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Abstract—This paper describes the disjunctive kriging (DK) method for two dimensional spatially variable
properties. A brief mathematical description is given which includes all pertinent equations to obtain an
estimated value, disjunctive kriging variance, and conditional probability that the value of a property at
a location is above a known cutoff level. This is followed by a description of the steps which are necessary
to implement DK and an example illustrating the method. In order to use DK, a scries of complex
culculations must be carried out. To facilitate this two FORTRAN programs were developed. The
programs, example input and output files as well as information necessary to usc the programs is included.
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INTRODUCTION

Recently, much attention has been given to lincar
kriging methods in the analysis of spatially dependent
phenomena. These include simple, ordinary, and uni-
versal kriging either on punctual or block support.
Many examples occur in the litcrature. A few of these
include Burgess and Webster (1980a) who used punc-
tual kriging in the analysis of the spatial distribution
of the sodium content, cover loam, and stone content.
Burgess and Webster (1980b) and Webster and Bur-
gess (1980) also used block and universal kriging in
subsequent analyses. Warrick, Myers, and Nielsen
(1985) give an example of kriging the electrical con-
ductivity for a southwestern Arizona soil (soil type:
Typic Haplargid). Vieria, Nielsen, and Biggar (1981)
investigated the correlation between kriged and actual
values based on different number of sample values
uscd in the estimation process in an attempt to deter-
minc the minimum number of samples necessary to
obtain a given level of information. Vauclin and
others (1983) used ordinary kriging and cokriging to
estimate the spatial distribution of the available water
content and sand content of a Tunisian ficld. They
determined that cokriging provided improved esti-
matcs of the available water content because of ad-
ditional information added to the problem by the
sand content. Journel and Huijbregts (1978) give
many examples of kriging which have mining applica-
tions.

Thesc studics represent but a small sample of the
work which uses linear kriging estimators in the

analysis of the spatial variability of a physical
property. Generally, the lincar kriging estimator is
not the best possible estimator. The minimum vari-
ance unbiased estimator of a random variable ¥ in
terms of random variables X, X,. . .., X, is the con-
ditional expectation of Y given X, X, ..., X,. For
the most general situation, computing this conditional
expectation requires knowledge of the joint density of
Y, X\, X5 ..., X, although this information is dif-
ficult to obtain in practice. This nonlincar estimator
has the form

Yt = gX, X X)) Q)

It also is possible to relax the requirement that the
Jointdensity of (n + [) variables be known and define
another nonlinear estimator

Vi = Zﬁ(.n) )

where cach f; is a nonlinear function of one X variable
only. This is the disjunctive kriging (DK) estimator
and requires that only the bivariate densities be
known.

The lincar kriging estimator is a special form of
Equation (2) where cach f; is a lincar function and
thercfore only the constants need to be determined
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In terms of estimating the value of a random variable
at an unsampled location, Equation (2) generally is a
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better estimator than Equation (3) in the sense of
reduced kriging variance. Moreover, if an estimate of
the conditional probability distribution is required a
nonlinear estimator is essential.

The purpose of this paper is to present the disjunc-
tive kriging programs and to describe the basic
algorithm used to obtain a nonlinear estimate of a
regionalized random variable (at an unsampled loca-
tion), the estimation variance and the conditional
probability that the estimate is above a given cutoff
level. For brevity, the DK equations will be given
without derivation. They are given in full in Yates,
Warrick, and Myers (1985a).

THEORY

Consider Z(x) to be an isotropic second-order
stationary random function which is sampled on a
point support at p locations: x;, x3, . . ., x, with xa
vector in two-dimensional space. For a stationary
system, E[Z(x)] is constant, the variance is defined
and independent of location, and the spatial covari-
ance function, C(x; — x,), is defined and depends
solcly on the separation distance, x;, — x,. Also,
assume that a transform function ${ Y(x)] exists which
will transform Z(x) with an arbitrary frequency distri-
bution into Y(x) which has a standard normal
gaussian distribution. The transformation operates
such that the uni- and bivariate distributions are nor-
mal and jointly normal, respectively.

Disjunctive kriging

Summarizing the results of Yates, Warrick, and
Myers (1985a), the disjunctive kriging estimator is
given as

aO n

Y S S HY(x))

kal joul

Z3(x) = Y fIY(x)] =
t=]
4

where x is a vector in 2-D space which represents the
coordinates of the sample location, 7 is the number of
transformed sample values, Y(x;), used in the estima-
tion process, f; is a function to be dctermined and is
expressed on the right hand side of Equation (4) as a
series of Hermite polynomials of order & (i.e. H,[arg])
where the f,’s are the coefficients of the Hermite
expansion.

The disjunctive kriging process is based on a stan-
dard normal random function, Y(x,), which is related
to Z(x,) through a transform. The transform relation-
ship, ¢(x), also is expressed as a scrics of Hermite
polynomials (Abramowitz and Stegun, 1965)

Z(x) = ¢[Y(x)] = Y CHIRx) (5

The cocfficients, C,, are determined by orthogonality
and numerical integration as follows
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J
1(k!'21) Y. d(v)w,Hi(n) exp [— /2]

s=1

Ck=

(6)

where J is the total number of abscissas and weights
factors, v; and w,, respectively, used in the Hermite
integration (Abramowitz and Stegun, 1965).

" Requiring an unbiased estimator which has mini-
mum variance of errors produces the following dis-
junctive kriging system of equations (see Journel and
Huijbregts, 1978; Rendu, 1980 and Yates, Warrick,
and Myers, 1985a for further details)

K
Zik(x,) = Z CeH [ N(x,)] )]
k=0
where the series has been trunctated to K terms and
H,[Y(x,)] in Equation (7) is estimated by
HIY() = ) buHilY(x)] ®
=]
where f, from Equation (4) is written as Cyb, in
Equations (7) and (8). The b,’s (the weights analo-
gous to simple kriging) are determined from

Z. bule) = @)% J=L2....n 9
j=

where g, is the spatial correlation function (i.c. auto-
correlation) for a scparation distance, x, — x,. The
correlation function also can be written as:
e, = C(x, = x,)/C(0) or for sccond-order stationary
conditions ¢, = | — y(x, — x,)/C(0), where 7y is the
variogram. The bar over the b, denotes that ¢, can be
based on cither point or block support. For a block
estimate, the average correlation

@) = UV J o(x — x)dx (10)
should be used on the right hand side of Equation (9).

The disjunctive kriging variance on the estimation
is

X L]
Opx = kz k!Ckz[l - zblk(am')k] (Il)
-l i=)

The conditional probability

Estimating a conditional probability that the value
of a random variable is above a specified cutoff value
(termed the transfer function by Matheron, 1976;
Journel and Huijbregts, 1978; Kim, Myers, and
Kundsen, 1977) is possible because the disjunctive
kriging estimator is nonlincar. The method used here
consists of two steps. The first step is to determine the
conditional probability, P*, (for each cutoff value)
that the point value of Z(x) at the location, x,, inside
the block V is above a prescribed cutoff value z, (or
the associated transformed cutoff value, y.). This is
called the point transfer function. Next, to obtain the
conditional probability that the block value is above
the cutoff value, the probability function then is inte-
grated over the entire block. The resulting conditional
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probability is (Journel and Huijbregts, 1978; Yates,
Warrick. and Myers, 1985a)

P H(x,)] = 1 — G(y) + g(5)
X
x Z He ((y0)
k=t

x H[T(x,))ik! (12)

where H,[Y(x,)] is estimated using Equations (8) and
(9). In Equation (12), g(y.) and G(y.) are the
gaussian density and cumulative distribution func-
tions, respectively.

The conditional probability density function,
Pdf *(u). is determined by taking the derivative of
Equation (12) with respect to y..

K
Pdf*(u) = g {l + Z H,(u) HY Y(-‘a)]/k!}
k=1

(13)

Two examples using approximately lognormal and
normal data and the disjunctive kriging programs
described in this paper are given by Yates, Warrick,
and Myers (1985b).

THE PROGRAMS: DISCALC.FTN AND
DISJUNC.FTN

The programs DISCALC.FTN and
DISJUNC.FTN (given in Appendix A) were written
in FORTRAN 77 and run on a DEC PDP 11/70. The
compiled version of cach program requires less than
64K memory for the source code, program constants
and many arrays. Program DISJUNC.FTN also
requires virtual memory for storage of a large array
(20 by 220). For machines which can access more than
64K dircctly (i.e. do not nced or have virtual memory)
the “virtual™ statements can be replaced with dimen-
sion statements.

The program allows up to 220 samples, 25 coef-
ficicnts (C,'s), 20 samples to be used in the estimation
process (n) and up to a 20th order polynomial fit of
the sample distribution [i.e. between Z(x) and Y(x)).

In order to improve the program’s computational
efficiency, an (virtual) array (name HH) 20 by 220 was
used to store the H,[Y(x,)] values for
k=12 ...,20and i=12,...,220. In this
way, only one calculation of the Hermite polynomials
associated with the samples was necessary. Also, the
program was written such that the kriging matrix was
formed only once for each estimate (for k = 1), was
saved and then a working matrix (raised to the appro-
priatc power) was uscd to determine the b,'s. Using
this strategy rcquircs only onc determination of the
ncarest neighbors per estimate.

Solving the DK  equations  (program
DISJUNC.FTN) requircs approximatcly (No. of
C's — 1) times more computer time than ordinary
kriging (with a Lagrange multiplier), holding every-
thing else constant. This does not include the
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preparatory steps (Steps { and 2) outlined next. The
extra computer time necessary to solve the DK equa-
tions is because of the more complex calculations such
as taking powers and calculating Hermite poly-
nomials as well as having to solve the simple kriging
equations K times. Although DK requires more com-
puter time, which for a microcomputer can be in-
consequential, information about the conditional
probability distributions at the estimation site is avail-
able.

The following steps give a brief description of the
execution of the DK programs. From these programs
one can obtain an estimate of a random variable at an
unsampled location. the disjunctive kriging variance
and the conditional probability for up to 18 cutoff
levels using the disjunctive kriging method outlined.
Steps | and 2 are preliminary to the actual estimation
process and the calculations described in Step 1 are
made in the program DISCALC.FTN whereas those
described in Steps 2 to 7 are made in DISJUNC.FTN.

Step 1. The first step in the DK process is to
determine the coefficients, C,, which define the trans-
form, ¢(Y;) in Equation (5).

(a) The calculation begins by sorting the data from
the smallest to largest value, while keeping track of
the associated x's, (subroutinc SORT). Next, an
empirical cumulative frequency distribution s
generated, from which an estimate of the probability
is obtained. The trial transformed value, Y,, is ob-
tained by inverting the probability function (Function
PRBI). The estimate of the probability used in
DISCALC.FTN is

PAZ < z] = (i = 05)p

where i is the total number of Z(x,) less than or cqual
to z, and p is the total number of samples.

(b) Once the pairs [Z(x,). ¥Y(x,)] have been deter-
mincd, the values of ¢(V)) in Equation (6) must be
determined. The method used by DISCALC.FTN is
to fit an ath order polynomial to the data pairs and
determine the coefficients of the polynomial via a
least-squares fit (subroutine LEAST). Function PHI
evaluates the ath order polynomial for cach abscissa
in Equation (6). Other possibilities exist for deter-
mining this relationship, but the nth order polynomial
is adequate and better than lincar interpolation.

(c) After the relationship is determined, the coef-
ficients, C,, are calculated by Hermite integration
(Abramowitz and Stcgun, 1965) in subroutine CK1.
From the cocflicicnts the mean and variance of the
original data can be determined (cxactly as £ — inf)
and are calculated in the MAIN program and printed
out for a comparison with the actual values for the
data sct.

(d) In gencral, a truncated scries is uscd for the
@[ Y(x,)] relationship which represents an approxima-
tion in terms of transforming Y(x;) into Z(x).
Thercfore, to make the inversion exact, new values of
Y(x,) are calculated given the C,’s just determined.
The subroutine that inverts Equation (5)is HYZINYV,

(14)
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which uses Newton's iterative method. If the iterative
method diverges, an alternate method of bisection is
used. The values of ¥(x,) (array YZ in program) are
printed out along with other necessary information
and saved in a file which is used as an input file for the
second program DISJUNC.FTN.

Step 2. Once the transform relationship is defined,
the next step is to calculate a table of Hermite poly-
nomials fork = 0, 1, . . ., K and for all sample val-
ues Y(x,). This K x p matrix stores the values of
H,[Y(x,)] rather than recaiculating them each time a
sample is used in the estimation process. The sub-
routine (in DISJUNC.FTN) that sets up the array is
HCALC and the subroutine that looks up the value in
the matrix for use in the program is H.

The following steps are required to obtain an esti-
mate, the kriging variance and the conditional proba-
bility at an unsampled location. The sequence is
repeated for each estimate. The program is written
such that estimates are produced on a grid system
beginningat X = XMINand ¥ = YMIN and incre-
menting by DX and DY, (NX)-(NY) times.

Step 3. The first step in obtaining an estimate is to
generate the DK matrix (subroutine MATRX). This
is done only once per estimate for & = | by sorting
through the data and sclecting the “n” nearest
samples. The spatial correlation between the points is
calculated (subroutine VARIO) and stored in array
AA.

Step 4. In order to obtain the weights, b,, in
Equation (9), the AA matrix is raised to the kth power
by subroutine ATOK and solved by subroutine
MATINYV. Because MATINV modifics the matrix
during the solution, a working matrix AWRK is used
by MATINV. For k = 0 the weights arc equal to 1/n.
Therefore the matrix solving step is skipped and ex-
ccution transfers to step 5.

Step 5. Various intermediate quantitics are cal-
culated in subroutine SOLN. These include M Y(x,)]
in Equation (8) and the right-most series in Equations
(11) and (12). After returning to the MAIN program,
these intermediate quantities (which are summed on
the data used in the estimation or on the number of
cutoff values desired) are summed on the current
value of k.

Step 6. If k < K, then k is incremented and execu-
tion is rcturncd to step 4.

Step 7. If k = K, the estimated value, the estima-
tion variance and the conditional probability (for
cach cutoff level) are printed out along with the spatial
coordinates.

EXAMPLE

An cxample using the DK programs is given here.
Nincty-two bare soil-surface temperatures were rec-
orded at random locations in a | ha ficld at the Uni-
versity of Arizona's Maricopa Agricultural Center.

The sample mean, variance, skew, and kurtosis for
the data were: 63.89, 3.08, 0.61, and 2.64, respectively.
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The data also were tested for type of distribution by
the Kolomogorov-Smirnov (KS) test (Rao and
others, 1979; Rohlf and Sokal, 1981). The KS test
statistic calculated from the original and log-
transformed data are 0.121 and 0.116, respectively.
The KS critical value for 92 points at the 0.1 prob-
ability level is 0.084. Based on this test it was con-
cluded that the data set were neither normally nor
lognormally distributed.

The sample covariance function (see Journel and
Huijbregts. 1978, esp. p. 194) was calculated and then
validated using the jackknife procedure (Vauclin,
Nielsen and Biggar, 1983). A spherical model was
fitted to the sample covariance function with par-
ameters: 0.7°C for the nugget, 3.1°C? for the sill and
23.0m for the range. The autocorrelation function.
which is used in Equation (9), was calculated by using
olx, — x) = Clx, — x)/C(0).

The coeflicients, C,, used to define the transform
given in Equation (5) for kK = 0 to K are: 63.891,
1.709, 0.1832, —0.06818, —0.04437, —3.676 x 10°°
and —5.849 x 1077, respectively. From these C;'s,
estimates of the mean and variance for the sample
distribution can be obtained and are 63.89 C and
3.09'C? whereas the actual values for the data set are
63.89°C and 3.08 C*, respectively.

In order to compare the DK method with ordinary
kriging (OK) both methods were applied to the data
sct. From the results, a comparison based on the
average kriging variance and the sum of squares
deviation (SSQ) between the actual and estimated
values can be made.

The kriging vartance was calculated by cach
method at 231 locations located on a4 6 x 8-m grid
system superimposed over the ficld. The average krig-
ing variance was determined from these values. From
the OK mcthod. the average kriging variance was
2.202"C?* and for DK was 2.098 'C*, This represents a
4.7% improvement over OK.

The SSQ between the actual and estimated valuc
was determined by making an estimate at cach sample
location (92 total) but not using the sample valuc in
the estimation (i.e. jackknifing). From the two values
the SSQ can be calculated. The results indicate that
there is an overall improvement (for these data) of
2.6% when DK (SSQ of 189.8°C?) is used instcad of
OK (SSQ of 194.9 C?). Improvements of approx. 6%
have been demonstrated for another random variable
by Yates, Warrick, and Myers (1985b).

Figure la gives the estimated value of soil tem-
perature at 9 locations using the DK and OK
methods. The number above each location (circle) is
the estimated value using DK and the number below
is from OK. From this sort of information, the spatial
pattern of temperatures in the ficld can be determined,
although one would usually use a finer grid system.

Figurc 1b gives the associated estimation variance
where the number above and below each location
(circles) are for DK and OK, respectively. Using this
information. a level of confidence in the estimated




Disjunctive kriging program for two dimensions
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(b) (¢}
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Figure . Results of ordinary and disjunctive kriging of soil surface temperature. Numbers above and below

locations (circles) indicate estimates by disjunctive and ordinary kriging. respectively. In a, b, and ¢ are

temperature estimates, kriging variance, and conditional probability that temperature is above 62.5°C,
respectively.

value can be obtained where large variance is asso-
ciated with small confidence.

Because DK produces a nonlincar estimator, val-
ues of the conditional probability that the actual but
unknown value of the temperature is above a specified
cutoff level can be calculated. Figure lc gives an
example of this where the numbers indicate the prob-
ability that the temperature is above 62.5°C. This
information is unavailable typically when using lincar
kriging methods.

Disjunctive kriging also allows one to estimate the
conditional probability density function and the
cumulative probability distribution. These are shown
in Figure 2 for three of the points given in Figure 1.
The solid, dashed and dotted lines are for the points:
(2, 200), (34, 200), and (18, 0), respectively. In Figure
2a the probability distribution is with respect to the
cutoff’ value whereas in Figure 2b the probability
density is plotted as a function of the transformed
value Y. From this figure it is possible to obtain an
indication of how the samples combine together to
form the estimate as well as obtaining the probability
level of an occurrence given a specified cutoff value.

CONCLUSIONS

The disjunctive kriging programs,
DISCALC.FTN and DISJUNC.FTN, produce a
nonlincar estimatc of a spatially variable property as
well as the conditional probability that the value is
above an arbitrary cutoff level. Generally, the DK
estimator is better in the sense of reduced kriging
variance compared to lincar kriging estimators but is
not as good as the conditional expectation (unless the
random variable is multivariate normal). Disjunctive
kriging has the advantage over the conditional expec-
tation in that only the bivariate joint probability dis-
tributions need be known.

The calculations required to estimate a random
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.00 =
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Figure 2. Conditional probability distributions. In a is cumu-

lative probability distribution as function of cutoff value, y,.

In b is probability density with respect to transformed vari-
able, Y.

variable are basically the same as the simple kriging
method but must be performed K times per estimate.
The other differences include: a transform is necessary
and defined by the coefficients, C,, that are appro-
priate for the data set and Hermite polynomials up to
order K must be calculated for cach sample used in the
estimation. These steps are done at the beginning of
the problem. A third difference is that the intcrpola-
tion is with respect to H,[¥(x)] for DK whereas it is
based on Z(x) for ordinary (lincar) kriging methods.
This result also is used in calculation of the con-
ditional probability. For other examples using the
DK programs see Yates, Warrick, and Myers (1985b).
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APPENDIX 1
Disjunctive Kriging Programs DISCALC.FTN and DISJUNC.FTN

c nooo1
CrRRIARRRAIRARAA AR AR RERRARIRRRRRRRRAARRNRRRARRRRRARAARARARRARRANRAAARRAANE (0002
Chradtar e a R AN AR R RRAINR KA RARR AR ARRRARRARNARRANNRARNNRRAR RN RRIARRRARARR (0003
Cranksns Aeexrarrs 00004
Chrnntns DISJUNCTIVE KRIGING PROGRAMS FOR TWO-DIMENSIONAL, whrxskast 00005
Crasnhnx SPATIALLY-VARIABLE PROPERTIES *rraxkrax 00006
Crrnnnsn *xexaraks 00007

cttk**t*iiﬁﬁ KRR RRRRRNRR AR ANRR A AN KRR R AR R RN ARR AR RN RNNAA AR RN RRAAAAR AL AR NAkh
ctt*ﬁt*tt*tt*tti*i*t*t*ﬁt*ﬁti****t*******tt****t***********t***t**ﬁ'***i******t

00008
00009

o D0010
C Solves the disjunctive kriging equations and calculates an estimate 00011
C of a random variable, the associated estimation variance and the 00012
C conditional probability (for up to 18 cutoff levels). In order to use D0O13
C these programs, values of a random variable of interest along with the 00014
C spatial coordinates must be obtained. Also, the correlation structure 00015
C written in terms of the variogram must be determined. 00016
C 00017
C 00018
C The programs use the following devices: 00019
c 00020
C Disk input file -- currently set as unit #1 00021
C Disk output file -- currently set as unit #2 00022
C Disk plot file -- currently set as unit #3 D0023
o Terminal -- currently set as unit #5 00024
C Line printer -- currently set as unit #6 D0025
C 00026
C These values are declared at the beginning of each program, D0027
o < 00028
o 00029
C To reduce problem execution time and storage requirements, two programs D0030
C are used for disjunctive kriging. The first program calculates the 00031
C Hermite coefficients (i.e. CK'S? and then converts the data (ZD) and 00032
C cutoff values (ZCUT) into transformed data (YZ) and transformed cutoff D0033
C values (YCUT). Approaching the solution in this manner has the advantage 00034
C that the coefficients and transformed values only need to be calculated 00035
C once for a given data set. To run the programs, a data file must be D0036
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Disjunctive kriging program for two dimensions

created according to the "Data File Input Instructions" given below.
The "Interactive Data Instructions For Program One" describes the run-
time information the program requires such as instructions for choosing
input/output devices and file names.

The second program uses the output from the first program directly. No
modification on the data file is necessary. The program asks for the
name of the file interactively, therefore there aren't any additional
“Data File Input Instructions® for the second proaram, To run the
program use the "Interactive Data Instructions For Program Two" given
below.

RECORDS 1-3: FORMAT (A76/A76/A76)

TITLE(3) Three lines of title.

RECORD 4: FORMAT(515,2F10.3)

NZ Maximum number of data to be included in
calculating an estimate using disjunctive
kriging. That is, the number of nearest
neighbors used in estimation process.
Default: (i.e. zero or blank) is NZ = 7.

NHK Number of terms in the Hermite expansion,
There will be NHK Hermite coefficients
calculated bv the program.

Default: NHK = 7,

NPOLY Number of terms to be used in the least
squares fit to the [ZD,YZ] pairs. The
least saquares polynomial is used only for

calculating the abscissa points for Hermite

integration {to determine the CK's).
Default: NPOLY = 7.

NTRM Number of terms to be used in Hermite
intearation. NTRM may be 5 or 10.
Default: NTRM = 5,

NZCUT Number of conditional probabilities

to be calculated using disjunctive kriging.
For each conditional probability calculated

a ICUT value must be provided. The ZCUT
values, if any, are input in RECORD 7.
NZCUT must be less than 19,

RMAX Maximum radial search distance for a data
point to be included in the estimation
process.

Default: RMAX = 10000. If linear model
for the spatial correlation function {is

used Default: RMAX = RANGE (see Record 8).

The program DISJUNC.FTN will not allow a
value of RMAX > RANGE for linear model.

CUTOFF Pata values larger than CUTOFF will not
be included in the analysis.
Default: CUTOFF = 10000.

00037
00038
D0039
00040
00041
00042
D0043
00044
D004S
D046
D0047
D0048
D0049
00050
D00S1
00052
D00S3
00054
00055
D0056
00057
00058
00059
00060
00061
00062
00063
00064
00065
D0066
00067
00068
DO069
00070
noo71
00072
00073
D0074
00075
00076
00077
D0078
00079
pooso
D0081
p0082
00083
00084
00085
DO086
00087
00088
00089
D0090
poo91
00092
00093
00094
00095
00096
00097
00098
00099
00100
D0o101
00102
00103
00104
D0105
00106
00107
no108
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RECORD 5: FORMAT(315,3F10.3)

IBLK

NXBLK

NYBLK

WIDX

wiDY

BLKCOV

If: 0 -- Punctual disjunctive kriging
If: 1 -- Block disjunctive kriging

Number of block subdivisions in the X
direction., NXBLK*NYBLK is the total
number of subblocks used in discrete
approximations to the integrals of
the corretation (or covariance) over
the block. If IBLK equals 1 then
Default: NXBLK = 5.

Number of block subdivisions in the Y
direction. If IBLK eauals 1 then
Default: NYBLK = 5,

Length of the block in the X direction.
Total block area is WIDX*WIDY.

Length of the block in the Y direction.

The inner block covariance (i.e. the
covariance value resultina from the double
integral of the covariance over the block.
where each vector independently describes
the interior of the block). If a value is
given BLKCOV will NOT be calculated.
Default: BLKCOV will be calculated.

RECORD 6: FORMAT(215,4F10.3)

NX

NY

XMIN

YMIN

0X

oy

OPTIONAL RECORDS 7a,7b:
(INCLUDE IF NICUT > 0)

ZCuT(1)

Number of X coordinates in the grid system

of estimates. There will be NX*NY estimates

total. Default: NX = 10,

Number of Y coordinates in the grid system

of estimates. There will be NX*MY estimates

total. Default: NY = 10.

The minimum value of X on the grid system.
Default: XMIN = O,

The minimum value of Y on the grid system.
Default: YMIN = O,

The distance between estimates in the X
direction on the grid system. The length
of the grid system in the X direction

is (N¥-1)#*DX.

Default: DX = (Max. X in data file )/9.

The distance between estimates in the Y
direction on the grid system. The length
of the grid system in the Y direction is
(NY-1)*DY

Default: DY = (Max. Y in data file )/9.

FORMAT(8F10.3)

The cutoff values (in terms of the original

variable). A conditional probability will
be calculated for each cutoff value. A
maximum of 18 values are allowed.

00109
00110
Do111
00112
00113
Doll4
00115
00116
00117
00118
00119
00120
00121
D0122
D0123
D0124
00125
N0126
p0127
n0128
00129
00130
DO131
00132
00133
00134
00135
00136
D0137
00138
00139
00140
00141
00142
00143
n0l144
00145
D0146
D0147
00148
n0l4a9
00150
00151
00152
DO153
D0154
Dnlss
N015A
D0157
00158
D0159
D0160
00161
DO162
£0163
D0164
00165
00166
00167
00168
00169
D0170
00171
00172
00173
D0174
00175
00176
00177
00178
D0179
00180
D0181
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RECORD

RECORD

RECORD

RECORN

8:

9:

10:

11:

Disjunctive kriging program for two dimensions

FORMAT(15,3F10.

MODE

c(1)
€(2)

c(3)

FORMAT(315)
[0x

[oy

102

FORMAT(4X ,A6)

NAM

FORMAT(A30)

FMT

3)
The variogram model number where:

-1 -- expontential:
[C(1) + C(2)*EXP(-R/C(3)}]

0 -- Tlinear {with a sill):
{c(1) + c(2)*R/C(3)]

1 -- suheric$1:
[C(1) + C(2){1.5*R/C(3) -
S5*(R/C(3))**3]1
The correlation function is calculated by

correlation = 1, - variogram/sill

: In two dimensions a linear model with a

sill is an invalid type of variogram
(i.e. it is not of the conditionally
positive definite type). Therefore, the
program will not allow RMAX to be greater
than RANGE if a linear model is chosen,

NUGGET value of the variogram.

SILL value minus the NUGGET value of the
varioaram,

RANGE of the variogram. For the exponential

variogram this is the constant that the
distance is divided by.

The column in the data file that contains
the X coordinate data. Note: an index (or
sample number) is always assumed to be

in the first column of the data file and
the index column is not counted.
Therefore, IDX = 1, 2, or 3.

The column in the data file that contains
the Y coordinate data. Note: an index (or
sample number) is always assumed to be

in the first column of the data file and
the index column is not counted.
Therefore, IDY =1, 2, or 3.

The column in the data file that contains
the property to be kriged. Note: an index
(or sample number) is always assumed to be
in the first column of the data file and
the index column is not counted.
Therefore, 102 = 1, 2, or 3.

A name which describes the nroperty to be
kriged.

Format specification for the data. This
should be of the form:

p0182
00123
00184
00185
00186
no1a7
Do18s8
D0189
00190
D0191
D0192
00193
00194
00195
00196
00197
DC198
D0199
D0200
00201
no202
00203
D0204
D020S
D0206
00207
D0208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
D0220
00221
D0222
D0223
D0224
D0225
D0226
00227
00228
00229
00230
D0231
00232
00233
00234
00235
00236
00237
D0238
00239
00240
no241
D0242
00243
D0244
00245
00246
00247
00248
no249
00250
00251
D0252
n0253
N0254
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RECORD

RECORD

1:

2:

3:

1:

2a:

S. R. YATES, A. W. WaRRICK, and D. E. MYERS

(15,2F10.3,5%,F10.3)

FORMAT IS GIVEN BY FMT (RECORD 11}

DATA VALUES

INTERACTIVE INPYT INSTRUCTIONS: PROGRAM ONE (DISCALC.FTN)

A1Y input is free format
C**ﬁ**itt*ﬁﬁ***ﬁ*tit*i*t**tQ*i*tt*t**ﬁ**iti*****i***tttQtttﬁ*tt*ﬁtttﬁt*tt**it**

Cﬁi*t**ﬁ*ﬁ*f*ittt*t*fi*iiﬁ**iittttt**i*ﬁi*******tt**ti**ﬁitt****ﬁ**t***t*****#t

FILE

FILE

ANSW

INTERACTIVE INPUT INSTRUCTIONS: PROGRAM TWO (DISJUNC.FTN)

A1l input is free format
Ctttﬁtt.iﬁittﬁii'ﬁﬁﬁttﬂt"ti*ttittt*t**ﬁ"Qﬁt'*i*ﬁﬁitittttttttitt*'*'ttt'ttﬁ'it

Cﬁﬁtittttﬁt.i..Qt'QttttQitt'Qittt***ittitQﬁtt*tttQttt*tt*ti*iittt'f*ttt'tttt."

FILE

ANSW

The data set should have a location number
{or index), X coordinates, Y coordinates
and the property to be kriged. Data is
read until an end-of-file marker is found.
Therefore, there should not be any blank
lines in this part of the data file.

It is assumed that the location number is
in the first column,

Input file name. File name must contain
less than 31 characters. This is the

name of the data file created using

"NDATA FILE INPUT INSTRUCTIONS" given above.

Output file name. File name must contain
less than 31 characters. This file is the
input file for DISJUNC.FTN. Only those
data and steering parameters needed by the
program DISJUNC.FTN are printed out to this
file. This file is used "as is” by the
proagram "0ISJUNC.FTN",

Qutput device number where the output/
summary will be sent. Two choices are
allowed:

P -- output sent to line printer
T -- output sent to terminal

Tkt

Input file name. File name must contain
less than 31 characters. This is the
OUTPUT file created using DISCALC.FTN,

Qutput device designation. Choices
allowed:

D - disk file
T - terminal
P - line printer

L2222 2 224
o drdededede ke
khkkhdhd

L2 2 422 234
2232324
XN ThE

D0255
00256
00257
00258
00259
00260
00261
00262
00263
D0264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
D0275
00276
00277
00278
00279
00280
noz2sl
po2e2
00283
00284
D028s5
00286
00287
D0288
00289
D029n
D0291
N0292
D0293
00294
00295
00296
D0297
00298
D0299
00300
00301
00302
00303
D0304
D0305
00306
DN307
no3oe
00309
00310
00311
D0312
00313
D0314
D0315
D0316
D0317
no3ie
De319
00320
00321
D0322
00323
00324
00325
00326
D0327




Disjunctive kriging program for two dimensions

C

C

C OPTIONAL RECORD  2b: (include only if ANSW.EQ.'D' in RECORD 2a)

C

C FILE Qutput file name. File name must contain

C less than 31 characters.

C

C

C

C RECORD 3: FILE Plot file name. Produces a file that

C can be used to make contour maps, etc.

C The file contains x, y, estimates,

C estimation variance and conditional

C probabilities. File name must contain

C less than 31 characters. If a plot file

C is NOT wanted type a return,

C

C
c*Qﬁ*tttki*i*ﬁi*itt*i**ttt*tiﬁtﬁ**ii******tik******ﬁi**i.*ﬁfiitt*iﬁ*ﬁ*'t*******
Cﬁi*tt*kttt**ﬁﬁﬁﬁt*i*iitiﬁtiﬁ***tt*i**k*it*t*t*i**ﬁtt*t*ttﬁ**tt*ﬁt*ii*ttti*t#t*
c&*t*ti* (22 X3 2 484]
Crawusns MISCELLANEOUS INFORMATION bbbl
c&ttt*it t 222222 3

cﬂ*i*t'QOit*ﬁtiii*i**iii*ti**fﬁf***t*ﬁi*t*i**i*itiﬁtt*ﬁt***t*t*i**iitt*ﬁtt*i*t*
cktQ*t*ﬁ*ﬂ*t*ii*i**ﬁfﬁt*i*i**it*i****tiitﬁﬁ****#t*titiittt*ﬁittiﬁi*t*tt'*titi**

c

STEPS NECESSARY TO USE DISJUNCTIVE KRIGING PROGRAMS:

1) Obtain the data set. Must include an X, Y and Z (property of
interest)

} Determine the variogram. (Not included in these programs).

3) Create data file using "Data File Input Instructions"”

) Run DISCALC.FTN

) Answer guestions prompted by program using
"Interactive data instructions for program one". Remember that
output from this program is inout for NISJUNC.FTN

6) Run DISJUNC.FTN

7) Answer questions prompted by orogram usina
"Interactive data instructions for program two". Remember to
use the output from DISCALC.FTM as input to this prooram.

C  IMPORTANT ARRAYS: Contains the following information:

C

o INX(1) - Index or sample number for the Ith data record.

o xX0{1) - X coordinate datum for the [th data record.

o Yo(1) - Y coordinate datum for the Ith data record.

o (1 - Property of interest that is to be estimated.

c YZ(1 - Transform of 2D used in disjunctive kriging equations.
o PR(1) - Probability of the Ith datum.

c CK(J) - Coefficients of the Hermite expansion for the transform.
C ZCUT(K) - Cutoff values in terms of the sampled variable (i.e. ZD).
C YCUT(K) - Cutoff values in terms of the transform var, (i.e. YZ).
¢ PROB(K) - Conditional probadbility for cutoff level number X.

C cs(L) - Coefficients for the least squares relationship.

c C(M) - Variogram model coefficients.

C AA(N+1,N+1) - Coefficient matrix of the kriqing equations,

C Right hand side of equations is in AA(i ,N+1), i=1,,. N+l
o BB(N+1) - Solution vector (i.e. the kriaing weights),

C ILOC(N) - The location numbers for the nearest neighbors.

C RLOC(N) - The radial distance between each nearest neighbor and
c the estimation site.

o GOX(N) - The correlation between each nearest neighbor and

C the estimation site,

C WHERE :

C

C 1=21,2,...,MIM0(number of samples, 220)

C J=1,2,...,MINO(number of Hermite polynomials, 25)

C K =1,2,...,MINO(number of cutoff levels, 18)

o L=1,2,...,MINO{number of least squares polynomials, 20)

C M=1,2.3

C N =1,2,...,MINO(number of nearest neighbors, 20)

C

C

C

C

C

C

C

C

C

o

o

o

C

C

o

o

C

o

C

p0328
00329
D0330
00331
00332
00333
D0334
D0335
D0336
00337
00338
D0339
00340
00341
p0342
00343
p0344
00345
D0346
00347
00348
00349
00350
00351
03352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
N0365
00366
00367
00368
00369
00370
nO371
00372
00373
D0374
n0375
00376
00377
00378
00379
00380
00381
00382
00383
00384
00385
D0386
00387
00388
00389
00390
00391
00392
00393
DN394
00395
L0396
00397
DN398
n0399
n0400
D040l
n0402
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C

OO0

o000

S. R. YATES, A. W. WaRRICK, and D. E. MYERs

PURPOSE :
Calculates Hermite coefficients (i.e. Ck's).
Converts the sample data (ZD) into transformed data (YZ).
Converts cutoff values (ZCUT) into transformed cutoff values (YCUT).
Writes out results into a user specified file ready for DISJUNC.FTN.
Prints out a summary of results to a user specified device.

DEVICES REQUIRED:
Unit #1 -- input disk device {See "data file input instructions”)
Unit #2 -- output disk device (See "interactive input instructions")
Unit #5 -- terminal
Unit #6 -- line printer (Required only if user specifies summary
of results to be sent to line printer.
This is an interactive input).

SUBROUTINE AND FUNCTION CALLS:

1) MATINV 2) SORT 3) cxl 4) LEAST
5) HYZINV & HYZIN]1 (entry) 6) PHI 7) PRB
8) PRBI 9) HK

WRITTEN BY:

Scott R. Yates, Computer Sciences Corp.
R.S. Kerr Environ, Res. Lab., Ada, 0K, 74R20

DOUBLF. PRECISION AA(21,21)

CHARACTER TITLE(3)*76,FMT*30,RI*10,NAM*6 ANSW*]

REAL MEAN,XD(220),YD(220),2D(220),YZ(220),PR(220),CK(25)
] ,C(3) ,ATMP(4),2CUT(18),YCUT(18),BB(21),CS(20)
INTEGER INX(220)

COMMON 10,1T

DATA NA/220/,NB/18/,NC/21/,MD/25/ NE/20/

----- Machine specific device numbers —————
----- IN is disk input, 10 is disk output ===--
----- IT is the terminal, IL is the printer -----

—

o
*on ouou
VNN

----- open files on PDP 11/70 -----
WRITE(IT,701)* GIVE INPUT FILE NAME > !
READ(IT,700) FMT
OPEN(UNIT=IN FILE=FMT,STATUS='0LD"' ,READONLY)
WRITE([T,701)*' GIVE OUTPUT FILE NAME (input for krigina) >>> °
READ(IT,700) FMT
OPEN/UNIT=I0,FILE=FMT,STATUS="UNKNOWN' ,CARRTIAGECONTROL="LIST"')
1 WRITE(IT,850)
READ(IT,R55) ANSW

IF(ANSW.EQ.'P*) THEN
KOuT=1L

ELSE IF(ANSW.EQ.'T*) THEN
KOUT=1IT

ELSE

WRITE(IT,865)

60T 1

END IF

MAQO1
MADQ2
MAQO3
MADO4
MAQO5
MAQQ6
Ma007
MAQ08
MZ009
MAQ10
MAQl11
MAQ12
MAQ13
MAQL4
MAQ1S
Ma016
mMagl7
MAD18
MA019
MAQ20
MA021
MAQ22
MAD23
MAQ24
MAQ25
MAO26
MAQ27
MAD28
MAD29
MAQ30
MAN31
MAO3?
Ma033
MAQ34
MAQ035
MA036
MAQ37
4038
MAD39
MA040
MADS1
MAN42
MANA3
MAD44
MAQ4S
MAD46
MAQ47
MAD4R
MAD49
MADS50
MAD51
MAD52
MANS3
MADS54
MAQ55
MA056
MADS7
MAQ58
MAQS9
MA060
MANG1
MAQ62
M2063
MAOG64
MAQGS
MAQG6
MA067
Ma068
Ma069
MAO70
MAQ71
MAQ72
MAO73
1A074




700
701

oo

800
305
810
815
820
825
830
835
840
845
850

855
860

865
870

OO

leXnEn]

[ K]

CAGES 10:%-7

Disjunctive kriging program for two dimensions

FORMAT(A50)
FORMAT(////,R50,%)

FORMAT(A76)

FORMAT(4(4X,76))
FORMAT(S15,6F10.3)
FORMAT(315,6F10.3)
FORMAT(215,7F10.3)
FORMAT(15,7F10.3)
FORMAT(8F10.6)

FORMAT(A30)

FORMAT(1P5E15.7)
FORMAT(15,2F10.3,F10,5,F12.R)
FORMAT(////* GIVE QUTPUT DEVICE (FOR THE OUTPUT/SUMMARY) ',/ T20

#'P --- send to line printer',/,720,'T --- send to terminal', 750
£ 55 %)

FORMAT(A1)
FORMAT(/////' ERROR: Array overflow. fxecution will cease.',/

#,85 ' myst be less than or equal to ',13,'.',///)

FORMAT(////* ERROR: NOT AN ALLOWED INPUT. (Try again}',//)
FORMAT(F10.4)

----- read input parameters -----

READ(IN,800) (TITLE(I),1=1,3)

READ(IN,810) NZ NHK NPOLY NTRM NZCUT,RMAX,CUTOFF
READ({IN,815) [BLK,NXBLK,NYBLK ,WIDX,WIDY,BLKCOV
READ{IN,820) NX NY XMIN YMIN,DX, DY

----- default parameters (steering) -----
[F(NZ.LE.O) NZ = 7

[F(NHK.LE.O0) NHK = 7

IF(NPOLY.LE.Q) NPOLY = 7

[F(NTRM.LE.O) NTRM = 5
IF(RMAX LE.0.) RMAX = 10000.
IF(CUTOFF.LE.0.) CUTOFF = 10000.

IF(NZCUT.GT.NB,OR.NZCUT,LT.0) GOTO 10
[F(NZCUT.GT.0) READ({IN,830) (ZCUT({I),!=1,NZCUT)

READ(IN,825) MODE,(C(I),1=1,3)
READ(IN,R15) [XD,1Y0D,12D
READ(IN,805) NAM

READ(IN,335) FMT

[=0

NPTS=0
MEAN=0,
XMAX=-99999,
YMAX=-99999,

REAN( [N, FMT END=10) I1,(ATMP(M), M=1,3)
[F(ATMP(120).GT.CUTOFF) GOTO 5

[=1+1

INX(T)= [I

XD(1) = ATMP([XD)

voll1) = ATMP(1YD)

(1) ATvP([2D)

MEAN = MEAN + Z0([)

XMAX = AMAXT(XMAX ,XD(I))

YMAX = AMAXL{YMAX YD(I))

oW

----- check for array overflow -----
[F{L.LF.MA) GO T2 5

WRLTE(IT,360) ' NQR ' MA

STap

[FLAG=N

1T(NHK AT .ND) [FLAG=]

[FINHK GT.MD)  WRITE(IT,280) ' NHK ', MD
[F{NPALY.GT.NEY) [FLAG=NE
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IF(NPOLY.GT.NE) WRITE(IT,860) "NPOLY',IFLAG

IF(NZCUT.GT.NB) IFLAG=1

IF{NZCUT.GT.NB) WRITE(IT,R60) 'NZCUT',NB

[F(IFLAR,GT.0) STOP

----- calculate the sample mean and variance -----

NOB=1
MEAN = MEAN/FLOAT(NOR)
VAR 0.
00 13 I=1,N0B

13 VAR = VAR + (ZD(I)-MEAN)*(ZD(1)-MEAN)
VAR = VAR/FLOAT(NOB)

non

----- determine the Hermite coefficients -----

CALL SORT(NA,NOB,INX,XD,YD,ZD,YZ,PR)

CALL LEAST(NOB,MA ,NC,NE,7D,PR,AA,NPOLY,CS)

CALL CK1{NE,NTRM,NHK CK,NPOLY,CS)

----- invert PHI(Y) relationship for the data -----

CALL HYZINV(NOB,INX,ZD,YZ, NHK,CK)

----- invert PHI(Y) relationship for the Ycut values

[F(NZCUT.EQ.0) GOTO 20
D0 15 [=1,NZCUT
15 YCUT(I) = (ZCUT{I)-MEAN)/VAR

CALL HYZINL(NZCUT,INX,ZCUT,YCUT ,NHK ,CK)

----- calculate the sample variance from the coefficients

20 SUM = CK{2)*CK(2)
FACT = 1.
D0 25 I=3,NHK
FACT = FACT*FLOAT(1-1)
25 SUM = SUM + FACT*CK(I)*CK(I)

----- default parameters for matrix -----

[F(DX.LZ.0) DX = XMAX/9.

IF(DY.LE.Q) DY = YMAX/9.
IF(NX.LE.O) NX = 10
IF(NY.LF.0) NY = 10

IF(TBLK.EQ.1.AND.NXBLK.LE.O) NXBLK=5
[F(IBLK,FQ.1.AND.NYBLK.LE .N) NYBLK=5

----- write data file for disjunctive krioing -----

WRITE(10,800) (TITLE(I),I=1,3)
WRITE(10,815) NZ,NHK ,NZCUT ,RMAX,CUTOFF

WRITE(10,815) IBLK,MXBLK,NYBLK,WIDX WIDY,BLKCOV

WRITE(10,820) NX,NY XMIM_YMIN,DX,DY
IF{NZCUT.ME.O)WRITE(10,830) (ZCUT(1),1
IF(NZCUT.NE.O)WRITE(10,830) (YCUT(1),!
WRITE(10,840) (CK(I),I=1,NHK)
WRITE(10,825) MONE,(C(1),I=1,3)
WRITE(L0,R05) NAM

00 30 [=1,NOB

1,NZCUT)
1,NZCUT)

30 WRITE(10,845) INX({I1),xD(I),YD(1),Z0(1),YZ(1)

----- print out summary of calculation
WRITE(KOUT,900)
DO 35 I-1,3

35 WRITE(XOUT,905) TITLE(I)
WRITE(KO"YT,910)

NLIN = 31

WRITE(KOUT,915) NAM,NOB,NZ,NTRM,RMAX,CUTOFF

IF(IBLK.GT.0) THEN
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Disjunctive kriging program for two dimensions

BI = * CALCULATE!

IF(BLKCOV.GT.0.) WRITE(BI,870) BLKCOV
WRITE(XOUT,920) BI ,NXBLK,NYRLK,WIDX WIDY
NLIN = NLIN+4

ELSE
ENDIF
IF(MODE.LT.0) BI = ' EXPONENT'
IF{MODE EN.0) BI = ' LINEAR'

[F(MODE,GT.0) BI = * SPHERICAL®
WRITE(XOUT,925) B1,C(1),C(2),C(3)
WRITE(KQUT,930) NAM NAM

"

----- print data -----
DO 40 [=1,N08/2+1
NLIN = NLIN + 1
[F(NLIN,.GE.58) WRITE(KOUT,855) '1*
IF(NLIN.GE.58) NLIN = 0

[ = NOB/2 + [ +1
IF(INX(1).EQ.0) INX(I)
IF(INX(11).EQ.0) INX(I

[ I

( =
[F(IT.GT.NOB) INX(II)

[

[

0
40 wR[TE(KOUT,935) INX( )- ( ) YD([) ZD(I) YZ([) INX([I) XD(II)
& yp(Ir),zo(tn),yz(1r)

NLIN = NLIN + 7

IF(MLIN.GE.S0) WRITE(XOUT,355) 'I'
IF(NLIN.GE.SN) NLIN =0
WRITE(KOUT,940) tMcAN CK(1),VAR, SUM

----- nrint coefficients -----
[T™MP=MAXO( NHK NPOLY)
MLIN = NLIN + 7
[F{NLIN.GE SR} WRITE(KOUT,855) '1'
IF(NLIN.GE.S8) NLIN = 0
WRITF(KOUT,945)
DO 45 MN=1,[TMP
[F(MN,LE NPOLY . AND MN LF MHK) WRITE(KONT,950) CS(MN), CK(MN)
[F(MN.LE.NPOLY AND . MN_GT NHK) WRITE(XOUT,955) CS(MN)
[F(MN .GT.NPOLY AND MN,LF NHK) WRITE(KOUT,960) CK(MN)
NLIN = NLIN + 1
45 CONTINUE

SToP

----- end of problem -----

900 FORMAT(1H1,10X%,82(1H*)/11X,1H* 80X,1H*/11X,1H* 22X,* DISJUNCTIVE
#XRIGING PROGRAM: ONE ', 22X,1H* o/ 11X, 1H* 22X,*' FOR DETERMIN
#ING THE COEFFICIENTS ',22X,1H*/11X,1H* 80X, 1H*)

905 FORMAT({11X,1H* 2X,A76,2X, 1H*)

910 FORMAT(11X,1H* 80X, 1H*,/,11X,82(1H*))

915 FORMAT(//11X,'INPUT PARAMETERS'/11X,16(1H=)/

111X, 'NUMBER OF ', A6,"''s INPUT. ... ivvennnersraonnanne LI110,/7,
211X, 'MAXIMUM NUMBER OF NEAREST NEIGHBORS.............. .XlO /
311X, 'NUMBER OF TERMS USED IN HERMITE INTEGRATION......',I110,/,
411x,'MAXIMUM RADIUS..... ..............................'.F10.4./.
S11X,'MAXIMUM ALLOWED DATA VALUE......... seiresenseneasst,F10.4,/)
920 FORMAT(
111x,'DISPERSION COVARIANCE WITHIN BLOCK........ ceeeees',A10,/,
211X,"NUMBER OF CELLS',34(1KH.),5X,* NX = ',110,5X,°NY = ' 110,/,
311x,'BLOCK SIZE',5X,34(1H.),5X,' OX = ', F10,3,5X,'0Y = *,F10.3,/)
925 FORMAT(11X,'VARIOGRAM MODEL TYPE' 29(1H.),Al0,
1,/, 11X, 'NUGGET......ouveneee Ceceteerenscaneereaanes e....'F10.4,/
2,11, *SILL MINUS MUGGET. N Gersanaas ! FlO.d /
3 X, RANGE . Lttt iiieiieneinetoieraereonsasnnanns ceaeed',F10. 4)

930 FORMAT(//IIX *0BSERVED NATA',/11X,13(1H=)/,7X 2( 08S. MO.', 7X,1HX,
111X,1HY,6X ,A6,8X,2HYz,15X))

935 FORMAT(Z(IIZ.ZFIZ.J,FIZ.4,F12.S,SX))

940 FORMAT(//,11X,'DATA SET:*,23X,'HERMITE POLYNOMIALS: ',/,15X,
1'MEAN = ',F12.5,9X, 'MEAN = ' F12.5,/,15X,
2'VARIANCE = °',F12.5,9X,'VARIANCE = *,F12.5,//)
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945 FORMAT(/,11X,'COEFFICIENTS:*/,11X,13(1H=),//, 11X, "LEAST SQUARES:*,
L18X,"HERMITE POLYNOMIALS:',/,11X, ' (cum. distriu)',/)
950 FORMAT({11X,F14.6,22X,F14.6)
955 FORMAT(11X,F14.5)
960 FORMAT(47X,F11.6)
C
END
C

Ctit*t'it**ttik#t*ﬁtii*iit*t**ftitﬁ*t**ititi**t*ttﬁ*tt***t*'ﬁt***t*fi**it*tt*tt
Ci*tt*ttti****t***it*t*t***tti***#itt***tt*t*t**tt*******t*ttt**it******ittt***

Cf*tit't drdeok e dkk Ak
c'*i*itt PROGRAM Two: DISJUNC.FTN oo e o eI ek
C**tﬁ*tt o e I A d e e e

c***i*ﬁﬁ'ﬁfﬁ**iﬁ**t*tt**it**ti*ﬁ*t*fﬁ**ttt*t*t*fkﬁ**t****ﬁki.ii**k*iiﬁﬁ'ﬁﬁ*tilh

o

C PURPQSE:

C Locates the NZ nearest neighbors to be used in the estimation process.
o Calculates the spatial correlations and constructs coefficient matrix
C Solves matrix equations for disjunctive kriging weights,

C Calculates estimates, error variances and conditional probabilities

C Writes out results into a user specified device.

E Creates a plot file if specified hy user.

C

C DEVICES RENUIRED:

C Unit #1 -- input file disk device (Qutput from DISCALC.FTM)

C Unit #2 -- output file disk device (lUsed only if disk output specified)
C Unit #3 -- plot file disk device (Used only if plot file specified)
C Unit #5 -~ terminal

C Unit #6 -- line printer (Required only if user specifies summary
C of results to be sent to line printer,
o This is an interactive input).

C

¢

C SUBROUTINE AND FUNCTION CALLS:

o 1) SOLN 2) MATRX 3) ATOK 4) MATINV

C 5} AVELCR 6) BLKPTS 7) VARID 8) HCALC

g 9) H & Hl (entry point) 10) HK 11) PRB

o

C

C WRITTEN BY:

C Scott R. Yates, Computer Sciences Corp.

C R.S. Kerr Environ, Res. Lab., Ada, 0K, 74820

o

C**kﬁttikkﬁtkﬁitttktktkﬁ#ﬁkitﬁkhit*hktﬁkttktﬁk*ﬁkkﬁkt*ttkktt*i*i**ttkﬁ'tﬁ*ttttk
C.R.tﬁ'itt**ﬁkﬁtit.fﬁiik*i*.tt.ﬁ**ﬁik*ﬁhkﬁﬁkﬁk*ﬁ*kﬁktkt.k**kt***i*.itti*ﬁ*'ﬁﬁt*

c

CHARACTER TITLE(3)*76,FMT*30,MI(3)*11,BI%6 ,NAM*R ANSH*1 AZCUT*15,
¥ AZEXP(18)*4

DOUBLE PRECISION AA(21,21)

REAL XN(220),¥D(220),2N(220),Y2(220),C(3),0K(25) ,PROB(18),
#ZCUT(18),YCUT(1R) ,RLOC(20),60X(20),BB(21) ,MEAN

INTEGER [NX(220),1L0C(20)

INTFGER*4 [SFED

COMMON 10,1T

COMMON /BLK/ NXRLK ,NYBLK,WIDX,WIDY,ISEED
C
DATA P12/2.50662829/ ,M1(1)/  EXPONENTIAL  / ,MI(2})/" LINEAR'/
4 MI(3)/' SPHERICAL'/
DATA NA/220/,NB/18/,MC/21/,ND/25/ ,NE/20/
c
o
[ Machine specific device numbers — -----
o IN is disk input, ID is disk output -----
C  ----- [P is plot output, IT is the terminal -----
C  =-=-- IL is the printer  eccees
IN =1
ID = 2
P =3
IT=5
IL = 6
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Disjunctive kriging program for two dimensions

----- open files on PDP 11/70 -----

WRITE(IT,701)* GIVE INPUT FILE NAME

READ(IT,700) FMT

OPEN(UNIT=IN, FILE=FMT STATUS="'0LD"' ,READONLY)
1 weiTe(IT,703)

READ(IT,702) ANSW

IF(ANSW.EQ.'T* .OR, ANSW.ED.'t') THEN
[0=1IT

ELSE IF(ANSW.EQ.'P' .OR, ANSW.EQ.'p') THEN
I0=IL

ELSE IF{ANSW.EN.'D' .OR, ANSW.E0.'d') THEN
WRITE(IT,701)" GIVE QUTPUT FILE NAME
READ(IT,700) FMT
OPEN(UNIT=10,FILE=FMT,STATUS="UNKNOWN")
10=1D

ELSE
WRITE(IT,*)* INCORRECT VALUE GIVEN -- MUST Bt (T], [P} OR [D]'

GOTO 1
END IF

WRITE(IT,701)* GIVE PLOT FILE NAME (return=none)
READ(1T,700) FMT

[F(FMT.EQ.' ') GOTO 5

OPEN({UNIT=1P FILE=FMT,STATUS="UNKNOWN")

700 FORMAT(A30)

701 FORMAT(////,A50,9%)

702 FORMAT(A1)

703 FORMAT(////,' GIVE THE OQUTPUT NEVICE: ',/,T20,

D> !

M

> !

#' D -- create a disk file ',/,720,' P -- send to line printer

#,/,720," T -~ send to terminal’ T46,'>>> '§)

80N FORMAT(A76)

805 FORMAT(315,7F10.3)

810 FORMAT(215,7F10.3)

815 FORMAT(8F10.3)

820 FORMAT(1PSELS.8)

825 FORMAT(15,7F10.3)

830 FORMAT(4X,AB)

835 FORMAT(15,3F10.3,F12.8)

840 FORMAT(////,' ERROR: array overflow -- ' A5,' is areater than

# L 13,/7)
845 FORMAT(F6.3)

----- read steering parameters ~<---

S READ({IN,B00) (TITLE(I),I=1,3)
READ( IN,805) NZ ,NHK ,N2CUT ,RMAX,CUTOFF
READ(IN,805) IBLK,NXBLK ,NYBLK,WIDX,WIDY ,BLKCOV
READ(IN,810) NX,NY XMIN,YMIN, K DX,DY
[F(NZCUT.KT.0) READ(IN,815) (zCuT(1l),1=1,NZCUT)
1F(NZCUT.NE.O) READ(IN,815) (YCUT(I),I=1,NZCUT)
READ{ IN,820) (CK(1),I=1,MHK)
READ(IN,825) MODE,(C(1),1=1,3)
IF{MODE.ED.0.AND.RMAX .GT.C(3)) RMAX = C(3)
READ(IN,830) NAM

----- transform variogram into the correlation function
CVARK = C(1)+C(2)

C(1)=C(1)/CVARK

C(2)=C(2)/CVARK

----- read data from file -----

MEAN = 0,
15 I=1+1
20 READ(IN,835,END=25) INX(I),XD(1),¥D(1),20(1),YZ(1)
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IF(ZD(I).GT.CUTOFF) GOTO 20
MEAN = MEAN + ZD(I)

GO T0 15
NOB=I-1

----- check for array overflow -----

IFLAG=0
IF(NOB.GT.NA)
IF(NOB.GT .NA)
IF(NHK.GT.ND)
IF(NHK .GT.ND)
IF(NZ.GT.NE)
IF(NZ.GT.NE)

IFLAG=1
WRITE(IT,840)' NOB ',NA
IFLAG=1
WRITE(IT,840)* NHK *,ND
IFLAG=1
WRITE(IT,840)' NZ ',NE

[F(NZCUT.GT.NB)IFLAG=1
IF(NZCUT.GT.NB)WRITE(IT,840)'NZCUT' NB
IF(IFLAG.EQ.1) STOP

----- calculate the sample statistics -----

VAR 0.

D0 27 I=1,NOB

MEAN = MEAN/FLOAT{NOB)}

VAR = VAR + (ZD(1)-MEAN)*(ZD(1)-MEAN)
VAR = VAR/FLOAT{NOB)

SUM = CK(2)*CK(2)

FACT = 1.

00 30 [=3,NHK

FACT = FACT*FLOAT(I-1)}
SUM = SUM + FACT*CK(T)*CK(I)

----- calculate inner block covariance.
----- a system routine which returns the number of seconds

----- from start of day and used to “randomize®” the seed

[F{IBLK.E0.O
IF(IBLK.EQ.O

BLKCOV = SUM
GOTO 35

ISEED = IFIX(SECNDS(0.0))
IF(BLKCOV.GT.0.0) GOTO 35
CALL AVECOR(ND,BLKCOV,C,MODF ,NHK ,CK)

CONTINUE

----- write out summary of input data -----

WRITE(10,900)
IF(IBLK.F0.0)
IF(1BLK.NE.O)
D0 40 [=1,3

WRITE(10,915)
WRITE(10,920)

NLIN = 31

WRITE(10,925)
IF(I1BLK.RT.0)
IF{iBLK.GT.0)
WRITE(10,935)
WRITE(10,940)

WRITE(10,905)
WRITE(10,010)

TITLE(T)

NAM,NOB,NZ ,RMAX , CUTOFF

WRITE(10,930) BLKCOV ,NXRLK ,NYBLK,WIDX,WIDY
NLIN = NLIN+4

MI(MODE+2),C(1),C(2),C(3)

NAM NAM

----- print out data -----
DO 45 [=1,NNB/2+1

NLIN = NLIN +

1

TF(NLIN.GE.58) WRITE(I0,702) '1'
IF(NLIN.GE.58) NLIN = 0

[1 =4N0B/2 + 1 +1
TFCINX(T).EQ.0) INX(
TFCINX(IT).EQ.0) INX(

IF{1I.GT.NOR)

1) =
[1) =
INX(II)=0
I.))(D(I) LYO(1),ZD{1),YZ(1),INX(I1),XD(11)

# ,YD(I1),20(11),Y2(

NLIN = NLIN +

7

IF(NLIN,GE.50) WRITE(I0,702) '1'
IF(NLIN.GE.50) NLIN = 0

WRITE(10,950)

MEAN,CK(1),VAR,SUM

Function SECNDS is
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Disjunctive kriging program for two dimensions

----- print out coefficients -----
NLIN = NLIN + 5
IF(NLIN.GE.S0) WRITE(IN,702) '1"
IF(MLIN.GE.50) NLIN = 0
WRITE(10,955)
DO 50 I=1,NHK/2+1
I1 = NHK/2 + 1 + 1
K =1-1
KK = II-1
NLIN = NLIN + 1
50 WRITE(10,960) K,CK(1I),KK,CK{1I)

NLIN = NLIN + 7
IF(NLIN.GE.58) WRITE(10,702) '1*
IF(NLIN.GE.S8) NLIN = 0
Bl = ' Zrut '
D0 55 I=1,NZCUT
WRITE(AZCUT,820) ZCUT(I)
READ(AZCUT(1:11),845) ZCUT(I)
AZEXP{1) = AZCUT(12:15})

55 CONTINUE

[V=MINO(9,NZCUT)
JV=MAXO(NZCUT-1V,1)
KV=MAXO(1,(IV*8-50)/2)
LV=MAXO(1,(1V*8-16)/2)

WRITE(10,965) (BI,[=1,MING(1,NZCUT))
WRITE(10,970) (BI,1=1,MINO(1,NMZCUT))
WRITE(10,975) (ZCuT{1l),1=1,1V),(AZEXP(1),[=1,1V),

# (ZCuT(1),1=10,M2CUT),(AZEXP(I),1=10,NZCUT)
WRITE(1C,980)

IF(IV.GT.0) WRITE(10,985)
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----- create matrix of Hermite polynomials values «----
CALL HCALC{NA ,NOR,MHK,YZ)

X0 =
DO 60 I=1,NX
YO =

DO 65 J
EST = 0
VARK= 0.
IFLG= O
DO 70 M=1,NZCUT
70 PROB(M1) = 0.0

CALL MATRX(NA,NC,NE,NZ,N1,NOB,X0,Y0,XD,YD, [LOC,RLOC,RMAX ,GOX,
& NCOL ,NROW,MODE , C, [BLK ,AA, IFLG)
IF(TFLG.EN.1) GOTO 65

----- sum series on k ~----
D0 85 IKsl,NHK
K = (IK-1)
[F(K.EQ.0) GOTO 80
IF(K.EQ.1) GOTO 75
CALL ATOK(NC,NE,K,NROW,NCOL ,GOX ,AA)
75  CALL MATINV({NROW,NCOL ,NC,AA,8B)
80 CALL SOLN(NB,NC,ND,NE,K N1, EST,VARK,ILOC,G0X,CK,PROB,YCUT
# NZCUT,BB)
85 CONTINUE

----- calculate the conditional probability ———--
----- note: because the Hermite series is truncated -----
----- neg. or values greater than 1 are possible -----
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----- these values are set to either 0 or 1 -ee-
IF{NZCUT.£Q.0) GOTO 95
DO 90 M=]1 NZCUT
TMP = YCUT{M)
PROB(M) = 1.0 - PRR{TMP) + EXP(-TMP*TMP/2,)*PROB(M) /212
[F(PRNB(M).GT.1.0) PROB(M) = 1.0
90 IF(PROB(M).LT.0.0) PROB(M) =

95 VARK = BLKCOV-VARK

----- print out results -----
IF(NLIN.GE.S8) WRITE(IO,702) '1'
[F(NLIN.GE.58) NLIN = 0
MLIN = NLIN + 1
IF(IP.EO.3)WRITE(IP,990) X0,Y0,EST,VARK,(PROB(M), M=1,NZCUT)
WRITE(10,995) N1,X0,YC, EST VARK (PROB(M) M=1 NZCUT)
65 Y0 = YO + DY
60 X0 = X0 + DX
STNP

----- end of problem -----

900 FORMAT(1H1,10X,82(1H*)/11X,1H* 80X, 1H*/11X, 1H* 22X, 'DISJUNCTIVE KR
#IGING ON A GRID MATRIX',22X,1H* / 11X, 1H*, 18X, TFOR ESTIMATING SPAT
#IALLLY DEPENDENT PROPERTIES' 16x 1H*/11X lH‘ sox 1H*)

905 FORMAT({11X,1H*,32X,'POINT ESTXMATION' 32X, 1H*,/, 11x 1H*,80X, 1H*)

910 FORMAT(11X,1H*,32X,'BLOCK ESTIMATION',32X,1H*,/,11X,1H*,80X,1H*)

915 FORMAT(11X,1H* 2X A76,2X,1H*)

920 FORHAT(IIX,IH*.?X,76X,2X,1H*,/,11X,82(1H*))

925 FORMAT(//11X,'INPUT PARAMETERS'/11X,16(1H=)/

FLIX,'NUMBER OF A6, *'s INPUT . i tiireniennncnaroneness '+, 10,7,
#11X, 'MAXIMUM NUMRER OF NEAREST NEIGHBORS.............. +,110,/7,
FLIX, 'MAXTIMUM RADIUS ... veivrvnnnnens eeesererateetraann ' Fl10.4,/,
#11X,'MAXIMUM ALLOWED DATA VALUE.....  eeeeeeaniaaaeas ', F10.4,7)
930 FORMAT(
#11X,'DISPERSION COVARIANCE WITHIN BLOCK...ovvivnvnnnn. LRI04/
#11X,'NUMBER OF CFLLS',34(1H.),5X," NX = *,110,5X,'NY = ' 110,/
#11%,°'BLOCK SIZE',5X,34(1H.),5%,* DX = ', F10.3,5X,'0Y = ' ,F10.3,/)
935 FORMAT( 11X, CORRELATION FUNCTION MODEL TYPE.....eovvvvnunnnn 'UALL
4./ 11X, "NUGGET, .. ,.0vuun. P *LFl10.4,/
#.11X,'SILL MINUS NUGGET........ e beeeeretaar s e, *,F10.4,/
B LK P RANGE o vt seevevenareranssantnvssnarsnasassnscnes ', F10.4)

940 FOPMAT(//IIX 'ORSERVED DATA’, /11x 13(1H )/, 7% 2( 0BS. NO.',7X,1HX,
#11X,1HY,6X ,A6,8% ,2HYZ,15X))

945 FORMAT(?(IIZ 212, 3,F12.3,F12.6,5X))

950 FORMAT(//,11X,'DATA SET:'.23X, "HERMITE POLYNOMIALS: *,/,15X,
#*MEAN = ' F12.5,9X, YMEAN = ' F12.5,/,15%,
#'VARIANCE = ' F12.5,9X,'VARIANCE = ', F12.5, //)

§55 FORMAT(/,11X, THERMITE POLYNOMIAL COEFFICIENTS:'/,11x,32(1H=),//,
F15X k'L 7X, ' Ck' L 16X, k' 7X,*CK")

960 FORMAT(IIX 15, 1PE15. 6, 6X xs 1PE15.6)

965 FORMAT(///.11X, 'DISJUNCTIVE KRIGING ESTIMATES',19X,:,<KV>(* *)
¥,'PROBABILITY THAT THE ESTIMATE IS GREATER THAN' A6)

Q70 FORMAT(11X,29(1H=),19X,:,<KV>(" '),50(1H=),//,59X,<LV>(" '),
#'Value(s) of ! JAB)

975 FOPMAT(/ 59X, :,<IV>{:, (' ,F6.3,")"),/,59%,<IV>(: '( CLAdLY ),

/59X, V> (5, (*,F6.3,)"),/,59X, QA tLAe)))

980 FORMAT(IOX 105X, X! 7X,‘Y',6X,'EST',SX,'VARK'.S)

985 FORMAT('+' 15X, TV (P hmmteee +

990 FORMAT(2F8.2,2F9.3,4%,2(9(1X,F6.3,1 ) /, 38x))

995 FORMAT(9X,12,2F8.2, 2F9.3,14%,2(9(1X,F6.3,1X),/,59%))

~—

END
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Ceewwx+x  SUBROUTINE SORT: SORTS ZD(1) DATA INTO INCREASING ORDER
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c

aXel

C

15

10

25

30

35

20

SUBROUTINE SORT(NA,NOB,INX XD,YD,ZD,YZ,PR)

DIMENSTON INX(NA),XD{NA),YD(NA),ZD(NA),YZ(NA),P](NA)

Do 10 I=1,N0B

XMIN = 99999999,

DO 15 J=1,MOR

IF(XMIN.LT.Z0(J)) GOTO 15

XMIN = 2D(J)

1J =J

CONTINUE

T7=20(1)

TX=XD(1)

TY=YD(I)

LOC=INX(1)
in{1)=20(1J)
XD(1)=XD(1J)
YO{1)=Yn(1J)
INX(1)=INX(1J)

0(1d)=TZ

X0(1J)=Tx

YO(1J)=TY

INX({1J)=L0C

CONTUMUE

LCNT = 0

DO 20 I=1,NOB
[F(ZD(1).NE.ZD(1+1),AND.LCNT EQ.0) GOTO 35
IF{ZD(1) .NE.ZD(T+1).AND LCNT.NE.O) GOTO 25

----- duplicate ZD value ~~---
LCNT = LCMT + 1
GOTO 20

----- no more duplicates -- add and calculate results

T7 = (FLOAT(I)-.5)/FLOAT(NOB)
LCNT LCNT + 1

TMP = PRBI(1.0-T2Z)

DO 30 KJ=1,LCNT

PR(I-KJ+1) = TZ

YZ2(1-KJ+1) = TMP

CONTINUE

LCNT = O

GOTO 20

----- no duplicates (LCNT = 0) =----
CONTINUE

PR(I) = (FLOAT(1)-.5)/FLOAT(NOB)
YZ(I) = PRBI{1.0-PR(I))

CONTINUE

.

RETURN
END
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Chasnnns SUBROUTINE CKl: CALCULATED THE COEFFICIENTS “CK" BY

E"*"" NUMERICAL HERMITE INTEGRATION
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E""*" W's = Wi)*EXP(YW(i)*YuW(i)/2.)
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NHK = Maximum order for the Hermite poly

(USE WITH PROGRAM ONE}

whkhhhki
khkkkhhi
khkkhhhx
hhkkhkkh
whkkhhhi
ik hkhk®
AR ERN
Thhkhhh®
whhhkdid

cttﬁiﬁt'*ttf*t***iit'**ﬁﬁii*i*t*ﬁ*tttﬁ'ti**tt******ﬁ*ﬁtiﬁtittiﬁ*tt**ttﬁi't*ﬁ.’t

SURRQUTINE CK1(NE,NTRM,NHK ,CK ,NPOLY,CS)
DIMENSION W(15),YW(15),CK(NHK) ,CS{NE)
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----- VALUFES FOR INTEGRATION: ———-
----- YW(1) & w(I); 1I=1,2,...,10 are for 10 term -----
----- Yw(I) & w(I); 1=11,12,..,15 are for 5 term -----
DATA NJ/15/,YW(1)/0.245340708E+00/,W(1)/0.876366813E+00/
, YW(2)/0.737473729€E+00/,W(2)/0.376261601E+00/
, YW(3)/0.123407622€+01/,W(3)/0.233452289E+00/
YW(4)/0.173853771€+01/,W(4)/0.112451776€E+00/
YW(5)/0.225497400E+01/,W(5)/0.412310259€-01/
YW(6)/0.278880606€E+01/,W(6)/0.111539518E-01/
YW(7)/0.334785457E+01/,W(7)/0.211861101E-02/
YW(8)/0.394476404E+01/,W(8)/0.259968734E-03/
YW(9)/0.460368245€+01/,W(9)/0.176028288E-04/
YW(10)/0.538748089£+01/,wW(10)/0.447583714E-06/
YW(11)/0.34290133/ LW(11)/.647852317/,
&vw(12)/1 0366108/,W(12)/. 410960574/ vw(13)/1 75668365/
L,W(13)/. 158479939/ YW(la)/2. 53273167/ W(14)/.033206690/,
&YH(IS)/ 3.43615912/,H(15)/.002799088d8/

DATA SQ2P1/2.50662829/

IF(NTRM.EQ.10) NJ=10

[F(NTRM.EQ.10) NTRM=0

IF(NTRM.EQ.5) NTRM=10

OO0

“«- v w ¢ v v

Q’Q‘Q‘Q‘Q‘Q‘!‘Q‘G‘?‘

FACT =
DO 5 Is1,
= (1-1)

CK([) 0.

IF(K.GE.2) FACT = FACT*FLOAT(K)

DO 10 J=1+NTRM NJ

M 2 -YW(J)

YP = YW(J)

PHIM = PHI(NE,YM,NPOLY,CS)

PHIP = PHI(NE,YP NPOLY,CS)

CK(1) = CK(I) + W(J)*PHIM*HK(K,YM)

CK(1) = CK(1) + W(J)*PHIP*HK(K,YP)
10 CONTINUE

1.
1,NHK
1

CK{1) = CK(L)/(FACT*SQ2PI)
5 CONTIMYE
QETURN
END
C
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Crewwwsvr  SYBROUTINE LEAST: CALCULATES THE LEAST SONARES REGRESSION
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Chrennne LINE OF THE FORM:
Cﬁ.'iﬁl.
Creeenve Y = C1 + C2*X + C3*X*X + ...
Cttttt*t
Crennnns (USE WITH PROGRAM 0ONE)
Citﬁt"*it'i*t***ti*ﬁi**t*ttt*fﬁ***i*ifﬁi*ttf**ﬁ*tiﬁi*ﬁ*tii**'ﬁ*******t*******ﬁ
C
SUBROUTIME LEAST(NOB,NA,NC,NE, ZD,PR,AA,NPOLY,CS)
DOUBLE PRECISINN AA DBLE
DIMENSION ZO(NA),PR{NA),CS(NE),AA(NC,NC)
COMMON [0,IT
C
NROW = NPOLY
NCOL = NROW + 1
00 1 L=1,NROW
AAIL ,NCOL)=0.0N0
C
00 5 M=L NROW
A3 M)=0,000
C
no 10 I=1,808
10 AA(L,M) = AA(L M) + NBLE(PR{I)**FLOAT({L-1)}*PR(I)**FLNAT(M-1))
AA(M L) = pA(L,M)
5 CONTINUF
C

0o 15 I=1,N08
15 AA(L,NCOL) = AA(L NCORL) + DBLE(PR{I)*+FLOAT(L-1}*ZD(I)})
1 CONTINUE
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Disjunctive kriging program for two dimensions

c
C
o solve the matrix -----

CALL MATINV(NROW,NCOL,NC,AA,CS)
c

RETURN

END
gQﬁ*itiQitfi*t*tittttﬁ*tittt*'*ttiii*tﬁti*tﬁt***'tt*ﬁ*i*****ittit'ﬁﬁtttit***ifi
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Cr#awxxr  SUBROUTINE HYZINV: CALCULATES THE NORMALIZED YZ FROM THE 7 #¥*wwias
Crowanas DATA BY INVERTING THE EQUATION hebobodododoil
c*tti*tt L2 2222224
Crasewnsr 7 = C(0) + C{1)HK(1,Y) + C(2)HK(2,Y) + ..... CINJHK(N,Y)  wewwesws
cttii*t* a3 2 82 2]
Crrannes (USE WITH PROGRAM ONE) okobododod

CRRR AR AN RA KRR KRR AR E RN R A RARR AL AR S EARRARRAARRANEAANT AR AR AR A AR AN ARk Ad

c
SUBROUTINE HYZINV(NOB,INX,Z2D,YZ,NHK,CK)
DIMENSTON CK(NHK),INX(NOB),ZD(NOB),YZ(NOB)
CHARACTER*6 NAME
DATA TOL/1.0E-6/, NIT/20/

COMMON 10,17

NAME = * DATA !

00 10 I=1,N08

YM1 = YZ(1)-.005*YZ(1) - .0005
Y = YZ(1)+.005*YZ(!) + .0005
N =0

w

----- begin secant approximation to -----

----- Newton's interative method -----
15 FM1 = 0.0

F=0.0

N0 20 J=1 ,NHK

K = (J-1)

FM1 = FM1 + CK(J)*HK(K,YM1)
20F = F 4 CK{J)*HK(K,Y)

e ReYe]

FM1 = FM1-ZD(1)

F = F -ID{I)

SLOPE = (F-FM1)/(Y-YM]1)
IF(ABS(SLOPE).LT.1.0E-10) GNTO 25
IF(ABS(SLOPE).GT.1,0E+10) GOTO 25
YP! = ¥ - F/SLOPE

YM] = ¥

Y = YPl

N = N+l

IF{ABS{Y).GT,10.0) GOTO 25
IF(ABS{Y-YML}.LT.TOL) GOTO 45
IF{(N.GT.NIT) GOTO 25

GOTO 15

[or Wanl

----- solution diverging -- try alternate method -----
25 IFLAG=0
N=0
Y = YZ(1)
YU = ¥ - 1*ABS{Y) - 1.
YR = Y + 1*ABS(Y) + 1
30 z1=0.0
D0 35 J=1,NHK
K=J-1
35 21 = 71 + CK(J)*HK(K,Y)
IF(ABS(Z1-20(1)).LT..00001) GOTO 45
IF(N.GT.50) GOTO 40

IF(Z1.67.20(1)) YR=Y
IF(Z1.L7.20(1)) YL=Y
N=N+1

Y=(YR+YL)/2.

GOTO 30
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C
C eee-- solution did'nt converge -----
40 IF(IFLAG.EQ.2) 60TO 50

YL = -3.

YR = 3.

Y = 0.

N =0

[FLAG = IFLAG + 1

IF(IFLAG.E0.1) GOTO 30

YL = -4,

YR = 4.

Y = .51434556

€070 30
C
[ solution converged -----

45 IF(ABS(Y).GT.10.0) GOTQ 25

YZ(1) = Y

GOTN 10
C
o
C  =-=-- solution did not converge ~----

50 II = INX{I)

[F(NAME .EO." ZCUT ') II=I

WRITE(IT,R00) II,NAME YZ(I),Y,YL,YR,ZD(1),Z1
10 CONTINUE

RETURN
C
C
C  ==--- entry for inversion of ZCUT -----

ENTRY HYZIN1{NOB,INX,ZD,YZ NHK,CK)

NAME = ' ZCUT *

GOTO 5
C

800 FORMAT(* SOLUTION DID NOT CONVERGE FOR *,A6,' ILOC = ',I5,5X
#/,' YZ = ' F12.5,3X,' Y = ' F12,5,/,' YL = ',F12.5,3X,
#' YU = ' F12,5,/," 2D = ',F12.5,3X,* Z = ',F12.5,///)

END
E*ttkii*tﬁtt'ittﬁttﬁﬁti**ﬁ*it**itt*ttttiﬁ*tt*itﬁt*i"itttti't'ﬁ*iti***ﬁt*titt**
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Chrxitit FUNCTION PHI: RETURNS THE ZD VALUE FROM AM Nth ORDER el bbbl
Cranxiun POLYNOMIAL FIT TO THE NORMALIZED YZ VALUES #*twwisx+
c*tth*ﬁ* whkkkkhik
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C

REAL FUNCTION PHI(NE,Y,NPOLY,CS)

c DIMENSIOM CS(NE)
P = PRB(Y)
SUM = CS(1)
C
D0 1 I=2,NPOLY
1 SUM = SUM + CS(I)*P**FLOAT(I-1)

PHI = SUM

RETURN

END
c
ct*ttttttt**'.t*t*t*t**ﬁﬁ***ﬁttitt**ﬁt**tiitﬁttkﬁ*ttttt'ttt*i**ﬁ*itiﬁﬁtiﬁt*ittt
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Crrnnans FUNCTION PRBI: CALCULATES THE INVERSE OF THE PROBABILITY  #asawtsex
Croranws FUNCTION GIVES THE X ASSOCIATED WITH p=p0, texasn
ctiihﬁ*t Aedrde Ak de
Crannanwn (USE WITH PROGRAM ONE) T

ct*tﬁititﬁﬁitt#'*t***tﬁt*itfi**ttiiiitti..tﬁﬁiﬁii*t*t**ﬁittﬁ*tt"'ﬁﬁt#ttit**t*t

c
REAL FUNCTINN PRBI(X)
T = AMINI(X,1.-X)
T = SORT({-2.*ALOG(T+1.£-20))
PRBI = T-{(.010328*T+.802853)*T+2,515517)/
& (((.001308*T+.1R9269)*T+1,432788)*T+1.)
IF(X.LT.0.5) RETURN
PRBI = -PRRI]
RETURN
END

HY065
HY066
HY067
HYN68
HY069
HY070
HY071
HY072
HY073
HYQ74
HYO75
HY076
HYQ77
HYO078
HY(Q79
HY080
HY081
HY08?
HY0R3
HYOR4
4yYQ8s
HY(086
HYQ&7
HY088
HY089
HY090
HY091
HY092
HY093
HY094
HYD95
HY096
HYQ97
HY(Q98
HY099
HY100
HY101
PHOO1
PHOQ2
PHO03
PHOO04
PHOO5
PHOO6
PHOO7
PHOO8
PHOO9
PHO10
PHO11
PHO12
PHO13
PHO14
PHO15
PHO16
PHO17
PHO18
PHO19
PHN20
P1001
P1002
P1003
PI004
P1005
PI006
P1007
PI008
PI009
P1010
PIO11
PIO12
PIC13
PI014
PI015
PIN16
PI017
PI018




Disjunctive kriging program for two dimensions

Eti*'tttttQQQtittiiti'ﬁtii'itif'tit*ﬁﬁﬁtfttti*if#'*iiiii'ﬁti**it*f*i"*'tt**'tt
Cttfﬁﬁtt Ak khdd
Cravatns SUBROUTINE SOLN: CALCULATES THE DISJUNCTIVE KRIGING bbbl
Crrwvdns SOLUTION: EST, VARK AND PROSB folodobafolo
ct*ﬁti** Ahhhkhtd
Cranhews (USE WITH PROGRAM TWO) laedadololode
Ctttﬁﬁttitttt*iﬁti'tﬁ*tti‘.*titit*tﬁ*itﬁt'it*'ttttit***t*iﬁt&'i*i**tﬁit**ﬁii*'ﬁ*
SUBROUTINE SOLN(NB,NC,ND,NE K, N1,EST,VARK,AILOC,GOX,CK,PROB,YCUT
# ,NZCUT,BB)
REAL GOX(NE),CK{ND),PROB(NR),BB(NC),YCUT(NB)
INTEGER ILOC(NE)
COMMON /H/ HHA
c
J = K+l
VAR] = 0.
HKV = 0.
IF(K.LE.1) FACT =1,
IF(X.GE.2) FACT = FACT*FLOAT(K)
C
IF(K.GT.0) ~OTO 10
C
c
€ emee- for K=0; BB(I) = 1/N1 and GOX{[) = 1.0 <----
N5 1=1,N1
VAR] = VARL + 1,0/FLOAT(N]1)
CALL H1(J,1L0C(1))
5 HKV = HKY + HHA/FLNAT(N1)
GOTO 30
C
¢
C  eee-- for K>N; BR(I) from matrix solution -----
10 00 15 I=1,N1
CALL HI(J,teoc(r))
HKV = MKV + BB([)*HHA
15 VARL= VARL+ BB(1)*GOX(I)
C
[F(NZCUT.F0.0) GOTO 25
DO 20 M=1,NZCUT
20 PROB(M) = PROB(M) + HK(K-1,YCUT(M))*HKV/FACT
c
25 VARK = VARK + CK(J)*CK(J)*FACT*VAR]
30 EST = EST + CK(J)*HKV
C
RETURN
END
o
Ciititﬁ.ﬁtﬁitﬁtttit*ttitﬁtﬁtt*ﬁttt*hti*i'*tiﬁt*t*tiﬁ*ﬁit**t*tﬁiti*iiiﬁt*t**ﬁi**
C'ttitﬁt 13222223
Crexxwex  SURROUTINE MATRX: CREATES THE DISJUNCTIVE KRIGING MATRIX i b i
ct*itt*t EOUAT[ON. 1342222 24
Ctﬁttiﬁt whkdikdi
Crrrennn (USE WITH PROGRAM TWO) wRAAARAR
Cﬁitikititﬁ*ttititttt'tﬁ*ttittttfi****i*titttt*itﬁtii*t*fittﬁii*ﬁittﬁtﬁtt*ti***
c
SUBROUTINE MATRX(NA,NC,NE NZ,N1,NOB,X0,Y0,XD,YD,ILOC,RLOC ,RMAX
# ,GOX,MCOL,NROW,MODE,C,IBLK,AA,IFLG)
DOURLE PRECISION AA(NC,NC),DBLE
REAL XD(NA),YD({NA),RLOC(NE),C(3),GOX({NE)
INTEGSR ILOC(NE)
c
. ----- locate NZ nearest neighbors -----
D0 1 J=1,NZ
ILoc(J) =0
¢ 1 RLOC(J) = 9.9E5
00 10 [=1,NOB
Dx = XD(I)-x0
DY = YO(I)-Y0
R = SORT(NX*DX+DY*DY)
IF(R.GT.RMAX) GOTO 10

SNOO1
SN0O2
SNOO3
SNOOQ4
SNOOS
SNOOF
SNOOQ7
SNOO8
SNOO9
SNO10
SNOL1
SN012
SNO13
SNO14
SNO15
SNO16
SNO17
SNO18
SNO19
SNO20
SNO21
SNO022
SNO23
Snoz4
SNO25
SNQO26
SNO27
SNO28
SNo29
SNO20
SNO31
SNO32
SNO33
SNO34
SNO35
SND36
SMO37
SNO38
SNO39
SNO40
SNO41
SN042
SNO43
SNO44
SNO45
SNO46
SNO47
Mx001
MX002
MX003
MX004
MX005
MX006
1x007
MX008
MX009
MX010
MX011
Mx012
MX013
MXx014
MX015
MX016
Mxo17
Mx018
MX019
MX020
Mx021
Mx022
MX023
MX024
MXx025
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c MX026
C  -=--- check if R goes in 1ist ==a-= Mx027
IMX = -9 .9F5 mMxoz2e

DO 5 J=1,NZ Mx029
IF{ZMX LT .RLOC(J)) K1 = J MX030
IF(ZMX.LT.RLOC(J)) ZMX = RLOC(J) Mx031

5 CONTINUE MX032

C MX033
IF(R.GT.ZMX) GOTO 10 Mx034
RLOC(K1) =R : Mx035
1LOC(K1) = 1 MX036

10 CONTINUE Mx037

¢ Mx038
N1=0 MX039

D0 15 I=1,MZ MX040
IF(ILOC(I).LE.O) GOTO 15 MX041

Nl = N1 +1 MX042

15 CONTINUE MX043
IF(N1.EQ.0) IFLG=1 Mx044
IF(IFLG.EQ.1) RETURN Mx045

NCOL = N1+l MX046

NROW = M1 mMx047

C Mx048
C  meaa- fill in main diagonal and rhs of matrix ----- MX049
00 25 I=1,N1 MX050
AA(I,I) = 1.0000 MX051

C MX052
C ~---- block disjunctive kriging =---- MX053
[F(IBLK.EQ.0) GOTO 20 Mx054
1F(1BLK .NF,O)AA( I, N1+1) = MXN55

* DBLE{BLKPTS(X0,Y0,XD(ILOC(I)),YD{ILOC(I)),C,MODE)) MX056

GOTO 25 MX057

C mMx058
20 R = RLOC(1) Mx059
AA(T,N1+1) = DBLE( VARIO(R,C,MODE) ) MX060

25 GOX(I) = AA((,N1+1) MX061

c MX062
C  eem-- fill in off-diagonals (calculate upper-half ----- MX063
C  ----- and assign to lower) = ----- Mx064
00 35 I=1,N1-1 MX065

00 30 J=I+1,N1 MX066

DX = XD(ILOC(J)) - XD(ILOC(L)) MX067

0OY = YDO(ILOC(J)) - YD(ILOC(I)) MX068

R = SQRT(DX*DX+DY*DY) MX069

. ----- upper half ----- Mx070
AA(1,J) = DBLE( VARIO(R,C,MODE) ) MX071

C  =---- lower half ----- MX072
AA(J,1) = AA(I1,)) MX073

30 CONTIMUE Mx074

35 CONTINUE Mx075

C Mx076
RETURN Mx077

END MX078

C AV001
c***i (2222233223222 2222222223 22022222 222222222 22222232222 22222222222202 2 AVOOZ
ct**t*** E222 22234 AV003
Ca##xxe  SUBROUTINE AVECOR: CALCULATES THE INNER BLOCK COVARIANCE  **+a++#+ Ay004
ct*tlii* E2 223422 AVOOS
Cawnwnnn {USE WITH PROGRAM TW0) *exrrras Y006
C [ 2222222222 2222222322 2223 222222 R Y 2222222 22 222tz s 222222 R 2 2222222 AV007
o AV008
SUBROUTINE AVECOR(ND,BLKCOV,C,MONE NHK,CK) AVO0N9
DIMENSION CK(ND),C(3) AV010
INTEGER*4 [SEED AvQll
COMMOM /BLK/ NX NY WIDX,WIDY,ISEED AVOl12

c AVN13
SUM=0.0 avol1s

DX = WIDX/NX AVO15

DY = WIDY/NY AVO16

X0 = (DX-WIDx)/2. Av017

C AV018
DO 10 I=1,NX AV019

X0 = X0 + DX AV020




Y0 =
D0 10

Disjunctive kriging program for two dimensions

(DY-WIDY)/2.
J=1 ,NY

YO = YO + DY

X1 =
D0 10
X1 =
Yl =
00 10
Yl =

e Xuninl

R =
SUM
CNT =
10 CONTI
BLKCN

UV, T ]

FACT
SuM =
00 20
IF(T.
SUM =
20 CONTI
BLKCO
RETUR
END

Ctﬁi&*ﬁ*ttkttii.ﬁﬁititi*itt#ttittiiﬁﬁttﬁﬁtttk*tii*i**ﬁ*i*ittitﬁt*t*i*ﬁ*t****t**

Coeennnnn
ct'thtik
Creenkhn
Creonrin
Chnnnins

C..ﬁiit*tittﬁtt*htt*.*t'ﬁii*ﬁiiﬁﬁtﬁiﬁttﬁ'iitltii**tﬁ*tttttit'ﬁtﬁ.**ﬁ**i**f**ﬁ**

c
REAL
DIMEN
INTEG
COMMO

SuM=0
CNT=0
DX =
ny =

X0 =
no s
Y0 =

1

00 10

-----

OO0

X00 =
Y00 =

(DX-WIDX)/2.
K=1,NX

X1 + DX
(DY-WIDY)/2.
L=1,NY

Yl + DY

move a random deviation from center of sub-block
random number assumed to be [0,1]

X1 + DX*(,5-RAN(ISEED))

Y1 + DY*(.5-RAN({ISEED))
QRT{(X0-X11)*(X0-X11) + (Y0-Y11)*(Y0-Y11))

SUM + VARIO(R,C,MODE)

CNT + 1.0

NUE
vV = SUM/CNT

= 1.0
0.0
[=1 ,NHK
GE.2) FACT = FLOAT(I)*FACT
SUM + FACT*CK(I+1)*CK(T+1)*BLKCOV**FLOAT(I)
NUE
vV = SUM
N

SUBROUTINE BLKPTS: CALCULATES THE BLOCK VARJANCE BETWWEEN
SAMPLE POINTS AND BLOCK

(USE WITH PROGRAM TWQ)

FUNCTION BLKPTS(X8,Y8B,X,Y,C,MODE)
SION C(3)

ER*4 [SEED

N /BLK/ NX,NY,WIDX,WIDY,ISEED

.0
.0
WIDX/NX
WIDY/NY

XB + (DX-WIDX)/2.
[=1,NX

YR + (DY-WIDY)/2.
J=1,NY

move a random deviation from center of sub-block
random number assumed to be [0,1]

X0 + DX*(.5-RAN(ISEED))

YO + DY*(,5-RAN![SEED))

R = SQRT((X00-X)*(X00-X) + (Y00-Y)*(Y00-Y))

SUM =
CNT =

SUM + VARIO(R,C,MODE)
CNT + 1.0

10 YO = YO + DY

S X0 = X0 + DX
BLKPTS = SUM/CNT
RETURN

END
C

AvVQ21
Av022
AV023
AV024
AY025
AV026
AV027
Av028
av029
AV030
AvVO31
AV032
AV033
AV034
AV03S
AVC36
AV037
AVO38
AvV039
AV040
AV041
AV042
AV043
AV044
AV045
AV046
Av047
Av048
AV049
AV0SO
BLOOL
BLOO2
BLOO3
8LO04
BLOOS
BLOO6
BLOO7
8L0O08
BLOO9
BLO10O
BLO11
BLO12
BLO13
BLO14
8LO1S
BLO16
BLO17
BLO18
gLOl1@
BLO20
BLO21
BLO22
BLO23
8L024
BLO25
8LO26
BLO27
8LO28
BLO29
8L030
8LO31
BLO32
BLO33
BLO34
8LO3S
BLO36
BLO37
AT001

khkkhtii
Tk kkhkh
et drdede ke d
wr ek ke hh
TRk NRAR

CQt't'ititiititt'"QQQtiiﬁti‘it"'*i.it'ttfﬁﬁ.t.'t*fi*ﬁ*tﬁﬁﬁiitﬁiittti*ﬁttt.tt' ATOOZ

CQQQ‘QQQ
Cit.."ﬁ
c.'.'*.'
C'Qt.ﬁﬁt

SUBROUTINE ATOK: RAISES THE “AA“ MATRIX TO THE K/(K-1)

POWER SO THAT THE "“AA" MATRIX NEED NOT
BE RECOMPUTED FOR EACH K

extnrarse ATOO3
weaavnrs ATO04
wheansn  ATOOS
wanawes  ATO06
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Ct'.thii Ahhkkhhth

Cownnnve (USE WITH PROGRAM TWO) bbb bbb
Ct*tit#ttiQttQﬁt'tQ*'*tttﬁft*ti*tttt*tititﬁtiﬁtitti#ﬁt*ttitttﬁitttiitf*tfittit'
c

SURROUTINE ATOK(NC,NE,K,NROW,NCOL ,GOX ,AA)

REAL GOX({NE)

DCUBLE PRECISION AA(NC,NC),KK,DBLE
C
KX = DBLE(FLOAT(K)/FLOAT(K-1))
00 10 I=1,NROW
DO 20 J=1,NCOL
IF{AA(I,J).EQ.1.00+00) GOTO 20
IF(AA(],Jd).LT.1.00-10) GOTO 20
AA(T,J) = AA(T,J)**KK
20 COMTINUE
GOX(1) = SNGL({AA{I,NCOL))}
10 CONTINUE
RETYRN
END
C
Ct'iﬁ"tiﬁﬁfitt'ﬁttt*ttiik**t*tt*****tﬁt*t*t**ﬁ**t*tﬁti*t*t**i*tt*tt*ﬁﬁ*t***itt
Ciﬁttttt S dede g de ke de ok
Creewesx  FUNCTIOM VARIN: RETURNS SILL - VARIOGRM TO. CALLING PROGRAM #x*wasax
Ctﬁtfi't *hkkhhhh
Canwnenn (USE WITH PROGRAM TuWD) FRARR R

Ctiﬁt'btﬁQ'tQt"t'ttﬁt'iﬁﬁiﬁtttttﬁiht'ﬁhttitﬁ*i*itt*ithﬁ.*iiﬁiitii#tttttttt'ti*
C

REAL FUNCTION VARIO(R,C,MODE)

DIMENSINM C(3)

[F(R.GT.0.0) £OTO 1
VARIO = C(1) + C(2)
RETURN

O
—

G070(10,20,30), MONE+2

DO

----- exponential variogqram model -----
10 VARIO = C{1) + C(2)*(1.0 - EXP(-R/C(3)))
GNTN 1N00

----- linear varingram model {with sill) «caas
20 [F(C(2).LE.N.N) 6OTO 21

IF(R.GE.C(3)) GOTO 22
21 VARIO = C(1) + C(2)*R/C(3)

GOTO 1000
22 VARIO = C(1) + C(2)

GOTO 1000

C  e=-e- spherical variogram model -----
30 IF(R.GE.C(3)) GOTO 31
T™P = R/C(3)
VARIO = C{1) + C(2)*(1.5*TMP- 5*(TMP*TMP*TMP))
GOTO 1000
31 VARIO = C(1) + C(2)

C  e-ea- calculate the covariogram -----
1000 VARIO = C(1) + C(2) - VARIO
800 FORMAT(AS0)

RETURN
END
cﬁtt*t'i*t*ttfﬁﬁ**ﬁtﬁittﬁi.tﬁfﬁﬁ**ﬁt*tt*ttt***iﬁiiti#ittttiftti.'t'tttttt**ttt*
cﬁ*t'ﬁﬁt (22222224
Coswwwex  SURROUTINE HCALC: CALCULATES THE HERMITE POLYNOMIAL FOR ~ s+wwwwws
Crawsane ORDERS 0 TO NHK FOR EACH NORMALIZED reraans
Crrwwene DATA POINT, THIS SPEEDS UP COMPUTATIONS, s##awews
C*ﬁ*ﬁiti Rk khd
Cranwwns (USE WITH PROGRAM TW0) rrwarren

CQ*ttit*f***'*'iiiﬁ'*f***iﬁtﬁQ*kﬁﬁtttt'i.iiQ*Q"*tt*f***titt*ﬁ"i*itﬁ'ttiit**tt

c
SUBROUTINE HCALC(NA,NOB,NHK,YZ)
DIMENSION YZ(NA)
COMMON /H/ HHA

AT007
ATO08
ATO009
ATOl0
ATOl11
ATO12
ATO13
ATO14
ATO15
ATO16
ATO17
AT018
ATO19
AT020
AT021
ATO22
AT023
ATO24
AT025
VAOO1
VA0O2
VA0O3
VAQO4
VAQOS
VADO6
VADO7
VAQO8
VA009
VAOl0
VAOLl
VAQ1?2
VADL3
VAO14
VAOLS
VAOLR
VAOL7
vaots
VAOL9
VAO?20
VAO21
VAQ2?
VAO23
VAO24
VAQ2S
VAO26
vAQ27
VA028
VA029
VAO30
VA031
VAD32
YA033
VAQ34
VA035
VAO36
VAO37
VAQ38
vao39
VAD40
vao4l
HCOO01
HC002
HCO03
HCOO04
HC005
HCO06
HCO07
HC008
HC009
HCO10
HCO11
HCO12
HCO13




Disjunctive kriging program for two dimensions

C
1 J=1,NH
= (J-1)
DO 5 [=1,N08B
IF{K.EQ.0) GOTO 10
IF(K.EN.1) GOTO 15
c
o FOR K > 1 CALCULATE THE HERMITE POLYNOMIAL
HHA = HK{K,YZ(1l))
GOT0 5
C
C FOR K=0 HERMITE POLYNOMIAL = 1.0
10 HHA = 1.0
GOTO S
c
C FOR K=1 HERMITE POLYNOMIAL = V]
15 HHA = YZ(I)
5 CALL H(J,T)
1 CONTINUE
¢
RETURN
END
Ettttﬁttt*t**i*tt*ﬁ*t*ttﬁ*ttit*itiitttttti*t*'t't**tttittiﬁf'titiiitt*tti**tt*ﬁ
Ctttﬁtti L2222 22323
Coas#asx  SUBROUTINE H: GIVES THE VALUE OF THE HERMITE POLYNOMIAL boboadodobod
Crennnns FOR ORDER K AND LOCATION (OR DATA) I. bbbaboiiohd
Cttittkt kA hd
Cresnens (USE WITH PROGRAM TW0) Khkkhdhk

cttiﬁ***tiit*tt*.**iﬁ.*t*iﬁiﬁiﬁ*kiﬁﬁﬁiik*ittttit*.'iiQ**Q**itti*t*ﬁ*ﬁtti**i*tii

C

SUBROUTINE H(K,I)

COMMON /H/ HHA

VIRTUAL HH(20,220)
C
C eee-- store hermite polynomial in table -----

HH(K,T) = HHA

RETURN
C
C  ----- look up hermite polynomial in tabhle -----

ENTRY H1(K,1)

20 HHA = HH(K,I)

RETURN

END
C
cttt#i.k*ith*i*ﬁﬁiﬁ**fiﬁtﬁt*t.ﬁttﬁi*itttti**ﬁ*i**ﬁtift*t*ttiﬁ***ﬁ*iti*t*t*ﬁﬁﬁ*t
Ctitﬁﬁtk 122222334
Crrxunas SUBROUTINE MATINV -- SOLVES THE MATRIX EQUATION ki kkkhhk
Ctiiﬁ*ti hkidrdhk
Craxknrn (USE WITH BOTH PROGRAMS) bbb dedbedd

C*ttt't*ﬁ***itit.tititikﬁ*tktttkﬁk***ttt*tt*tt****ti*t*iti*t*k**tﬁtt*t'k*itt*tt

c

SUBROUTINE MATINV(NROW,NCOL ,NC,AA,B8)

DOUBLE PRECISION AA(NC,NC),AWRK(21,21),08BLE,SUM
REAL BB(NROW)

COMMON 10,1T

OO

----- put aa into working matrix -----
DO 100 I=1,NROW
00 101 J=1,NCOL

101 AWRK(1,J) = AA(I1,Jd)

100 CONTINUE

----- partial pivoting is not necessary -----
----- since maximum value is in main  <<c--
----- diagonal of kriaing matrix ————-
D0 1 [=2,NCPL
[F(AWRK(1,1).NE.0.0D00) GOTO 1
WRITE(IT,800)
WRITE(10,800)
STOP

OO OMm

HCO14
HCO15
HCO16
HCO17
HCO018
HCO19
HC020
HC021
HC022
HC023
HC024
HC025
HC026
HC027
HC028
HC029
HC030
HC031
HC032
HC033
HC033
HC035
HPQOO1
HPO02
HPQOO3
HPQO04
HPOOS
HPOO6
HPQO7
HPOO8
HPO09
HPO10
HPO11
HPO12
HPO13
HPO14
HPO15
HPO16
HPQ17
HPN18
HPO19
HPO20
HPO21
HPN22
MYOOL
MV002
My003
MVO04
MV005
MV006
MvQO07
MV008
Mv009
Mvo10
MVoll
MvQl12
MVO1l3
MV014
MvQls
MVO16
Mvol7
MVO18
Mv019
Mv020
MV021
mMyQ22
Mv023
My024
MV025
MV026
mvQoz27
Mv028
MV029
MY030
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1 AWRK(1,I} = AWRK(1,1)/AWRK(1,1)
N0 § L=2,NROW
DO 10 I=L ,NROW
SuM = 0.0000
C
00 15 K=1,L-1
15 SUM = SUM + AWRK(I,K)*AWRK(K,L)
10 AWRK(I,L) = AWRK({I,L)-SUM
C
DO 20 J=L+1,NCOL
SUM=0.0000
C
D0 25 K=1,L-1
25 SUM = SUM + AWRK(L ,K)*AWRK(K,J)
IF(AWRK(L,L).NE.0.0DOO) GOTO 20
WRITE(1T,800)
WRITE(10,800)
STOP
20 AWRK(L,J) = (AWRK(L,J)-SUM)/AWRK(L,L)
5 CONTINUE
C
C ewaeae solution -----
BB{NROW) = SNGL(AWRK(NROW,NCOL))
D0 30 M=1 ,NROW-1
I = NROW-M
SUM = 0.0000
C
D0 35 J=1+1,NROW
35 SUM = SUM + AWRK(I,J)*DBLE(BB(J))
30 BB{I) = SNGL(AWRK([,NCOL) - SUM)
800 FORMAT(////' ERROR: Zero value in main diagonal of matrix.',/,
#38X,'Execution will cease.'///)
RETURN
END
C
cﬁtﬁtii'ﬁiﬁ.*tt'.i*ﬁﬁ*iﬁiiiik'fi*ﬁi*itiﬁﬁ*t*i*ﬁiifﬁ'i.i*itt*iﬁt*t'*ﬁ*ﬁ*ﬁtikﬁ*tt
thiﬁkﬁﬁ t2223 2843 24
CHmnnnns FUNCTION PR8: CALCULATES THE PROBABILITY INTEGRAL SRARTLL
Ct*ttk** 8222223 2]
CHawwsns (USE WITH BOTH PROGRAMS) it

cit**tﬁ**ii*tiktt*ﬁ****itk*tﬁi*****Qtt*t***itit*i*i****ﬁ*itti*ﬁ*it*tiﬁ*ttt*t***

c
REAL FUNCTION PRB(X)
1 = ARS(X)
IF(Z.LT.,5.) 60 TO 1

PRB = .5*%(1.+Z/X)
RETURN
I&ER? ;).5*(1.+(((.019527*Z+.000344)*Z+.115194)*Z+.196854)'Z)

*( -

IF(X.LT.0.) RETURN

PRB = 1.-PRB

RETURN

END
c
ct*itﬁﬁi*itttttitt'i*iﬁtﬁtﬁﬁ*ﬁiﬁt*tfit**t*t**ﬁ*ii**tt*i*tﬁti*ttf*iﬁt**ttitt*i*ﬁ
ctii*il* 1222222 ¢4
Caewwsss  FUNCTION HK: CALCULATES THE HERMITE POLYNOMIAL OF ORDER ~ #w#wawsx
Chawrnes K USING A RECURSIVE RELATIONSHIP wrerawan
cttt*tt* L2 2322224
Cuawnens (USE WITH BOTH PROGRAMS) bbbt

Cttﬁtt#ittﬁﬁ*tttttﬁ*t'i*f*ttttﬁ*iﬁ'tttttttii**ﬁ*iﬁttﬁit*iﬁtiﬁ*tﬁ*i*t*t*ttﬁtﬁii*

C

REAL FUNCTION HK(K,Y)
C

HK = 1.

IF(K.EQ.0) GOTO §

HKM] = HK

HK = ¥

IF(K.EQ.1) GOTO 5

e Xal

Mv031
mMvV032
Mv033
Mv034
MV035
MV036
Mv037
MV038
MvQ39
MV040
MV041
MV042
MV043
MV044
MV045
MV046
Mv047
Mv048
MV049
MV050
MyQ051
Mv0s52
MV053
Mv0s54
MV055
MV0S6
MVOS57
Mvos8
MV0S59
MV060
MVO61
MV062
MV063
MVO64
MV065
MV066
PBOO1
PB002
PB0OO3
PBO04
PBO0OS
PB0O06
P80O7
PBON8
PB009
PBO1O
P8ol1
PBO12
PRO13
P8014
PBO1S
PBO16
P8017
PRO18
PBO19
HK001
HK002
HK003
HK004
HKO0O0S
HKO06
HK0O07
HK003
HK009
HK010
HKO11
HKO12
HKO13
HKO14
HKO15
HKO16
HKO17
HKO18
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o arbitrary K -=--- HK019
00 1 1=1,k-1 HK020

HKP1 = Y*HK - FLOAT({1)*HKM] HK021

HKM1 = HK KK 022

HK = HKP1 HK023

1 CONTINUE HK024

S RETURN 025

END HK026

c , HKO27

APPENDIX 2A

Example input data for DISCALC.FTN. Data file was created using “The Data File Input Instructions” from
program documentation. For brevity, only the first and last ten entries of the I, X, Y, and Z data are reported

04001

BARE SOIL TEMPERATURE DATA  -. EXAMPLFE DA0O2
04003

5 7 7 5 5 23.000 100.000 DA004
0 0 0 0.000 0.000 0.000 DAOOS
3 3 2.000 0.000 16.000  100.000 DAO06
62.50 64.00 65.0000 66.00 67.00 DAQO7

1 0.700 2.400 23.000 DaNnos

1 2 3 4 DAQO9
TEMP DAO10
(15,2F10.3,F10.5) DAO11
108 17,000 200,000 60,95000 DAO12
94 33.000 243.000 61.07000 DA013
75 27.000 198.000 61.19000 DAQ14
95 33.000 181.000 61.35000 DAO01S
100 34,000 188,000 61.44000 DAO16
87 31.000 37.000 61.45000 Da017
99 33.000 147.000 61.65000 pa018
104 17.000 93.000 61.71000 DA019
60 23.000 176.000 61.78000 DAQ20
96 33.000 94.000 61.81000 DAQ21
. . . . DA022

. DA023

. Da024

. . . . DA025

5 2.000 198.000 66.47000 Da026
20 7.000 149.000 66.74000 04027
34 13.000  1R3.000 67.05000 panzs
7 3.000 206.000 67.33000 D029
15 4,000 187.000 67.43000 DA030
27 11.n00 172,000 67.43000 pan31
12 4,000 55.000 67.48000 PA03?
17 5.000 149.000 67.61000 DA033
3 1.000 190,000 67.83000 DAO34
18 5.000 252.000 68.25000 pa03s

APPENDIX 2B

Example of an output file from DISCALC.FTN. This file is used, without modification, as an input file for
DISJUNC.FTN. For brevity, only the first and last ten entries of the I, X, Y, Z, and YZ data are reported

08001

BARE SOIL TEMPERATURE DATA  -- EXAMPLE 08002
DB003

5 7 5 23.000 100.000 08004

0 0 0 0.000 0.000 0.000 DB00S

3 3 2.000 0.000 16.000 100.000 08006
62.500000 64.000000 65.000000 66.000000 67.000000 08007
-0.682487 0.178525 0.674979 1.127083 1.545975 DBOO8
6.3890934E+01 1.7091980E+00 1.8315849€-01 -6.8178676E-02 -4,4367205E-02 DBO9
-3.6764962€-03 -5.8487770E-03 08010
1 0.700 2.400 23.000 penll
TEMP 08012

108 17.000 200.000 60.95000 -2.89787889 0BO13

94 33.000 243.000 61.07000 -2.81422019 08014
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75 27.000 198.000 61.19000 -2.69484258
95 33.000 181.000 61,35000 -2.21075654
100 34,000 188,000 61,44000 -1.76944888
87 31.000 37.000 61.45000 -1.74350667
99 33.000 147,000 61.65000 -1.40478790
104 17.000 93.000 61.71000 -1.33265126
60 23,000 176.000 61.78000 -1.25641036
96 33.000 94.000 61.81000 -1.22578073

5 2.000 198.000 66.47000 1.32675445
20 7.000 149.000 66.74000 1.43894422
34 13,000 183.000 67.05000 1.56650829

7 3.000 206.000 67.33000 1.6816266%
27 11.000 172.000 67.43000 1.72296810
15 4,000 187.000 67.43000 1.72296810
12 4.000 55.000 67.48000 1.74372768
17 5.000 149,000 67.61000 1.79804289

3 1,000 190,000 67.83000 1.89167035
18 5.000 252.000 68.25000 2.08196902

APPENDIX 2C

08015
DBO16
08017
pBO1S
08019
DB020
DB021
DB022
nB023
DBO24
DB025
DBN26
DBO27
DB0Z28
DB029
DBO30
08031
08032
DRG33
DBO34
DBN35
DBO36

Example input file for DISJUNC.FTN. This file was created using the data file given in Appendix 2B (note:
only a part of the complete file is given in Appendix 2B). The data in this file were used to obtain the

estimates at the points: (2, 200), (18. 200) and (34, 200) in Figure 2

BARE SOIL TEMPERATURE DATA  -- EXAMPLE

5 7 5 23.000 100.000
0 0 0 0.000 0.000 0.000
3 1 2.000 200.000 16.000 0.000
62.500000 64.000000 65.000000 66.000000 67.000000
-0.682487 0.178525 0.674979 1.127083 1.54597%
6.3890934E+01 1.7091980£+00 1.8315849£-01 -6.8178676E-02 -4.4367205€-02
-3.6764962E-03 -5.8487770E-03
1 0.700 2.400 23.000
TEMP
108 17.000 200.000 60.95000 -2.89787889
75 27,000 198.000 61.19000 -2.6948425%
91 32.000 201.000 62.43000 -0.72949600
72 26.000 203.000 62.91000 -0.42498398
54 20.000 207.000 63.10000 -0.31316853
71 26.000 201,000 63.60000 -0.03369232
64 24,000 199.000 63.65000 -0.00667833
56 21.000 199.000 64.59000 0.47700810

19 6.000 188.000 65.54000 0.92427117

5 2.000 198,000 66.47000 1.32675445

7 3.000 206.000 67.33000 1.68162668

15 4.000 187,000 67.43000 1.72296810

3 1,000 190.000 67.83000 1.89167035

APPENDIX 2D

Example of output from DISIUNC.FTN
. DISJUNCTIVE KRIGING ON A GRID MATRIX .
. FOR ESTIMATING SPATIALLLY DEPENDENT PROPERTIES .
. POINT ESTIMATION .
: BARE SOIL TEMPERATURE DATA = EXAMPLE :

L R R Ty T T e e L L)

ncool
DCO02
DC003
DCO04
0C005
DCO06
0C0O07
ncoos
DC009
ncoio
0CO011
DCO12
0CO13
DCO14
BCO15
0CO016
0C017
0Ccol8
DCO19
DC020
0C021
DC0O22
DC0O23
DC024
pCco2s

00001
00002
00003
DD004
00005
00006
bDOO7
0D008
00009
00010
00011
00012
DDO13
pool4
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Disjunctive kriging program for two dimensions

INPUT PARAMETERS

saszrsesmsxzazsa

NUMBER OF TEMP 's INPUT, L . i.iiiinieninnennnnnns 13
MAX[MUM NUMBER OF NEAREST NEIGHBORS..... 5
MAXIWUM RADIUS. . ..., eereentniaas veeesecanaasess 23,0000
MALIMUM ALLOWED DATA VILUE trassesaasaseansassaes  100.0000
CORRELATION FUNCTION MODEL TYPE.......vv.veenees SPHERICAL
NUGSET. ...l Cereneaes 0.2258
SILL MINUS NUGGET......... 0.7742
RINGE, . ..... eereeneenaas 23.0000
CRESERVED DATA
PR DN X Y TEmMP Y 08S. NO. X Y TEMP
132 17.0c0 200.000 60,950 -2.897879 56 21.000 199,000 64.590
% 27.000 198.000 61.190 -2.694R43 19 6.000 188.000 65.540
EN 32.000 201,000 62,430  -0.72949% S 2.000 198.000 66.470
4 25.70100 213.000 67,910  -0.424984 7 3,000 206.000 67.330
c4 20.000 217.000 63:100  -0.3131%9 15 4.000 187.000 67.430
n 26.1700 2n1.000 63,600 -0.033692 3 1.000 190.000 67.830
61 24.060 139.000 63.650 -0.006678 4] 0.000 0.000 0.000
DATA SET: HERMITE POLYNOMIALS:
veay = 63.8%41] MEAN = 63.89091
TARTANCE = 3.07619 VAR{ANCE = 3.0A8984
HERMITE POLYNOMIAL COEFFICIENTS:
eriraraanzisizesssszseerntraas
K Ck k Ck
0 6.399093€+0] 4 -4.836721€-02
1 1.709198€+00 5 -31.676496£-03
2 1.831585E-01 6 -5.848777€-03
3 -6.817868E-02 7 0.000000€ .01

DISJUNCTIVE KRIGING ESTIMATES

B1teradtaserantananestnvuInne

! X Y ESY

5 2.00 200,00 66,270
S 18,00 200.00 62,18/
S Ja.00 200,00 62.615

+ V¥alues when entire data set used in calculation

VARK

1.674
1.316
1.744

PROBARILITY THAT THE ESTIMATE [S GREATER THAN ZCUT

Value(s) Zcut

( 6.250)( 6.400)( 6,500)( 6,600)( 6.700)

( E‘Ol)( r»ot)( E*01)( €+01)( E+0L)
Peseoenttoncsentbocacan Ploccacvbtecacaad
1.000 o.m 0.777 0,500 0.268
0,315 0,246 0,081 0,001 0.000
0.494  0.122 0.020 0,000 0.000

7
0.477008
0.924271
1.326754
1.681627
1.722968
1.891670
0.000000
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DDO15
00016
o017
00018
00019
00020
0p021
00022
DDO23
Dbo24
DD025
00026
DDO27
0b028
00029
00030
00031
00032
00033
DDO34
npo3s
0DO36
0037
opo3s
00039
DDO4O
0pO4 3
DpOa2
0DO’3
0044
00045
0D04s
00047
0poas
00049
00050
0nosl
00052
0pos)
nnos4
00059
0pose
00057
00058
nnos9
0need
nnost
0Do6?
0nos3
nDO64
onnes
DDO6B
D067
nooss
060069
oon’zo
Dozt
00072



