file, EPOWER.OUT, provides for each test
statistic the following information: number of
simulated data sets for which a significant result
was found, the estimated power, and an approximate
95% confidence interval (based on the normal
approximation to a binominal).

The other output file, EPOWER.DET, provides
more detailed output (DET for detail). The file
contains the value of the test statistic, and the
estimated significance level, for every data set
generated.

The program’s arrays are dimensioned to allow
up to 10 key event years to occur in a 50 year
time series. If this is satisfactory, the program
can be compiled and run without modification.

DATA INPUT

A sample data input file is prfesented in
Appendix TIII. Parameters of the simulation are
read in free format from a data file called
EPOWER.DAT, as follows:

line 1: Number of years in each simulated
data set.
line 2: Number of key event years in each
data set.
line 3: Amount of difference in mean
recruitment between background and
key event vears.
line 4: Slope ot_itrond in) recruitment over
time (yr ).
line 5: Seed for random number generator
RAN3 (from Numerical Recipes).
Number should be negative,
line 6: Enter a 1 if only years before each
_ key event are used as background
R years; enter a 2 if years before and
after are used as background years.
line 7: Number of background years
preceeding each key event year (and
also succeeding each key event year,
if two-sided epochs are used).
line 8: Number of data sets generated (outer
trials - to be analyzed by the Monte
Carlo randomization test)
line 9: Number of Monte Carlo randomigations
(inner trials - for analysging a
given data set)
line 10: Autoregressive parameter

PROGRAM OUTPUT

File EPOWER.OUT provides a summary of the
simulated conditions and the estimated power



levels with approximate 95% confidence limits.
The information is provided as follows:

title ("Power analysis ....")

number of data sets generated randomly

number of years in each data set generated

number of key event years in each data set

definition of an epoch

model type (autoregressive vs. uncorrelated)

delta, the amount added to the recruitment
value to make the year a key event year

slope of trend: the amount by which the
expected recruitment changes per ‘year

autoregressive parameter for the ARL model

number of Monte Carlo randomizations for a
given generated data set

random number seed for RAN3

title ("Summary of Results")

Statistics
number of significant results (rejections of
H )

estifated power
lower 95% confidence limit
upper 95% confidence limit

The detailed output,\ file, EPOWER.DET,
provides the exact same summary of simulated
conditions as EPOWER.OUT. It then provides, for
every simulated data set, the value of the
statistics and their estimated significance
levels.
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Appendix I - Program EPOCH
lei  file EPOCH.DAT) witt tati
Number of years (rows) of data.
# Monte Carlo trials.
# of key events,

Key event year ID's and expected directions of
difference between key event year and background years.

Minimum spacing for key events.

Test statistic used.

Seed for random # generator (negative integer).

Epoch definition: 1 for background years to the left., 2 for left & right.
Number of background years preceding (and possibly following) key events.
Year ID, recruitment value.






C *hkkkkkkdkhdkdkkdhkdkdhdkdkkkdhkkkdkdkkdkdkdkdkdkdkdkikkdkkdhiikhkdkkhkkikhkkkikkkkkkkhkikkkkikkkk
PROGRAM EPOCH
kkkkhkkkkkhkkhkhkhkhkhkhkkkkhkkkhkhkkhkkkkkkhkkhkkhkkhkhkhkkhkkhkkhkkhkkhkhkhkkkkkkkkkkkkkkkkk

Prager/Hoenig/Payton November, 1989

Use superposed epoch analysis to test hypotheses.

This program uses an epoch of specified half-width on one side,

or centered around, the "key event." It also expects to see

the resulting effect in the same year as the key event.

Reference: Prager, M. H. and J. M. Hoenig. (in press).
Superposed epoch analysis: a randomization test of
enviromental effects on recruitment, with application
to chub mackerel. Trans. Amer. Fish. Soc. 118(6)

Line 1: NYear Number of years (rows) in data matrix.
Line 2: NSim Number of Monte Carlo trials.
Line 3: NKey Number of key events.
Lines 4 to
NKey+3: Pairs of numbers, one pair for each key event.
Key () Year ID’s of key events.
ISign(): +1 for key event(peak), -1 for reflected
key event (trough).
Next Line: MinDif Minimum spacing of key events.
Next Line: AStat Flag for statistic to be used.

‘T’ T-statistic.
’D’: D-statistic.
'Wf:; W-statistic.

Next Line: MSeed Negative seed for RAN3
Next Line: NSide Sides to be used. for MWidth.
’1’: One sided. Uses left side.
’2’: Two sided.
Next Line: MWidth Half-width of epoch on each side of
key event if two sided, full-width if one
sided.

Next NYear Lines: :
pairs of IYear() and XX() values.
IYear(): Year ID’s of each row of data matrix
XX(): Dependent variable of each row

*%%* Units & ddnames of files *%%

Unit DDname Action Contents

Unit 12 epoch.dat read Data

Unit 13 epoch.out = write Main Output File

Unit 14 epoch.sig write Series of P-values for plotting

*** Major variables **x%

IYear() Year ID’s (col. 1 of input data matrix)

XX () : Dependent variable (col. 2 of input data matrix)
NYear Number of years (rows) in the input data matrix
NKey Number of key events

Key () Year ID’s of key events (input)

Key2 () Year ID’s of key events (Monte Carlo)

NSim Number of Monte Carlo trials

ILowYr Value of IYear(1l)

0O NOOO0O0NON000000N000000000000000000000000000000000000N0n

IHiYr Value of IYear(NYear)
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0039
0040
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0044
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MinDif Minimum spacing of key events. For example, if

MinDif=2, then key events in both 1980 and 1981
would not be allowed. This is used in the

-Monte Carlo part of the technique, rather than to
check the real data.

AStat Statistic to use -- see above
ISign Sign of key event: +1 for expected peak,

-1 for expected trough

X Kk Kk ok Kk de ok ok o kK gk Kk sk ok k ok ok Kk ok ke ke ke Kk de ok e ke gk K de K e de e do ke o e o de de ke de de e ke e ke de ke K ke Kk Kk ok ke ke ke k ke

*** Declarations **%*

integer I, ILowYr, Int, IHiYr, J, K, NAbove, MinDif
integer ISign(50), ABS, MSeed, Mod

integer Key(50), Key2(50), LWidth, RWidth

double precision P(10000), TrialStat(10000), XX(100)
double precision DataStat, Stat

double precision DFloat, Ran3

external Ran3, ReadData, CompT, CompD, CompW, WrtoOut
character*l AStat

integer IYear(100), NYear, NKey, NSim, ISeed

common/bigblock/XX,IYear,NYear,NKey,NSim,ISeed,P,TrialStat,
ILowYr,IHiYr,LWidth,RWidth '

**% Read the data file
Call ReadData(Key,ISign,AStat,MinDif, MSeed)
x*% Find the Test Statistic (T, D, or W) on the True Data

IF (AStat .EQ. ‘T’) then
call CompT(ISign,Key,Stat)
ELSEIF (AStat .EQ. ’D’) then
call CompD(ISign,Key,Stat)
ELSEIF (AStat .EQ. ’‘W’) THEN
call CompW(ISign,Key,Stat)
ELSE
Print *, ‘ERROR: Bad type of statistic: /,AStat
stop
ENDIF
DataStat = Stat

*%** Do NSim Monte Carlo Trials & Compute
Test Statistic for Each

print *, ’ Beginning simulations....’
First initialize the counter of larger P-values
NAbove = 1 . '
Do 100 I=1, NSim
if (mod(I,1000) .EQ. 0) print *,’ Simulation:’,I
Pick out NKey years at random
Po 110 J=1, NKey
Key2 (J) = ILowYr +
int( (IHiYr - ILowYr) * Ran3(iseed) + 0.5d0)
If a year has missing data, choose another one
IF (XX (Key2(J)-ILowYr+1) .LT. -9000.0d0) then ,
print *, ’‘Year with missing data replaced:’, Key2(J)
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goto 105 ‘ ‘
ENDIF

If a year is too close to another year, choose another one

do 107, k=1,J-1 :
IF (ABS(Key2(J)-Key2(K)) .LT. MinDif) THEN
print *, ‘Years too close:’, (Key2(L),L=1,J)
goto 105
ENDIF
continue
continue

IF (AStat .EQ. ‘T’) then
Call CompT(ISign,Key2,Stat)
ELSEIF (AStat .EQ. ’D’) then
call CompD(ISign,Key2,Stat)
ELSEIF (AStat .EQ. ‘W’) then
call CompW(ISign,Key2,Stat)
ENDIF

TrialStat(I) = Stat

if (stat .GT. DataStat) NAbove = NAbove + 1

Compute running P(i) for plotting

P(I) = dfloat(NAbove) / dfloat(I+1)
continue :
*** Write Output & End
Call WrtoOut(DataStat,NAbove,Key,ISign,AStat,MinDif, MSeed)
end

*** End of main program (EPOCH)
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SUBROUTINE ReadData(Key,ISign,AStat,MinDif,MSeed)

‘integer I, ILowYr, IHiYr, Abs, MinDif

&

110

integer IYear(100), ISign(50), Key(50), LWidth, RWidth
integer NYear, NKey, NSim, ISeed, MSeed, NSide, MWidth
double precision TrialsStat(10000), P(10000), XX(100)
character#*l AStat

common/bigblock/XX,IYear,NYear,NKey,NSim,ISeed,P,TrialStat,
ILowYr,IHiYr,LWidth,RWidth

open (unit=12, file=’epoch.dat’, status=’OLD’)
read (12,*) NYear, NSim, NKey
do 110 i=1, NKey
read (12,*) Key(i), ISign(i)
IF (ABS(ISsign(i)) .NE. 1) then
print *, ‘ERROR: Bad sign flag for key event #/,1i
print *, ‘Value must be 1 or -1'
STOP
ENDIF
continue
read (12,*) MinDif

-read (12,*) AStat

read (12,*) MSeed .
read (12,*) NSide
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read (12,*) MWidth
*** Check for valid width

if ((MWidth .LT. 1) .OR. (MWidth .GT. 4)) THEN
print *, /ERROR: Incorrect epoch width: ’,MWidth
print *,’Must be between 1 and 4.’
stop

ENDIF

*** Determine the left and right widths on each side of the
key events. :

IF (NSide .eq. 2) THEN

LWidth = -MWidth
RWidth = Mwidth
ELSE IF (NSide .eq. 1) THEN
LWidth = -MWidth
RWidth = 0
ELSE

print *, ‘ERROR: NSide equals ’,NSide
print *, ’‘NSide must equal 1 or 2 '/
STOP

ENDIF

*** Check that years are in order

do 120 i=1, NYear .

read (12,*) IYear(i), XX(i) .

IF ((I .GT.1) .AND. (IYear(i) .NE. IYear(i-1) +1)) THEN
print *,/ERROR: ID not sequential at ID’,IYear(i)
stop

ENDIF

continue

*** Find first and last years in data, check key years

ILowYr IYear (1)
IHiYr IYear(NYear)
Do 150 i = 1, NKey
IF ((Key(i) .GT. IHiYr) .OR. (Key(i) .LT. ILowYr)) THEN
PRINT *, ‘ERROR: Key year out of range:’, Key(i)
STOP .
ENDIF
continue

*** Seed random number generator with a negative number.
Use -ABS(SEED) from input file if it’s not 0. If seed
is 0 , program stops and requests new seed. -

IF (MSeed .GT. 0) THEN
MSeed = -1 * MSeed
ELSEIF (MSeed .EQ. 0) THEN
print *, ‘ERROR: MSeed is 0. MSeed must be negative’
- STOP )
ENDIF
ISeed = MSeed

Close file & return
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close (unit=12)
return
end

Subroutine CompT(ISign,Key,TStat)

Arguments:

Key -- (Input) An array of Key Events. Key(i) is a value
equal to the IYear value of the ith key event.

ILowYear -- (Input) The first key year. .

TStat =-- (Output) The returned value of the T-Statistic.

Integer Key(50), I, I3, NB, JJ(50), I2, ILowY¥Yr, IHiYr
Integer IYear(100), ISign(50)

Double precision B, BMean, EMean, ESSD, BSSD, TStat
Double precision SD, dfloat, sqrt

double precision P(10000), TrialStat(10000), XX(100)
integer LWidth, RWidth, NYear, NKey, NSim, ISeed, K

common/bigblock/XX,IYear,NYear,NKey,NSim,ISeed,P,TrialsStat,
& ILowYr,IHiYr,LWidth,RWidth

*%% Put into the JJ array indexes to the XX array for the
NKey .key-event years. The indexes are used below.
*%* While doing it, check for minus signs in input.
They are not appropriate for the T-statistic.

DO 105 I = 1, NKey
IF (Isign(i) .LT. 0) THEN

print *, ’/ERROR: "-1" flag input for key year’, Key (i)
print *, ‘Only "+1" flags are allowed for T-statistic.’
STOP
ENDIF ’
JJI(I) = Key(I) - ILowYr + 1
CONTINUE

*** Compute E-Mean (Mean of Event Values)

EMean = 0.0d0

DO 110 I = 1, NKey
EMean = EMean + XX(JJ(I))
CONTINUE

EMean = EMean / dfloat (NKey)
ok Cbmpute ESSD (Sum of squared deviations for Event Col.)

ESSD = 0.0do0

DO 120 T = 1, NKey :
ESSD = ESSD + (XX(JJ(I)) - EMean) ** 2

CONTINUE

*** Compute B-mean (Background)

BMean = 0.0d0
NB = 0
The first loop goes across the row
DO 140 I = LWidth, RWidth
if (I .EQ. 0) goto 140 )
The inner loop goes down a column
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DO 150 I2 = 1, NKey

C K indexes the XX array (1 ... NYear)
K =JJ3(I2) + I
C Check for out-of-range background years
IF ((K .LT. 1) .OR. (K .GT. NYear)) THEN
B = -9999,0d0
C print *,’0Out of range year & row:’,Key(I2)+I,K
ELSE
B = XX(K)
ENDIF
C _ Check for missing values { = =-9999)

IF (B .GT. =-9000.0d40) THEN
BMean = BMean + B
NB = NB + 1
ENDIF
150 CONTINUE
140 CONTINUE
BMean = BMean / dfloat (NB)

*%* Compute BSSD (Sum of squared deviations for Background Cols)

[oRON®]

BSSD = 0.0d0
C The first loop goes across the row
DO 160 I = LWidth, RWidth
IF (I .EQ. 0) goto 160

C Following loop goes down a column
DO 170 I2 =1, NKey
C K indexes the XX array (1 ... NYear)
K=JJ(I2) + I
C Check for out-of-range background years
IF ((K .LT. 1) :0R. (K .GT. NYear)) THEN
. B = =9999.0d0
C print *, ’‘Out of range year & row:’,Key(I2)+I,K
ELSE
B = XX(K)
C Check for a background year that’s on the list of key
c years. If it is, then make the data value missing.

DO 130 I3 = 1 ,NKey
IF (Key(I3) .EQ. IYear(K)) THEN .
B = =-9999.0d0 -

C print *,’Background is also key’,Key(I3),IYear(K)
ENDIF
130 continue
ENDIF
C Check for missing values ( -9999)

IF (B .GT. -9000.0d0) BSSD = BSSD + (B - BMean) ** 2
170 CONTINUE :
160 CONTINUE

C
C *** Compute Pooled Std Dev & T-Statistic
C
SD = SQRT((ESSD+BSSD) *Dfloat (NB+NKey) /
& (DFloat (NKey * NB * (NB+NKey-2))))
TStat = (EMean - BMean) / SD
C
C **% Return
C
RETURN
END
C
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C 0362
Subroutine CompD(ISign,Key,DStat) 0363

C : 0364
c Compute D-statistic. D 1is the difference between the mean of 0365
C values in event- years and in background years. 0366
cC 0367
C Arguments: 0368
C Key (Input) An array of Key Events. Key(i) is a value 0369
C ' equal to the IYear value of the ith key event. 0370
C ILowYr (Input) The first key year. 0371
C DStat (output) The returned value of the D-Statistic. . 0372
C 0373
Integer Key(50), I, NB, JJ(50), I2, I3, ILowYr, IHiYr 0374
Double precision B, BMean, EMean, DStat, DFloat 0375
double precision P(10000), TrialStat(10000), XX(100) 0376
integer IYear(100), ISign(50) 0377
integer LWidth, RWidth, NYear, NKey, NSim, ISeed, K 0378

C 0379
common/bigblock/XX, IYear,NYear,NKey,NSim,ISeed,P,TrialStat, 0380

& ILowYr,IHiYr,LWidth,RWidth 0381

C . 0382
C *%% pPut into the JJ array indexes to the XX array for the - 0383
c NKey key-event years. The indexes are used below. . 0384
C *** While doing it, check for minus signs in input. 0385
C They are not appropriate for the D-statistic. 0386
C _ - 0387
DO 105 I = 1, NKey . 0388

IF (ISign(i) .LT. 0) THEN 0389

print *,’ERROR: "-1" flag found at key year’,Key(i) 0390

print *, ‘Only "+1" flags are allowed for D-statistic.’ 0391

STOP 0392

ENDIF 0393

JJI(I) = Key(I) - ILow¥r + 1 0394

105 CONTINUE 0395
C 0396
C ***% Compute E-Mean (Mean of Event Values) ' 0397
C 0398
EMean = 0.0d40 ' . 0399

DO 110 I = 1, NKey _ - 0400
EMean = EMean + XX(JJ(I)) 0401

110 CONTINUE 0402
EMean = EMean / dfloat(NKey) 0403

cC 0404
C *** Compute B-mean (Background) 0405
C ' 0406
BMean = 0.0d0 0407

NB =0 . . 0408

C The first loop goes across the row 0409
DO 140 I = Lwidth, RWidth 0410

if (I .EQ. 0) goto 140 0411

C The inner loop goes down a column 0412
DO 150 I2 = 1, NKey 0413

C K indexes the XX array (1 ... NYear) 0414
K = JJ(I2) + I ' 0415

C Check for out-of-range background years 0416
IF ((K .LT. 1) .OR. (K .GT. NYear)) THEN 0417

B = =9999.0d40 0418

C print *,’0Out of range year & row:’,Key(I2)+I,K 0419

ELSE 0420
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B = XX(K)
Check for a background year that’s on the list of key
years. If it is, then make the data value missing.
DO 120 I3 = 1, NKey
IF (Key(I3) .EQ. IYear(K)) THEN
B = -9999.0d0
print *,’Background is also key’,Key(I3),IYear(K)
ENDIF
continue
ENDIF
Check for missing values ( = -9999)
IF (B .GT. -9000.0d0) THEN
BMean = BMean + B
. NB =NB + 1
ENDIF
CONTINUE
CONTINUE
BMean = BMean / dfloat(NB)

*** Compute D-Statistic
DStat = EMean - BMean
ook Return

RETURN
END
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Subroutine CompW(ISign, Key,W)

Compute W-statistic. W is analogous to a paired
Student’s t statistic.

Arguments:

Key (Input) An array of Key Events. Key(i) is a value
equal to the IYear value of the ith key event.

ILowYr (Input) The first key year.

W (Output) The returned value of the W- Statlstlc.

Integer Key(50), I, NDif, JJ(50), I2, I3, ILow¥Yr, IHiYr
Double precision B, E, DifMean, Difvar, W

Double precision dfloat, sqrt :

Double precision Dif (100)

integer IYear(100), ISign(50)

integer LWidth, RWidth, NYear, NKey, NSim, ISeed, K
double precision P(10000), TrialStat(10000), XX(100)

common/bigblock/XX,IYear,NYear,NKey,NSim, ISeed, P, TrialStat,
ILowYr,IHiYr,LWidth,RWidth

*%*% Put into the JJ array indexes to the XX array for the
NKey key-event years. The indexes are used below.

DO 105 I = 1, NKey
JJ(I) = Key(I) - ILow¥r + 1
CONTINUE

*** Compute differences between E and B and accumulate mean
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DifMean = 0.040
NDif = 0 :
The first loop goes across the row of the epoch
DO 140 I = LWidth, RwWidth
if (I .EQ. 0) goto 140
The inner loop goes down a column of the epoch
DO 150 I2 = 1, NKey
Get the "E" value for this row
E = XX(JJ(I2))
Get the "B" value for this comparison
Store the XX index for this B in K
K=1+ JJ(I2)
Check for out-of-range background years
IF ((K .LT. 1) .OR. (K .GT. NYear)) THEN
B = -9999.0d0
print *,’Out of range year & row:’,Key(I2)+I,6K
ELSE
B = XX(K)

Check for a background year that’s on the list of key
years. If it is, then make the data value missing.

DO 120 I3 = 1, NKey
IF (Key(I3) .EQ. IYear(K)) THEN
B = -9999.0d0

print *,’Background is also key’,Key(I3),IYear(K)

ENDIF
continue
ENDIF :
Check for missing values ( = =9999)
IF (B .GT. -9000.0d0) THEN
NDif = NDif + 1
Dif (NDif) = Dfloat(ISign(I2)) * (E - B)
DifMean = DifMean + Dif(NDif)
ENDIF
CONTINUE
CONTINUE
DifMean = DifMean / DFloat(NDif)

**x* Compute DifVar (Variance of differences)

Difvar = 0.0d0
DO 160 I = 1, NDif

Difvar = DifvVar + (Dif(I) - DifMean) ** 2
CONTINUE -
Difvar = DifVar ,/ DFloat(NDif - 1)

*** Compute W-Statistic by dividing mean difference by
the std. error of the mean difference. See Snedecor
and Cochran p. 85.

W = DifMean / SQRT(Difvar/dfloat(NDif))

*%*%* Return

RETURN
END

KRR KK IR RKRRARKAKRIRKRRE KRRk Rk Ak Rk hkhkkkhkkhkhkhkhkhkkkhkhkhkkkkkkik

SUBROUTINE Wrtout (DataStat,NAbove,Key,ISign,AStat,MinDif,MSeed)
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integer I, J, NAbove, Key(50), ILowYr, IHiYr, MOD

integer LWidth, RWidth, MSeed, MinDif

integer IYear(100), ISign(50), NYear, NKey, NSim, ISeed
double precision XX(100), P(10000), DatasStat, TrialStat(10000)
character*1l AStat

common/bigblock/XX, IYear,NYear,NKey,NSim,ISeed, P, TrialStat,
& IlLowYr,IHiYr,LWidth,RWidth

open (unit=13, file=’epoch.out’, status=’/UNKNOWN')
**%* Write Header

write (13,*) ’ Results of Superposed Epoch Analysis’
write (13,%) ’/ ——=meemecmee e ’

*** Write Information on data

I = RWidth - Lwidth + 1

write (13,501) I

format (/’ Width of epoch: ’,18)
write (13,502) -Lwidth

" format (’ Background Years :’,/,8x,'The ’,11,’ years on the Left’)

write  (13,503) RWidth

format (8x,’The ’,il,’ years on the Right’)
write (13,504) MSeed '

format (/ Random number seed: /,I8)

write (13,505) NYear

format (/’ Number of rows in input data ............. ’,1I5)
write (13,610) ILowYr
format (/ ID of first row ......ccivevenccacccnsesas ,I5)

write (13,620) IHiYr

format (/ ID of 1last YoW ..cececevcesccssccacencasees ',IB)
write (13,590) IHiYr-ILowYr+1l )

format (’ Range of ID values .....cceveecccccccccaes ',I5)

**%* Report on Missing Values

J =0 -

do 250 I = 1, NYear
if (XX(I) .LT. -9000) then
write (13,630) IYear(I)

J=J + 1
ENDIF
continue
format (’ Missing data at ID # .eeeeeveveceneeees ’,I5)
write (13,640) J
format (’ Number of rows with missing data ......... ’,1I5)

**x* Write Information on key years

write (13,507) NKey
format (/’ Number of key periods: ’/,I4)
write (13,510) (I,Key(I),ISign(I), I=1,NKey) :

format (’° Key period’,1X,‘#’,12,’:’,2X,15,3X,’Sign:’,SP,I4,8S)

*%*% Write the statistics

write (13,512) AStat
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format
write
format
write
format
write
format
write
format
write
format

F8.4)
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(/' Test statistic used was ......ceeeereeeenn- ’,Al)
(13,515) DataStat

(/' Test statistic for real key events ....... ’,F8.4)
(13,520) *NSim

(/' Number of Monte Carlo trials ........¢c... ’,I5)
(13,522) MinDif

(' Minimum spacing between MC key events .... ’,I5)
(13,525) AStat, NAbove

(’ Number of trials with larger ’,Al,’ .......... . ',I5)

(13,530) AStat, P(NSim)

(/' Estimated probability of a larger ’,Al,’....... ',

close(unit=13)

*** Write out the P-vector

open (unit=14,file=’epoch.sig’,status=’unknown’,blocksize=6000)

Write
write
write
write
write

Header
(14,%*) '
(14,%*)
(14,*) * '
(14,%*)

r

do 290 i=1,nsim

if (mod(i,2) .eq;
continue

format

(1x,16,2(3x%,F10.5))

close (unit=14)

return
end

Results from Superposed Epoch Analysis’
Series of P-Values from Monte Carlo Trial’

0) write (14,540) I, Trialstat(I), P(I)

% %k d d vk v A e e de de e de %k ek de K de dk do oK e de vk e de de de e e de de vk de e de ok e ke de ke de de e ok de ke de e K de ok de ok vk vk % ok ek ok ke ke Kk
% % %k J de Je Jde Je e e de g de K de kg %k Kk d do de ek Kk de ek de g ok ke F ke vk e de de e vk e e de sk ke ke vk v gk ke ke ke e de de Fe % e vk ok ok ok ke
Modified uniform random deviate generator.
Recipes Software. Reproduced by permission,

(C) 1986 by Numerical
from the book

Numerical Recipes: The Art of Scientific Computing, published
by Cambridge University Press.

FUNCTION RAN3 (IDUM)

DOUBLE PRECISION fac,

ran3

INTEGER mbig, mseed, mz, ma(55),

INTEGER i, ii, k,

inext, inextp,

iff, mj,
idum

% % % Je d Je de J de de de g de g K de d de Fe de Je g Fe de de Fe v d e de Fe de de g e gk e de de de de g e de e de v de e de ok de ke de g ok e de ke e v e de ok e de e

iabs, mod, mk

PARAMETER (MBIG=1000000000,MSEED=161803398,MZ=0,FAC=1.0d-9)
DATA IFF /0/

IF(IDUM.LT.0.OR.IFF.EQ.0)THEN

IFF=1

MJ=MSEED-IABS (IDUM)
MJ=MOD (MJ,MBIG)
MA (55)=MJ

MK=1

DO 11 I=1,54
II=MOD(21*I,55)
MA (II)=MK
MK=MJ ~MK
IF (MK.LT.MZ) MK=MK+MBIG
MJ=MA (II)

CONTINUE
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DO 13 K=1,4
DO 12 I=1,55
MA (I)=MA (I)=MA(1+MOD(I+30,55))
IF(MA(I).LT.MZ)MA(I)=MA(I)+MBIG
CONTINUE

CONTINUE

INEXT=0

INEXTP=31

IDUM=1
ENDIF
INEXT=INEXT+1
IF (INEXT.EQ.56) INEXT=1
INEXTP=INEXTP+1
IF (INEXTP.EQ.56) INEXTP=1
MJ=MA (INEXT) -MA (INEXTP)
IF (MJ.LT.MZ)MJI=MJ+MBIG
MA (INEXT)=MJ
RAN3=MJ *FAC
RETURN
END . A

C ***************************************************************

C End of EPOCH.FOR
C  Fededkode g de gk e e ok e de e ok o e e ok o e de ok e e e ok e e e e e e ok e e ok e e e e e e o e ke e e ok ok e o ok e e e e K ok
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Appendix 111 - Program EPOWER
le input file (EPOWER.DAT) wit! i

Number of years in each simulated data set.

Number of key event years in each data set.

Amount of difference in mean recruitment between background and key event years,
Time slope of recruitment, '

Negative seed for RAN3.

Epower definition: 1 for background years to the left. 2 for left & right.

Number of background years preceding (and possibly following) key events.

Number of data sets generated (outer trials).

Number of Monte Carlo trials per data set (inner trials).

Autoregressive parameter.
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EPOWER. FOR

Examine the power of superposed epoch analysis.

% % do e do J d K K d e de kK ke Je do e ok K de g de ke de ke do ke de ke ke Kk e de e ke ke ke ke ke de K de g de de e ke ke de K de K de Je ek kK de kK de de K kK d
PROGRAM EPOWER
Prager/Hoenig/Payton November, 1989

—— — — ———— - T S - = ~a4 —— - = M = A = - ——

Line 1: NYear Number of years in each simulated data set.
Line 2: NKey Number of key event years in each data set.
Line 3: Delta Amount of difference in mean recruitment
between background and key event years.
Line 4: Slope Time slope of recruitment.
Line 5: MSeed Negative seed for RAN3.
Line 6: NSide Sides to be used for Mwidth.
’1’: One sided. Uses left side.
’2’: Two sided.
Line 7: Mwidth Half-width of epoch on each side of
key event if two sided, full-width if one
sided.
Line 8: NData Number of data sets generated (outer trials).
Line 9: NMonte Number of Monte Carlo trials (1nner trials).
Line 10: ARparm Autoregressive parameter.
File Unit DDname Action Contents
Unit 12 EPOWER. DAT read Input parameters
Unit 13 EPOWER.OUT write Main output file
Unit 14 EPOWER.DET write Detailed output file

*%k* Major variables **%

StatD

StatT
PRT
PTT
Statw
PW
StatQ
PRQ
PTQ

NTSigT

Recruitment in year i.

Number of years in each simulated data set.

Number of key events in each simulated data set.
Number of phony data sets to be evaluated.

Year (index) of key event j (j = 1 ... NKey)

Same, in Monte Carlo simulation.

Number of Monte Carlo trials for randomization.
Autoregressive parameter.

Swiych used to determine which way to generate time
series

Difference statistic.
Prob > D, determined by randomization

Student’s t statistic (= Prager/Hoenig "T" statistic)
Prob > t, determined by randomization
Prob > t, determined from tables

Quasi-paired t, as used in first paper by Hoenig &
Prager )
Prob > W, determined by randomization

Student’s paired t statistic (classic)
Prob > Q, determined by randomization.
Prob > Q, determined from tables.

(e.g.; others similar) # of instances with PTT < alpha

0001
0002
0003
0004
0005
0006
0007
0008,
0009
0010
0011
0012
0013

.0014

0015
0016
0017
0018
0019
0020
0021
0022
0023

0024

0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045

0046

0047
0048
0049
0050
0051
0052
0053
0054
005%
0056
0057
0058
C059
0060
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PTSigT NTSigT / NData 0061
MSeed Original random number seed 0062
ISeed Running random number seed 0063
J K de Fe de ke d de Kk e Je de K KoKk kK g de K K g de g gk de de ke K Aok de K de de K de de de o de de ke Kk ek dk ke de de de Kk e gk de kR K Kk kR Kk ok k kK 0064
**% Declarations *** 0065
0066

integer Key(10), IData, MSeed 0067
integer NSigD, NRSigT, NTSigT, NSigW, NTSigQ, NRSigQ 0068
logical xmonte ' 0069
double precision alpha, aninv,xi 0070
double precision StatD, StatT, StatW, StatQ _ 0071
double precision PD, PRT, PTT, PW, PRQ, PTQ 0072
double precision PSigD, PRSigT, PTSigT, PSigW, PRSigQ, PTSigQ 0073
0074

KA ARAKKKRKAIKRKAK AR RRRAIARAKRAK KRR KRR R KRR AR R AR A AR ARk R AR A AT I A Rk A hhhhhkkhk* 0075
Common declarations and statement for EPOWER.FOR 0076

ke Je ke do d de & do K e Kk de ke K gk do ke Kk g g K ek de Kk de ke de ke ke ke & g de e de K de K de de K ke ko ke ke Je ke & kK de ok de ok ke ok kK okok ok 0077
0078

intgger ndata, nmonte, nyear, nkey, iseed, 0079

+ mindif, arflag, LWidth, RWidth, MWidth . 0080
double precision xx(50), delta, slope, arparm 0081

' 0082

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth, _ 0083

+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth 0084

. 0085
e de de ke ke de ke e Jo ok Kk de Kk ke ok ok ke de ok ok ke ke do ok ok d ok ke Kk ke de ke K ek ke ke ke de ke ke K de ke ok ke ke ke ke ke ke ke e de de de Kok ke ok ok ok ok ok 0086
0087

common/flags/xmonte - 0088
MinDif = 1 . 0089
Call ReadData(MSeed) ‘ ) : 0090
alpha = 0.05d0 . . 0091
nsigd =0 0092
ntsigt = 0 0093
nrsigt = 0 0094
nsigw =0 0095
ntsigqg = 0 0096
nrsigq = 0 _ 0097
xmonte = .TRUE. : 0098
print *,’Power study beginning....’ . 0099
0100

*** Run the analysis for each of NDATA fake data sets 0101
0102

Do 1001 IData = 1, NData 0103

xi = dfloat(IData)/10.0d0 0104

if (int(xi) .eq. xi) print *,’IData = /,Idata 0105

0106

*** Generate a data set: 0107

0108

if (ARFlag .eq. 0) then 0109

call MDatalL(Key) 0110

else if (ARFlag .eq. 1) then : ' 0111

call MDataAR(Key) . 0112

else 0113
print *, ‘Bad value for ARFlag.’ 0114

stop 0115

endif ' 0116

. . 0117

*** Compute the statistics: D, T, W, and Paired t (Pt): 0118

’ 0119

Call CompD(Key,StatD) 0120
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Call CompT(Key,StatT, PTT)
Call CompW(Key,StatWw)
Call CompQ(Key,StatQ, PTQ)

*%% Compute significance probabilities of D, T, W, Q by
randomization

xmonte = .FALSE.
Call ranprob(statd,statt,statw,statq, FPD, PRT, PW, PRQ)
xmonte = .TRUE.

*** Increment counters of significant statistics

if (pd .lt. alpha) nsigd = nsigd + 1
if (prt .1lt. alpha) nrsigt = nrsigt + 1
if (ptt .1lt. alpha) ntsigt = ntsigt + 1
if (pw .lt. alpha) nsigw = nsigw + 1
if (prq .lt. alpha) nrsigq = nrsigq + 1
if (ptg .1lt. alpha) ntsigg = ntsigg + 1

call wrtout(key,idata,statd,statt;statw,statq,
pd,prt,ptt,pw,prq,ptq,mseed)

continue
*%% Compute proportion of cases found significant

ANINV = 1.040 / dfloat(NData)

PSigD = dfloat(NSigD) * ANINV
PRSigT = dfloat(NRSigT) * ANINV
PTSigT = dfloat (NTSigT) * ANINV
PSigW = dfloat(NSigW) * ANINV
PRSigQ = dfloat(NRSigQ) * ANINV
PTSigQ = dfloat(NTSigQ) * ANINV

*** Call the summary output routine to print a summary of results
Call WrtSum(NSigD, NRSigT, NTSigT, NSigW, NRSigQ, NTSigQ,
PSigD, PRSigT, PTSigT, PSigW, PRSigQ, PTSigQ)

*** End of main prégram (EPOWER)
end

e de ke de kde ek K de K de dededede dedede ke de kg K do dede etk e de e ke de ke ke ke ke ke ke ke K ke ke e e ke K e e g g de ke e de T de ke K K ke de ke ok ke ke
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SUBROUTINE ReadData(MSeed)

integer MSeed, NSide

Je e Je ke de e de e do K de K K K de g de dede de ke K ke de ke de de g de ke de ke e ke de de g de K ke gk ek kK de ke de ke de ok dede kKoK de kK ok ok ok k ok kK

Common declarations and statement for EPOWER.FOR

de e & & Kk de de ek kK Kk ok ko Aok e g de ok ok ke ke ke ke ke ke gk de ke ke ek e ke ke de ok ok ke dede e de ke ke k ke k e ek ke ke ok ok kok ok ok ok kkkk

integer ndata, nmonte, nyear, nkey, iseed,
mindif, arflag, LwWidth, RWidth, MwWidth
double precision xx(50), delta, slope, arparm
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common/bigblock/xx, delta, slope, mindif, 1lwidth, rwidth,
ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth

C ek g e g g g ok ode Kk e de do ke K e de de ok ke e do do K e odedo do de e ke ke de de K ke de ke de e de d de ode de Kk ke dedo do ke de ke do ke ke de ke koh kk ok kkk

C

OO0 0 QO0O00O0

OO0

C

open (unit=12, file=’EPOWER.DAT’, status=’o0ld’)
read (12,*) NYear '
read (12,*) NKey

read (12,*) Delta

read (12,*) Slope

read (12,*) MSeed

read (12,*) NSide

read (12,*) Mwidth

read (12,*) NData

read (12,*) NMonte

read (12,*) ARparm

*** Seed random number generator with a negative number.
Use -ABS(SEED) from input file if it’s not 0. Use a
fixed number (-85625) if given seed is 0.

IF (MSeed .LT. 0) THEN
ISeed = MSeed

ELSE IF (MSeed .GT. 0) THEN
ISeed = -1 * MSeed

ELSE IF (MSeed .EQ. 0) THEN
MSeed = =-815625 .
ISeed

END IF

MSeed

*** Determine the left and right widths on each side of the
key events.

if (NSide .eq. 2) then
LWidth = -Mwidth
RWidth = MwWidth
else if (NSide .eqg. 1) then
Iwidth = -Mwidth
RWidth = 0
else
print *, ’/ERROR: NSide equals ‘,NSide
print *, ’NSide must equal 1 or 2 ’
stop
endif

***x Set ARFlag (Flag for autoregression)

if (abs(ARparm) .lt. 1.0d-10) then

arflag = 0
else

arflag = 1
end if

close (unit=12)
return
end

C *kkkkkkkkkhkhhhhhhhhhhhhhkhhhhkhhkhhhhhhhkhkkhkhkhkhkhkhkkhkkhkhkhkkhkkhkhkhhkhhhhhkhkh
C *khkhkkkkhhhkhkhkhhhhkhkhhhkhhhkkhhkhkhkkhkhkhhkhkkkhkhkhhhkkhhhkhkhhhkhhkhkkhkhkkkhkdkdkkkk*
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SUBROUTINE MDatal(Key)

Generate a random dataset for the epoch power test.
This generates data for a linear (non-autoregressive) model.

double precision GasDev, Ran3
integer JPick(50),I,J,Key(10)

Je e ke ke ke ok de ok de h Kk K K K ek ke ke g de ek de de de e gk ke ok ke de ke d ok ke de de ke de ke K ke ke ke ke g K ke ke de Kk de e ke de Kk ke ok ke ok Kok ke ok ok

Common declarations and statement for EPOWER.FOR

Je e e K K d do o g Je K K Kk kK d g g d kK Kk e gk k ok k ok ke ke kg ok Kk ek ok ok Kk d ok ok ke k Kok ok deokkk okt ok kkkkkkkkk

integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LWidth, RWidth, Mwidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth

Je de Jo K K d de e K de e g K de ke K de de Kk ke g de do do K Kk dede ke ke de dede Ko ode dede e K de e de de ke de dede de K de ke de ke dedo ke ok ok kkkkdkkkk

JPick = 0 if a background, 1 if a key event year.

Delta = amount by which key years differ from background.
NKey = number of key event years

XX = recruitment

do 100 i = 1, NYear :
* Generate normal random recruitments for each year
XX(i) = gasdev(ISeed) + Slope * i
JPick(i) = 0

continue

*** Pick NKey key event years, and make sure they are unique

do 150 j = 1, NKey
Key(j) = 1 + int(dfloat(nyear) * RAN3(iseed))
IF (JPick(key(j)) .eq. 1) THEN
goto 120
ELSE
JPick(Key(3j)) = 1
XX(Key(j)) = XX(Key(j)) + Delta )
ENDIF '
continue
return
end

Je g de K K K Kk do de de Kk kK ok ok ok Kk do ok Kk de ok ok ok ok d ok Kk ok kg ok ok ok ok ok ok ok ok ok ok ok dek ok ok dkk Kok dk ok dek kg ok kdkkkkkkkik
dek ke ek ok okok k ok ok ok K ok gk ok ok k ok k ok k ok ok ded ok ok ok ok ok ok dk ok okl d kd ok ok dd ok dkkdkdkdhkdkkkkhkkkkkkhk

Subroutine MDataAR(Key)

This subroutine generates the time series of observations based on
Y(t) = ARparm * Y(T-1) + Delta * Z(T) + E(T)

OBSERVATION IN YEAR T.
Y(T-1) OBSERVATION IN YEAR T-1.
ARparm = CONSTANT
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Delta = CONSTANT

Z(T) = 0, YEAR T IS NOT A KEY EVENT YEAR
1, YEAR T IS A KEY EVENT YEAR

E(T) = RANDOM ERROR TERM ( N(0,1) )

double precision GasDev, Ran3, e(50),xl, x2, probke, arg
integer JPick(50),I,J,Key(10), limit

hkdekhhkhkhkkhhhkdkhkdhhdhdhhddhdddhddddddohddddhdddkihddkddkddiddddkdikikkk

Common declarations and statement for EPOWER.FOR
khkkkkdkkhkhkhkhkhkhhkkhkhkhkhkkhkhkhkhhhhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhhhkhkhhhkhkhkhkkbkhkkdiik

integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, ILWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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JPick = 0 if a background, 1 if a key event year.

Delta = amount by which key years differ from background.
NKey = number of key event years

XX = recruitment

First generate set of key-eﬁent years.
- Set marker for key event years to zero\and genearate error term

arq = 1.0d0 - ARParm
do 100 i = 1, NYear

JPick(i) = 0

e(i) = gasdev(ISeed) * arq
e(i) = gasdev(ISeed)

100 continue

c
C *** Pick NKey key event years, and make sure they are unique
o .
do 150 j = 1, NKey
120 Key(j) = 1 + int(dfloat(nyear) * RAN3(iseed))
IF (JPick(key(j)) .eq. 1) THEN
goto 120
ELSE
JPick(Key(j)) =1
ENDIF
150 continue
C
C
C Run the random series for 100 to 300 times before using the values
pe :
C probke is the probability of a key event

probke = nyear / nkey
x1l = 0.0d0
limit = 100 + int(200.0d0 * ran3(iseed))
do 160 i = 1, limit
x2 = arparm * x1 + gasdev(iseed) * arq
%2 = arparm * x1 + gasdev(iseed)
if (ran3(iseed) .gt. probke) x2 = x2 + delta
X1l = x2
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continue

Now generate an autoregressive time series based on the formula.

xx(1l) = arparm * x1 + delta * dfloat(jpick(l)) + e(1l)
if (jpick(l) .eqg. 1) xx(1l) = xx(1l) + delta
do 170 i1 = 2, nyear
xx (i) = arparm * xx(i-1) + delta * dfloat(jpick(i)) + e(i)
continue
return
end
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SUBROUTINE ranprob(d,t,w,q,pd,prt,pw,prq)
Find significance of statistics by randomization.

integer nd, nt, nw, ng, key2(10), i, 3, k
double precision pd, prt, pw, prq, dummy, anml
double precision d, t, w, q, dd, tt, ww, qg
double precision dx, tx, wx, gx

double precision abs, ran3
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Common declarations and statement for EPOWER.FOR

dhkhdkkhkkhkhhkhkhhkhkhhkhkhkhhkhkkhhkkhhkkhhkhkhhkhkhkhhkhkhhkhhkhhhhkhhkhhhkhhkhkhhhkhkhkkhkkh

integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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* Initialize the counters for the number of trials with
larger values of each statistic

ND
NT
NW
NOQ

dd
tt
wwW

qq-

i
e )

Q£ o

**% Run NMONTE randomization trials
Do 100 I=1, NMonte

**% Pick out NKey years at random -
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do 110 j

= 1, nkey
key2(j) =

1 + int(dfloat(nyear) * ran3(iseed))

***x If too close to another key year, choose another one

do 107, k=1,J-1
if (abs(Key2(J)-Key2(X)) .LT. MinDif) goto 105
continue
continue

Call CompD(Key2, DX)
Call ConmpT(Key2,TX,dummy)
Call CompW(Key2,WX)
Call CompQ(Key2,QX,dummy)

if (DX .GT. DD) ND = ND + 1
if (TX .GT. TT) NT = NT + 1
if (WX .GT. WW) NW = NW + 1
if (QX .GT. QQ) NQ = NQ + 1

continue

*** Compute significance probabilities for all statistics

ANM1 = 1,0d0 / dfloat(NMonte + 1)
PD = dfloat(ND) * ANM1

PRT = dfloat (NT) * ANM1

PW = dfloat (NW) * ANM1

PRQ = dfloat(NQ) * ANM1

return

end
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Subroutine CompD(Key,DStat)

Compute D-statistic. D is the difference between the mean of
values in event years and in background years

Key (i) (Input) The indexes of the nkey key years.
DStat (Output) The returned value of the D-Statistic.

Integer I, J, K, NB, Key(10), bflag(50), kflag(50)
Double precision bbar, ebar, DStat

*******************************************************************

Common declarations and statement for EPOWER.FOR
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integer ndata, nmonte, nyear, nkey, iseed,
- mindif, arflag, LWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, 1lwidth, rwidth,
ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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*** Tnitialize flags to zero

do 100 i = 1, nyear
kflag(i) = 0
bflag(i) = 0
continue

*%% Compute ebar (mean of key event recruitments)

ebar = 0.0d40
do 110 i = 1, nkey
ebar = ebar + xx(key(i))
kflag(key(i)) = 1
continue
ebar = ebar / dfloat(nkey)

**%* Flag background years. Since epochs may overlap, they are
accumulated into a sum only after all are flagged.

do 130 j = 1, nkey
do 220 i = lwidth, rwidth
if (i .eq. 0) goto 220
* store the index for this year temporarily in k
k = key(j) + i
if ((k .ge. 1) .and. (k .lt. nyear)) then
if (kflag(k) .eq. 0) bflag(k) =1
endif :
continue
continue

**% Sum the background years in bbar and add up NB.

nb = 0
bbar = 0.0d0
do 140 i = 1, nyear
if (bflag(i) .eq. 1) then
nb = nb + 1
bbar = bbar + xx(i)
end if
continue
bbar = bbar / dfloat (nb)

dstat = ebar - bbar

return
end
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SUBROUTINE COMPQ(Key,stat,Prob)

Compute a paired Student’s t-statistic and its significance
probability. This is done by preparing two data sets (DATAl
and DATA2) of sample size N (= NKey), and then calling
subroutine TPTEST from Numerical Recipes. :

stat (Output) The returned value of the paired t-statistic.

Prob (Output) The returned probability of a greater paired t.
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integer i, j,
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X, n, nb, key(10), kflag(50), jLWidth, jRwWidth

double precision datal(50), data2(50), stat, prob

*******************************************************************

Common declarations and statement for EPOWER.FOR

integer ndata,
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nmonte, nyear, nkey, iseed,

mindif, arflag, LWidth, RWidth, Mwidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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Initialize sample size and key year status flags.

n = nkey

do 100 1 =1,
kflag(i) =

continue

Copy key year

nyear
0

recruitment values into the DATAl array

and set all key year status flags

do 120 i =1,
k = key(1)
datal (i)
kflag(k)

continue

Find the mean

nkey

xx (k)
1

value of background years for each key event.

do 200 j = 1, nkey
jLWidth = LwWwidth -
jRWidth = RwWidth .
data2(j) = 0.0d0 '
nb = 0
do 220 i = jLWidth, jRWidth
* Don’t use the key event year itself.

if (i .eq. 0) goto 220

* Store

the xx index for this year in k

k = key(j) + 1

* If the year is off the end of the series, don’t use it.

if ((k .

lt. 1) .or. (k .gt. nyear)) goto 220

* If the year isn’t a(nother) key year, add it in.
if (kflag(k) .eq. 0) then
data2(j) = data2(j) + xx(k)

nb =
endif
continue

nb + 1

* Make sure there are some background years for the test.

if (nb . eq.
print *,

0) then
’No background years for epoch #’,3
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print *, ’'Half-epoch widened by 1.’
if (RWidth .ne. 0) then

jRWidth = RWidth + 1

jLWidth = LWidth - 1
else

jLWidth = LWidth - 1
‘endif
goto 140

endif
* Compute the mean background recruitment for this key event

data2(j) = data2(j) / DFLOAT(nb)
continue

*** Compute the test statistic and significance probability
call tptest(datal,data2,n,stat,prob)

return
end

*******************************************************************
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SUBROUTINE COMPT (Key, stat, Prob)

Compute Student’s t-statistic and its significance probability.
This is done by preparing two data sets (DATAl and DATA2) and
then calling subroutine TTEST from Numerical Recipes.

stat (Output) The returned value of the t-Statistic.

Prob (Output) The returned probability of a greater t.

Integer I, J, k, N1, N2, Key(10), KFlag(50), BFlag(50)
Double precision DATA1(50), DATA2(50), stat, Prob

kkkkkhkhkkdkhkhkhkhkkkhkkhkhkhkhhkhkhkhkkhkhkrkkhkhkkhkhhkkhkhkkhkhkkkkkkhkhkhkkhkkhkhkhkkkkhkhkk

Common declarations and statement for EPOWER.FOR
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integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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Initialize flags and counters to zero.

N1 = NKey
do 100 1 = 1, NYear
kflag(i) = 0
bflag(i) = 0
" continue
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Copy key year recruitment values into the DATAl array

do 110 i = 1, NKey
DATALl (i) = xx(key(i))
kflag(key(i)) =1
continue

Flag background years. Since epochs may overlap, they are
transferred to DATA2 only after all are flagged.

do 130 j = 1, nkey
do 220 i = lwidth, rwidth
if (i .eq. 0) goto 220
Store the index for this year.in k
k = key(j) + 1
if ((k .ge. 1) .and. (k .lt. nyear)) then
if (kflag(k) .eq. 0) bflag(k) =1
endif
continue
continue

Transfer the background years to DATA2 and accumulate N2.

N2 =0
do 140 i = 1, nyear
if (bflag(i) .eqg. 1) then
n2 = n2 + 1
data2 (n2) = xx{(i)
end if
continue

call ttest(datal,data2,stat,prob,nl,hn2)

RETURN
END
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Subroutine CompW (Key,W)

Compute W-statistic, analogous to a paired Student’s t-statistic.

W (Output): The returned value of the W-Statistic.

Integer I, I2, I3, K, NDif, Key(1l0)
Double precision B, E, DifMean, DifVar, W
Double precision dflocat, sqrt, Dif (100)
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Common declarations and statement for EPOWER.FOR
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integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LWidth, RWidth, Mwidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,

+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth
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*%* Compute differences between E and B and accumulate mean

DifMean = 0.0d0
NDif = 0
The first loop goes across the row of the epoch
DO 140 I = Lwidth, Rwidth
if (I .EQ. 0) goto 140
The inner loop goes down a column of the epoch
DO 150 I2 = 1, NKey
Get the "E" wvalue for this row
E = XX(Key(I2)) .
Get the "B" value for this comparison
Store the XX index for this B in K
K = Key(I2) + I
Check for out-of~-range background years
IF ((K .LT. 1) .OR. (K .GT. NYear)) THEN
B = -9999.0d0
print *,’0ut of range year & row:’,Key(I2)+I,K
ELSE
B = XX(K)
Check for a background year that’s on the list of key
years. If it is, then make the data value missing.
do 110 I3=1,NKey
IF (Key(I3) .EQ. K) B = =-9999.0d0
continue .
end if
* Check for missing values ( = =9999)
if (B .GT. =9000.0d0) then
NDif = NDif + 1
Dif (NDif) = E - B
DifMean = DifMean + Dif (NDif)
endif
continue
continue
DifMean = DifMean / DFloat(NDif)

*%x%x Compute DifVar (Variance of differences)

Difvar = 0.0d0
=1

do 160 I , NDif
Difvar = Difvar + (Dif(I) - DifMean) *%2
continue

Difvar = Difvar / DFloat(NDif - 1)

**% Compute W-Statistic by dividing mean difference by
the std. error of the mean difference. See Snedecor
and Cochran p. 85.

W = DifMean / SQRT(DifVar/dfloat(NDif))

RETURN
END.
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SUBROUTINE Wrtout (Key,IData,StatD,StatT,StatW,Statq,
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+ PD, PRT, PTT, PW, PRQ, PTQ, MSeed)
Write output for epoch power study

integer I, J, IData, Key(l10), ifile, MSeed
character*10 filedd

character*15 atype

double precision StatD,StatT,StatW,StatQ
double precision PD,PRT,PTT, PW,PRQ,PTQ
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Common declarations and statement for EPOWER.FOR
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integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

common/bigblock/xx, delta, slope, mindif, lwidth, rwidth,
+ ndata, nmonte, nyear, nkey, iseed, arflag, arparm, mwidth

*******************:**************‘k*********************************

*%x* The first time throudh, open files & write headers
If (IData .EQ. 1) THEN

* Open files & write headers
do 100 ifile = 13, 14
if (ifile .eq. 13) filedd ’'EPOWER.OQUT’
if (ifile .eq. 14) filedd ’EPOWER.DET’
open (unit=ifile, file=filedd, status=’unknown?’)

write (ifile,400) _

format (’ Power Analysis of Superposed Epoch Analysis’)
write (ifile,410)

format (! —==——c— e e )

Compute variables needed for output only

Full width of epoch
I = RWidth - LWidth + 1
if (ARFlag .eq. 1) then
atype = !’ Autoregressive’
else
atype = /.. Uncorrelated’
end if

* Write input data to output file

write (ifile, 510) NData .

- format (/’ Number of simulated data sets ............ ’,I5)
write (ifile, 515) NYear -
format ( ’/ Number of years in each data set ......... r,I5)
write (ifile, 520) NKey
format ( ’/ Number of key event vears .....¢cccvevee.. ',I5)
write (ifile, 525) I '
format (’/ Width of epoCh..sveveevieeecceesencccennens ,I5)
write (ifile, 526) -LWidth
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END IF

format

write
format
write
format
write
format
write
format
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(! Background Years :’,/,8x,’The ’,il,

’ years on the Left’)

(ifile, 527) RWidth

(8x,’'The ’,il,’ years on the Right’)

(ifile, 532) atype

(/' Model tYPEe «vevvveevnnenenannnnaas', ALD)
(ifile, 535) Delta

(! Delta recruitment in key event years .....
(ifile, 540) Slope

(’ Slope of recruitment time trend ..........

if (ARFlag .eq. 1) write (ifile, 542) ARparm
format

write
format
write
format

(! Autoregressive parameter .........ccccc...
(ifile, 545) NMonte

(/' Number of M.C. trials in randomization ...

(ifile, 550) MSeed
(’ Random number seed .....ccceesoeccaccnss '

* Write header for statistics

if (ifile .eq. 14) write (ifile,560)

format
w
tinue

(//' Trial D t ’

',F5.3)

', F5.3)

', F5.3)
1, 15)

»17)

Q P(>D) Pr(>t) Pt(>t) P(;W) Pr(>Q) Pt(>Q)’/)

The following is to avoid a warning message that Key isn’t used:

J = Ke

v (1)

*** Write the statistics

write
+ PD,

(14,600) IData, StatD, StatT, StatwW, StatqQ,

PRT,

PTT, PW, PRQ, PTQ

format (1x,I3,1X, 4(F6.3,1X),6(1X,F6.3))

return
end

Jc Je do de Je de ke ke dede do ke de de K de de do ke de ok ke ke de de ke ke ke ok gk dede de ke ke ke de ke ke ke ke de ke K de g de de de K de Kk Kk do ke K Kk ok ok ok ok kk
Je J K do Je de K do ok Je de de g Kok de de de de Je e do Je Je ke dede Je K o de de de ke de ok Ko Ko de dede de de ke Kk de de de g K K Kok bk e d K K ok kK ke ke ok ok ok

SUBROUTINE WrtSum(NSigD, NRSigT, NTSigT, NSigW, NRSigQ, NTSigQ,
+ PSigD, PRSigT, PTSigT, PSigW, PRSigQ, PTSigQ)

Write output summary for epoch power study

intege
double
double
double
double

r

NSigD, NRSigT, NTSigT, NSigW, NRSigQ, NTSigQ
precision PSigD, PRSigT, PTSigT, PSigW, PRSigQ, PTSigQ
precision AN2, UD, URT, UTT, UW, URQ, UTQ
precision LD, LRT, LTT, LW, LRQ, LTQ
precision SD, SRT, STT, SW, SRQ, STQ

Common declarations and statement for EPOWER.FOR

integer ndata, nmonte, nyear, nkey, iseed,
+ mindif, arflag, LwWidth, RWidth, MWidth
double precision xx(50), delta, slope, arparm

& ok g g e K do g d ke g g g g de de de de de K g de g e de de ke K Kk ode g de e K g de e ke g de de Kk ke e g de ke d e ek ke K de K ke K ke Kk ke ke
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common/bigblock/xx, delta, slope,

ndata,

* Write Header

write

(13,500)

format (//’ SUMMARY OF RESULTS:')

write

format (’

(13,510)

mindif, lwidth, rwidth,
nmonte, nyear, nkey, iseed, arflag, arparm, mwidth

khkkkkhkhhkhkhkkhkhkhhhkhkkhkhkhdhhkhkhkhkhkhkhhhkhkhhkhhkhhkhkhkhhhhkhkhkhkhkhkhkhkhkhkhkhkkkkhkhkhhhd

*%* Compute upper & lower confidence bounds on powers:
2.0d0 / dsqgrt(dfloat(Ndata))

AN2 =
SD =

LD = PSigD - SD

UD = PSigD + SD
STT =

LTT = PTSigT - STT
UTT = PTSigT + STT
SRT =

LRT = PRSigT - SRT
URT = PRSigT + SRT
SW =

LW = PSigW - SW

UW = PSigW + SW
SRQ =

LRQ = PRSigQ - SRQ
URQ = PRSigQ + SRQ
STQ =

LTQ = PTSigQ - STQ
UTQ = PTSigQ + STQ

*%* Write the statistics

format(/’
t53,

Statistic:’,t20,’D’,t26
'Q(r)’,t62,’Q(t) ") ’

format (/’ N Significant:’, t15,
Power:’, t15,
format (/’ Lower 95% CL:/, t15,

format (/’ Est.

format (

write
write
write
write
write

write
write
write
write
write
write
write
write

(13,520)
(13,600)
(13,610)
(13,620)
(13,630)

(13,700)
(13,705)
(13,710)
(13,720)
(13,730)
(13,740)
(13,750)
(13,760)

! Upper 95% CL:’, . tl15,

AN2 * dsqrt(PSigD*(1.0d0-PSigD))
AN2 * dsqrt(PTSigT*(1.0d0-PtSigT))
AN2 * dsqrt(PRSigT*(1.0d0-PRSigT))

AN2 * dsqrt(P51gw*(l 0d0-PSigW))
AN2 * dsqrt(PRs;gQ*(1.0do-PRsng))

AN2 * dsqrt(PTSigQ*(1.0d0-PTSigQ))

,T(r)’,t35, (L), 47, W’

6(16,3X))
6(F6.3,3X))
6 (F6.3,3X))
6(F6.3,3X))

NSigD, NRSigT, NTSigT, NSigW, NRSigQ, NTSigQ
PSigD, PRSigT, PTSigT, PSigW, PRSigQ, PTSigQ
LD, LRT, LTT, LW, LRQ, LTQ
UD, URT, UTT, UW, URQ, UTQ
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format (//’ Notes on Statistics:’)

format (/ -—-——==———=m——————a- )

format (’ D is the difference statistic.’)

format (’ T(t) and T(r) are Student’’s t-statistics, with’)
format (’ prob. from tables / computed by randomization.’)
format (’ W is the paired t-like statistic of Prager & Hoenig.’)
format (’/ Q(t) and Q(r) are paired Student’’s t-stats, with’)
format (’ prob. from tables / computed by randomization.’)

close(unit=13)
close(unit=14)

return
end

FUNCTION RAN3 (IDUM)

LR RS LR EEE RS RS E LR R R AR R AR RRRRRERRRERRRRERERRE RS RS L L]

khkhkhkhkhhkhkkkkhhhkhhkkhkhhkhhkhkhhhhhhkhhkhhhkhkhhkhhkhkhkhhkhhhhkhhhhhkkhhkhkkkkkkhk
Modified Uniform random deviate generator.

(C) 1986 by Numerical

Recipes Software. Reproduced by permission, from the book
Numerical Recipes: The Art of Scientific Computing, published by

Cambridge University Press.

DOUBLE PRECISION fac, ran3

INTEGER mbig, mseed, mz, ma(55), iff, mj,

INTEGER i, ii, k, inext, inextp, idum

kkkhhkhhhkhkhhhkhhkhhhhhhkhhkhhkhhkkhhkhkhkhkhkkhkhhhkhhkhkhkhhhhkkhkhkhkhhhkhkhkkkhdhh

iabs, mod, mk

PARAMETER (MBIG=1000000000,MSEED=161803398,MZ2=0,FAC=1.0d-9)

DATA IFF /0/

IF(IDUM .LT. O .OR. IFF .EQ. O)THEN
IFF = 1
MJ = MSEED - IABS(IDUM)
MJ = MOD(MJ,MBIG)
MA(55) = MJ
MK = 1
DO 11 I=1,54
II=MOD(21*I,55)
MA (II)=MK
MK=MJ -MK
IF (MK.LT.MZ)MK=MK+MBIG
MJ=MA (II)
CONTINUE
DO 13 K=1,4
DO 12 I=1,55 .
MA (I)=MA (I)=-MA(1+MOD(I+30,55))
IF(MA(I).LT.MZ)MA(I)=MA(I)+MBIG
CONTINUE
CONTINUE
INEXT=0
INEXTP=31
IDUM=1
ENDIF
INEXT=INEXT+1
IF (INEXT.EQ.56) INEXT=1
INEXTP=INEXTP+1
IF (INEXTP.EQ.56) INEXTP=1
MJ=MA (INEXT) -MA (INEXTP)
IF (MJ.LT.MZ)MI=MJI+MBIG
MA (INEXT) =MJ
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RAN3=MJ*FAC
RETURN
END

Ahhhhhkhhkkhkdkhhhhkhkhhkhhhhhkhkhkhhhkhhkhkrhkhhhhhkhhkhhkdkhkhkhhkkhkhkhkhkhrkkkkkkhk
FUNCTION GASDEV (IDUM)

kkkkkkhkkkkdkhhhhkhkkhkhkhkhkhkdkhdkhhhdkhhdkhhkhkdkhkhkhkhkhkhhhhdhdkhhdhdhhhdihhdkhkhhkhhhih

Modified Gaussian random deviate generator. (C) 1986 by Numerical
Recipes Software. Reproduced by permission, from the book
Numerical Recipes: The Art of Scientific Computing, published by

Cambridge University Press. .
hkhkkdkkhkhkdkhkdkhkhkkdkkdehkdhdkkkhkbkhkhhkhkhkhkkbkhkhkhkbkhkkhkkhkhkbkhkdkhhkhkhkhkhkhhkkhkhkkkkkkkkkkk

integer iset, idum
double precision fac,gset,gasdev,r,ran3,vl,v2
double precision sqrt, log

DATA ISET/0/
IF (ISET .EQ. 0) THEN
V1l = 2.0d0 * RAN3(IDUM) - 1.0d0
V2 = 2.0d0 *RAN3(IDUM) - 1.0d0
R = V1%*2 + V2%%2
IF (R .GE. 1.0d0) GO TO 1
FAC = SQRT(-2.0d0 * LOG(R) / R)
GSET = V1 * FAC -
GASDEV = V2 * FAC
ISET = 1
ELSE
GASDEV = GSET
ISET = 0
ENDIF
RETURN
END

kkdkhkhkdkhkhkdkhhkkdkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhhkhkhkhhkhkhkhkhkhkhhhhhkhhkhdkhhhddkhhdhhkihihiikihkikk
LR T TR R R Y T T T T E T L T LR

SUBROUTINE AVEVAR(DATA,N,AVE,VAR)

% J e de g Kk ok de g Kk de g de de & ok kA ok ok de g ok g ok ok e g Ik Ak ek A ok e e ok kT e e e ok e A Ak A o ok ok ok ok ok kR ok ok ke ke
Modified averaged variance subroutine. (C) 1986 by Numerical
Recipes Software. Reproduced by permission, from the book
Numerical Recipes: The Art of Scientific Computing, published by

Cambridge University Press. Called by TTEST.
kkkkhkhkhhkkhhhkhkhhkhkhkhkhkhkhkkhkhkhkhkhhkhhhhhhhkhhkhhkhkkkkkhkhkhkhhkkkhkhkhkhkhkhkhkikhk

double precision data(50), s, ave, var
integer j, n

ave=0.0

var=0.0 .

do 11 j=1,n
ave=ave+data(j)

-continue

ave=ave/n

do 12 j=1,n
s=data(j)-ave
var=var+s*s

continue
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var=var/dfloat(n-1)
return
end

% g de de e de de ko de ke de g Kk ke ke Kk ke ke ke ke ke ke ke ke ke ke ke ke Kk ke d g ke ke gk kK de d v e de ke T K ke e de ke de de e e de de de de e ke e ke ke ke
kkkhkhkhkhkhkhkkhkhkhkhkdkhkhkhkdkhhkhhhhhhhkhhhkhkhkhhkhkhkhkkhdkhkkhhhhhkkkkhkhkhhkhkkkhkhkkhkkkk

SUBROUTINE TTEST (DATAl,DATA2,T,PROB,N1,N2)

khkkkhkhkkhkhkhkhhkhkhkkhkhkhhkhkhkhhkkhkhkhkkhkhkhkhkhkhkhhkhkhkhhkkhhkhkkhkhkhkhhkhkdkhhkhkihdkhiikdhikkikkidk
Modified Student’s t-test subroutine. (C) 1986 by Numerical
Recipes Software. Reproduced by permission, from the book
Numerical Recipes: The Art of Scientific Computing, published by

Cambridge University Press. .
% Kk %k de ok ke ke gk ke gk g de ke kg ko ok ke g de de ke gk ke ke ke gk ok e e ke ok kg ke ke g g ke ke e Kk ke ke ke e ok ke e g e g ke ke ke ke ke ke ke ok ke

double precision datal(50),data2(50)

double precision avel, ave2, var, varl, var2, t, prob
double precision betai

integer df, nl, n2

logical xmonte

common/flags/xmonte

call avevar(datal,nl,avel,varl)
call avevar(data2,n2,ave2,var2)
df=nl+n2-2 -
var=((nl-1l)*varl+(n2-1) *var2)/df
t=(avel-avel)/sqrt(var*(1.0d0/nl+1.0d0/n2))
Note: prob. adjusted for one-tailed test.
Compute only if randomizing
This is a one-tailed test
if (xmonte) then
if (t .gt. 0.040) then
prob=0.5d0*betai (0.5d40*df,0. Sdo df/ (Af+t**2))
else
prob = 1.0d0
endif
endif
return
end

% % do Je Jd d do & de de de ke Kk e K de gk de K K do ke ke K ke ke ke ke do de ke Kk ke de K de K gk ok K ke de ke de ke K de ok ke kK ke k do ok dede ok ok kkkkk
% % Je g % d de de de K de do de kK e ke oK ok K gk de ok ke ok e de de ke de oK de ok ode ke ok de de ke de ok ke de ko ke ke ke de e ke ke K K ke de ke ok de Kk de ke ke ke ke ke ke

SUBROUTINE TPTEST (DATA1l,DATA2,N,T,PROB)

o e o de A K K K de ok ke de e de de Kk de K ok de A K ke de de K K de K g ok K de ke ke ke de e ke ok de e K K e e ke g de de de Kk Kk do K de ok dode ok ke ok ok ok k

Modified paired Student’s t-test subroutine. (C) 1986 by
Numerical Recipes Software. Reproduced by permission, from the
book Numerical Recipes: The Art of Scientific Computing,

published by Cambridge University Press.
********************************************************************

double precision DATAl(50),DATAZ2(50)

double precision sqrt, betai, sd

double precision avel, ave2, varl, var2, cov, t, prob
integer n, j, df '
logical xmonte

common/flags/xmonte

—————— e = i — s
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CALL AVEVAR(DATA1l,N,AVE1l, VAR1)
CALL AVEVAR(DATA2,N,AVE2,VAR2)
Ccov = 0.0d40
po 11 J =1, N
COV = COV + (DATA1l(J) - AVEl) * (DATA2(J) - AVE2)
11 CONTINUE
DF=N-1
COV=COV/DF
SD = SQRT((VAR1l + VAR2 - 2.0d0 * COV) / N)
T = (AVEl1 - AVE2) / SD
if (xmonte) then
if (t .gt. 0.0d0) then
prob=0.5d0*betai (0.5d0*df,0.5d0,df/ (Af+t**2))
else
prob = 1.0d40
endif
endif
RETURN
END

Q0
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FUNCTION BETAI(A,B,X)

Modified incomplete beta function. (C) 1986 by Numerical Recipes
Software. Reproduced by permission, from the book Numerical
Recipes: The Art of Scientific Computing, published by
Cambridge University Press. .

v % de 3%k J de de K K Tk Kk T Kk kg K dk g gk Kk koK Kk dk gk k gk kkdkkdkkkkkkkkkkkkkdkikdkkkdkkksdkiikkkkikkk

NOOO0O000Nn

double precision a, b, x, bt, betai, betacf, dlog, gammln

O

if(x .1lt. 0.0d0 .or. x .gt. 1.0d0) pause ’bad argument x in betai’

if(x .eq. 0.0d0 .or. x .eq. 1.0d0 ) then
bt = 0.0d0
else :
bt = exp(gammln(a+b)-gammln(a)-gammln(b)
& +a*dlog(x)+b*dlog(l.0d0-x))
endif _
if(x.1lt.(a+1.0d0)/ (a+b+2.0d40))then
betai=bt*betacf (a,b,x)/a
return
else
betai=1.0d0-bt*betacf(b,a,1.0d0~-x)/b
return '
endif
end
(o
ChhkkkkhkhkhkhRkhkRkhkhkhkhkhkkhkkhkkhkhkkkkkhkhkhkkhkhkkhkhkkhkhkhhhhhhhkkhhkhkhhhkhkhkhkhhkhkhkkikk

FUNCTION BETACF (A, B,X)

C R
ChihkkhhRRRARAkRIARKRARK KRR KK KIRRRRARRRRRI KRR AR A R AR Rk Ak hhkhkhhhkkkkhikh
C Modified continued fraction for incomplete beta function.

C (C) 1986 by Numerical Recipes Software. Reproduced by

C permission, from the book Numerical Recipes: The Art of

c Scientific Computing, published by Cambridge University Press.

C % Kk %k %k kK dk dk gk ok k dkdk kK ddk ok kg ok ok gk kkdkkkkkdkdkdkdkkkikkdkkkkkkdkdkkkkkkkkkkkkkkkkkkk
C
double precision am, bm, az, gab, gap, gam, bz, ap, bp, app, bpp
double precision a, b, x, em, tem, betacf, eps, d, aold :

********************************************************************
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integer m, itmax
parameter (itmax=100,eps=3.0d-7)

am=1.0d0
bm=1.0d0
az=1.0d0
gab=a+b
gap=a+1l.0do0
gam=a-1.0do0
bz=1.0d0-gab*x/qap
do 11 m=1,itmax
em=m
tem=em+em
d=em#* (b-m) *x/ ( (gqam+tem) * (a+tem) )
ap=az+d*am
bp=bz+d*bm
d——(a+em)*(qab+em)*x/((a+tem)*(qap+tem))
app=ap+d*az
bpp=bp+d#*bz
aold=az
am=ap/bpp
bm=bp/bpp
az=app/bpp
bz=1.
if (abs(az - aold) .lt. eps * abs(az)) go to 1
11 continue
pause ‘a or b too big, or itmax too small’

1 betacf=az
: return
end
C

Chhhhkhkhhkhhhhhkhhhhhhkhhhhhhhkhhhhhhhkhhhhhkhkhhhhhhkhhhhhkhhhkhhhkhhhkhhrhhkhk
FUNCTION GAMMLN (XX)

cC
Chikhkkhkkhkhkhkkhhhhkhhkhhkhhhkkhikhhhkhhhhkhkhkhhkhkhkhhhhhkhhhkkkhhkhhkkhkkhhkhkkik
C Modified log gamma function. (C) 1986 by Numerical Recipes

C Software. Reproduced by permission, from the book Numerical

c Recipes: The Art of Scientific Computing, published by

C Cambridge University Press.

C********************************************************************
C

double prec151on COF(6) ,STP,HALF,ONE, FPF, X, TMP, SER, xX, gammln
integer j

data cof,stp/76.18009173d0,~86.50532033d0,24.014098224d0,
* -1.231739516d0,.1208580034-2,-.536382d~-5,2.50662827465d0/

data half,one, fpf/0.5d40,1.0d0,5.5d0/

X = XX-one
tmp = x+fpf
tmp—(x+ha1f)*log(tmp) -tmp
ser=one
do 11 j=1,6
X=x+one
ser=ser+cof (j)/x
11 continue
gammln=tmp+log (stp*ser)
return
end
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C k% K K de e de d e Kk Je Je e Je dede de ke de de de e e de de ke de de de g ke ke ke ke ke de K Kk de Je Je K K de de g g de de g gk e e de ke g de K ok ke ke ok ke ke ke ke kok
C % de ke de d ek ke ke de de de de e d de de de Kk de de de K de de de ke de de ok de ke de do ke de de d K de de de de e de e de ke Je de de e de Je de e g dk de de de ke ke ke ke ok ok ok

C End of EPOWER.FOR :
C *hkkhkhhhdkhhhkhhhhhhhhhhkhkhhhkhhhhkhkhhhkhhhhkhkdhhhhhhhkhhhkdhhhdkkhhkdkhhhkhhkhkkk
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