General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



THE NATIONAL AERONAUTICS AND SPAC: ADMTNISTRATION RESEARCII GRANT

NGR-14~007-027

(Principal Investigator: T, H, Timothy Whitten)

NORTHWESTERN UNIVERSITY REPORT NUMBER 21

A FORTRAN IV PROGRAM FOR TWO-DIMENSIONAL AUTOCORRELALION
ANALYSIS OF GEOLOGIC AND REMOT ~-sENSED DATA - A ‘

(THRW)

/

(CODE)

iy G 10423 5

{(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

FACILITY FORM 802




SR SNt}

The National Aeronautics and Space Administration Research Grant
NGR-14-007-027

Statistical evaluation of the composition, physical properties,
and surface configuration of terrestrial test sites

and their correlation with remotely-sensed data

REPORT NUMBER 21

A FORTRAN IV PROGRAM FOR T%W0O-DIMENSIONAL AUTOCORREIATICN
ANALYSIS OF GEOLOGIC AND REMOTELY-SENSED DATA

By

V. B, Hemnnkins
(now of CHEVRON OIL FIELD RESEARCH COMPANY, LA HABRA, CALIFORNIA)

Department of Geological Sciences, Northwestern University,

Evanston, Illinois 60201

February 11, 1970

e L Wl A s S AR IO At S Sl SR S i g

i Y B

e

... iﬂ%m}d} s i o M



i~

CONTENTS

Preface ©® o o @ o © o o & ©o o o o o @
AbStraCt -] -] o o o [-] -] a o -] o5 o Q o L-]

Introduction o -] -] L] L] -] L] < o L] & -} L

Mathematical and geometric properties of the two-

dimensional autocorrelation function .

Program history and development . . . .

-] L )

. iii
o iv
0 1
[} 6
. 8

Sample datd o o o o ¢ o s s 6 o o & 6 s & o o o 5 o o 9 3
Autocorrelation structure of random data . . . . » 9
Random numbers subjected to autocorrelation |

Procedures8 .« o o o o o o o o o o s o o o o o o o 9
A geologic example . . . ; o o 3 © o ¢ o o o o o o 12

Program USe . . o o o o o o o o o o o o o o a o o o o 20
Proper 1imitations . « o o o o o .0 o o o o s o a 24

Acknowledgements . o ¢ o ¢ ¢ o o o ¢ o ¢ o o o o o . 25

REf@rences . o o o o o o o o o o o o o o o o o o o o 26

Appendix A- Data . - . o o o o 6 s o o o o o o o o o 30

Appendix B - Program listing and sample output . . . 33

Distribution 1list . . & o« o ¢ o o o 5 o o o o o o o o 52

Previous reports In this serles . . - o o o ¢ o o o o 53




-iil-

PREFACE

The Northwestern Unlversity team has maintalned a
continuing interest in the statistical evaluation of the
composition, physical properties, and surface configuration
of the lithosphere-atmosphere interface. Such evaluation
is a necessary pfelude to understanding the correlations
between remotely-sensed data and 'ground truth',

Assessing the nature and varlability of measurable
variables of thé 1ithosphere still presents many unsolved
problems. In the course of his Ph.D. research at North-
western University, Hempkins avcempted to evaluate some
of the more widely used techniques for developing and inter-
preting trend surfaces. In hils thesis, he established that
two-dimensional autocorrelation analysis is a useful tool
in this regard - equally Valuable in analyzing data for
remote-sensing purposes and for evaluating most other mapped
varicbles of interest in the earth sciences,

The final stages of preparing this manuscript were
completed in 1969 after Dr. Hempkins had joined the Chevron

0il Field Research Company, La Habra, California.

E. H. Timothy Whitten
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ABSTRACT

The mathematical development and logic for com-
puting a two-dimensional autocorrelation analysis of mapped
data is given. Examples of usage of this type of analysis
for studying mapped structures and testing statistical
properties of trend surface maps and their residual maps
are given. A FORTRAN IV computer program for the IBM 0S

360/50 is listed. Orerating instructions, sample data, and

specimen output are also given in detail.
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INTRODUCTION

Criteria for recognition of "trend" (signal) from
"noise" for geologic data have been proposed by many workers
(cf. Grant, 1957; Krumbein, 1966, 1967; James (1966); Esler
and Preston (1967); Hempkins (1969)). These criteria may be

generally classified by:

1. Fulfillment of basic model assumptions
Grant (1957); James (1966); Krumbein (1966);

Hempkins (1969).

2. Frequency content of the data (Esler and

Preston (1967); Hempkins (1969)).

3. A combination of (1) and (2) either implicitly
or explicitly Grant (1957); James (1966);
Hempkins (1969)).

It is the purpose of this paper to describe a time series analysis
method for use in testing trend surface techniques for all the
above criteria. This method may also be used to quantitatively
describe the generalized faﬁric of a set of mapped data and to

study patterns among maps.
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Classical time series analysis, while well established
by the late 1930's, has been relatively neglected by geologists
largely because most geologic measurements are not readily col-
lected as g function of time. It is, however, a relatively easy
transition from the time domain to the space domain using fhe
classical methods of time series analysis. The autocorrelation
function is one of the simpler and more useful techniques of
studying such a series. Studies dealing with the autocorrelation
function of several types of geographically distributed geologic
data have been presented by Grant (1957), Horton et al (1962),
Matalas (1963) and enlarged by Horton et al (1l964), Agterberg
(1965) and Preston (1966). Only Horton et 1l (1962 and 1964)
(1966) and Preston treated the subject for two mathematical
dimensions.

The serial correlation coefficient was proposed by
Yule (1927) as a test of linear dependence of a given sample

upon preceding samples as

"I"Nzkx Xepk = ""‘J"E Nzk % L] Eg

. - »
N-k n-te 1213 . M-k | [k 2]
__1_,232:___&.__ T x _.}:,sz_ -— Exﬂ_k
T ST RS L PRI B T L P R O Rl P Bdde

where .
E, =1 _ _— (2)

and
(3)

) o ‘;’ 4 g‘-gﬁi‘:
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X5 and X: 4 are the events at time i and i+k respectively,
N is the number of events forming the time series and . is
the kth-order serial correlation coefficient. If the set of
data values is randomly distributed in time Ty will have an
expectation of zero for ¥ £ 0.

Wiener (1930, 1948) proposed that for a given series
X: there exists a function

¢ty = E3x1x1+ntg (%)

which he termed the autocovariance function. He further showed

that if this function possessed a Fourier transform, then

Pw) = r eVt c(o)ar , ($)

where P(w) is.the power spectrum or power deansity function and

w is the frequency. The inverse transforonf P(w) yields C(t).
If it is assumed that the last event of a series is

followed by the first event, Anderson (1942) gave the circular

definition of the serial-correlation coefficients by

1 N 1 N 2
N ) %54k T N2 ! X

1y L [YO)
= ) 22 --> X
v [1211 1]
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Blackman and Tukey (1959) demonstrated that the power spectrum
could be obtained from the numerator of equation ( 6 ) (the auto-

covariance function) by

M-1
ﬁr a AX[}O + 2 21 Cp cos(Prn/m} + CM cos rﬂ]
>= (7)

r=09 19 23 3’ cevy M

where AX is the sampling interval and (m+l) is the number of
autocovariance estimates (Ci)°

Cote, et al. (1960) and Horton, et al. (1962) inde-
pendently extended the above equations into two dimensions,
although the former gave the more definitive exposition of the
power spectrum. The two-dimensional autocovariance function

was given by Horton, et al (1962) as
1

C(r,s) = (Nar)(Mwé)
N=r M-s
I 1 X(L,3)X(i+r,i4s) (8)

i-1 j=1

r, 8 =0, 1, 2, c.., B, W

where the xij have zero mean, r and ¢ are row/column lag indices,
and M and N are map dimensions. In the one-dimensional case,

the autocorrelation funetion is an even funetion, i.e., thé-
negative correlation values are equal to the positive correlation
values for a given lag. Unlike the even one-dimensional function,
the negative shift cf the two-dimensional function must be

defined as

b R [ e oL
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1
Cre) = T o) (s

N-r M
I I X(1,5)X@+r,i-8) ,
i=l jJes+l

T, 8=0, 1, 2, ..o, n, @
and

€¢x,8) = C(-r,-s) ;3 C(-r,s) = C(z,~s) . (14)

Anderson (1942) developed a test of significance

for the one-dimensional case. Demornstrating for a random

gaussian time series that ry is approximately normally distri-
buted with mean (-1/N-1) and variance ((N-2/(N41)2), his test

of significance can be approximated by

-1zt V-2 (11)

L T

(Cf. Agterberg (1965)) where t, is the standard normal variate
corresponding to a probability level a. If r is greater than
rys then 61 is considered to be significantly different from
zero. In order to define rﬁ for any lag, Agterberg (1965)
established the confidence band about r, by linearly extending

the above equation. Due to the loss of degrees of freedom for

a finite record, this relationship is redefined here as

=1:taJﬁ=K=2
K N~-K-1 ?

L]
/]

- (12)
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where K is the lag number in terms of the sample interval. For

purposes of this paper, the test of significance is extended to

two dimensions as
=1tta((H-K)(N—L)-2]%
(13)

L ” (M=K) (N-1) -1 ¥

In practice the autovariance function is normalized by defin-

ing the autocaorrelation function as

(R c(o) *

and two dimensionally as
C{(K,L
r(K,L) ¢(,0) ° (15)

Exprassed in this form i+ is identical to the definition of
the serial correlation coefficient. The notation auto-
correlation and serial correlation will therefore be synonymous,

MATHEMATICAL AND GEOMETRIC PROPERTIES OF
THE TWO-DIMENSIONAL AUTOCORRELATION FUNCTION

In general, the one-dimensional autocorrelation
function will exhibit, to some degree, the following charac-
teristics of a data set: '
Degree of mutual dependence of the elements

1,
in the data set.
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2. Presence of harmonic components.

In addition to the above, the two-dimensional

function.will preserve:
1. Structural symmetry of the map, and
2. All major directional attributes of the map.

A further property of both funct .ons is that if
two different data sets are subjected to cross correlation

only the elements common to both sets are preserved,

If one assumes that a geologic response is repre-

sented by:
Fix,y) = G(x,y) + §(x,y) (16)

where e(x,y) represents uncorrelated residuals, then

E {C(F(x,y))} = C(G(x,y)); E {C(elx,y))} = 0 (17)

2
G
need not possess any particular mathematical characteristics,

2
should hcld provided o, >> . It can also be shown that G(x,y)

that is, G(x,y) may be any type of function. It'is possible

\




in many cases (Cf. Matalas (1963)) to predict the function

G(x,y) from its autocorrelation funetion. This is, however,
probably not the general case for geologic data, and we merely

seek the autocorrelation function for a given set of regularly
spaced data in order to interpret the geometric properties

of the map. It can further be demoncstrated that the data record
need not be composed of continucus data but mav also be discontinu-

ous in nature. In this case the autocorrelation function will

still maintain the above described properties. For examples of

the use of discontinuous data, see Hempkins (1969).

PROGRAM HISTORY AND DEVELOPMENT

TG N R RS Ll ) e o e T M T AR

The present program for two-dimensional autocorrelation
analysis is based on the theory set forth by Horton, et al (1962). 2
The original program logic was developed fér a CDC 1604 computer
at the University of Texas by Dr. A. A, J. Hoffman. Subsequently,
this program was discarded, and a new program was written by
the writer for the IBM 7094 at Northwestern University in 1964,
I+ was further revised by the writer for the CDC 3400 at Northwestern
University in 1966, In 1966 the program was modified to include
the test of significance as explained.in +he preceding section.

The present version has been adapted to the IBM 0S 360/50.
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SAMFLE DATA
Several examples of data for use in testing this

program will be given. However, only one set will be used to

illustrate the complete program output.

AUTOCORRELATION STRUCTURE OF RANDOM DATA

Table 1 lists a 20 x 20 array of rectangularly

distributed random numbers taken from Table Al0 of Krumbein

and Graybill (1966), The lower half of the two dimensional

autocorrelation function (both positive and negative shifts)

as computed by program GEOCOVR is given in Table 2. Coefficient
estimates significant at the 95% probability level as given by
equation 13 are underlined. As can be seen, there is no

general pattern to the distribution of the significant coefficients.
This is expected for a geographically random distribution

of numbers.

RANDOM NUMBERS SUBJECTED TO AUTOCORRELATION
PROCEDURES

Table 3 lists the random numbers of Table 1 after
those values were subjected to a two-dimensional simple mov-
ing average with a window of 2 x 2 data units. Such a process,
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which consists of averaging overlapping areas of the data,
introduces a positive dependence between the previously
uncorrelated numbers. Figure 1 gives a contour map of the
positive autocorrelation coefficients which are significant

at the 55% probability level. Only the positive coefficients
are ccntoured as the negative coefficients in this case are
expected to be randomly distributed, as are all positive coeffi-
cients after the first zero crossing (see Jenkins and Watts,
1968, p. 160, 161). This example demonstrates how one can

ascertain if there is a geographic dependence between variables.

A GEOLOGIC EXAMPLE

Appendix A lists a 13 x 18 array of gold values
taken from maps presented by Krige (1965) and Whitten (1965,
1967). The values are spaced at 50-foot intervals and are
moving average values of original ore samples prepared in a
manner described by Krige and Ueckermann (1963) and Hempkins
(1869). These moving averaged values are contoured in Figure 2,
Appendix B, in addition to giving a listing of program
GEGCOVR, cont&ins the results of the autocorrelation computations
for the data of Appendix A. The autocorrelation function of
these data is cohtoured in Figure 3 and c¢learly shows the

northwest-southeast fabric of the original map. Further,

o
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regarding |C(r,s)|>.2 as being significantly different from

a coefficient of zero, tne average structural element of the
autocorrelation function persists for about 600 ft in the
northwest-southeast direction (direction of minimum variation)
and about 200 ft in the northeast-southwest direction (direction
of maximum wvariation). The length in the direction of maximum
variation is consistent with that observed in the original

data. The length in the direction of minimum variation is,
'however, a compromise between the dominant central ridge and

the smaller isolated vregions. Nevertheless, this distance

is probably a reasonable estimate of the average structural

persistence in the direction of minimuin variation of the original

‘map.

Whitten (1965, 1967) conducted polynomial trend sur-
face analyses of the area presented by Krige (1965). The data
of Appendix A is a subset of that reported by these writers.
Hempkins (1969) studied the use of both polynomial and doub;e
Fourier trend surface techniques for ore valuation of this data.
In Figure 4, cubic and sextic polynomial trend surfaces are
compared with first and second harmonic’ Fourier trend surfaces
for the data of Appendix A. In general, the Fourier surfaces
appear more like the contoured data. However, the sums of
squares reduction (SS) is similar for each of the compared cases

for both models. Residuals from each surface are given in

Figure 5.
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FIGURE 2

FIGURE 3

MANUALLY CONTOURED MAP OF TWO DIMENSIONAL AUTOCORRELATION
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POLYNOMIAL FOURIER
/ \ \/ 1 i
\,,_.350 % %M (:i?)
7o) ;
N \
CUBIC SURFACE. SS=b¢ FIRST HARMONIC. §8=47

SECOND HARMONIC. S§=74

FIGURE 4
POLYNOMIAL AND FOURIER FITS TO DATA. SCALE OF MAPS S 650 X 900 FT.
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In order to fulfill the assumptions made by Grant (1957), these
residuals should be randomiy distributed. This implies that
EfC{r,s)] = 0 for the residual values, for r + s # 0.

The autocorrelation functions for each of the
residual maps is presented in Figure 6. It is obvious that
all of the residual maps possess some autocorrelation struc-
ture, the orientation of which is consistent with the original
data. The persistent ridge in the autocorrelation map of the
residuals from the cubic appears to contain more "trend" than
does the same map for the first harmonic surface., Study of the
residual maps of Figure 5 shows that this is probably true.
Further, as the structural persistence of the autocorrelation
function should decrease as the residuals become randomly
distributed, it does not appear that the higher order surfaces
significantly improve the trend determination given'by the first
harmonic. The central area of each autocorrelation map is a result
of the moving average prouess and could never be eliminated by
trend analysis. Considering this, one might wish to accept the
second harmonic surface as the better "trend" description.

Studies of this sort can be used to compare complex
maps between different variables measured over the same area
in order to determine the similarity of geographic distributions.
Horton, Hoffman, and Hempkins used the technique toc study the
topography of a lake bottom from echo soundings (1962) and to

infer strictural fabric and fault movements (1964).
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FIGURE 6

AUTOCORRELATION MAPS OF RESIDUAL SURFACES OF FIGURE 5

ONLY COEFFICIENTS SIGNIFICANT AT THE 99 PERCENT PROBABILITY
LEVEL ARE CONTOURED.
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Hempkins (1969) used the technique to aid in designing a weighting

function for a moving average model. He also used this method to

determine how various data preprocessing steps affected the

mathematical and statistical results of several trend surface

models .

PROGRAM USE

The present version of program GEOCOVR has been designed

for maximum flexibility and minimum user specification of para-

metzrs. All major control parameters are read via a namelist,

COVR, of the following form.

NROW

NCOL

NFILR

NFILC

NRLAG

NCLAG

- the number of rows of the data matrix

- the number of columns of the data matrix

- the number of rows of the filter matrix

- the number of columns of the filter matrix

- the number of row lags of the auto-

correlation function.

- the number of column lags of the auto-

correlation function.

REAER
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- row/column decimation intervals so that

IRLAG

ICLAG alternate data rows and columns may be
omitted from the autocorrelation compu-
tation.

IPR - Control parameter for suppressing inter-
mediate output.

IREAD - Control parameter for reading input

data matrix.

All parameters can be defaulted but NROW and NCOL which are

required for data input. If ICLAG and IRLAG are defaulted,

the program sets them equal to 1 and computes only the zero

lag (data variance) coefficient. This default was used to

prevent abnormal termination of a sequence of problems due

to a failure to specify the necessary parameters for one or

more problems.
The standard defaults are:

1 Suppress all intermediate output,

IPR
listing only the original dats, the

ievelled data, the autocorrelation

estima+es and map. (See Problem 2,

Appendix 7i.)

SR et
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all intermediate printing is given.

See Problem 1, Appendix B)

Gives all intermediate printing but

suppresses the confidence computation.

Suppresses all intermediate printing

but gives confidence computation.

assumes that there 1s one data value

per card such as that given in Appendix A.
Cards must be ordered by rows.

If IREAD = 1, it is assumed that data is
sequentially recorded in equal increments

by rows.

Assumes that no filtering is desired in
which case the filter matrix is +1.0 and
forms the last card of the data deck. Any
other value of NFILR or NFILC requires
that there be NFILR rows and NFILC columns
of filter coefficients to be read by a
user supplied format. The forﬁat (FILFMT)
is required regardless of the values of

these variables.,

S ARSI
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ICLAG = 1 Assumes all input data will be used in
IRLAG = 1 computation. Any other value of these

parameters will perform computations in
increments of the input values. For
example, ICLAG = TRLAG = 2 would cause

every other row and column to be omitted

from computation,

Other necessary control cards are:

Title card - parameter name, TITLE. Any 80 column
alphameric list, one card.
Format card - parameter name, FMT. Tormat of

-data, 80 columns, one card,

Filter format card - parameter name, FILFMT.

Format of filter matrix, 80 coiumns, , s
one card.
A complete data deck consists of the following: i

1. NAMELIST CARD
2; TITLE CARD

3. DATA FORMAT
4. FILTER FORMAT
5. DATA

6. FILTER MATRIX

All computations are based on data from which a linear

trend has been removedo
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Two examples of output are given in Appendix B,

(The title card was blank for both examples.) All major out-
put headings begin on a new page but in Appendix B have been
compressed to provide greater ease in use. As can be seen in
the first example, there is a considerable amount of inter-
mediate output. This was considered a desirable option as
the program can also be used to perform spatial filtering and
other types of trend surface analysis by proper design of the
filter matrix. In general, the option IPR = 1 or 3 gives the

most useful information.

PROPER LIMITATIONS

The program is limited to a 65 x 65 data matrix
from which a 30 x 30 autocorrelation matrix can be computed.

The filter matrix is restricted to a 9 x 9 set of coefficients.
The above dimensions were used for convenience and can be readily
changed by altering the dimension of the variables. It appears,
however, that the row/column lag shifts of the autocorrelation
matrix should never exceed one~third that of the data matrix

due to truncation effects in computation.

The linear trend removal routine was purposely written
to involve a matrix inversion and thus to allow for iﬁcorporation
of removal of any form of trend if so desired. This would
require changes in the dimension of the variables and increasing

the limits of all do loops within that seetion.
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It should be indicated, however, that trends above the first
order would generally be treated by the program as higher
frequency events, It is, therefore, not necessary to remove
higher order trends unless one wished to concentrate study

on particular wavelengths.
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APPENDIX A

DATA

The following listing of data is taken from a
13 x 18 array whose coordinates were numbered from an arbi-
trary origin. The grid spacing was 50 feet. Each card in

the data deck contained three items:

U The row coordinates increasing southward down

the map.

; V The column coordinates increasing eastward

across the map.

X The dependent variable, gold, in inch

pennyweights (in-dwt = pennyweights gold/ton

¥ reef thickness in inches)

VL
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APPENDIX B
Program Listing and Sample Qutput

PRUCRAM CECCUVR

PROGRAM GECCCVR CCHPLIES A MAXIMUM 30 X 30LAG TWC-OIMENSIONAL AUTOCOVARTIANCE |

CR SERIAL CCURRELATICN COEFFICIENT ARFAY FUR A MAXIMUM OF €5 X 65 DATA
PCINTS. A 95 ANC $9 FERCEAT CCNFICENCE LEVEL IS COMPUTED TO TEST THt NULL
HYPOTHE S1 S THAT THE CATA §S RANDOMLY DISTRIBUTED.

THE EXPECTEC AUVUCURRELATION CUEFFICIENT; Clleddy l.NE.J=0

PROGRAMMED FOR THE COC 340C AT NIRTHWESTERN UNIVERSITY,
GECEMUBER, 1966 EY wo B. HEMPKINS

[PR=0 PREINT ALL GLTFLT

[PA=1 SUPPRESS INTERMELIATc PRINTING

IPR=2 SUFPRESS CCMF BLT ALLGw INTERPELIATE PRINTING
IPR=3 SUPPRESS INTERMEDIATE PRINTING 8UT CO CCNF

[CLAG = CCLUMN LAC UISTANCE IN TERMS OUF SAMPLING INTERVAL
FRLAG = ROW LAC DISTARNCE [N TERMS CF SAMPL ING INTERVAL
NCOL = NUMBER DT COLULMMS OF DATA
NRCW = ANUMEER OF RCWS OF LCATA
NFILC = NUMBER UGF CCLUMAS IN FILTER MATRIX
MFILR = MUMBER UF &KOWS IN FILTER MATRIX
NMCLAG = NUMBER GF CCLUMN LAGS
NRLAG = NUMBER OF RCw LAGS
IREAD=0 REAL CNE VARIAELE AT A TIME FUR NROW VALLES
=1 REAC ALL VARIAELES FRCM SAME CARD

CIMENS IUN x3659¢53tCG3033CD9CCK3093C3'PG309303appﬁ309303oFﬁqsgnp
IFMT 200 gFILFMT L2000, TITLELZ20)
DIMENSION D{(3Cy30) s £83Ce3dChe DOE30,30) 5 24(30,30)
DIMENS ICN COEN3 Do KM {3,230, YV(3D
UIMENSICN ERE3)
REAL#*E XMoYVLOE
CEMMON X
FURMATS—STATEMENTS 1000-1999 ARE RESERVEL FOR FUCRMATS

NAMEL IST/CCOVR/NRUW o MCUL o NF ILRy NFILCoNRLAGyNCLAGy IRLAG 5 ICLAG s
PR 1 READ

CEFAULTS
LCLAG=1
IRLAG=1
IPR =}
IRcAp=C
NFILC=1
NFILR=1
NCLAG=1
NRL AG=1

1CC RUAC {5 +CCVYRHENC=3COY
READE S LCCCHTETLE
LOUD FURMAT (2044}
KREAQ 1CCC, FPMY
PRINY 1CCLl, FHMT
100L FCRMAT (1+ls ® CATA INFUT FORMAT IS ° 2CA4//1)




TR N b WA SELp e e m = a

P

Wl W T PR T LR

(VY]
=

REAC 1000y FILFMT
PRINT 1CC2y FILFMY
1002 FORMAY (°* FILTER INPLT FORMAT 1S ¢ 20Q84//7)

C
PRIANT 1CChs NMRCwyACCL oAFILRyNFILCoNRLAGy NCLAG) I’L Aus FLLAG

1004 FORMAT ([%,25h = AUMBER UF RURS OF DATA/15428H = NUMoER UF COLUMNDS
1 CF CATA/E5,27F = NUMBER UF ROWS IN FILTER/I 5 3CH = NUMbER UF LULL
2MNS IN FILTER/Z15043H = AUMBER CF RCw LAGSs LR=1 MEANS ZERDO LALL/LS

346k = NUMBER UF COLUMN LAGS, LC=1 MEANS ZERL LAGS /915,
5 ¢ = NUMBER GF SAMPLE IMTERVALS IN ONE KU LAG * /
€ 59 % = ALEBER CF SAMPLE INTERVALS IN CNE CCLUMN LAG ®//7)
IF (IREAD.EC.LIGU TU 1CE
DC 101 I=1sARCK
101 READ FMT, (XiLlsdle J=1sNCCL)
GL TC 107
LCS DG 103 J=]hCCHL
103 REAL FMTy (X{isJ)s I=1oNRCH}
L07 PRINT 1005
1605 FORMAT (AHLs ® CRIGINAL CATA RATRIX * /7))
00 104 I=1,NROM
104 PRINT 400, (X ({IyddsJd=1eNCOLD
40C FORBATI AR sl2F 1Ce 2)
DU 102 l=i,NFILR
102 REAL FILFPT oiFdlsdlpd=lNFILC)
C
C COMPUTE MEANSVARIANCE AND STANCARD DEVIATION
4=0.0 .
DO LAC I=lsARCK
00 110 J=lsNCOL
110 A=A&#X(Iqd)
A<AZINRCWEACOL)
CCRRASEC=0.0
DC L12 [=1,:NRCH
DO 112 J4=1sNCOL
112 CLRRS2=CLRRSQ4E{X{( Sod)~A )982
' VARSCCRRSC/ ENCCL®ARCH-=1)
STDEV=VAR#+%(, 5
PRINY 1007, A, CORRSC,VAH,STOEY
1007 FORMAY (//7/77% AVERAGE CF CRIGINAL CATA =°Fl5.6/
1t UNCORRECTED SLME OF SQUARES = ¢ FlS.0/
2 " VARJANCE = ? F15.6 /
-3 ° STANDARD DEVIATICA = ° Fi5.0 )
¢
C RENMLVE LINEAR TRENC
{
DO 120 I=1,42
YV(i)=0.0
DC 120 <=Lls3
XMiIgdd=CaC
120 CLETIN=0.0
D0 L3C i=]1MR(HM
u=1i
nC 130 J=1:nCOL
v=J

ol
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KM{Leslb=XM{lpllel.O
XM{ 1o2)=XPlLg2)4U
XMELlo3d=XN{1p3)eV
KMI29102XPla,2)
XM{ 2y 2)=XMlcs20eUs*?
KM{2s3)=XNl2,3 )LV
XME3glbh=XM{L;3)
XM{23,2)=XM( 29 3)
XM{3e303XP(343)evns?
Yvdlb=X(1l,JddeYV{1)
YV(i2)=YVI2}eX1 I,J)%U
130 YV{3)=YV(3)e¢X(fsJ)ev
DO 144 K=1,3
DIv=XM{KsK)
XMiKoK)=1.0
DO 141} J=1,43
141 XMIKeJd=Xp(Ked J/D 1V
0C 149 1=1,3
IFeI~K} 142,144,142
142 CIv=XM{IsK)
XMiI gKi=C.C
DG 143 J=163
143 XMCI o) =RPllsd) -DIvexr{K,d)
l44 CONTINMLE
D0 148 [=1,2
B0 148 J=1,2
148 COE(Id=CCELIDeXMlls ) oYWLL]
DO 149 I=]1.ARCHw
EYE=L
B0 149 J=]1,NCUL
AJAY=J .
145 XL o) =X{1sJd)~(COECL)+CCECZ)SEYECCOETSIPAJLAY )

121 FORMAT (/4/° T¢E CUEFFICIENTS UF THE REGRESSIUN PLANE CF THL DATa

L ARE CCMPUTED AS® o/7 5Xs EL15.895X¢EL15.8s% U
PRINT 121; COE( L) »COE(2b oCCELS)
122 FUGRMAT (irle® LEVELLED DATA®//)
PRINT 122
D0 123 [=1yNROw
123 PRINT 400, {X(Ledbs J=1NCOLD
FILTER DATA AND PRIWNT
MA= 14{NFILR/Z2)
PB=ARCH-(AFILR/Z)
Na=1#{MFILC/72)
NB3=NCOL~-(NFILC/2)
DC 150 I=pA,NE
DO 150 J=hAgNB
7=0.0
DC 151 K=} ,AFILR
KK=feK=-(AFLLR/2}-1
0U 151 L=1sNFILC
Li=yslL={NFILC/2)-1
151 T=TeFiKL)®XIKK,LLS
150 X(loJ)d=T
IF{IPReEvL.ORJIPRGECLINGL TO 153

eSO E 198y " v )

AT R e S e ek
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PRINT 1008

ACCE FURMAT {(lHle ®* FILTEREC CATA FATRIX ° //)

152
€ POSI
153

160
16l
1009

162
101ic¢

DG 152 1=14NRUM
PRENT 400, (XCLed)y J=LlsRCOL)
TIVE SHIFY AUTGCCVARE ANCE

LG 16)1 1=14ARLAG

U=NRCw-1-1¢2

NU=NROW-1+ ]

LG 161 J=1,NCLAG

N=NCCL-1-Jeg

NY=NOL~Jd¢]

SUM=0.0 )

DC 160 K=1,MU, IRLLG

DO 160 L=1sNVyICLAG

KK=Ke¢[-1

LL=Led~-1

SUM=SUM eX{KsLI®X{KK,LL)

C{I o d)=SUN/ (USV)

IF{IPREGo LaORGIPRGEG.3IGE TO 163
PRINT 10C9

FCREAT (LM2, ° PCSITIVE SEIFT AUTOCUVARIANCE MATRIX % 77}
DU 1¢2 [=1sNRLAG

PRINT 1010, (Cllsgdbs J=LeNCLAG)
FCRMAT (LX,10{FLlQo%glX)}

C NECATIVE SHIFT AUTOCOVARIANCE

163

170
171
01l
17

€ MLR
173

180
icle
181

1013

CO L71 K=1sNRLAG

KK=MNROK-K+]

D0 171 L=2sNCLAG

KL=hCLAG-L ¢}

LL=NCOL=L+1]

SUH=0 00

DO 170 L=1l,kK, iRLAG

LUsi¢K-1

DO 170 J=1,LL, ICLAG

JV=Jel=1

SUM=SUM+R{IL s J)*X (] ,dV]
CCIKyKLI=3UM/ IKK®LL )}
EF(IPReECaL0ORIPREGLD IGD TO LT3
PRINT 1011

FCRMAT (1Fr0, ° NEGATLVE SHIFT ALTOCOVARIANCE MATRIX * //)
DO 172 E=1, NRLAG

PRINT 1C1Cy {CCUipddls J=L ¢NCLAGS
FALEZE AUTCLCCVYARIAMCE MATR IX
CNORM=C(141)

DO 18C I=1,NRLAG

BC 180 J4=LMACLAG

Clled)=CtIsd) /CNCEN

CClIedd=CC( 1yJ3/7CNORM

PRIAT 1412

FURMAT (lHil, ° PCSITIVE SHIFT ALTCCCRRELATECA MATRIX * /7/)
CC 131 E=1,hRLAG

PRIAT 20104 {C(Hedby J=LaNCLAG)

PRINT 1013
FORMAT €10, * NECATEIVE SHIFT AUTOCORRELATICA MAYRIX ® //)
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DO 1€2 I=1,NRLAG

PRINT L0010, (CClisdls J=Ll,NCLAG)

PRINT lCcze

FORMAT (2rly ° MAP GF ALTUOCORRELATION MATRIX ¥ //)
LALL MAP{CsCCyARLAG,NCLAG)
IF(IPR.EC- 1. 0RIPREG2D0LL TO 215

CALL CCAFIC,CCoNRLAGyNCLAG sNRUNMSNCUL D

PRINT 1040 :

FORMAT (/77 THLIS PFOBLEM IS FIAISKET ° )

GC 1O 100

RETLRA

END

SUBROUT INE CONFIC oCCoLRsLL,MoND

DIMERSICAN C(30:303,CC130,300,P(20,300PP(3Cy320,D(3Us30),000 30, 3u)
1 sd03CG53C) 922(5C,30)

€ CCMPUTE COLNFILENCE TEST VALLES AND TEST AUTCCORRELATICN MATRIX

183
184

200

201

20¢
203
204

205
2017
20¢&
2C5
210
211

212
213

1018

216

T95=).960

T199=2.£7¢

CHECK = MIN

iF (CHECK -LT.L20} CC TC 183

GU TQ 1€&4

CALL TLIST (CHECK 2TS55T7991)

T=765

TLEVEL =65 .C

Ci 201 I=1eLR

DO 201 J=1,LC
PlIsdi={=leloi T2 {M=I)2IN~-Ji=20%%0. 500 /8{P-J)FIN-00-01}
K=L{-J2]
PPlEigK)={=leO=(Tx((N=f)(A=KI=2))*%0.5 )/ ( (H=K)O({N~-])=1)
00 283 (=1sLR

DO 213 J=L1.LC

IF (PElsd) oLTo CUEadd) GC TG 202

DﬂlaJD=000

GC TC 203

DlIsdi=ClIsdd

IF (PPiled) CTe Ci{lsdd) GO FO 205

OD{isd) =0.0

GO 7D 2407

CD{ledd= Cllad)

IF (PEloed) o0LTo CCELsJd) GC TQ 209

2iedi=0QsC

Go TC 210

ZLlELaJdB=CCAU0sd)

IF (PPLI,J) «GTe CCiT4J)3 GO TO 212

2115943‘-“0«»0

GO TO 213

LZl e D=CLL Ipdd

CONT INUE

PRINT 1C18,TLEVEL

FORMAT (1lhl; ® UPPER ? F&.Cp ® CuNFIDENCE SURFACE, SOUTHLAST GCUAUR
1ANT CF A SYFMETRICAL FUNCTIGN ®* /7)) i
DO 21¢€ I=1.LR

PRINT 1010, (Pllgdds J=1lslCh

LCLC FORMAT (LX,L0(FLO0.44l XD}
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PRINT 1019, TLEVEL
LC1S FORMAT (L1HGs * LOBER ¢ F&4.C, * CCAFICENCE SURFACE, SOUTHEAST QUADK
LANT CF A SYMMETRICAL FUNCTEiun & 470
DO 217 I=1,LR
217 PRINTY LCECy (PPEloddy =5l ,LC)h
PRINT 1014, TLEVEL
1014 FORMAT (lki, ° SIGMIFICANT UPPER AUTOCURRELATILA VALUES AT * F&.C
Lo *PERCENT CONFIDENCE LEVEL,; PCSITEvVE SHIFT ®//)
CO 218 E=1sLR
2LE PRINT ACLG, (D{Nouds JELoLCH
PRINT 1015, .TLEVEL
1015 FCRKAT (LF0,°* SIGNEIFICANT LUWER AUTUCORRELATION VALULS AT * f4.C
Lo"PERCENY CCNFIDEMCE LEVEL, POSITIVE SHIFT ¢s7)
CO 219 [=1.LR
219 PRINT 1000y (CL(Esdds J=1sLCH
PRINT 10L&, TLEVEL
1016 FURMAT {(1+l, ® SICNIFICANT UPPER ALTOCGRRELATICN VALUES AT ' +4.C
1,°PERCENT CONFICENCE LEVE: ; MNEGATIVE SHIFT %4/
DO 220 [=1:LR
220 PRINT L0010y €2080cJdds J=1eLC)
PRINT LCLl7, TLEVEL
017 FORMAT (1hCy® SIGNIFICANT LOWER AUTCCCRRELATICA VALUES AT ¢ F4 .0
L PERCENT CCNFIDEMCE LEVEL,NEGATIVE SKIFT e4/)
DO 221 I=1gLR
22} PRINT R010¢ €2Z101esJd) 5 J=1,4LC)
PRIMT 1030, TLEVEL
1030 FORMAT (IHl, ©® MAFP C(F SIGNIFICANT PCSITIVE AUTOCCORRELATICN CUEFFIC
LIENTS AT ° F3.0, ¢ PERCENT PRUBABILLITY LEWEL *//)
CALL MAP (C,Z,LRsLCH
1031 FORMAT (IMl, * MAF CF SIGAJFICANT NEGATEVE AUTLCCRRELAT ICN C(USFFIC
LIENTS AT * F3.Q0; ¢ PERCENTY PROBABILITY LEVEL ¢//7)
PRIMT 1031¢ TLEVEL
CALL MAP (DD,2Z0LR4LL)
IF (T-T95) 21552145215
214 ¥=7469
TLEVEL=96S.C
C0 TC 2404
215 RETLRM
END
SUBRGUT INE MAP (A BasLRLLC )
CIMENSICN A(30430) 5830300 2EVALIED365) o ALINE(LID)etL €21}
COMMON VAL
INTEGCER FCL
CATA BARZLHIZAZCASFALH=/
DATA MOLZZH=Xe 2= S 9 2H=8 j2H=T 3 2H=6 ¢ 2H=9 ; 2H=% 4 2H=3 g 2H=2 s 2H=1p2H U ol h
Lol 2hel 235 2t g 2259 2406y 2H4 Ty 2H Uy 2HE 9 2HE X/
1021 FORMAT {(Lx,2T4A2:3X)/746XK)
1023 FURMAT (iX,;134AL74X}
KEEP=LR
KEP T=LC
IFILR oGTa12) LR=1c¢
IFELC.CT1200LC0=12
HLR=LR#32-1]
NLC=LL#02-1
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LRC=NLC®C+ 11

00 %06 [=1,128
ALIRE €1) = LASH
PREINT 1CSC

FORMAT (/° C(UEFFICIENTS ARE MULTIPLIED BY 10°/

lE VALUE CF 40,0 OR =1 .0 COEFFICIENTS
DO £C1 [=1sLR

[i=LRel-1

DC 5061 J=141C

JJ=LC+1-J
IvaL(leJdd=ALElsJdJd 0?10 .0
LON=LC =]

D0 502 [=1gLR

[I=LRel-1

DL 502 J=14LC

Jd=LC+d=-1]

JK=LC~J+]

LYALOGE oJJ5=BLL] o dk)EL0LC
DC 503 [=25LR

[l=1e¢LlR=]}

DO Su3 J=sl,LC
IVALLLIsd)=Biiep02LC.0Q

DO 504 [=2244R

[l=TeLR=1

CC %04 J=2,LC

Jd=JeLE~1
IVALElTeJddi=A0 [ 9 2%30,.C
CC 510 l=1.ALR

DO 510 J=i,MLC
K=;VAILG11;JDHI.1

IvaL Esdi=RCLERD

IF (NLR .6Te 25) GCL TG SiL
LA=1}

[B=MR

GO T0 512

RRM = NLR

IDIFFs LIRRA=25.0/2) ¢ o5
[A=LDLFF

[B=101lFFe25

IF IBLE €T 253 GC TG 13
iC=1

ID=Ni.C

6L TC 514

CNL=NLE
IDEFF=1ICNL=25:0/ 4.0 * 5
LRC=LRC~-IC1FF*S

EC=IDIFF

ID= ID1EF 225
[IR=LRC~-1L0%]C 25

PRINY L1023, (ALINELE) ol=Ll ol IRE
DO 50% i=[A,1B

PRINT 1021y (BAR, (IVALIG:J)y J=1C, 0009 BAR)

PRINT 1023, TALINECLD) oE=0,01IR)
LR=KEEP

8741
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LC=KEPT

RETURN

END

SUBROLTINE TLEST (ChECK,A,B)
DIMENSICN Ti(4)pT264)s TUTALES)
DATA T1l/1l.65791l.6844) 6TLol 658/
DATA T2/¢045752042354.39C2.358/
CATA TCTAL/304+9%0.560.)120./

D0 2 (=154

IF (CRECK .GT. TUTAL (§)) GC TO 2
A=TL(1)

B=2T241)

60 TO 3

CONT INUE

RE TLRN

END
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