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FOREWORD

EPA is charged by Congress to protect the Nation's land, air and water systens.
Under a nandate of national environnmental |aws focused on air and water quality,
solid waste managenent and control of toxic substances, pesticides, noise, and
radi ation, the agency strives to fornmulate and inplenent actions which lead to
a conpatible balance between human activities and the ability of natural systens
to support and nurture life.

The Robert S. Kerr Environnmental Research Laboratory is the Agency's center of
expertise for investigation of the soil and subsurface environnent. Per sonnel
at the laboratory are responsible for managenent of research prograns to: (a)
determine the fate, transport and transformation rates of pollutants in the soil,
the unsaturated zone and the saturated zones of the subsurface environnment; (b)
define the processes to be used in characterizing the soil and subsurface
environnent as a receptor of pollutants; (c) develop techniques for predicting
the effect of. pollutants on ground water, soil, and indigenous organisns; (d)
define and denonstrate the applicability and limtations of using natural
processes, indigenous to the soil and subsurface environment, for the protection
of this resource.

This user’s manual serves the purpose of instructing the user in the use of
CGEOPACK, a conprehensive, user-friendly geostatistical software system This
gui de shoul d help the end-user, both novice and sophisticated, to becone famliar
with the features of GEOPACK. By using GECPACK, and spending a little time
beconming famliar with geostatistics, end-users will be able to include these
geostatistical techniques in their work and research environnents.

Ol o - fall

Cinton W Hall

Di rector

Robert S. Kerr Environnental
Research Laboratory



SUMVARY

A conprehensive, user-friendly geostatistical software system called GEOPACK
has been devel oped. The purpose of this software is to nake avail able the
prograns necessary to undertake a geostatistical analysis of spatially correlated
data. The prograns were witten so that they can be used by scientists, engineers
or regulators with little experience in geostatistical techniques and still
satisfy the requirements of nore advanced users. Usi ng these progranms, and
spending a little time beconming familiar with geostatistics the end-user should
be able to include these techniques in their work and research environnents.

Acknowl edgenent s:

The research and devel opment of the conputer software described in this
report was supported in part by U S  Environmental Protection Agency, R S. Kerr
Environnental Research Laboratory, Ada, OK, 74820, through an interagency
agreenent, no. DW12932632. It has not been subject to the Agency’s peer and
admnistrative review and therefore may not necessarily reflect the views of the
Agency, and no official endorsenent should be inferred.

Di sclainer of Warranty

Al'though the authors of this software have endeavored to produce accurate,
reliable and correct software, this software (including instructions for its use)
is provided “as is” without warranty, expressed or inplied. Furt hernore, t he
authors do not warrant, guarantee or nmeke any representations regarding the use,
or the results of the use, of the software or witten materials concerning the
software in terns of correctness, accuracy, reliability, currentness or otherwise.
The entire risk as to the results and performance of the software is the sole
responsibility of the user. If the software or witten materials are defective,
the user and not the author, agents or enployees assune the entire cost of all
necessary servicing, repair or correction.

Conpaq’is a registered trademark of the Conpaq Corporation. IBMis a registered
trademark of the International Business Machines Inc. M crosoft®and Ms-DOS"are
regi stered trademarks of the Mcrosoft Corporation. Hercul es®is a registered
trademark of the Hercules Corporation. Zenith®is a registered trademark of the
Zenith Corporation. HP°, ThinkJet“and LaserJet“are registered trademarks of the
Hewl ett Packard Conpany.
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LI ST OF FI GURES

Figure 3.1.1. | Exanple output from Variogram Cal cul ation (Sanmple) program for the
data set, VIRUS.DAT. |In A and B, respectively, are the tabular values and a pl ot
of the sem variogram function.

|Figure 3.1.2.| Exanple output fromthe Automatic Mbdel Fit program The solid
line is an spherical nodel that was fitted to the sanple semvariogram

Figure 3.1.3.| Exanple output from Manual Mdel Fit, Select Mdel(s) program (in
A) and the Edit Variogram Mdel File (in B).

|[Figure 3.1.4.| Contour diagramof the estimated value of the decay rate using the
Ordinary [Co]lKriging and Line Contour Diagram programs is illustrated.

|Fi gure 3.1.5] Contour di agram using the Odinary [Co]Kriging and Bl ock Contour

Di agram progr ans. In A and B, respectively, the estinmated value for the decay
rate and the estimation variances are illustrated.
|Fi gure 3.2.1. | The senmivariogram function for the natural |ogarithm of the

el ectrical conductivity using the Variogram Cal culation (Sanple) program and the
data set, ECSAR. DAT.

|Figure 3.2.2. | Contour diagram of the estimated value of the electrical
conductivity using the Disjunctive [Co]Kriging and Block Contour Diagram prograns.

Figure 3.2.3.] Contour diagram of the conditional probability that the estinmated
val ue of the electrical conductivity is greater than the natural |ogarithmof 4
dS/m (i.e., 1.38 log{dS/n}) using the Disjunctive [Co]Kriging and Bl ock Contour
Diagram programs. This figure shows the actual screen position of the contour
| evel s wi ndow when di spl ayed.

Figure 3.3.1. | The semvariogram function for the surface noisture content (in A)
and the surface soil tenperature (in B) using the Variogram Cal cul ation (Sanple)
program and the data set, C912. DAT.

|Fi gure 3.3.2. | The cross-semvariogram function for the surface moisture content
and the surface soil tenperature using the Variogram Cal cul ation (Sanple) program
and the data set, C912. DAT.

Figure 3.3.2. Contour diagram of the estinmated value of the electrical
conductivity using the Odinary [Co]Kriging and Block Contour Diagram prograns.

Figure 3.3.3. Contour diagram of the estinmation variance for electrical
conductivity using the Ordinary [Co]Kriging and Block Contour Diagram prograns.
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SECTION 1
[ NTRODUCTI ON

To use geostatistical techniques in the analysis of spatially correl ated
data generally requires the use of a conputer to handle the |arge nunber of
samples and carry out the lengthy calculations. Unless someone is known who is
willing to provide the necessary conputer progranms, one is faced with the
difficult task of finding, purchasing or devel oping the required conputer

sof t war e. Although there are a nunber of practicing geostatisticians who
undoubtedly have access to the necessary prograns, these prograns are not
generally available or are proprietary codes. Often, the programs which are

devel oped for research purposes are subject to limted availability and are
difficult for others to use or nodify for purposes other than those for which
they were originally designed.

GEOPACK has been devel oped in cooperation with the U S EPA's RS. Kerr
Environnental Research Laboratory, Ada, OK. It was devel oped with the philosophy
that geostatistical software is needed that can be used as a l|learning tool by
individuals with little or no geostatistical expertise and yet can al so satisfy
the needs of individuals with nmore advanced training in geostatistical nethods.
The specific objectives in creating GEOPACK were to develop: 1) geostatistical
software which is easy to use so that those with little training in geostatistical
net hods can | earn these techniques and eventually use themin their work
environment; 2) an integrated systemwhich will free the user from excessive file
editing and program mani pul ation; 3) a systemwhich is adaptable in the sense
that additional prograns can be incorporated into the systemby the end user at
a later date without having to alter previous prograns or reconpile the entire
system  4) prograns which produce graphic output in a variety of forns and of
publishable quality to neet the needs of research scientists and engineers and 4)
software which includes on-line help facilities and extensive error checking in
the prograns. The on-line help facilities offer information concerning the
operation of the system its capabilities and limtations, howto alter the system
as well as programmng conventions and definitions.

CGEOPACK allows the incorporation of other geostatistical prograns, such as
CEOQ EAS (reference), so the features of this and other prograns can be accessed.
Exanpl es showi ng how these geostatistical prograns can be used in the anal ysis of
spatially correlated data can be found in Yates et al. (1986 a,b,c), Yates (1986),
Yates and Warrick (1987), Yates et al. (1988) and Yates and Yates (1988, 1989).
For individuals interested in learning geostatistical techniques, a number of
texts are available and include: dark (1979), Journel and Huijbregts (1978),
Journel (1988) and David (1977).

CGEOPACK geostatistical software systemis a package of prograns for
conducting analyses of the spatial variability of one or nore random functions.
The systemis nenu driven, and sinplified so that a mninum nunber of input data
are needed. The prograns also limt the amunt of internmediate results printed
to the screen or the printer.

GEOPACK uses dynamic allocation of menmory so that data sets with a wide
range of variables and positions can be used wthout having to alter the program

1



A large storage array (currently set to approximtely 10000 storage |ocations) is
partitioned based on the nunber of sanples and variables so that there is little
wast ed space conpared to defining the arrays to have a fixed number of sanples and
variable. One limtation is that GEOPACK allows data base (i.e. a data file) to
contain a maxi mum of 10 variables plus their x and y positions and a sanple or

position number (the sample number nust be a real nunber). During execution of
GECPACK, whenever additional storage space (i.e. menory) is required by a program
the space is obtained fromthe large storage array. |f attenpts are made to use

more menory than is available, an error nessage is printed out giving the menory
status. Fromthis information, a decision can be made on how to reduce the nenory
requirenents to allowable limts (i.e. reducing the nunber of variables or sanples
consi dered, etc.).

The GECPACK system includes prograns to do the nmore common statistical and
geostatistical analyses. The system is estinmation oriented in that if the
ordering in the menu systemis followed, a grid of estinates for the selected
variable in the data set will result. A description of the various conponents of
the system fol | ows.

Help Facilities

The program includes on-line help facilities to provide the user wth
information concerning the operation of the program data requirenments ,
conventi ons, definitions, run-time errors, m ssing files, etc. that are
encountered during execution. At the nenu level, the help information is of a
general nature. During execution of a program the help is nore specific, such
as defining a term

User-Defined Prograns

CGEOPACK includes a feature which makes it sinple to access any user-defined
program (i.e. program not included with GEOPACK) for generating statistics, line
graphics, surface graphics, text editing and data base nmnagenent systems. The
program names are defined in the GEOPACK System Default Settings file (see Section
2.5.¢). Oher mscellaneous user-defined progranms can also be incorporated into
CGEOPACK using the USER' s Menu (see Section 2.5.¢).

Basic Statistics

Basic statistics such as the nean, nedian, variance, standard devi ati on,
skew, kurtosis and nmaxi mum and m ni nrum val ues can be determ ned for the selected
data base (i.e. a file containing one or nore random functions plus their x and
y coordinates). Prograns are also included for linear regression, polynon al
regression, Kol ompgorov-Smrnov test for distribution and cal cul ating several
percentiles of a selected data set (i.e. for a particular random function such as
moi sture content). GEOPACK can also directly access any comrercially available
statistics package while running GEOPACK which allows the user to run nore
comprehensive statistical analyses <contained in a comercially available
statistics package.



Vari ography

The sanple senivariogram the cross-semvariogram or a semvariogram for
conbi ned random functions [i.e. , Z(x) + Y(x)] for a two-dinensional spatially-
dependent random function can be deternmined. The approach used in determining the
sanple senmivariogramis simlar to that outlined in Journal and Huijbregts (1978).

A nodel can be fitted to the sanmple sem variogram using the nonlinear |east-

squares fitting procedure of Marquardt (1963). This provides a first estimte
for the coefficients to be used in a cross-validation program and hel ps to auto-
mate the nodel -fitting procedure. If the |east-squares technique fails, or other

information is available which should be included in the nodel-fitting process,
the traditional iterative method of manually selecting the nobdel coefficients and
viewing a graph conparing the sanple values to the nmbdel can be used.

Li near Estimation

GEOPACK i ncludes prograns to calculate the ordinary kriging and cokriging
estimators in two dinensions along with their associated estimation variance.

Punctual and bl ock kriging and geonetric anisotropy are included. There is a
cross-validation option which uses the kriging estimator in a jackknifing node to
cross-validate the spatial correlation structure. It is possible to include

indicator kriging in an analysis by creating an indicator variable using a data
transformati on program supplied in CGEOPACK.

Nonl i near Estinmation

Nonlinear estimators such as the disjunctive kriging and disjunctive
cokriging estimators can be determined along with the estination variance and the
conditional probability that the value is greater than a specified cutoff Ievel.
Up to 10 cutoff levels are allowed. As with the linear estimtion method, this
type of an analysis can be done on punctual or block support and nay include
ani sot r opy.

G aphics Qutputs

Vari ous graphics capabilities are included such as linear or logarithmc
line plots, contour and block (i.e. , pixel) diagrams. Device drivers for the HP
Laser Jet® (series Il1), HP plotters, and dot matrix printers (simlar to Epson®
printers) are included with GEOPACK. Drivers for other printers and plotters can
be witten and included in GEOPACK. The graphics progranms supplied wth GEOPACK
produce internediate quality output and are intended for quick and easy, albeit
rough, graphic illustrations. For the highest quality graphic output, GEOPACK can
be interfaced with any user-defined graphics package so that custom diagrans can
be developed. Using the USER s Menu, any commercially avail abl e graphics packages
can be accessed while running GEOPACK. A particular data file can be plotted
using a commercial graphics package by either using an internal editor (if one is
i ncluded in the comercial graphics package) or by witing a sinple format-
translation programto create a new output file in the correct fornat.

3



SECTION 2

SOFTWARE DESCRI PTI ON AND CPERATI ON | NSTRUCTI ONS

2.1. COVPUTER REQUI REMENTS

GEOPACK has been written using a conbination of Mcrosoft“FORTRAN and C
programi ng | anguages and runs on | BM-conpatible microconputers such as the
PC- AT, Conpaq™-286, -386, Zenith®, etc. using an M5-DOS operating system (ideally
version 3.30 or greater) and 640 K menory. GEOPACK does not require a nmath
coprocessor but will use one if it is available. A virtual disk can be used to
increase operating efficiency if it is defined to be the tenporary storage
directory. GEOPACK also requires that the ANSI.SYS driver be installed for the
screen output to perform properly. GEOPACK requires hard disk storage of about
4 Moytes and, either a CG, EGA, VGA or Hercul esgraphics adapter and the
appropriate nmonochrome or color nmonitor.

2.2. | NSTALLI NG GECPACK
2.2.a. Installation Instructions,

An installation programis supplied with GEOPACK to facilitate the
installation of GEOPACK onto a hard disk. To conpletely install GEOPACK, at |east
4 Moytes of free space nmust be available on the hard disk. The installation
program can be started by typing either

A I NSTALL <source drive> <destination drive and path>

or
A | NSTALL

If the optional <source drive> and <destination drive and path> are not specified,
the program will provide pronpts for this infornmation. The source drive can be
any legal floppy drive and the default value is A. . The destination drive and
path indicates the hard drive and subdirectory for the “root” of the
geostatistical prograns. The default destination is C\CGEOPACK. It is advisable
to specify a destination drive and subdirectory since a nunber of prograns are
copied to this subdirectory and could be accidentally deleted if only a drive
(i.e., C) is specified, since typically root directories are used to store a
variety of prograns. If any of these programs are deleted, GEOPACK may produce
unpredictable results.

Before GEOPACK will operate correctly, the computer must have a specific
configuration. To install CGEOPACK, several nodifications to the conmputer nust be
made. These are described in nore detail in the followi ng sections.

1. A tenporary storage directory nust be created. This is done

automatically.
2. An environnment variable nust be set. The AUTOEXEC. BAT file nust

be altered.
3. A system paraneter file nust be created. This is done automatically.

4



You will need to nodify this file (see Section 2.5.¢) to add the
names of the editor, line and contour graphics, data base managenent
system etc. you have avail abl e.

4. If you have a HERCULES graphics card, you must run MSHERC. COM
prior to starting a GEOPACK session. This program shoul d be
put in the AUTOEXEC. BAT file.

5. The ANSI.SYS driver (see your MS-DOS mmnual) must be installed
in the CONFIG SYS file. This is done by adding a statenent
|ike: DEVICE=C.\DOS\ANSI.SYS to the CONFIG SYS file. Be sure that
the correct path for ANSI.SYS is used.

2.2.b. Tenporary Storage Directory.

CGEOPACK uses a tenporary storage directory to hold information such as the

data set, internediate results, output files, etc. The installation procedure
automatically creates a tenporary directory called TMP to be used to store
intermediate results. In general, the tenporary storage directory is transparent

to the user.

2.2.c. Setting or Changing the GEOPACK Directory Specification.

CGEOPACK wi || operate properly only if the environnent variable %EQDI R% (the
“08 are used to indicate an environment variable) is set to the root of the
geostatistical prograns. To set this variable the followi ng line should be added
to the AUTCEXEC. BAT file

SET GECDI R=C: \ GEOPACK

where C.\GEOPACK is the primary subdirectory for the geostatistical prograns. In
t he user-defined nenus (described in Section 2.5.d) whenever GEOPACK sees
“OEODIRY® it will substitute “C \GEOPACK" so that a command: %3EODI R SHOMDI R
woul d be the same as C.\ GEOPACK\ SHOADI R. Note, the above conmmand can al so be
typed at the MS-DOS prompt prior to starting GEOPACK. After typing the SET
command gi ven above, if the DOS reply: “Qut O Environnment Space” appears, the
user should consult the DOS nmanual about SHELL commands.

2.2.e. CEOPACK System Default Settings.

The installation programcreates a file that contains the system default
settings. This file may require nodification before all of the options on the
USER and ot her nenus beconme active. Before making any nodifications, see Section
2.5.c.



2.3. SYSTEM OVERVI EW
2.3.a. Program Structure,
The initial program structure of GEOPACK is shown graphically as
CGEOPACK ———— DKRG
t KRI G

L STAT
L TVP

- USER DATA
DSTAT
GECEAS
UPROG

- VAR

where , in the above example, the subdirectory CGEOPACK is called the “root” of
geostatistical programs. The location of the “root” directory is specified during
installation and can be | ocated on any fixed-disk drive and can be anywhere al ong
a subdirectory “tree”. It is recomended that the root be the first |evel
subdirectory on a given drive.

The subdirectories: DKRG KRI G STAT, USER and VAR, respectively, are used
to store the prograns for: disjunctive kriging and cokriging (DRKG, ordinary
kriging and cokriging (KRIG, basic statistics (STAT), user-defined prograns
(USER) and variography (VARI). The nmenu entries for each set of analyses (except
for the USER nenu) cannot be nodified by the end-user. The TMP subdirectory is
created to be used as the tenporary storage directory during installation.

The subdirectories of the USER directory: DATA, DSTAT, GECEAS and UPROG are
exanpl es of how GEOPACK can be altered to include additional prograns. The nenu
entries for the USER directory and its subdirectories can be nodified by the
end-user to tailor GEOPACK for an individual’'s needs. The instructions required
to nodify the CGEOPACK USER nenu are given in Section 2.5.k.

2.3.b. The Function Keys and Cursor Movenent.

The function keys: FlI, F3, F4, and F5 can be used at any nenu in the
foll owing manner:

F1 - Help (At menu and program | evels. In programs other F-keys
also display help information and are indicated when they
are active)

F3 - Uility Menu
F4 - View previous screen
F5 - User Menu (User-defined prograns, menus etc.

Makes CGEOPACK adapt abl e)



A conpl ete description of the entries on each of the menus that are accessed by
the Function keys is given in Section 2.5, The Menu System

The cursor (i.e., the light bar or highlighted sel ection) can be noved by
using the followi ng cursor control keys:

Home, End, PgUp, PgDn, Arrow Keys
If these keys are located on the keypad, the NUMLOCK key nust be turned off.
A nmenu entry can also be selected by pressing the letter (or number) that is
highlighted in the desired entry.

2.3.c. File-Nanming Convention.

Whenever a data set is selected (this data set can be located in any
subdirectory on any disk) a file is created in the tenporary storage directory and

is called “DEFAULT’. This file contains two lines, the first gives the selected
file nane and the second the origination path of the file. A copy of the selected
file is witten to the tenporary storage drive as well. These two files (DEFAULT

and the data set) are required before GEOPACK will run properly. Al the prograns
in GEOPACK read the DEFAULT file to obtain the name of the data set. The first
part of the data set nane (i.e., “TEST" for a data set named “TEST.DAT") is used
for many of the intermediate file names. For a data set naned “TEST. DAT” which
is assuned to contain three variables noist (variable #1), tenp (variable #2)
and sand (variable #3), the typical file names that reside in the tenporary
storage directory and a brief description of their purpose foll ows.

STACKER. - Used by the nenu program

MENUTEMP. BAT - Used by the nenu program

DEFAULT. Cont gi ns the nanme of the data set and path of
origination.

TEST. DAT - Data set.

TEST. STS Basi ¢ descriptive statistics for all data

variables in the data set.

RPLOT. TMP - Tenporary file containing the data for the
| ast regression or |east-squares graph.

GRAPH. DEF A conmand file for the graphics program  Contains
the commands used to generate the |ast graph (regression,
| east - squares, contour plot, etc.).

TEST. V - The default settings file for the senivariogram
program  This file is generated when the Default
Settings program (on the variogram nenu) is executed.



VPLOT. DEF

VARL1. 00

VARL1. 01

VAR12. 00

MVAR11. 00

MARL1. 01

MVAR12. 00

TEST. VAR

TEST. K

KPLOT. TMP

KPLOT1. TMP

TEST. D

TEST. DCi

DPLOT. TMP

DPLOT1. TMP

Tenporary file containing the data for the
| ast semivariogram or cross-semvariogram graphed.

Contains the sanple semvariogram val ues for
variable 1 (i.e., MJST). First saved file.

Contains the sanple semvariogram val ues for
variable 1 (i.e., MJIST). Second saved file.

Contains the sanple cross-semvariogram val ues
for variable 1 with variable 2 (i.e., MJST vs.
TEMP). First saved file.

Contains the nodel coefficients for the sanple
sem vari ogram val ues contained in VARLL. 00.

Contains the mobdel coefficients for the sample
sem vari ogram val ues contained in VARLL. 01.

Contains the nodel coefficients for the sanple
cross-semvariogram contained in VARL2.00.

Contains the semvariogram and cross-variogram
coefficients for use by the kriging and dis-
junctive kriging prograns.

The default settings file for the kriging program
This file is generated when the Default Settings program
(on the kriging menu) is executed.

Contains the position, the estimate and the
estimation variance from the kriging program

Tenporary file containing the graphic data for
the last kriging contour graph produced.

The default settings file for the disjunctive kriging
program This file is generated when the Default Settings
program (on the disjunctive kriging menu) is executed.

Contains the input data required by the dis-
junctive kriging program for variable "i", where
“i” is the variable nunber. This file is
created by executing the Hermite Coefficients

program on the disjunctive kriging menu.
Contains the position, the estimte, estimtion
variance and conditional probabilities (if any)
from the disjunctive kriging program

Tenporary file containing a contour
representation of one of the output data

8



types contained in DPLOT.TMP (i.e., it has the
last disjunctive kriging graph produced).

2.4. DATA FILE
2.4.a. Format Instructions.

To operate GEOPACK, a data file must be created in the proper format. Using
a text editor or word processor, a data file can be entered or nodified for use
with GEOPACK. For GEOPACK to function properly, the data set nust contain at
the minimum 1) one (or nore) spatially-dependent random variable(s) (i.e., soil
tenperature, nmoisture, hydraulic conductivity, concentration, etc.) and 2) an
x and y position for each value of the random variable(s). A data file nust be
created in ASCII format wusing the following standard FORTRAN formatting
instructions:

RECORDS 1- 3: FORMAT( A76/ A76/ AT76)

TI TLE( 3) Three lines of title.

RECORD  4: FORMAT( 21 5, F10. 3)

| VAR The total nunber of random variables in
the data set. These are val ues of
the parameters that will be used in
obtai ning estinates, etc.

NDAT The total nunber of positions (i.e.,
X and Y coordinate pairs) in the file.

CUTOFF The value given to this variable is the
maxi mum al |l owed value for the data. Using
the CUTOFF, nmissing data can be excluded
from any analysis. To acconplish this,
set any missing data in the data file to a
large nunber (e.g. 99999.99). This nunber
must be larger than the nuneric value of
any variable. To exclude these large num
bers , set the CUTOFF value to a nunber
slightly SMALLER than the mssing data
nunber (e.g., 99999.00). Then the mis-
sing data will not be used by any program




RECCRD

RECCRD

5:

6:

[T NX

| V(1 VAR)

NAM 1)

FORMAT( 131 5)

The colum in the data file that contains

the sanple nunber. If no sanple is avail-
able, the program can be nade to read a
blank field as zeros. In general, this

will not cause any problemin running the
progr ans.

The colum in the data file that contains
the X coordinate data. See exanples
given below for nore information.

The colum in the data file that contains
the Y coordinate data. See exanples
given below for nore information.

The colum in the data file that contains
one of the random variables. The sel-
ection of the first, second, etc. random
variable is arbitrary. The easiest way
to specify these is to sequentially num
ber the random variables in the order
(fromleft to right) that they appear in
the data file. The program uses the order
you specify here, as the order the vari-
ables will be listed out on the screen.

If you want to change the order, then
give 1V(1) as the 1st variable, 1V(2) as
the second variable, and so on.

The colum in the data file that contains
| VAR-th random vari abl e.

FORMAT( 10( 4X, A6) )

The variable name for the |-th variable.
NOTE: the I-th variable is the variable
associated with V(1) listed above. See
exanpl es given below for nore information.
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RECORD 7 FORMAT( A30)

FMT Format specification for the data file.
This should be of appropriate formto
read the data in the file.

e.g. (F5.0, 2F10. 3, 5X, 1E10. 2)

RECORD 8- end: (see RECORD 7)

DATA VALUES The data set should have a sampl e nunber
(or index), X coordinates, Y coordinates
and the property(s) 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.

Note: The sanple no. is assunmed to be real.

2.4.b. Exanples O Data Sets.

This is a typical data file. There are 4 random variables: MJ ST,
TEMP, SAND and O L-% There are 119 positions where data was col -
lected (only 4 positions are shown).

4 119
1 2 3 5 4 6 7
MO ST TEMP SAND aL- %

(G5. 0, 12F10, 3)
1 6.0000  7.0000 46.8500 999.9990  56.5102  6.5362
2

6. 0000 10. 0000  46.2900 5. 9250 55. 6444 5. 2454

118 24.0000 21.0000 46.3500 999.9990  54.4012 4. 0463
119 22,0000 24.0000 47.1400 999.9990  52.5845  2.5345

11



Not es:

1) In the above exanple, the TEMP, MJ ST, SAND and O L are in colums 4,5,6
and 7, respectively. However, if you note line 5 and 6 you'll see that MJST is
specified as variable #1, followed by TEMP, SAND and O L. This changes the order
for the IV(i) and NAMi) data.

2) Since all the random variables were not sanpled at every location, sone
met hod for delineating mssing data i s needed. In the above exanple, m ssing
data is specified by entering a large nunmber (i.e., 999.9990). Wen executing a
program in GECPACK, it will ask you the CUTCFF value (for delineating mssing
data) and you should give a value slightly smaller than 999.9990 but |arger than
any valid data value, for example, 999. or 900.

This example data file is the sane as the one above except there are
no sanple nunbers. To alleviate this problem the first colum of the
data file is specified as the sample nunber (i.e., they are all O.

4 119
1 2 3 5 4 6 7
MO ST TEMP SAND oil-%

(GL. 0, F9. 3, 12F10. 3)
6.0000  7.0000 46.8500 999.9990  56.5102  6.5362
6.0000  10.0000 46.2900  5.9250  55.6444  5.2454

22.0000  24.0000 47.1400 999.9990  52.5845  2.5345
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2.5. THE MENU SYSTEM

During installation, you are asked for the name you want to use to start the
geostatistical programs, where the default nane is GEOPACK. After starting the
program using the selected name, the first nenu displayed is the MAIN nenu.

2.5.a. Description of the MAIN Menu.

Thu Jun 29, 1989 07:47:45 am
Return to M5-DOS, with pronpt to save settings and files

GECSTATI STI CAL  PROGRAMS:  Main Menu

Quit GEOPACK

Data Set Wilities Menu
Statistics Menu

Variogram Menu

Ordinary [Co]Kriging Menu
Di sjunctive [Co]Kriging Menu

Esc: quit Fl: help | F3: util F4: view | F5: user nenu | ¢ Hone End

Fromthe main nmenu you can select one of several other menus using the cursor keys
to nove the light bar (or highlighted region) over the desired selection or by
typing the highlighted character of the desired selection. The function keys will
di splay menus intended to offer help, utilities and user-defined applications.
Selecting an itemfromthe MAIN nenu will produce another nenu containing prograns
or other options which are available for undertaking the statistical and
geostatistical analyses. A description of the available nenus follows.

When | eaving GEOPACK (i.e., typing Qat the main menu) another nenu is
produced which allows you to return to GEOPACK, return to MS-DOS |eaving the
intermediate data in the tenporary storage subdirectory, return to MS-DOS saving
the intermediate results to a packed file (see Section 2.5.f) or return to Ms-
DOS and delete the internediate results from the tenporary subdirectory (see
Section 2.5.1).
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2.5.b.

Return to Main Menu

Thu Jun 29,

1989 07:47:45 am

Description of the HELP Menu (Fl).

GECSTATI STI CAL  PROGRAMS:  Main Menu

Quit GEOPACK

Data Set Utilities Menu
Statistics Menu

Vari ogram Menu

Ordinary [Co]Kriging Menu
Disjunctive [Co]Kriging Menu

CGEOPACK USER S MANUAL

Return To Main Menu

Overview O System
Installation Instructions
File Formatting Instructions
Basi ¢ System Operation

Menu Hel p
Uilities in GEOPACK
Addi ng User Prograns and Menus
Esc: quit Fl: help | F3: util F4: view | F5: user menu | ¢ | Hone End

If the F1 key is pressed from any nmenu,

HELP Menu there are several
information in the User's Manual
the HELP menu.

In general,

the HELP Menu is activated. On the
help files you can access.

t he

and sone theory of geostatistics can be found on
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2.5. ¢. Description of the UTILITY Menu (F3).

Thu Jun 29, 1989 07:47:45 am
Return to Main Menu
CGECSTATI STI CAL  PROGRAMS.  Main Menu

Quit CGECPACK

Data Set Uilities Menu Uilities Mnu

Statistics Menu

Variogram Menu Return To Main Menu

Ordinary [Co]Kriging Menu Change System Default Settings

Di sjunctive [Co]Kriging Menu DCS Shel |
Execute an MS-DOS Command
Graph Mst Recent Graphic
Program Structure

Esc: quit Fl: help | F3: util F4: view | F5: user menu | % Hone End

If the F3 key is pressed from any nenu, the UTILITY Menu is activated. On
the UTILITY Menu there are several prograns available to alter basic GEOPACK
parameters, run M5-DOS conmmands while inside GEOPACK and view the current GEOPACK
program structure. Each utility is described in nore detail bel ow

Change System Default Settings:

This Uility allows you to change the default settings which are used by
CGECPACK. The default settings include the path specifications, device nanes,
screen type, default colors and names of default (i.e., user defined) prograns.
Two files are used: SYSETUP and SYSDEFLT for changing and storing the system
default information. SYSETUP is the basic file which MIST be present in the
CEOPACK root directory. This file contains the information which is witten to
the screen by this Wility program an example is:
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System Default Settings File

RAM Di sk or Tenporary Directory C: \ GECOPACK\ TWP
Data Storage Directory C. \ GEOPACK\ USER\ DATA
Text Col or Nunber (0-15) 11
Border Col or Nunber (0-15) 6
Screen Mdde (0=Black & Wite, |=Color) 1
Statistics Program M CROSTAT
Word Processor or Text Editor EDT
Li ne- Type G aphics Program GRAPHER
Contouring G aphics Program SURFER
Data Base Management Program MFOXPLUS

Esc: quit FI: help | F2: save | « ¢t - | Honme End Page Up Page Down

Since paths are not given for any of the Default programs, it is required that
these prograns reside in sub-directories on the current MS-DOS PATH (so that they
can be found from any sub-directory by using the program name only). It is also
possible to specify the entire M5-DOS path and program nane. PLEASE NOTE: the
prograns M CROSTAT, EDT, GRAPHER, SURFER and MFOXPLUS are commercially available
prograns and are not included with the GEOPACK system The Utility programwites
out a file (called SYSDEFLT which is used by the GEOPACK prograns. An exanpl e of
this file is:

C: \ GEOPACK\ TMP

C: \ GEOPACK\ USER\ DATA

11

6

1

M CROSTAT

EDT

CGRAPHER

SURFER

MFOXPLUS

T T T
Colums: 1 10 20

This file is used by GEOPACK during operation of the prograns. At any time if
there is a change in the definition of any itemin SYSDEFLT a change needs to
be made to this file. The easiest way to do so is to use the Change System
Default Settings option on the Uilities Menu (i.e., F3 key).
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To manually run the Default Settings programtype: DEFLT sysetup sysdeflt
fromthe root directory of GEOPACK. This may be necessary if the sysdeflt file
is ever accidentally deleted or nodified.

DCS Shel |:

This Uility allows you to tenporarily exit the GEOPACK system and return
to the M5-DOS command-1ine node. Wien you exit to a DOS shell, the text color on
the screen will be red. This is to renmind you that you are in a DOS shell. Once

you are finished running Ms-DOS commands you can return to GEOPACK by typing EXIT,
which exits you fromthe DOS Shell.

Pl ease Note: While in a DOS shell, some of the available computer menory is
still allocated to GEOPACK and if you try to run a programthat requires a |ot of
menory you nay see the message “not enough menory”. If you must run this program

you should exit the DOS shell (i.e., return to GEOPACK) then exit CGEOPACK. This
will free up all the available conmputer menory. Also, it is possible to exit to
a DCS shell and restart GEOPACK (this can be done several tinmes). If this is
done, the conputer may stop operating since there is insufficient nenory to
contain both the current and pre-installed versions of GEOPACK

Execute an M5-DOS Conmand:

This Uility is simlar to DOS Shell except that it allows you to run ONE
MS- DOS conmand. Once you have run the Ms-DOS command you are returned to the
Wility Menu. If you need to run several MS-DOS commands, it is nore efficient
to exit to a DOS shell.

Please Note: There is slightly LESS avail able conputer nmenory when Executing
an Ms-DOS command conpared to exiting to a DOS shell.

G aph Mst Recent G aphic:

This convenience feature allows you to replot the last graph displayed (or
that shoul d have been displayed) on the screen. This feature is useful for
conmputers with insufficient nenory to display graphs while in an application
program (i.e. the conputer doesn't have enough extra menory to run the graphics

prograr‘r). Use this OptionS i f you don't see a graph and receive the error
message: QUT OF MEMORY.

Program Struct ure:

This Uility gives a pictorial representation of the current GEOPACK
structure (for an exanple see Section 2.3.a). Changes in the structure of GEOPACK
will be reflected in the diagram produced by this program The USER nenu,
described in Section 2.5.d, can be nmodified to include any program or add anot her
menu. In the above exanple, the USER nenu is used to access four other nenus,
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DATA, DSTAT, GECEAS and PROG.  These menus are for, respectively, available data
sets, default statistics program GEO EAS geostatistical software and user-defined
programs.  Additional menus and prograns can be added by following the instruc-
tions on nodifying the USER MENU given in Section 2.5.].

2.5.d. Description of the View Feature. (F4)

If for some reason you are located at one of the nenus and you need to see
the last screen of output froma programthat has just been conpleted, you can
toggl e between the menu screen and the program screen by typing F4 provided your
monitor and graphics card allows nultiple screens.

2.5.e. Description of the USER Menu. (F5)

Thu Jun 29, 1989 07:47:45 am

Return to Main Menu

GECSTATI STI CAL  PROGRAMS:  Main Menu

Quit GEOPACK
Data Set Uilities Menu
Statistics Menu

Variogram Menu User Menu
Ordinary [Co]Kriging Menu
Disjunctive [Co]Kriging Menu Return To Main Menu
EPA GEO EAS
G aphics Menu

Statistics Package (Defaul t)
Data Base Management (Default)
User Prograns

Esc: quit FI: help | F3: util F4: view | F5: user nenu | ¢ | Home End

If the F5 key is pressed fromany menu, the USER s Menu is activated. The
USER's Menu all ows GEOPACK to be nodified to include other prograns and menus
which are defined by the user. The instructions which tell GEOPACK which program
to run or menu to display are in a file called: USER MEN, which is located in the
root directory of the geostatistical programs (i.e. , if the default directory was
chosen, it would be C \GEOPACK). The necessary information for nodifying the
GECPACK program is given under the heading “Adding User Defined Prograns and
Menus” on the User’s Manual Help screen (i.e. , type Fl).
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A brief description of the menu options which are provided with the original
CEOPACK system fol | ows.

Statistics Package (Default):

This feature allows you to run a default statistics package during a GEOPACK
session. The default statistics package is defined (i.e., the path and name
specified by using the systemdefault setting progranj. To start this program
type F3 and select “Change System Default Settings”. In the present exanple, it
is assunmed that the GEOPACK data set will have to be nodified to a format that the
default statistics package can read. Therefore, selecting this option wll
produce another menu which will let you create a file in the proper format (Note:
this program may have to be changed for other statistics programs) and run the
statistic program  The default statistics nmenu is located in the subdirectory:
%EECDI R% USER\ DSTAT under the file name: DSTAT. MEN.

G aphi cs Menu:

This feature allows you to run one of several graphics progranms during a
CEOPACK session. When this option is selected another menu is produced which has
three options. The first is to execute the GEOPACK graphics program and the other
two are the default line and contour graphics prograns.

Data Base Managenent System (Default):

This feature allows you to run a default data base management system during

a CGEOPACK sessi on.
GEO EAS:

This feature allows you to run GEO EAS during a GEOPACK session.
Avail able Data Sets:

This option allows you to select a data set froma subdirectory used solely
for storing data sets. The subdirectory specification is %3EOD R% USER DATA and
the program SDATA EXE is used for displaying and selecting the data sets | ocated

in the directory (for additional infornmation see Select a Data Set in Section
2.5.1).
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2.5.f. Description of the Data Set Wilities Menu.

Thu Jun 29, 1989 07:47:45 am

Return To Main Menu

GECSTATI STI CAL  PROGRAMS:  Main  Menu

Data Set Utilities Menu

Q - Return To Main Menu

Select a Data Set

Mdify an Existing Data Set

Pack Tenporary Directory into File
Unpack Tenmporary Directory from File
Extract a File From a Packed File

List Tenporary Directory and View File
Edit a Data Set

Delete Al Files in Tenporary Directory

Esc: quit Fl: help | F3: util F4: view [ F5: user menu t Home End

If the highlighted key “U is typed or the light bar placed over the menu
option “Data Set Uilities Menu” on the MAIN Menu and the enter key pressed, the
Data Set Utilities Menu is’' activated. On this nenu there are several utilities
which can be used to select, edit or nodify an existing data set, to pack the
contents of the tenporary directory into an ARCH VE file for later use or to
extract all or part of the files fromthe archive.

Sel ect a Data Set:

This program allows the selection of an existing data set. The data set
must be properly fornatted for use with GEOPACK. To create a new file, see the
editing program described bel ow.

20



Select a Data File

C: \ GEOPACK\ USER\ DATA\ . .

2\

Co12. DAT
ECSAR. DAT
TEST. DAT
VI RUS. DAT

Esc: exit FI: help | F2: list « %t -+ | Pg Up | Pg Down | Home End

A data set can be selected by either 1) typing in the file name or 2) by
moving the light bar over the desired data set and typing the ENTER key. O her

subdirectories can be accessed in a simlar manner to data files. Pl ease note
that the symbol ..\ above indicates the subdirectory C\GEOPACK\USER and if a
directory entry is preceeded by a “\”, then the entry is a directory

specification.

This program copies the requested data fromits current path to the
temporary directory, creates a file called DEFAULT which contains the program name
and its origination path. GEOPACK uses the DEFAULT file to determne the proper
name of the data file. Both files (i.e, the data file and DEFAULT) nust exist on
the tenporary directory before GEOPACK will work properly.

GEOPACK requires that a cutoff value be supplied during execution of the
prograns. The cutoff value is used to indicate mssing data. The cutoff value
is a specified value that is larger than any of the “true” data in the data set.

For exanple, if you have a variable that is mssing a value at a point in
space, in the data set you place a value which is larger than any of the “true”
data and larger than the cutoff value which you must specify. During execution
of a programyou will give a value (called the cutoff value) which is used by the
program to determne which values to ignore. Any value in the data set that is
greater than the cutoff value will be ignored by the program It is inperative
that the cutoff value you specify is appropriate for given data set; if not, the
resulting calculations will be inaccurate.
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For exanple: given the follow ng data

i ndex X y variable 1 variable 2 variable 3
3 10.0 11.2 12.55 45. 66 1002. 321
15 14.9 1.9 11.83 48.19 1032. 209
5 18.7 7.7 12.91 36.98 1200. 500
7 5.2 14.5 9.50 9999. 99 1002. 321
45 46. 4 16. 4 16. 82 45. 66 1002. 321
the value used to indicate missing data is 9999. 99. Note that this value is

greater than any value of ALL the variables. An appropriate cutoff value to
input into GEOPACK woul d be greater than 2000, since 1200.5 is the largest “true”
data val ue.

Mdify an Existing Data Set:

This program allows the creation of new variables in an existing data set.
The data set must reside on the tenporary directory prior to starting this program
and be properly formatted for use with GEOPACK. The newly created variables can
be added to the file. For exanple, assune the data set has one variable called
the moisture content. If a new variable |og(noisture content) is to be created
it can be added to the file.

Pack Tenporary Directory into File:

This program allows the archiving of the files residing in the tenporary
directory. This is used if you want to store the internediate results from
CECOPACK for use at a later tine. Each file is “PACKED’ into a new file in the
selected directory under a nane you provide. |If a file with the same nane exists
you will be asked if you want to overwite it. The screen is sinmlar to the
screen shown in the section “Select A Data Set” described above

Unpack Tenporary Directory from File:

This program allows you to retrieve the files that were previously packed
using the program described above. If you want to retrieve only a few of the
files then use the program described bel ow under EXTRACT A FILE. The screen is
simlar to the screen shown in the section “Select A Data Set” described above

Extract a File From a Packed File:

This program allows you to retrieve one or nore of the files that were
previously packed using the PACK program described above. Please note that you
must retrieve the DEFAULT file if you plan to use GEOPACK. If you fail to do so
the programwill print an error message alerting you to thiserror (the program
does not explicitly state that the DEFAULT file is-nissing, however). The screen
is simlar to the screen shown in the section “Select A Data Set” described above
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List Tenporary Directory and View File:

This program allows you to list all the files that currently reside in the
temporary directory. To “VIEW a file place the light bar on the desired file and
type return. Also, by typing the F2 key, additional infornmation about the file
is available. The screen is sinilar to the screen shown in the section “Sel ect
A Data Set” described above.

Edit a Data Set:

This program allows you to edit a file. Any file can be edited whether it
exists or not. Once this programis started, you will see the directory listing
of the %EOCDIR% directory (i.e. , the root of the geostatistical programs) and you
can select a file fromthis directory, supply an alternate file (and path) or
give a new directory name to see the listing of the new directory.

Renmove All Files in Tenporary Directory:

This command allows you to renove al | the files in the tenporary
directory. PLEASE NOTE: THE TEMPORARY DI RECTORY SHOULD BE USED ONLY FOR THE
GECSTATI STI CAL PROGRAMS SINCE THI'S COMMAND W LL REMOVE ALL PROGRAMS IN THI' S
DI RECTORY (or subdirectory).

Before you can select a second data set to work on, the tenporary directory
must be cleared of a previous data set. If you want to save the internediate or
final results from this previous data set, use the PACK data set program described
above.
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2.5.9g. Description of the Statistics Menu.

Thu Jun 29, 1989 07:47:45 am
Return To Main Menu

GECSTATI STI CAL  PROGRAMS:  Main Menu

Statistics Menu

Return To Main Menu

Sample Statistics

Regression Analysis

Kol onbgorov Test of Distribution
Least Squares Pol ynoni al
Percentiles of Data

Vari ogram Menu
Ordinary [Co]Kriging Menu
Disjunctive [Co]Kriging Menu

Esc: quit Fl: help | F3: util F4: view | F5: user menu | ¢ Hone End

If the highlighted key “S" is typed or the light bar placed over the menu
option “Statistics Menu” on the MAIN Menu and the enter key pressed, the
Statistics Menu is activated. On the Statistics Menu there are several prograns
from which you can choose. These prograns are intended to do the npbst basic
statistical analyses and are not intended to replace conprehensive statistical
packages which are available conmercially. Since it is anticipated that there will
be a need for accessing a nore conplete statistical package, GEOPACK has built in
capabilities to call (i.e., run) a user-defined statistical program from the
USER s MENU (access to the USER' s MENU is obtained by typing F5). Since the data
format requirenments of GEOPACK nay be different fromthe commercial statistics
package, an interface maybe necessary to rewite the data file in the appropriate
format. \WWen this is necessary, it is advisable to have the Default Statistic
Package option on the USER menu call up another menu which has the interface and
start commands on it. An exanple is provided in the file %ECDI RW% USER. MEN.

Sample Statistics:
This program cal cul ates the descriptive statistics for the data set. These

statistics include: the nunber of sanples used, the nean, nedian, variance,
standard devi ation, skew, kurtosis, maximum and nini mum val ues of the data set.
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Regressi on Anal ysi s:

This programcal cul ates the |inear regression coefficients, A and B, for the
| i near nodel

variable(i) = A + Bxvariable(j), j= i

A plot of the data and regression line is provided as well as the coefficient of
deternmination, and a conparison between the estimtes and data val ues.

Kol onbgorov Test of Distribution:

This program cal cul ates the Kol onbgorov-Snirnov test statistic for a normal
distribution. COher distributions can be tested for by transforning the variable
of interest using the Mddify a Data Set command on the DATA SET UTILITIES MENU.

Least Squares Pol ynomi al :

This program cal culates the nonlinear regression coefficients C(i) for the
pol ynom al nodel

variable(i) = (1) + C(2)xvariable(j) + C(3)xvariable(j)* + ...

A plot of the data and regression line is provided as well as a conparison between
the estimtes and data val ues,

Percentil es of Data:

This program sorts the data set and gives several pre-defined percentiles
of the data.
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2.5.h. Description of the Variogram Menu.

Thu Jun 29, 1989 07:47:45 am
Return To Main Menu

CEOSTATI STI CAL  PROGRAMS:  Main Menu

Variogram Menu

Return To Main Menu

Set Program Paraneters

Variogram Cal cul ation (Sanple)
Automatic Mdel Fit

Manual Model Fit, Select Model (s)
Edit Variogram Mdel File

Statistics Menu
-] Ordinary [Co]Kriging Menu
Di sjunctive [Co]Kriging Mnu

Esc: quit Fl: help [ F3: util F4: view | F5: user nenu | ¢ | Hone End

If the highlighted key “V' is typed or the light bar placed over the nenu
option “Variogram Menu” on the MAIN Menu and the enter key pressed, the Variogram
Menu is activated. The progranms on the Variogram Menu are intended to do the
variogram anal yses and should include the programmng needed in the majority of
cases. Using the F5 key and interfacing to GEO EAS allows yawto use the
vari ogram program i ncl uded i n GEO EAS. In some cases the GEO EAS program may
include sone feature not found in GEOPACK so it is advisable to check GEO EAS if
you want a feature not currently supported in GEOPACK Since the data format
requirements of GEOPACK are different from GEO EAS, an interface is necessary and
has been written into the GEOPACK system  You nust renenber the nanes you give
to various files while running GEO EAS since it doesn't have a specified nam ng
convention. \When CGEOPACK wites a file which is in GEOEAS format it always has
the extension EPA (i.e., <nane>. EPA).

CEOPACK wi Il save up to 15 sample semvariograns using the follow ng nam ng
conventi on:

<RAM drive>\VARi j.00 first saved sanple sem variogram
for variable i with j (i,j=l,.., VAR
if variable 1 is MJOST, 2 is TEW
and 3 is SAND, then if i=l and j=2

VAR j.00 is the first cross-variogram
between MO ST and TEMP saved by
GEOPACK.
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<RAM drive>\VARi|. 0l
CRAM drive>\ VAR j.02
. .03

second saved sanple senivariogram
third saved sanple semivariogram

<RAM drive>\VAR . 14 fifteenth saved sanple semnivariogram

Set Program Paraneters:

CGEOPACK provides you with a program for setting the variogram paraneters to
facilitate using GEOPACK in an efficient nmanner. This program allows you to
specify a value for any of the paranmeters used to calculate the sanple semni-
variogram or cross-senivariogram You can specify any or all of these paraneters
and once they are specified, the programw |l not ask for interactive input during
execut i on. For example, if you want to run the program five times and are
pl anni ng to change only one parameter each time, you would give a “?” in the
par amet er field for that paraneter. During execution you will be asked to
provide only that val ue. In this manner, you will only have to answer the
necessary questions during execution.

Spatial Correlation Function Parameter Settings File

Data File Nane: ( FNAME) TEST. DAT
Enable G aphics Options (i.e., -G (YIN) Y
Save Al Sanple Variogram Functions (YIN) Y
Data Cutoff Val ue: ( CUTCFF) 100.0
Nunber of Lagged Distances ( NLAG) 12
Di stance Between Lagged Distances: ( BLAG) 1
Wdth of Lagged Interval: (WLAG) 0.0
Wdth of Angle d ass: ( DALF ) 90.0
Nunber of Directions: ( NDIR) 1
Angle for Direction Nunber-1 0.0
Angle for Direction Nunber-2 30.0
Angle for Direction Nunber-3 60.0
Angle for Direction Nunber-4 90.0

t up {down Hone PgUp PgDn End F2=Save Esc=Exi t
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Variogram Cal cul ation (Sanple):

This program cal cul ates the sanple sem variogram or cross-semi variogram for
a spatially-dependent, two-dinensional random function.

There are two ways that the results fromthe sanple sem variogram program
can be saved. The easiest method is to specify in the Parameter Settings file to
save all sanple semvariograns (i.e. , Place a “Y" in the appropriate field) .
When this is done, every tine the sanple semvariogram programis run, the
results will be stored on the temporary subdirectory. Since 15 files may be saved
at any time, you will nost likely never run the program nore than 15 tinmes so
saving every file will not produce a problem If you should create 15 files and
wish to save additional sanple semivariograms, you can delete files that you do
not expect to use.

An alternative method for saving the output fromthe semivariogram program
is to save the output fromonly those runs that produce “reasonable” results.
This can be done by selecting OPTION KEY: “S" at the end of the Sanple Variogram
Cal cul ation program  The OPTION KEYS appear at the lower right hand corner of
the screen during execution of a program The “S" option only appears at (or
near) the end of the program and generally after a graphic plot of the sanple
sem vari ogram has been produced.

Fit Mdel Automatically To Sample Variogram

This program allows you to fit a mathematical nodel (e.g., a gaussian,
exponential, linear, spherical or power nodel) to a sanple sem variogram The
fitting method uses the nonlinear |east squares mnimzation technique of
Mar quardt (1963).

Sanmpl e Autocorrelation Functions Saved

MOST/ MOST: 00 01 02 03 04
MO ST/ TEMP : 00 01

MO ST / SAND :

TEMP / TEMP : 00

TEMP / SAND :

SAND / SAND :

FI: view | Enter: select D: delete | «t- | Hone End Pg Up Pg Dn
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To specify a sanple semvariogram (first step in running this program,
a screen is produced which shows all the saved variograms for each random function
and all the cross-variograms for each pair of random functions. Thi s screen
di splays the random function nanme, such as:

MJ ST / MJST for a direct semivariogram for MJ ST
MO ST / TEMP for a cross-semivariogram for MJ ST and
TEMP

followed by a series of nunbers, such as

MO ST 00 01 02 03
TEMWP 00 03

The nunbers indicate the 00th (or Olth, etc.) saved sanple senivariogram for the
specified random function(s). Gven in Section 2.3 is a description of the namng
convention used by GEOPACK. The nunbers (i.e. , 00 or 01, etc.) are the extension
of the sanple semivariogram file name (i.e., VARij.00).

Typing RETURN sel ects the particular sanple senmivariogramfile for use by
the fitting program Typing F1 gives sone information about the sanple sem -
variogramfile that the cursor is highlighting. This help information is supplied
to help you determine which file you want to use when you have a nunber of files
from which to choose. The output fromthe fitting programis stored on the
temporary drive (or subdirectory) using a namng convention simlar to the sanple
sem variograns. After a sanple semvariogram has been nodeled (and the results
saved -- SEE SECTI ON ABOVE ON SAVING THE SAMPLE SEM VARI CGRAM the nodel
coefficients are saved in a file

<RAM drive>\nVARi j. 00 first saved sem variogram nodel
coefficient file. This file corresponds to
<RAM\ VARi j . 00

<RAM drive>\nVAR j .0l second file saved

<RAM drive>\nVARi j .02 third file saved

<RAM drive>\nVAR j. 14 fifteenth file saved where the “nf is used to
designate the MODEL senivariogram file.
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Save Model (s), Fit Mdel Manually:

This program displays the nodel sem variogram coefficients that have been
nodel ed using the automatic fitting program and allows the user to select the
“best” model to be saved in a file for use by the kriging program  The program
allows you to save, view and nmanually nodel the semivariogram Each operation is
descri bed bel ow.

Saving a Semvariogram The semvariogram nodel can be saved to the file
whi ch then beconmes available to the Ordinary [Colkriging and D sjunctive
[Co] kriging prograns. This nust be done prior to kriging, otherw se the kriging
program will not have a variogram nodel to use in the calcul ations. If the
sem variogram nodels were fitted to the sanple semvariogram using the
“l east-square” nethod (i.e., automatic fitting procedure), then the semivariogram
nodel should be cross-validated prior to kriging. To do this, use the Cross
Val i dation option on the Ordinary [Co]Kriging menu. To save the a semivariogram
type “S", “RETURN' and give the line nunmber of the nodel you want saved. |f no
sem vari ogram nodel coefficients are saved, the kriging program will not work
properly and an error message will be printed out stating that no semivariogram
model coefficients were found.

Viewi ng a Senmivariogram This option allows you to view a saved
semvariogram  You mght want to do this if you have saved many semnivariograns
and are trying to determne the one you want to use for Kkriging.

To view the a semivariogram TYPE “V', “RETURN' and give the |ine nunber of
the nodel you want plotted. |If you want to view several senmivariogram then give
the line nunbers using the format: “1,2,3” for lines 1 to 3. Note, you can only
view 3 or |less nodels on one graph.

Manual 'y Mobdeling a Semi vari ogram This option allows you to alter the
coefficients of a saved senmivariogram You nust use the automatic fitting program
prior to manually nodeling a sem variogram since this gives you a good starting
point for the coefficients. |f several nodel files are available, you can see the
sanpl e semivariogram from which the nodel was derived by typing the F1 key.

If you choose to manual |y nodel the semivariogram you MJST place the nodel
coefficients into the variogram nodel file manually, as well (unless you decide
to use the automatically fitted values listed on the screen).

To manual Iy nodel a semivariogram TYPE “M, “RETURN', change the

coefficients shown at the bottom of the screen, and type “ESC' to have the nodel
and sanple semvariograns plotted.
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Edit Variogram Mdel File:

This program allows the user to directly edit the file which stores the
nodel s for the sem variogram If a nodel is fitted to a sanple sem variogram
manual |y, then the nodel coefficients must be manually entered into the variogram
model file using this program

Variogram Editor: File: G\TEST. VAR

= Variabl es = Mbdel Nugget === Sill-Nugget == Range # =
MO ST / MJ ST : Exponenti al 0 1. 371 8.001 00
MO ST / TEMP : Exponenti al 0 -2.999 9.994 00
MO ST / SAND : None 0 0 0 00
TEMP / MJ ST : Exponenti al 0 -2.999 9.994 00
TEMP / TEWMP : Exponenti al 2.001 15. 003 4.513 00
TEMP / SAND : None 0 0 0 00
SAND / TEMP : None 0 0 0 00
SAND / SAND : None 0 0 0 00

Esc: Exit FI: Help | F2. Save | « ¢t - | Hone End Page Up Page Down

If no semivariogram nodel coefficients are saved, the kriging program wl|
not work properly and an error nessage W ll be printed out stating that no
sem vari ogram nodel coefficients were found. To correct this error, use the Save

Model (s), Fit Mbdel Mnually programto save the semnivariogram nodel coefficients
for the random functions of interest.
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2.5.10. Description of the Kriging Menu.

Thu Jun 29, 1989 07:47:45 am
Return To Main Menu

GECSTATI STI CAL  PROGRAMS:  Main  Menu

Ordinary [Co]Kriging Menu

Return To Main Menu
Set Program Paraneters
Cross Validation
Ordinary [Co]Kriging
Line Contour Diagram
Bl ock Contour Diagram

Statistics Menu
~{ Variogram Menu
Di sjunctive [Co]Kriging Menu

Esc: quit Fl: help F3: util F4: view | F5: user menu | ¢ Home End

If the highlighted key “0” is typed or the light bar placed over the menu
option “Odinary [Co]Kriging Menu” on the MAIN Menu and the enter key pressed, the
Kriging Menu is activated giving access to several prograns for calculating
estimtes of the selected random function(s) in space. You can use the F5 key to
interface to GEO EAS (or other programnms) which allows you to use the ordinary
kriging program for one random function included in GEO EAS.

Set Program Paraneters:

Information on using the setting of the program parameters for kriging is
simlar to that given in Section 2.5.i. An exanple of the screen generated by the
Set Program Paranmeters programis given bel ow. More information about the
parameters can be found by starting this program and using the F1 key.
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Kriging Parameter Settings File
Est Loc in File (Y/N): N | Anisotropy Ratio: 1.0
Maxi num Search Radi us: 20.00 | Anisotropy Angle: 0.0
Contour File: (Y'N) Y | Nunber Contour Levels: 4
Enabl e G aphic Option: Y | Save Intermed. Results N
ESTI MATE GRID: (P/B) P| ORRGN 0.0,0.0
No. of Points - X 30 Wdth Betw. Pts - X ?
No. of Points - Y 30 Wdth Betw. Pts - Y ?
No. OF VARI ABLES: ? | No. NEAREST NEI GHBORS
Esti mate Var #1 1 Esti mate Var #1 10
Auxiliary Var #1 2 Auxiliary Var #1 10
Auxiliary Var #2 3 Auxiliary Var #2 10
Auxiliary Var #3 ? Auxiliary Var #3 10
Auxiliary Var #4 ? Auxiliary Var #4 10
BLOCK KRI G NG DI SCRETI ZATI ON BLK COVAR. (O default) 0.0
No. of Cells - X 3 Wdth of Cell - X ?
No. of Cells - Y 3 Wdth of Cell - Y ?
+«left | right» | tup | {down | Hone PgUp | Pgbn | End | F2=Sav Esc=Exi t

Cross-Val i dation:

CGEOPACK provides you with a program that allows you to cross-validate the
model for the spatial correlation structure. The cross-validation technique used
is a sem-quantitative technique based on kriging and is used to eval uate whether
the covariance function (or variogram is appropriate for the experinental data.
The met hod involves estimating the value of the random function of interest at
every known sanpling l|ocation but excluding the known value from the estimation
process (the known value is excluded because kriging is an exact interpolator).
Using all the pairs of actual and estinated values, various quantities can be
cal cul ated and used as an indication of the “quality” of the nodel spatial
correlation function.

Ordinary Kriging and Cokriging:

The program GEOKRIG is used for kriging and cokriging. GEOPACK allows up
to 10 variables to be used for cokriging although it is advisable to use 4 or
| ess random functions in practice. If nore than 5 random functions are used, the
default settings program cannot be used while running the kriging program since
it only allows you to input 1 primary and 4 auxiliary random functions. A large
static array of 10000 words is partitioned for storage of input data, the kriging
matrix, etc. so thereis alimt to the size of problemthat can be executed with
this program
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CEOPACK allows you to create estinmated values in one of two manners, either
on a grid systemor by reading a file of x and y coordinates. This latter nethod
is useful if irregularly spaced estimates are required

Estimates on a Gid. The first nethod is to create a grid systemwith
estimated val ues and estination variances at each of the nodal points. To do
this, you must supply the followi ng infornmation:

1. The origin of the grid system (usually the origin for
the collected data is used).

The nunmber of colums of estimates in the X direction
The distance between colums in the X direction

The number of rows of estimates in the Y direction
The distance between rows in the Y direction

o B~ o

For this case, the total nunber of estimates is (Number of columns)-(Number of
rows).

Read Locations Froma File. An alternative nmethod for determining the
pl acement for calculating estimates is to create a file which contains a |ist of
the desired X and Y coordinates for the placenent of the estimates. \Wen using
this option, GEOPACK will pronpt you for the file nane and use the file to
determine the placenment of estinmates.

Line Contour Diagram

A contouring package is provided with GEOPACK so that the output files from
the kriging program can be graphically illustrated. The output file fromthe
kriging programis in the tenporary storage directory with a nane: KPLOT. TMP. The
contouring program reads this file and produces an output file KPLOT1. TMP which
can be used by the graphics programto draw a contour plot on any device for which
a device driver is supplied.

Bl ock Contour Di agram

The pixel contour programis simlar to the line contouring program
descri bed above except that the estimation grid is presented on the screen and
each cell is filled with a color and/or pattern in correspondence to the estinated
value of the particular cell. This provi des another nethod for view ng the
results of the data and gives a better feel of the coarseness of the grid system
The pixel diagram which results from using this program can be printed by using
the GRAPH CS.COM utility supplied with M5-DOS and the PRI NT-SCREEN key.
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2.5.j. Description of the Disjunctive Kriging Menu.

Thu Jun 29, 1989 07:47:45 am

Return To Main Menu

GECSTATI STI CAL  PROGRAMS:  Main Menu

Di sjunctive [Co]Kriging Menu

Return To Main Menu

Set Program Paraneters

Hermte Coefficients (DK Step 1)
Estimates, [Co]Kriging (DK Step 2)
Line Contour Diagram

Bl ock Contour Diagram

Statistics Menu
L| Variogram Menu
Ordinary [Co]Kriging Menu

Esc: quit Fl: help | F3: util F4: view | F5: user menu | ¢+ | Hone End

If the highlighted key “D is typed or the light bar placed over the nenu
option “Disjunctive Kriging Menu” on the MAIN Menu and the enter key pressed, the
Di sjunctive Kriging Menu is activated giving access to several programs for
calculating estimates and conditional probabilities of the selected random func-
tion(s) in space.

Set Program Paraneters:

Information on the setting of program parameters for disjunctive kriging can
be found in Sections 2.5.h and 2.5.i (i.e., variogranms and kriging). One
di fference between this programand the previous prograns is that there are two
screens of paraneters that can be set for disjunctive kriging. To toggle to the
next screen type Ins.

Calculate Hernite Coefficients:
The first step in disjunctive kriging is the definition of a transform
vari abl e. The transformvariable is assuned to be hi-variate normally dis-

tributed. The program cal cul ates the transforned values of the data set which are
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used in the disjunctive [co]kriging program For each random function that will
be used for kriging, a transformed data set nust be calculated (i.e. , run this
program for each data set selected). As a check on the transform process, a
conpari son between the nean and variance of the data and the transformation is
given and should be approxinmately the sane.

Cal cul ate Esti nates:

The program CGEODK is used to disjunctive kriging and cokrigi ng. The
di sjunctive kriging program allows up to 10 variables to be used for cokriging.
Up to 10 cutoff values can be specified for which the program will calculate the
conditional probability that the estimated value is greater than the cutoff Ilevel.
During execution, the output to the screen will use as heading designators the
letters A through J. Typing the F10 key will bring up a window that gives the
definitions of the headings in terns of the cutoff values and transforned cutoff
val ues .

Line and Bl ock Contour Diagramns:

Line and block contour diagrans are also available from the Disjunctive
Kriging Menu. For nore information concerning these progranms, see the description
under the Kriging Menu, above.

2.5.k. Mdifying and Adding Menus.

It is possible to tailor GEOPACK to an individual’'s needs by adding prograns
or menus to the USER nenu (accessed through the F5 key). If the programto be
added to the systemrequires the use of the data set or any of the output files
produced by GEOPACK, read the help information under the headi ng SYSTEM OPERATI ON
on the nain HELP menu. The infornmation concerning the files, their contents,
formats, naning conventions, etc. is given by this help sequence.

The following steps are used to add a program or nmenu to GEOPACK.  Several
exanpl es are included in GEOPACK and can be found by typing the *.MEN files. It
is usually easier to start with copy of an existing *.MEN file (or portion
thereof) as a template and make the required modification(s) to the template. To
add a single executable programis very easy, since only a few lines nust be added
to an existing *.MEN file. To add an additional nenu requires creation of a
conplete *.MEN file, and therefore is somewhat nore difficult. |If a newnenuis
to be created, it is generally a good idea to place the *. MEN and executable files
is a new subdirectory.
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STEP 1: Deternining Wiether a Menu or a Program WII| be Added:

The first step is to determne whether a menu or a programis to be added
to GEOPACK. If it appears that the application to be added may require several
programs or batch files, it is better to create a new nmenu containing these itens.
An exanpl e of creating a nenu is the GECEAS. MEN file contained in the subdirectory
%EODI R USER\ GECEAS, where %GEODIR% is used by GEOPACK to designate the root
directory of the geostatistical prograns. The reason for creating a nenu rather
than specifying a programis that to run the program GECEAS requires rewiting the
GEOPACK data file in a format that can be read by GECEAS. This requires an
interfacing programto create a new file in the proper format.

Next on this nenu are the commands for starting the GECEAS prograns. This
is followed by a program which takes the output of the kriging program (i n GECEAS)
and rewites the output in a format that GEOPACK can read. This enables the user
to utilize the GEOPACK routines on the GECEAS out put. Since each of these
commands concerns the use of GECEAS it is better to put theminto a nenu
specifically to run the GECEAS program rather than including all these commands
on the USER nmenu, since space is linited to 11 entries on any one menu.

Step 2: Altering the USER MEN:

The second step is to alter USER MEN to include another or alter an existing
heading. Once the program or nmenu to be added to CGEOPACK has been created it can
be accessed through the USER nenu (i.e., F5 key) by adding or nodifying an entry
to the menu file. Entries to the USER nmenu are added by editing the USER MEN
file located in the root of the geostatistical prograns (i.e., %3EODI R% USER MEN).
An exanple of a menu entry is:

Li ne
L % E@QJser Menu
2: * GEO EAS
3: #message
4 -
5: NYEGECDI RoA user . nen
6: +YCOVEPEC% /¢ cd %ECDI R user\ geoeas
T -
8. NYEGECDI RoA user \ geoeas\ GECEAS. MEN

where the synbols have the follow ng neaning:

% in colum 1 indicates that the next two hexadeci mal nunbers
indicate the Menu colors, where the first and second nunbers
are the background and foreground colors, respectively,
and the colors are given by the color-nunbers given bel ow
(for example a dark blue background with |ight yellow
lettering is specified by using “E" in line 1, above)

0 - Black 8 - Gey
1 - Blue 9 - Light Blue
2 - Geen A - Light Geen
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3 - Cyan B - Light Cyan

4 - Red ¢ - Light Red

5 - Magenta D - Light Magenta
6 - Brown E - Light Yellow
7 - \hite F - Light Wite

In any other colum the “9% is used for different purposes.
print the following text as the nenu title
print the following text as nenu selection heading

print following text in the information box at the top of
the menu

tells the menu programto hold the menu on the screen as

| ong as possible before switching screens. This helps to

i mprove the visual appeal of the menu program but shoul d
only be used when “popping” (i.e. , adding) or “pushing”
(i.e., deleting) a nenu and not when running an executable
program It should be placed prior to the nmenu to be added
or deleted.

indicates that the remninder of the line is to be executed
THE MENU PROGRAM W LL ONLY RUN EXECUTABLE FILES AND NOT
BATCH FI LES OR BATCH COWANDS. To run a BATCH

command the following nmethod nust be used

+UCOVBPEC% /¢ cl' s - this will clear the screen
+YCOVBPEC% /c echo . . . - this will echo . . .
+%COVBPEC% /¢ c¢d c:\ - this will call the directory c:\

The nane of the file to be executed nust be either in the
current directory, include a full path specification or

the file must be in a directory on the DOS path. It is
generally a good idea to include the full path of

every program whether you expect the programto be in the
current directory or not, since it may not be obvious what
the current directory is. You can always change the current
directory using “%OVSPEC% /c CD\<new subdirectory>".

tells the menu programto add a nmenu to the screen where
the name following “~" is the file containing the nmenu
instructions, (Pop the nenu on the screen)

tells the menu programto renove the “top-nmobst” nenu from
the screen. Sonmetimes the renove nenu instruction (i.e.,
“/") is given on two consecutive lines. This is done so
that two “quit menu” key strokes are not needed to return
to the proceeding menu (this is only done when an additiona
copy of the User's Menu is popped on the screen to nove it
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fromthe right hand side of the screen to the left hand
side; which is done to inprove visual appeal). (Push the
menu of f the screen).

the underscore before the “G on line 2 is used to designate
the highlighted character. This character will activate
the menu option. If there are two (or nore) nenu options
with the sane highlighted character, the cursor bar wll
move to the next one, each tinme the highlighted character is
ent ered.

STEP 3: If Another MENU |s Being Added:

It is often best to place the new programinto a separate subdirectory. An
exanple of this is the GEO EAS subdirectory which stores the executable prograns
for the GEO EAS geostatistical software system  Once the subdirectory is naned
and created, the newy devel oped progran(s) and auxiliary files should be copied
intoit. A new data file containing the entries for the newy created nenu nust
be created using the methods described above. It is probably best to start with
an existing nenu conmand file (e.g. , USER MEN, GEOEAS. MEN or equivalent) to act
as a tenplate, changing only those lines that are needed. This will provide a
guide for setting up the comand file.

In the USER MEN file, the call to the new nenu is made as follows (assum ng
that a new subdirectory called “NEWDIR' has been created with the follow ng path:
%EEODI R% USER\ NEWDI R and that the conmand file for the new nmenu is called
“ NEWVEN. MEN" ) :

#place a descriptive message for the nenu here
* _NEWVEN Menu

NOGEOD! R% user . men
+UCOVBPEC% /¢ cd %GEECDI RW user \ newdi r

NGEOD! R% user \ newdi r\ NEWVEN. MEN

The commands necessary to run one (or nore) programs from the new nenu are
as follows (it is assumed that the new programis called NEWRG:

#Quit Menu

* Quit

/

/

*Run _NEWPRG

#pl ace a descriptive nessage for what the program does here
+YGEODI R% user\ newdi r\ NEWPRG

The above instructions should be adequate for nodifying GEOPACK to include the
new nenu and progran(s).
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2.5.1.  Trouble Shooting.

If an error should occur while attenmpting to add a program or nenu to
CEOPACK try one of the renedies |isted bel ow.

1. The newy created USER nmenu entry does not show up on the USER nenu. This
m ght occur if the wong nmenu data file was altered. The proper file to alter
is %ECD RASER MEN. Also, only 11 entries can be placed on one nenu. If you
wish to have nore than 11 entries you will have to create an additional menu or
move sone of the prograns to other menus, if they exist.

2. The newly created menu does not run when selected fromthe USER nenu. This is
probably due to an inproper path-file name conbination. Make sure that the path
and file nanes are correct. If an error message is printed out by the program
it is often “lost” because the nmenu reappears on the screen too quickly. The
error message (or other information) can be seen by typing the F4 key.

3. The newly created menu does not have any entries on it and an error message:
Abort Menu: Menu Data Not Found is printed to the screen. This is caused because
the nenu program cannot find the newy created menu data file. This nmay be due
to changing directories before the new menu is placed on the screen. You should
check to make sure that the conmands in the User Menu and the new nmenu are
appropriate for what you are trying to do.

4. To get back to the USER MENU (|l ocated at the right-hand side of the screen,
you have to type two “quits”. This is caused because you have popped an
additional USER MEN on to the screen and the newly created nenu only deletes one
of the USER MEN when you quit the nenu. To delete two USER MEN place two ‘/’ in
the neWwy create menu file each on a separate line.

2.6. CEOPACK Enhancements
2.6.a. Running GEO EAS Geostatistical Software.

The CGEO EAS geostatistical software can be executed from w thin GEOPACK.
The GEO EAS prograns are accessed by typing the F5 key and selecting the GEOQ EAS
option. Since the data set required by GEOEAS is fornatted differently than
CEOPACK, there is an interface supplied to create a data set in. GEO EAS format.
This data set will have the file extension “.EPA". There is also an interface
program to take the output from the GEOEAS kriging program and convert it to
CGEOPACK fornat. This enables results to be printed and plotted using GEOPACK
graphi cs capabilities.

2.6.b. Description of GEOPACK Utility Prograns.
CGEOPACK contains a nunber of utility prograns which can be used separately
fromthe systemto aid in alteration of the systemor for use in a “comand-Iine”

mode (i.e., running the program without using the menu systemn. A brief
description of the function of each program and their use follows.
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Program Name Description

HELP. EXE This programis used to call a particular help information
section froma file. For exanple, if you want to print the
help information concerning “Theory of Variograns” the HELP
program could be used as follows: C \HELP VARI.HLP
THEORY. HLP where VARI.HLP is the help information desired
and THEORY.HLP is the file containing VARI.HLP.

CEOPACK. EXE  This program displays the first screen giving the GEOPACK nane.
This program al so determines where the call to GEOPACK is
made (i.e., the subdirectory where CGEOPACK is typed) so that after
| eaving the program you will be returned to that directory.

MSDOS. EXE This program allows you to execute a DOS command while run-
ni ng GEOPACK.

DOSSHELL. EXE This program allows you to | eave GEOPACK in a DOS shell and
temporarily suspend execution of GEOPACK. When finished ex-
ecuting DOS commands you reenter GEOPACK by typing EXIT.

MENU2. EXE This is the menu program

EVOKE. EXE This programis used to execute a program when it is desired
that system parameters be passed to the program (Not e:
system paranmeters are set by the user and are difficult to
“hard” program). This program is particularly useful when
altering (i.e. , adding additional prograns) GEOPACK since it
enabl es you to pass system paranmeters to other prograns
wi t hout having to know their value. For exanple, to run a
‘C" program and passing the location of the tenporary
directory, the border color and the text color use:

EVOKE <prog nane> $(TEMPDIR) $(BORD) $( TEXT)

EVOKE. EXE substitutes the “true” values for $(TEMPD R),

$(BORD) and $(TEXT) in the spawning process, i.e., the above
command is equivalent to <prog name> g:\ 1 11 provided that
the systemis setup so that the tenporary directory is g:\,
and the border and text colors are 1 and 11, respectively.
The list of paraneters EVOKE. EXE can pass follows:

EDITOR - Default text editor
TEMPDIR - Tenporary directory

PRI NTER Printer device

PLOTTER Plotter device

ROAS -  Maxi num nunber of rows on screen

COLS -  Maxi mum nunber of rows on printed page

TEXT - Text color

BORD - Border color

MODE - Screen node (O=rono, |=color) This only works in

FORTRAN progr ans
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SDATA. EXE

PACK. EXE

UNPACK. EXE

EXTRACT. EXE

EDI T. EXE

LI STDI R EXE

DSTAT - Default statistics package

LGRAPH - Default line graph package

CRAPH - Default contour, 3-D graphics pkg
DBASE - Default data base mmnagenent system

Exanpl es: Try these exanples in the root of the geos-
tatistical prograns

EVOKE defgraf $(LGRAPH) $(TEMPDIR) $(BORD) $( TEXT)
EVOKE defgraf $(GRAPH) $(TEMPDIR) $(BORD) $(TEXT)
EVOKE $(DBASE) EVOKE DOSSHELL $(BORD) $( TEXT)
EVOKE SDATA $(TEMPDIR) $(BORD) $(TEXT)

EVOKE $( EDI TOR)

EVOKE edit $(EDITOR) <dir name> $(BORD) $( TEXT)

This program allows you to declare a data file active hy
copying it to the tenporary directory (e.g. , RAM drive) and
creating the DEFAULT file which contains the data file nane
and origination path. To use type: SDATA from root of the
geostatistical prograns.

This program allows you to take the files on the tenporary
subdirectory (e.g. , RAMdrive) and store themin an archive
file. These files may be retrieved at a later tine using
one of the prograns: EXTRACT. EXE, SDATA EXE or UNPACK. EXE

To use type: PACK fromroot of the geostatistical prograns.

This program allows you to take an archived file and renove
all the stored files back to the tenporary storage drive
(i.e., RAMdi sk).

To use type: UNPACK from root of the geostatistical
progr ans.

This program allows you to take one or nore stored files out
of an archived file and place them on the tenporary storage
drive (i.e., RAM drive). You nust extract the data file
and the DEFAULT file before attenpting to run GEOPACK

To use type: EXTRACT fromroot of the geostatistical
progr ans.

This program along with EVOKE allows you to call up the
default text editor for editing the data base. See exanples
for using EVOKE for use instructions.

This program allows you to list the contents of any direc-
tory on a floppy or hard drive. The program also allows you
to viewa file.

To use type: C\LISTDIR <dir nane> <border color> <text
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VI EW EXE

VED. EXE

AUTO. EXE

MGECEAS. EXE

color>. where the colors are given by the color-nunbers
gi ven bel ow

0 - Black 8 - Gey

1 - Blue 9 - Light Blue

2 - Geen 10 - Light Geen
3 - Qyan 11 - Light Cyan

4 - Red 12 - Light Red

5 - Magenta 13 - Light Mgenta
6 - Brown 14 - Light Yellow
7 - Wite 15 - Light Wite

This program allows you to view the contents of a file. To
use this program type the followi ng: C\VIEW -<border color>
+<text color> file nane> where the border and text colors
are given in above. Colors are either decinmal as described
above or hexadecimal using a format such as: Ox1E

This program allows you to manually edit the seni-variogram
coefficient file (see the variogram nenu and associ ated
help screens for nore information) if it exists.

This program operates with the nenu system and executes the
necessary commands to create the hard-coded and user-
definabl e menus.

This is an exanple of a user-witten interface to couple the
CEQ EAS geostatistical software to the GEOPACK system  This
program nodifies that CGEOPACK data file so the GEO EAS can
read its contents.

MGEQOCNVT. EXE This is an exanple of a user-witten interface to couple the

SHOWNDI R. EXE

DEFLT. EXE

CEO EAS geostatistical software to the GEOPACK system  This
program nmodifies the GEO EAS output file so that GEOPACK can
use the results for further analysis.

This program allows you to see a diagram of all the sub-
directories that branch off the current (or specified)
subdirectory. To use type: SHONDI R <any dir>.

This program allows you to alter the system settings for the
parameters |isted under EVOKE

To use this program type: DEFLT SYSETUP SYSDEFLT.
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SECTI ON 3
EXAMPLES
3.1 VIRUS DECAY RATES I N TUCSON GROUND WATER
Description of Data

Wat er sanpl es were obtained from 71 continuously punping public water supply
wells in the Tucson Basin. The water sanples were taken to the |aboratory and
viruses were added. The sanples were incubated at the in situ ground-water
t enperature. At predeternmined tinmes, subsanples were withdrawn and assayed to
deternmine the nunber of virus particles remaining in the water. The decay rate
was cal cul ated as the slope of the Iine drawn through the data using |inear
regression and has the units of log,(virus particles)/day.

CGeostatistical Calcul ations
The data set was configured in the followi ng way according to GEOPACK
requirenents and is included in the directory %ECD RV USER\ DATA under the nane,
VI RUS. DAT.
Gound Water Data for the Tucson Basin

2 71 500. 00
1 2 3 4 5

TEMP DECAY
(f5.0, 4F10. 3)

1 8. 498 7.458  20.00000 - 0.82800
2 14. 129 6.453 20.00000 -0.94600
3 14.330 8.263 20.00000 -0.92400
4 5. 280 8.665 20.00000 -1.16400
5 5. 079 8.464 20.00000 -1.06700
6 6. 084 7.056' 23.00000 -0.79700
7 7.291 6.855 23.00000 -0.98900
8 5. 883 5.045 23.00000 -0.89200
9 17.951 6.654 23.00000 -0.88900
10 2.263 8.866 24.50000 -0.69500
11 -0.151 9.671 24.50000 -0.85500
12 5. 280 7.458  24.50000 -0.73400
13 6. 285 6.654 24.50000 -0.76900
14 3.671 7.660 24.50000 -0.80200
15  14.934 5.447  24.50000 -0.69600
16 11.716 6.654 24.50000 -0.67600
17 14.129 4.240 24.50000 -0.96300
18 14. 934 4.442 24.50000 -0.81000
19 -4.374 11.682  24.50000 -0.80500
20 -5.983 12.889 24.50000 - 0.81400
21 -1.961 10.475  26.00000 -0.79600
22 5. 280 6.252 26.00000 -0.69900
23 9. 906 4.643 26.00000 -0.76000
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are described bel ow
given in Section 2.4.a.
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30.
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00000
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steps are required for
The data set was created following the format
user inputs are shown in Boldface type.

; . v . G Vo Coa o o
OO0 0000000000000 0000000000O00O00O00O00000O0O0O0OODOOO

- 0. 64000
- 0. 94800
- 0. 48800
-0. 59900

. 57600
. 94500
75400

-0. 67600
-0.79700
- 0. 54400
- 0. 39800

37100
. 81600
. 31700

-0. 67800
- 0. 65800

76500
78700

-0. 73400

68900
73400
62900
68400
33900
77200
. 53400
23600
60400
46800

- 0. 65600
-0. 71300
- 0. 58400
-0. 79400

. 66400
. 72700

- 0. 19400
-0. 67000
- 0. 66000

53800

- 0. 33400

63800
55200

-0. 15100
- 0. 50500
- 0. 43900

53300

-0. 62900

. 41400

conducting the geostatistical
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Step 1. Select a Data Set

To use GECPACK a data set nmust be available. Therefore the first step in
using this programis to create a data set (which is assumed to have been done)
and then start GEOPACK and select it.

1) Select Data Set Uilities Menu at Main Menu.

2) Select Select a Data Set at Data Set Utilities Menu.

3) To select the data set, either use the cursor keys to find the entry
VI RUS. DAT or type the name of the file on the keyboard. If a nunber of files
exist inthis directory, it is possible to nove the cursor to the first (or next)
file beginning with a specific letter by typing ALT-letter (i.e., hold the ALT key
and type the desired letter). Note: the Select Data program automatically |ooks
in the “data” directory. This directory is specified in the SYSDEFLT file which
can be altered using the Change System Default Settings program (i.e. , type F3
then C, its the second line on the screen that follows). Once the file VIRUS. DAT
has been sel ected, GEOPACK reads in the data file, and outputs to the screen the
cutoff level and the nunber of available data points for the variables. You are
returned to the Main Menu.

Step 2: Check Distribution of Data

The next step in the analysis is to determne if the data are normally
distributed. A though the kriging technique does not required the data to have
a normal distribution (and is a best linear unbiased estinmator regardless of the
distribution of the data) the estimator is optiml whenever the data is nornally
di stributed.

4) Select Statistics Menu.

5) Sel ect Kol ombgorov Test of Distribution.

6) Select the appropriate data set, in this case, B, decay. The calculations
are output to the screen. At this time, you may type J to junp ahead. The
results of the Kol onmbgorov-Snmirnov Test for Distribution are output to the screen.
In this case, we accept the null hypothesis at the 0.05 level and thus there is
sone evidence that the data are nornally distributed. If the data were not
normal ly distributed, it would be possible to transformthe data into a new data
set with a normal distribution. A logarithmic transformation is a comon
technique for transfornmng data into a normal distribution. You are returned to
the Statistics Menu.

Step 3: Determining the Variogram

Next the sanple spatial correlation structure (i.e., the sanple seni-
variogram nust be determined. Wthout this functional relationship between the
distance and the variance it is not possible to use the kriging techniques.

7) Select Variogram Menu.
8) Sel ect Variogram Cal cul ation (Sanple).
9) Select type of correlation function, in this case, A, senivariogram
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10) selectt he principal function, in this case, B, decay.

11) You will now be asked several questions about how you want the cal culations
perforned, unless you have set up the default settings file in such a manner as
to avoid this. Wen responding to the questions, you may either type in a nunber
or push Enter to select the default value which is shown on the |ower |eft-hand
side of the screen.

12) After all of these questions have been answered, the variogram is calcul ated.
The progress of the calculations is output to the screen as Percent Conpletion on
the lower right-hand side.

13) Both a table of values and a plot of the sanple variogramare printed to the
screen. For this data set, the output appears as shown in Figure 3.1.1 (Note: the
following figures use the device drivers supplied with GEOPACK Publication
quality figures can be created using an appropriate graphics package and the USERS
MENU (F5).

14) You are now given several options. Select Options to add labels to your
graph. Upon Exiting this nmenu, you are returned to the Variogram Menu.

15) Select Automatic Mdel Fit.

16) You will again be asked several questions, then allowed to choose the
autocorrelation function you wish to nodel.

17) Select a nodel type, in this case, D, spherical. The input paraneters are
printed to the screen, as well as the input data. |If you wish to delete any of
the data, type D, Enter, the Cbservation number, and Enter. You need to repeat
this step for each line you want to delete. In this case, we delete lines 8
through 12.

18) Several screens will be printed, detailing the results of the nmbdel variogram
calculations . The mobdel fit to the data will then be printed to the screen. For

this exanple, the output is as shown in Figure 3.1.2.

19) Once again, you are given the opportunity to add labels, etc. to the graph,
20) Upon Exiting the screen, you are asked if you want to rerun the program If
No, you are returned to the Variogram Menu.

21)  Select Mnual Mdel Fit, Select Mdel(s).

22)  You now select the desired file by hitting Enter.

23) A summary of the nmpdels that you have run on that data file is then shown.
Type S to save the correlation model that you want to krig.

24) You are returned to the Variogram Menu.

Step 4. Create a Gid of Estimates Using Odinary Kriging

The final step in this exanple is to obtain a grid of estimates using the
data set and the nodel of the spatial correlation structure. An estinmate can be
made at any point in the field of interest. In general, estimates nade far from
any data points will have a higher estimation variance (i.e. , there is less
confidence that the estimate is close to the true value) conpared to estimates
made close to data points. If an estimate is made at the sane coordinates as one
of the data points in the data set, the estimated value will exactly equal the
data value at that point and the estimation variance will be zero. This behavior
indicates that kriging is an exact interpolator.

25)  Select Odinary Kriging. You will be asked several questions unless you
have nodified the Default Settings file to avoid this.

47



26) Several screens showing the output fromthe kriging calculations will be
output to the screen. Once again, at the Kriging Estimates for Decay screen, you
are given the opportunity to Junp ahead and bypass seeing the output of this
program

27) When the programis finished, you are returned to the Ordinary Kriging Menu,
where you sel ect Line Contour Plot.

28) You are given the choice of plotting the estimted value or the variance.
In this case, we choose A and the followi ng contour plot is shown on the screen:
29) You are given the option to add labels to the plot as before.

30) After Exiting this program you are returned to the Ordinary Kriging Menu.
31) This time, we select Block Contour Plot.

32) Again we choose Ato plot the estimated val ues, and the output |ooks like the
fol | owi ng:
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8 = .0°

SEM VARI OGRAM

CALCULATI ON

66 = + 90.0"

DATE: 09/01/1989

TIME: 09:06 am A

No. OF SEM VARl OGRAM DRI FT
LAG COUPLES DI STANCE DECAY DECAY
1 11 .41 . 0243 -. 1444
2 125 1.23 . 0292 -. 0649
3 232 2.38 . 0366 -. 1125
4 230 3.54 . 0415 -.1355
5 249 4. 65 . 0426 -.1603
6 241 5. 83 . 0437 -.1633
7 216 6. 95 . 0424 -.1621
8 193 8. 17 . 0379 -. 1557
9 160 9. 38 . 0342 -.1586
10 175 10. 50 . 0406 -.1680
11 137 11.66 . 0574 -. 2497
12 146 12. 77 . 0426 -. 1555
Strike a key when ready . [ X RO H
Virus Data
8.8 , — _
0845 | | B
o
o 0
o
B.84 1
%
1= V]
& 0
I~ -
281835 o -
£
9]
8133 i 0 4
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Figure 3.1.1. Exanple output from Variogram Cal cul ation (Sanple)

data set, VIRUS.DAT. |n A and B,
of the semivariogram function.

Distance (km)

respectively,
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Virus Data
8.8 ——— —
B.040 )
B.M ¢
B.03 |

gran
P
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u

.05
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1,
L

Distance (km)

Figure 3.1.2. Exanpl e output fromthe Automatic Mdel Fit program  The solid
line is an spherical nodel that was fitted to the sanple sem variogram
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SUMVARY OF SPATI AL CORRELATI ON MODELS
Li ne No. Sill - A
No. Pt s DR MCDEL NUGGET NUGGET RANGE SSQ
1 10 .00 EXPON . 0165 . 0240 1.2286 . 00008
[ 2.33] [ 3.55] [ 2.00]
2 10 .00 SPHER . 0207 . 0197 3.8252 . 00007
[ 5.34] [ 4.98] [ 3.52]
3 10 .00 PONER . 0000 0311 . 1297 . 00016
[ .00] [ .16] [ .19
Esc: Exit FIl: Help S: Save V: View M Mbdel (Manual Mbde)
) Variogram Editor: File: G \WVI RUS. VAR
= Vari abl es Model ===== Nugget === Sill-Nugget === Range # B
TEMP | TEMP None 0 0 0
TEMP |/ DECAY : None 0 0 0
DECAY / TEMP : None 0 0 0
DECAY / DECAY : Spheri cal 0.021 0.02 3. 825 00
T 1 1 T
ESC. Exit FIl: Help | F2: Save t ~ | Home | End | Page Up | _Page Dov
Figqure 3.1.3. Exanple output from Manual Mdel Fit, Select Model(s) program (in
A) and the Edit Variogram Mddel File (in B).
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Virus Decay Rate
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Figure 3.1.4. Contour diagram of the estimated value of the decay rate using the
Ordinary [Co]lKriging and Line Contour Diagram prograns is illustrated
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Estinate B § A

File Data Yiev § Estimation Variance File: kPLoT.TP @ B

8.827326
8.832685
8.833405
8.838659
8.843395
8.848377
8.838913
8.851351

[T TR 1)

OO O €A B (A 1D
PN N A P S A
uw o

Fiqure 3.1.5. Contour diagramusing the Ordinary [Co]Kriging and Bl ock Contour
Di agram prograns. In A and B, respectively, the estimated value for the decay
rate and the estimtion variances are illustrated
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3.2. SALINITY IN A SOUTHWEST ARl ZONA FI ELD.
Description of Data

This data set contains tw random functions, the electrical conductivity
(EQ), and the sodium adsorption ratio (SAR). The data was col |l ected by Al-
Sanabani (1982) at 101 random | ocations on a Imby Imgrid systemin a 10-ha
field (soil type: Typic Haplargid). The 1-2 kg sanmples were placed in a beaker
with distilled water and a saturated paste was nmade. The solution was extracted
fromthe paste and the EC of the solution neasured. A nore detailed description
of the data and techniques used to nmeasure the EC and SAR is given in Al- Sanabani
(1982) . This data set is included” in the %3EQOD R% USER\ DATA directory under the
name, ECSAR DAT.

Step 1: Check Distribution of Data

The hypothesis that the data were normally or lognormally distributed
was tested using the Kol onogorov-Snmirnov (KS) test for goodness-of-fit (Sokal
and Rohlf, 1981; Rao et al., 1979). The KS test statistic was cal cul ated

and conpared to the critical value at the 0.1 probability level. This |evel
was chosen to reduce the probability of the type Il error, nanely the probability
of incorrectly selecting the null hypothesis (Rao et al. , 1979).

For a sanple size greater than 30 the critical value at the o= 0.1
probability level can be obtained from the asynptotic expansion (Rohlf and
Sokal , 1981; Rao et al., 1979):

KS,, = 0.805/(Jn)

The results of the KS test indicate that the original and |og-

transformed data are from | ognormal and normal distributions respectively,

at the 0.1 probability level. Therefore a |lognormal transformation will cause a
data set to have a normal distribution. The KS test statistic calculated fromthe
data sets were 0.197 and 0.065 for the original (EC) and transformed (I nEC) data,
respectively. The associated critical value is 0.080 and was cal cul ated by Eq.
1 for n = 101. Since the data are lognormally distributed, they will be
transformed to a data set with a normal distribution by taking the |ogarithm of
each datum  This new data set will be used for the geostatistical analyses.

Step 2 Transform the Data Set

The data set can be transforned by using the Mdify an Existing Data Set
option on the Data Set Uilities Menu. The steps necessary to use this program
to add a random function called In[EC] by taking the logarithm of the EC data are:

1. The allowable transformations can be viewed by typing F1 (Help) before
selecting the variable to nodify. Place the lightbar over the data set (i.e., EC)
to be transformed. Type Enter.

2. Move the lightbar over one of the Unused narkings and type Enter. A w ndow
will pop up in which the nanme for the new data set can be entered. In this case,
the new data set will be called In[EC.
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3. Type in the transform equation, which for this exanple is:
y=l og(Xx); (natural logarithm

and type a F4 to start the transformation process. Once conpleted both the EC and
In[EC] data sets will exist in the data file.

4. To save the transformation results, type F2 and either Oto overwite the data
file or B to save a backup copy of the old data file. If you decide you do not
want to save the new data set, the type ESCAPE and you will be asked if you want
to leave the program without making any changes.

5. To exit, type ESCAPE.

Step 3. Determining the Variogram

As with all kriging nmethods some neasure of the spatial correlation
structure is necessary. For disjunctive kriging the appropriate function is the
auto correlation which requires a second-order stationary hypothesis (i.e. , the
variance must be finite).

An easy method for determining the autocorrelation from the sem -variogram
is to use the following relationship

p(h) =1 -y(h)/v(=)

which is done automatically when using the disjunctive kriging program Usi ng
CEOPACK to determine the sample semivariogram by followi ng the sequence given in
Exanple 1. Next a nodel variogramis applied to the sample semvariogram  For
this exanple, the automatic fitting procedure is used and yields

y(h) = 0.27 + 0.66[1.5h/145 - 0.5(h/145)°; O<h<145 [5]
y(h) = 0.93 = y(=); h > 145
and is shown in Figure 3.2.1.

This variogram nodel was used in the cross validation procedure |isted on
the Ordinary [Co]Kriging Menu which attempts to fit both the sanple semi-variogram
and the reduced nean and variance sinultaneously. An acceptable nodel variogram
is given when the reduced nmean and variance are approximtely 0.0 and 1.0,
respectively, subject to a reasonable fit to the original sanple semvariogram
Using the Cross Validation procedure on the Ordinary [Co] Kriging Menu, the reduced
nmean and variance of the above nodel can be determi ned and are, respectively,
.0198 and 1.224.

The cross-validated nodel is somewhat different fromthe one listed above
because now the fitting procedure also tries to fit the reduced nean and vari ance.
For this case the sem-variogram nodel is

y(h) = 0.36 + 0.52[1.5h/153 - 0.5(h/153)7; O0<h<153 [51
y(h) = 0.88 = y(=); h > 153
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For the nodel given above, the reduced nean and variance, respectively, were
0.0241 and 1.062. One problem in using the reduced mean and variance for
determ ning the adequacy of semivariograns is that there is no independent method
for determining how close to zero and unity the reduced mean and variance shoul d
be and therefore using this technique to fit nodels to a variogramis somewhat
subj ecti ve.

Viewing the two variograms using the Fit Mddels Manual ly option on the
Variogram Menu, it appears that the neither of the nodels produces an adequate fit
for both the sanple semivariogram and reduced mean and variance. For this reason,
an alternative nmodel is chosen that falls in between the cases |isted above. This
model is

y(h) = 0.30 + 0.60[1.5n/160 - 0.5(h/160)%]; 0<h<160 [5]

v(h) = 0.90 = y(=); h > 160

and has a reduced mean and variance, respectively, of 0.0203 and 1.109.

Step 4: Calculate the Hermite Coefficients

The next step in the disjunctive kriging process is to find the coefficients
whi ch define the Hermite transform function (See Theory of GCeostatistics listing
on the GEOPACK User’'s Manual, Type Fl). To obtain the Hermte coefficients it
i S necessary to select the Hermte Coefficients listing on the Disjunctive Kriging
Menu.  There are a nunber of questions that rmust be answered during the execution
of this program These questions will appear only if the Set Program Paramneter
program was not run prior to this selection.

Step 5: Create a Gid of Estimates Using Disjunctive Kriging

A total of 2500 estimates of EC and | n(EC) (using each nethod) were obtained
on a5 by 5 meter grid system superinposed over the field sampled by Al-Sanabani
(1982). Along with each estimate a value of the kriging variance was calcul ated
and for the disjunctive kriging nmethod a value of the conditional probability.
Bower and W/l cox (1965) gives 4.0 dSYmas a critical value of EC for many plants
therefore this value (or the In(4.0 dS/m ) was used for the critical value (i.e. |,
Z.) in subsequent analyses. For all cases a maxi mum of 5 nearest neighbors
within a radius equal to the range of the variogramwere used in the estimation
process. Next, the results were contoured to show the spatial distribution of
the electrical conductivity and illustrated in Figure 3.2.2.

Step 6: Create a Gid of Conditional Probability Estimtes

The disjunctive kriging estimator can also be used to determ ne the
conditional probability that the unknown value is greater than a specified cutoff
val ue. An exanple of this is given in Fig. 3.2.3 where the conditional
probability that the In[EC] is greater than In(4.0), respectively is contoured.
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From this figure one can see that the zones of high probability coincide with
areas of high In[EC. Al though the shapes of the high probability zones are
simlar to the shapes of the In[EC] contours in Fig. 3.2.2, two points with the
sane estimated value of In[EC] do not always produce the sane conditional
probability. For nore information see Yates et. al. (1986)
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Figure 3.2.1. The semnivariogram function for the natural logarithm of the

el ectrical conductivity using the Variogram Cal cul ation (Sanple) program and the
data set, ECSAR. DAT.
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i ge vl cie [l s |

Level 1 -0.189%4 (= { 8.6179
Leve] 2 8.6179 (= { 8.826
Level 3 8.826 (= ¢ 1.843
evel 4 1.849 (= o (1,229
evel § 1.229 (= ¢ 1.347
evel 6 1.347 <= { 1.491
eye] 7 1.481 (= ( 1,732
evel § 1.7232 (= { 2,636
Figure 3.2.2. Contour diagram of the estimated value of the electrical

conductivity using the Disjunctive [Co]Kriging and Block Contour Diagram prograns.
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Figure 3.2.3. Contour diagram of the conditional probability that the estimated
val ue of the electrical conductivity is greater than the natural |ogarithmof 4
dS/m (i.e., 1.38 log(dS/n}) using the Disjunctive [Co]Kriging and Bl ock Contour

Di agram progr ans. This figure shows the actual screen position of the contour
| evel s wi ndow when displ ayed.
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3.3. SURFACE MO STURE, TEMPERATURE AND SO L TEXTURE.

Description of Data

This data set contains three random functions, the surface noisture content,
(9), the surface soil tenperature (T) and the sand content of the surface 1 cm
The moisture content and sand content data were collected at 71 random | ocations
and the tenperature data at 120 random |l ocations on a Imby Imgrid systemin a
1 ha field at the Canpbell Agricultural Center of the University of Arizona. A
nore detailed description of the data and techni ques used to neasure the EC and
SAR is given in Yates and Warrick (1988). This data set is included in the
Avail able Data Sets option (Type: F5, followed by A) and is named C912. DAT.

Step 1. Determining the Variogram

As with all kriging nmethods sonme neasure of the spatial correlation
structure is necessary. For cokriging a spatial correlation function is required
for each random function as well a cross-correlation function for each pair of
random functions to be included in the analysis. Since ordinary kriging is to be
performed it is only necessary that the random functions be intrinsic (i.e., it
is no longer required that the variance be finite).

GEOPACK is used to deternine the sanple sem variogramby follow ng the
sequence given in Exanple 1, Next a mpdel variogramis applied to the sanple
sem vari ogram For this exanple, the automatic fitting procedure is used and
yields the follow ng exponential nodels

v(h) = 0.00 + 34.2 (1 - exp[-h/8.78]); for surface moisture
y(h) = 0.00 - 18.4 (1 - exp[-h/10.8]); for cross-semvariogram
v(h) = 2.86 + 15.6 (1 - exp[-h/4.71]); for surface tenperature

for h > 0 and are shown in Figures 3.3.1 and 3.3.2. The overall reduced nmean and
variance for this set of variograms is -0.0091 and 0.92, respectively.

This variogram nodel was used in the cross validation procedure listed on
the Ordinary [Co] Kriging Menu which attenpts to fit both the sanple sem -variogram
and the reduced nean and variance sinultaneously. Since only one nodel can be
cross-validated at a time the following method was used. First the senivariogram
for the surface nmoisture was cross-validated. This was foll owed by cross-
validating the surface tenperature nodel. Assum ng that these sem -variograns
were not affected by the cross-validation of the cross-semvariogram they were
fixed during the cross-validation of the cross-semvariogram Using this Cross
Val i dation procedure the follow ng variogram nodels

v(h) = 0.00 + 34.0 (1 - exp[-h/8.23]); for surface nmoisture
y(h) = 0.00 - 18.3 (1 - exp[-h/10.3]); for cross-senivariogram
v(h) = 4.19 + 14.3 (1 - exp[-h/5.12]); for surface tenperature
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for h > 0 were calculated. The overall reduced nean and variance for this set of
variograms is -0.0068 and 0.88, respectively. Plots of the nodel variograms and
the sanple variograms are shown in the Figures. Viewi ng the cross-validated
vari ogram nodel s using the Save Mdel (s), Fit Mdels Manually option on the
Vari ogram Menu indicates that either set of variogram nodels would be adequate
representations of the spatial correlation structure.

Step 2. Create a Gid of Estimates Using CoKriging

A total of 2500 estimates of the surface noisture content were obtained on
a 2 by 2 neter grid system superinposed over the CAC field site using cokriging.
(the auxiliary variable was the surface tenperature). Along with each estinate
a value of the kriging variance was calculated. Shown in Fig. 3.3.3 is a block
contour diagram of the cokriging estimates and definition of the color/pattern
used in the diagram For this exanple a maxi num of 5 nearest neighbors of the
noi sture and tenperature within a radius of 20 mfromthe estimation site was
used in the estination process. Shown in Figure 3.3.4 is the associated
estimation variance for the soil moisture using the cokriging technique.
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Figure 3.3.1. The semivariogram function for the surface noisture content (in A)

and the surface soil tenperature (in B) using the Variogram Cal cul ation (Sanple)
program and the data see, C912. DAT.
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So1] Hoisture and Temperature

Cross Semivariogran

Distance (n)

Figure 3.3.2. The cross-semvariogram function for the surface noisture content
and the surface soil tenperature using the Variogram Cal cul ation (Sanple) program
and the data set, C912.DAT.
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Figure 3.3.3. Contour diagram of the estimated value of the electrica
conductivity using the Odinary [Co]Kriging and Bl ock Contour Diagram prograns.
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| File Data Uiew | Estination Variance |

T —
File: KPLOT.THP  §
]

Leve] | 8¢ { 13,282
Level 2 13.282 (= Bz (17,942
Level 3 17,942 (= | { 21.877
Level 4 21,877 (= { 23.692
Level 3§ 23.692 (= ¢ 25.912
Level b 29.912 (= {28.34
Level 7 28,34 = { 34.667
Level 8 34,687 (= ¢ 61784
Figure 3.3.4. Contour diagram of the estimation variance for electrical

conductivity using the Odinary [Co]Kriging and Block Contour Diagram prograns.
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