Bibliothéque UA/SAFCRAD
OF 01 BP. 1783 Cuagadougcu C1
' el 30 - 61-71/31-15-98
Burki-a Ffaso

8y

—  -Bugeve R.-Perrier; Larry P-Wilding and-Bruce Gilliver*. —r

‘Farm - Development Committes of ths JCRISAT Sakelien -
Contre [15C), ICRISAT, P O, Patancheru 502 384, .
Andire Pradeosk; Todis:

XSoil Physicist, ICRISAT/SAFGRAD, Ouagadougou; :
Upper-Volta, West Africa, Pedologist, Soil -and Crop
Sciences Dept., Tesas A& M Univeristy; College .

Hyderabad, Indis.:

519.5
PER~3 D




LAl oUW ORLY

Bibliotheque LA /SAFGRAD

01 BP. 1723 Cuagadougeu (1

‘¢l.30 - 6 -71/51 -15- 68
Burkiza faso

'AEKRB“&EDGEHEETB:

Acknowledgement is made to the Farm Development Committee of
the ICRISAT Sahelien Centre (ISC) at Niamey, Niger, Ffor the
planning and -guidance ' given ' ‘during the Fformulation -of this
report. A special thanks is given to Dr. Gamini -Gunhasekera,
Committee ' Chairman- and Principal- Sepil - and Water ' Scientist,
Hyderabad,; India, for his support and counsel during -his work
trips to Niamey, Niger.

The authors acknowledge the leadership of Dr. L. D. Swindale,
Director General, ICRISAT, whose interest and direction helped to
develop the working environment which made this report possible.




e 1
wt =T == FOR Ry, w w1

TABLE OF CONTENTS
INTRODUCT ION
YIELD VARIABILITY TRIALS

Probability Analystis
Plot 8Bize

AUTO AND SPATIAL CORRELATION WITH SPECTRAL ANALYSIS
Detrending
Autocorrelation
Bpectral Analysis
Spatial Correlation
SEMIVARIOGRAMS AND KRIGING ANALYSIS

Semivariagrams
Kriging

leger~Exanplu=
- CONCLUSIONS
‘Recommendations -
"LITERATURE -CITED -
APPENDEX - A
APPENDIX -B

52
&0

78

8a

a4 -

85

89

110



TABLE 1.

FIGURE 1.
FIGURE -2.
FIGURE's-

FIGURE- 4.
FIBURE 3.
FIGURE 6.
FIGURE- 7.

FIGURE 8. -

FIGURE 9.
TABLE 2,

TABLE 3.

TABLE ‘4, --

FIGURE 12.°
FIGURE 13.

FIGURE 14. -
FIGURE - 15. -

FIGURE ‘14,

DRAFT —— FOR REVILEW ONLY

"LISTING OF TABLES AND FIOURTDE-

The mean - (Y), standard deviation (s},
percent coefficient - (8), and - kurtosis
coefficient - (k), with 5 ' percent level of
significance (%) for both the row and column
effects of the cotton seed yield. data
(gm/plot). - -

Mean yield (gm/plot) for-columns.

Mean yield: (gm/plot) $or rows.

Probability- curves for skewed and-normal
distributions.

Probability curves-for  column--data.:
Frequency data for row-19.+

Frequency: data for ‘row:23.

Frequency data for column 7<

Freqguency fata-for column 14.
Comparisons -of prcobability distributions.

- Number of basic units, - x, shape and size.

of plots.as column by ‘row, total .variance-
of plots; Var, and variance*per“unit

. ‘EI"EE, vu -
FIGURE 10, -
FIGURE 11, -

Variance/unit area-to - size- of plot.-
Variances-for ‘blacks: of 2. -

Plot: yields, Y, - ‘(gm/p}lot) -to variaus-plot
areas, - <, - and - shapes -with - standard-
devzat:un, Sy and'"percentmcaefficient'of:
variation, CV.’

The- linear regression equatiuns for trending

analysis [yield~ =:a: + b »x.  (distance)]l,
coefficients of determination, r®, standard-
errors of-estimates, 8E; - and test of
hypothesis: that b = 0 (t-test at S% level .
of significance = #) Ffor .cotton seed vyield.
data set Cby rows- (40} and-columns (32)1.
Examples of data: trending-in -rows.

Example for- cnmput:ng the - autocorrelatlon
coefficient.

Scatter diagram? - autocarrelatxan.
Scatter-diagrami- autocorrelation..

Scatter diagram:: autocorrelation.

7-8

10
11
12
12
13
13
16

i8
19
20

21

25-26

27

29
S0
31
31



LISTING OF TABLES AND FIGUNES -

FIBURE 17.
FIGURE 18.
TABLE 4.

TABLE 6.
FIGURE 19.
FIBURE 20.
FIBURE 21.
TABLE 7.

FIGURE 22.
FIGURE 23.

FIGURE 24.
FIGURE- 25.

TABLE 8.

FIBURE- 26
FIGURE: 27. -

TABLE 9.

TABLE 10+

FIGURE 28.-

TABLE:- 11.

FIGURE 29.-

FIGUYRE: “30.
TABLE 12,

- TABLE 13«

FIGURE- 31.

FIGURE - 32.

TABLE *14.---- -

TABLE 15.
FIGURE 33.

FIGURE 34.

FIGURE - 335, -

FIGBURE 36. -

Lk T —— bilin Bevics LY

(cont.?

Correlogram for row data. 33

Correlogram for column data. 33

Autocorrelation ceoefficients: for part

of the data set. 34-35

Estimated distance ot dependency or range. 37-38

Raw and smoothed power spectrums, ' - 41

Smoothed power spectrums: columns.- 42
© Smoothed power spectrumg: rows. 43

Estimated positions of the-harmnnic

peaks and valleys. 44-45

Spatial correlation coeff:cient. 48

Spatial correlation coefficient

{Inverse-Figure-22). 48

Spatial correlation coefficient,- 50

Spatial correlation coefficxent

(Inverse Figure 24).- : . 850

Mean - distance of dependency or--range- {meters). 51

The general- characteristics of a semivarzogram. a3

Variogram for-*ideal” models. : : 9%

Experitmental - semivariagram- (gm/plot}3

for: columy and -Tow catton seed'data

11280 - plots). ~ : oh

Experimental: semivariogram (gm/—plo—t)~=

for diagonal cotton seed data (1280 plots). 57

Semivariogram for cotten seed-data.- - . 39

Semivariogram computed for- the spherical -

model: for the cotton seed-data.- : &0

Neighborheod or—grid- used tu determxne'

kriged values, : 61

Two—dimensional- auxiliary function, H(d b). &4

Values of H{d;b) for the.1& grid pcsitronsn

{gm/plot)=, ‘ ' &6

tiethod of calculatrng the - (6i1,A),

{(gm/plot)=. &7

Estimation of area<average from one yield

*point’. &7

Image-values-of area egtimation fnr :

block kriging. &8

Matrix- nf-coe%ftcients-for-v~(A,A),-o+~

the: kriging set of 1linear-equations.- 71
- Kriged-vyield: avgrages for the- cutton‘

seed-datas : 737475

Contour-map ‘kriged- +rom cotton: seed

data, gm/plot: : 76

Contaour map of original- cntton seed

data; -gm/plot, . 77

Contour map: erged from yleld index values

cm/p¥ot. - 78

Contour map -kriged from: total number -of

established pockets, #/plot, 79

Information by method of -analysis. 80



Dhal-T1 --— FOR REVIEW UHLY

STATISTICAL MEASURES OF FIELD PLOT UNIFORMITY

E. R. Perrier, L. F. Wilding and HE. Gilliver:?

INTRODUCTION

Soil wvariability is a familiar problem to agricultural
scientists who must constantly deal with the cumulative effects
of micro—variation which can weasily mask treatment differences.
Bpatial variation of soil parameters is a problem when applying
results from analysis of localized soil and vyield data <from
experimental plots to farmer’s fields. In many experimental
gsituations, conventional methods to control inherent so0il
variation Ffrom treatment comparisons through randomization and
replication are difficult if not inadequate to determine
appropriate management practices. )

An experimental field plot is a land area prepared for a
physical or chemical measurement or a specific crop where the
optimal plot size and replication enables evaluation of treatment
effects to a desired precision - (Nelson, 1981). To establish
experimental Ffield plots, the scientist must estimate soil

variability. Results from experimental field plots may reflect
not only the specified treatment effect but also the effects of
other factors such as - rainfall, surface irregularities,

infiltration, fertility, cultivation;, plants, management; etc.
As the Sahel Region of West Africa is comprised of -heterogeneous
soils and sporadic rainfall (Virmani, et al, 1980), the
variability of experimental vyields may- be -caused by - thase
uncontrolled factors-on the imposed treatments- (Angus, 1981).

Discussions - by scientists - have concluded- that " if the
"natural” condition of the soil could be preserved then -fields
would be sufficiently "homogeneous" so that no soil surface or
profile modification is needed (Niamey, 1982 and Hyderabad,
1983). Hawever, the guestion can be debated about how one could
possibly -=manage-—research-plots- under- these-conditions; -and- i+ -~
everything is “"homogeneous," should statistical measures be used
to estimate or test their uniformity? The purpose of this report
is to review the literature on statistical methods available to
measure field plot uniformity. Methods are described in detail
in the following sections with recommendations for application of
these techniques.

1. Snil physicist, ICRISAT/SAFGRAD, Ouagadougou,” Upper Voltas
Pedologist, Soil and Crop Sciences Dept., Texas Agric. Exp. Stn.,
College Station, Texasi Statistician, ICRISAT, Hyderabad, India
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The following statistical methods used to estimate the
uwniformity of field plots were examined:

1. Yield variablity trials,

2. Auto and spatial correlation with spectral
analysis, and

3. Semivariograms and Kriging analysis.

To illustrate the analyses of the various methods, cotton
seed yield data taken in 1926 and presented by Panse and Sukhatme
(1278) were evaluated. Yields were taken from 1280 plots which
measured 1.42m by 1.42m each within a field measuring 43.5m by
56.9m or 2590 square meters (»0.25 hectare). The data set is
presented in Appendix A together with examples of computer
program output. All computer programs used to -analyze the data
are presented in Appendix B. Computer program number 1,
ENTDAT. BAS, was used to enter the cotton seed yield data set on
file For further use. The conclusions present recommendations
and priorities to be used when developing new field plots or
quantifying the uniformity of existing field plots=,

An objective of this report is to present -methods in a form
suitable for -  field application. Although many of the methods
appear to be mathematically sophisticated, " the intention is that
only the "nuts and bolts" are presented ‘for each methods albeit,
some of the "nuts and bolts" may appear to be chrome plated. The
computer programs i1in Appendix B are- adapted to a portable
computer and written in the-universal- language of  -Microsoft
BASIC. '

VIELD VARIABILITY TRIALB:

The choice of plot size has-been recognized as important for
efficient and economic experimentation <(Binns, ~1982). Plot sizes
that reduce variance to acceptable-levels are -sinfluenced - by
available equipment, crop competition;, crop and soil variability,

required precision, and many other: Ffactors. - - Proper
interpretation of experimental’ field plot data largely depends on
the ’'best® estimation-of the-experimental- - error.-— Enough - data

points tan- be obtained-to estimate the variance of a specified
parameter by measuring that parameter-at-the finest grid possiblae-
(Vieira, et al, 1981).. Although this 'may be-the best criteria
for determining shape and size of field-plots,  -it is usually not
feasible in practice because of excessive costs and the-need - for
many samples. If the soil variation is known, ‘long-and- narrow

2. These remarks -do-not-infer criticism on or of the analysis as
presented ‘by ‘Panse and Sukhatme: {1978).
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Rlots with the longer dimension in the direction of greatest soil
variation are the best arrangements to overcome the effects of
s0il heterogeneity (Li and Keller, 1991).

Plot size within a given range usually is regarded as a
matter of convenience, i.e., use of farm machinery demands larger
plots than hand tools (leClerg, et al, 1942). Also, plots must

be small when a breeding program has only a limited -amount of -
seed. For a fixed land area, the plot size varies inversely with
the number of treatments ¢o be included - in the test. For
example, 1f a researcher :has 1/4 hectare and wishes to study 5-
varieties of sorghum at 2 planting dates and with 5 replications,
his plots could be Sm by 10m in size (SOm=® per plot). The
longer length (10m) then, should be directed-tawards the ‘region
of the greatest soil variability (assumed: or measured). Although
randomization and replication are considered essentiwl in modermn
field - experimentation, it is still ‘not unusual to find - trained -
scientists using an-inadequate number of ' replications without:
randomization®, But ways to  increase ' precision of- field :
experiments and reduce effects of soil variability on - treatments -
is by increasing- the number-of replications, -by randomization,
and by using concomitant information®;

Pedologists  (Wilding:and Drees, 1978, 1983) have-categorized
field variability into two broad groups:: -

1.- Systematic variation -
2. FRandem variatien™

In - -general, investigators prefer to deal with-random variation
and - assume--- that - - systematic: -variation —-is non—existent.
"Systematic- -variability is a‘gradual- or:marked-change -in soil
properties - {(or- a sign- "of trend effects) - as a Functien of -
-landform, geomorphic elements and:soil-forming: factors; and/or-
501l management’ by man.* Thé systematic variation -is usually-
considered— deterministic- and reselved by-effective soil: surveys
and pedoYogical -investigations:-- Wilding and Irees have grouped .
systematic- varlability as-a function of the-following factorss

1. Land" forms: mountains, prateauns;~ - basins;, plains,
terraces;.-fans,-valleys,_ _soraines, -etc.. . _

2. Geomorphic elementst: summit, shouldery backslape .
{sideslope), and-toeslope -“(footslope). -

3. It is accepted that systematic designs-still have @ role: in
agricultural research.

4. (Statisties), then, is not-everlasting,- revealed truth., It is
a living body of- ideas' that changes with- time.~ There -are  ®ary-
methods, and- what is ‘right and valid today may ‘be” wrong and

invalid tomorrow (Hirschi and-Selvin, - 1973).
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3. Soil—+forming factors:

a. Chronosequences: a function of geomorphic age and
. landscape stabilitys;

b. Lithosequences: a function of parent material or
bedrock typess

c. Toposequences (Stoop, 1982): a Afunction of
topographic relief on similar parent materials; and,

d. BRiosequences: a function of biology, i.e., forest
vs grassland or organic vs mineral sequences.

4. Interactions of the above three factors.

Random variation cannot be determined by exact measurement
but can be managed by randomization and replication.  For general
approaches to the study of field plot uniformity, statistical
probability analysis and spatial correlation techniques are
usually employed to assess the effects of random variations
whereas, autocorrelation, spectral analysis, and kriging analysis
are used to evaluate the effects of both systematic and random
variation. However, all these techniques can be used to estimate
field plot uniformity.

Probability Analysis-

When attempting to apply various -methods available to
estimate field plot uniformity, it is essential to know if the
data fits ‘a normal,- logarithmic, or other skewed distributions.
The: shape of the frequency distribution determines the method
selected for- analysis. Statistical methods require that the
probability or frequency distribution be known before estimating
the statistics of a spatial or temporal variable. Nielsen, et al
(1973) and Vachaud (1982) suggest that fixed-terms such as soil
moisture retention are normally distributed whereas terms dealing:
with time or transport-such as hydraulic conductivity follow a
log-normal distribution. As different measurements of soil and
plant praoperties can have different scales of spatial dependence,
it is important to-evaluate their probability distribution before
the start of large scale sampling (Russo and Bresler, 1981).
Normal and 1log Pearson type III curves will be presented as

examples for estimating the design probability for Ffield plot-
uniformity trials.

The mean yield is usually obtained by taking samples- from
many (random) locations in the field. Probabilities associated
with individual plot data, Y (if wvalues are distributed
normally) are given by:

y =Y + Ks (EQ. 1)
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where

Y = mean =zzy‘/n,

n = numnber of samples
s = standard deviation = [3 (y. - Y)2/n-111-2
K = numerical value of the frequency integral (taken +from

statistical tables).

The cotton seed data was analyzed by computer program number
2y FRER.BAS, and shown in Appendix B. Mean, standard deviation,
skewness, and kurtosis with significance levels were determined
(Snedecor and Cochran, 198Q0).

Table 1 shows the mean, standard deviation, coefficient of
variation percentage, and the coefficients of skewness and
kurtosis with the 5% significance level indicated for the
analysis of both columns and rows of the cotton seed data. The
coefficient of variation of the row data appears less variable
than the column data. However; the rows and columns which are
significantly different from the normal distribution are
proportional, i.e., 284 of each data set are not normally
distributed.

Skewness and kurtosis are terms that need clarification.
Skewness is a term which describes the degree of distortion: from
symmetry or normality exhibited by a +reguency distribution
(Arkin and Colton, 1930). For skewed distributions, the mean
lies on the same side as the longer- tail and for a negative
skewness the mean lies to the right of the mode. The mode is the
value which occurs with the greatest frequency and is not
affected by extreme values; whereas, the mean is greatly affected
by extreme values. Therefore, as the ‘degree of skewness
increases, the distance (the measure of skewnessa) between the
mean and the mode increases (Spiegel, 19461). -

Kurtosis is the degree of ’peakedness® of the freguency
distribution of a data set. A frequency distribution with a
sharp or high peak is called leptokurtic-although a flattopped or
squatty. _curve is.called platykurtic.._ _When. the _skewness .= 0.and
the kuwrtosis = 3, then the data set is said to be normally

distributed. Although the coefficients of skewness and kurtosis
are easy to calculate, they have a drawback when determining the
significance level of a frequency distribution. The assumption

that the skewness coefficient is normally distributed is an
accurate estimate only if the number of samples is large (a
minimum calculation requires that n exceeds 25). For the
kurtosis coefficient, the sample size must be even larger than
for the skewness coefficient, i.e., n must be greater than S0
(Snedecor and Cochran, 1980). For the small cotton seed data set
the wvalues for skewness and, especially kurtosis, may only be
indicative of the test for normality and a plot of the data set
using probability paper is necessary.

w
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Table 1 shows that column averages vary from &45.9 to 95.2
gn/plot with standard deviations -and coefficients of variation
percentages increasing slightly from left to right (Figure 1),
However, the non-normal data indicated by the skewness anpd
kurtosis coefficients tend to group in the left portion of the
field between columns 3 and 1é. Yield averages of the row data
(Figure 2) ranmge +from 52.1 to 98.2 gm/plot with the vyield
decreasing from top to bottom and the standard deviation and
coefficient of variation ‘percentage increasing from the top of
the field to the bottom. The non—normal data sets tend to group
in the bottom half of the field between rows 20 and 40.

Therefure, the laower righthand corner of the field between
rows 20 and 40 and columns 16 and 3I2 has the greatest
variabhility. The greater number of plots with non—normal
distributions "are in the-lowar lefthand ‘corner —af the -field
between rows 20 and 40 and columns- 1 -and- 14:. The highest - average
yields are in the upper righthand corner-of the field between
rows 1 to 20 and columns 16-to 32, - Figures 1 and 2 point out an
important relation - (to be-discussed later) in that there are
trends in the data set from top to bottom (decreasing trend) and
from left to right (increasing trend). :

For row = 19 of the cotton seed data (Table 1), the above
equation (1) would have the following parameters:- e

Mean = ¥ = 73.8 gm/plot

Standard deviation-=-s-= 417.1 gm/plot

for n = 32 values. The skewness (8 = 0.01)- and the kurtosis (k=
2.20) show that the+ yield- data of row = 19 +fits a narmal
distribution. Several points--at- given- probabkilities - are

calculated (0.99y; O.%, 0.7, 0.5, 0.3, 0.1, 0.025 and 0.01) sa
that the data can be  displayed-graphically. For- -example, the
particular: vyield -that' will be -exceeded: or equalled -at 10%
probability can be computed--as-follows: .

K = 1.282 at 0.10 probability, then-.

Yie = Y + Ks = 73.8 + 1.282(17.1)

Yio 5.8 gm/plot -

Figure 3 displays these-data-showing that row = 19 for the data
set is normally distributed; whereas, row = 2% is not.' Also, for
the column data set shown in Figure 4, column-=7 is:  normally
distributed but column = 14 is not.: Figures S5, 6, 7, and 8 show"
the histograms for these: four: examples and although row:=-19 and
column = 7 were shown to be-normally distributed by -graphical
presentation (Figures'3 and-4), their shapes are not well defined-
in the bell-shaped manner. -And, .it can be pointed out in-Figures-
6 and 8, that row- = 23 and column = 14 do not-conform -to'a normal
distribution.: ~
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TABLE 1. The mean (Y), standard deviation (s), percent
coefficient of variation (CV), skewness cnefficient
(§), and kurtosis coefficient (k), with 5 percent
level of significance (%) for both the row and column
effects of the cotton seed yield data (gm/plot).

POSITION Y =1 cv S Sign. k Sign.

COLUMN 1 65.9 18.5 28.0 -0.17 2.23

2 69.3 18.4 26.6 -0.14 2.28
3 78.3 23.8 X0.4 0.21 1.96 *
4 82.4 17.7 21.5 Q.95 * 3.93
S5 78.5 18.4 23.5 0.356 2.80
& 78.9 i8.8 23.8 0.44 4,54 *
7 77.9 17.0 21.9 0,23 2.54
e 83.0 19.3 23.3 0.42 2.51
9 79.1 17.4 22.0 0.52 * 4.07 *
10 764.5 19.2 25.1 -0.14 3.01
11 75.9 19.9 26.3 0.77 ¥* 4.34 *
12 72.4 192.4 26.8 -0.27 2.62
13 72.5 19.2 26.5 -0.42 x.28
14 76.5 25.3 30.4 1.14 * 4.38 *
15 72.4 24.3 30.7 Q.61 * 2.21
16 T 72.95 25.1 33.6. -0.10 -1.84 #*-
17 5.2 29.8 Il1.3 0.17 . 2.83
18 76.7 31.2 40.7 0.37 2.47
19 73.1 28.4 7.9 0.31 2.33
20 81.8 29,8 356.5 ~0.41- 2.146
21 72.0 30.7 8.2 0.18 2.530
22 81.0 29.5 - Xb.4 =0.10" I.04
23 74.1 25.9 34.9 -0.05 2,31
24 78.2 29.3 37.2-- 0.39: 3.07
25 72.6° 29.4 40.3 —0.28 " 2.70
246 78.5 30.2 38.5 0.27 2.85
27 78.1 25.9 33.1 0.19 2.29
28 78.7 24.1 33.3 -0,.05 - -3.49
29 86.5 -28.5 32.9 0.49. . 2.88
30 77-4 24.6 1.8 -0.10 3«31
31 84.7 25.3 29.9 Q.24 2.54
32 85.9 24.8 28.6 0.44 * 3.43
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FIGURE 1. Mean vield (gm/plot}  for columns
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"FIGURE 2. Mean vield (gm/plot) for rows
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FIBURE 3. Probability curves for skewed and normal distributions.
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4. Probability curves {for column data.
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FIGURE 5. Frequency data for row 19.
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FISURE 7. Freguency data for column 7.
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For the total data set, the mean yield = 78.2 gm/plot with a
standard deviation of 25.1 gm/plot, a coefficient of variation of
I2.1%, a coefficient: of - skewness of 0.26 and a kurtosis
coefficient of 3.26. These values show that the total ‘data set -
ig normally distributed; however, ' there-are certain rows and
columns with skewed frequency distributions.

For those' cases that fit the -log-normal distribution, the
log Pearson type-111 curves can be used. ' To establish the normal
distribution -of precipitation, ' streamflows or, in our example,
the yield of cotton seed, the logarithms of yield will be assumed:
to fit a particular family of curves - (Hjelmfelt - and - Cawsidy, -
1975). The sequential equatione-are-as follows:-

1. Transform the yield, y, to'logarithms. -

X = logy
2. Compute-the ‘mean of ‘the logarithms.
‘M= (Y X)/n
3. Compute-the standard deviation;-s, of-:the leogarithms.
8 = [J (Xa - M)Z/n-1317=,
4. Compute:-the skewness, g, of the logarithms.
N33 X3 - In(F AT x=) + 2T X

nin - 1)Y{(n —--2) g3

9. Compute the “curve -from the relationship where;
lag-y = ‘M-+-K' g

where K’ is selected from engineering-handbook -tables- for - the
Pearson: - type -~ 111 distribution:: - ‘For- the K’ - values,: -thay are:
dependent -both ' upon- “the- probabilityy - p,- and the skewness
coefficient; g.. 'Computer program number 2, FRE@:BAS, in Appendix
B contains a complete table of K*> values:

The exceedence:prabability,..p,- is-the probability_that .a._.

value, X, will not exceed a given p. The exceedence probability

and the cotton seed vield; vy, are usually displayed graphically

on logarithmic: probability paper.- When the skewness coefficient,

g, 1is zero the'log Pearson type I1I distribution redutes to the

log-normal type of distribution. -To graphically display - the
measured data the following procedure can be followed:

1. The cotton seed yield, vy, is sorted by magnitude. The
largest vy . is given the order number m "= 1, and the
smallest order number m = n, where n-is the number of-:
plots of record. "

14
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2. Plotting positions for the probability, p-axis, on the
agraph are assigned to each vield value. The plotting
position is determined by the order number, m, and the
number of plots on record. n, by use of the formula:

p =m/{n + 1)

3. To estimate the return yield, I, the reciprocal of the
probability, p, is used. The recurrence or return
interval, I, is computed by

I =1/p

A vyield that has been exceeded, on an average once in 20 plots,
has an exceedence probability of 0.05 or 5%. But, a yield having
a recurrence at 50 plots does not mean that for every 50 plots a
vield of that magnitude will occur.

Figure 9 shows the logarithmic ‘probability distribution for
row = 23 and for column = 14 which appear to fit the log-normal
distribution. For further explanation, for & probability of 20%
or a recurrence interval of 9 years, Figure 9 for row = 23 would
have a yield of 110 gm/plot; whereas, For a recurrence interval
of’ 100 years or 1% probability, row = 23 would have a vyield - of
200 gm/plot. Every 2 years or 50% probability for row= 23 would
have a vyield of about: 80 gm/plot. Therefore, with further
analysis of these data sets where the assumption of a normal
distribution is used, these particular rows and columns should be
transformed to logarithms.

15
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Comparisons of probability distributions.

FIGURE 9.
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Plot Bize

A simple technique to follow when considering plot size is
the method proposed by Smith (1938) and expanded o©on by many
others, for erxample, Hatheway and Williams (1958), Wiedemann and
lLeininger (1962), Freeman (1963}, Pearce (1974), Binns (1982),
Reddy and Chetty (1982), and Pearce (1983). In this method, the
question of “optimal" plot size is related to costs ‘and the
parameters of soil and site variability. To calculate the effect
of changing experimental plot size the variance 1is calculated
aover the entire area for each of several plot sizes. Smith
-determined an empirical relationship between plot size and plot
variance as:

Vi

n

V/nte

where,

V.o = among plot variance on a per unit basis of % units/plot

v = varlance of single-unit plots

X number of units/plot
b = index of soil -variability

The values far the above equation are-determined using computer

program - -number -3, MEVAST.BAS. The values -are then transformed to-

-& logarithmic scale and- computer--program -number 10, REGM. BAS,
obtains the relatian where: - -

log V.. = 1log-V:.=--b ldg X,
The -variances of -plots-of--several sizes and shapes: are given

in-Table- -2« To determine the vartiance per unit area, the plot
variancey Var,-'is divided-by the square-of the-size of plots, x.

The plot shape-and- size has been arranged- in descending order -for

convenience.

Figure 10 shows the regression of the logarithm of variance

per unit area on the-logarithmof the  size of plot. ' The

regression equation is?

Log V., = 4.2832 - 0.3553 Log

This figure shows a separation of the data intoc 2 groups, the:

lower -group being the:plots for -columns-of 20 x 1, "2, -4, B, 1&6
- rows. wide. This exemplifies that the variability-in-the lower
half f{(rows 21 through 40) of ‘the - -field-is greater - -than the upper
half¥ (rows 1 through 20).

17
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TABLE 2. Number of basic units, x, shape and size of plots as
column by row, total variance of plots, Var, and
variance per unit area, V..
Y Column Var Vi
By
Row

1 1 x1 629.0 629.0

2 1 x 2 1708.0 427.0
2 2 x 1 1714.3 428. 6

4 1% 4 8360.3 335.0

4 4 % 1 4928.5 308.0

4 2 x 2 5094.8 318.4
S 5 x 1 7024.3 281.0
8 1 x 8- 16697.9 260.9
8 2 x 4 17034, 1 266.2
8 4 -x 2 15707.0 245.4
8 8 x 1 13737.3 2046.8
10 9 x 2 221352.2 221.3
10 10 % 1§ 21785.9- 217.%9
16 1 x 16 oB8L97.5 229.3
14 2% 8 543891.8 212.4
) ¥ 4 % 4 54744.5 213.%
16 8 x 2 44560, 9 174.1
20 . 3 x4 78023.2 195.1
20 " 10 % 2 76844.0 192.1
20 20 ¥ 1 34663.2 86.7
32 2 x-1b6 193651.0 191.1
32 4 w-8- 18467740 180.3
32 8 x 4 1546428.0 152.8
40 S x 8- 258485.0 161.4
40 10 x 4 280240.0 173. 64
4Q 20 x 2 1104620.0 69.1
&4 4.% 146 &84721.0 167.7
&4 8 x 8 330822.0 . - 129.46 .
80 S ¥ 16 264240, 0 151.0
80 10 x 8 P95043.0 155.5
80 20 % 4 363305.0 56.8
128 8 x 16 20564100.0 124.0
1460 10 x 16 - 37058460.0 152.6
1460 20 x 8 10848%0.0 42.4
320 20 x 16 4287210.0 41.9

i8
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FIGURE 10. Variance/unit area to size of plot
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The data shows that-there is-a bend or upward curve of the

data set starting after--a distance unit of 10 and this would:

indicate ‘a decrease in information if plots above this size ware

used and although-the variance would reduce -gtill Ffurther - ‘the

amount of land required would become too costly:

This effect of field heterageneity is made clearer- in ‘Figure

11 where the rows and columns are plotted -separately -:for - each-

direction. = The regression equations for-these-curves are: -
for 2 x 1, 2, 4, 5, 8, 10, and 20

Log Vi = 6.551%9 — 0.5331 Log x .
for &, 2, 4, 8, 16 x 2

Log 'V = 6.2100 - 0.2915 Log x-

The greatest variance 'is shown down -the columns -and - not- -across’

the rows.

In Table 3, the mean vyield, standard ‘deviation,” - and

coefficient of variatien percentage-as -a function of 'plot ' size-

shows the 'type of variability to expect when observing -yield data
following the method of -analysis as outlined by Panse and
Sukhatme 1978). .-

19
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FIGURE 131. Variances for blocks of 2.
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The - results - in Table: 3 show the amount of variability in the
field when the cotton seed data was used as a measure- of field
uniformity. These: data - were- analyzed using computer -program
number 3, MEVAST.BAS (Appendix B). The variability of the plots
1.42m x 1.420m reduced- at a greater- rate :-in- the'  column
direction, i.e., the coefficient: of variation reduced- at a
greater- rate from the top of the field: to boettom than from left -
to right. The number af replications, r, needed when the
coefficient of variatiom, CV, and the percentage difference from-
the mean yieldy D, is known can be calculated from the expre551on'
as given by Panse and Sukhatme (1978):

to.om = D/CV  (2/r)r7=

For example, i+ the smallest plot size were used; there would be
1280 plaots available for experimentation. If the data sset |is
normally distributed, than for to.om = 1.94, a percentage
difference fram the mean yield that can be tolerated is D = 190%,
and the coefficient of variation is CV = 32.1% (Table 1), then
the number of replications, r, needed is 75. For the 1280 plots,
there would be 17 treatments aor combinations of treatments
available for experimentation with 75 replications. For another
example, if a plot size of 2.84m by 5.%é6m was aligned in the
column direction with a coefficient of variationm,. CV = 194, the
number of replications would be r = 27 which leaves a possibility
of & treatments available for the 1460 plots, However, if a plot
size of 1.42m hy 2B.4m was aligned in the column direction where
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TABLE 3. Plot yields, Y, {(gm/plot) to various plot areas, m=,
and shapes with the standard deviation, g, and percent
coefficient of variation, CV.

NUMEER NUMBER OF PLOTS (HORIZONTAL) -

OF PLOTS

STATISTIC (VERTICAL) i 2 4 g 14
Y 1 78 154 313 6246 1251

= 29 41 73 129 242

cv 32 26 23 20 19
area 2 4 - i6 32
Y 2 156 313 &26 1251 2303

s 41 71 131 233 442

cv 26 23 2% 19 18
area- 4 8 16 32 65
Y 4 313 &26 1251 2503 o005

] 70 125 234 429 829

cv . 22 20 19 17 17
area g 146 32 &5 - 138
Y 5 ) 321 782 15464 3128 b6236 -

5 ) 84 149 279 508 283
cv. ) ) 21 19 . 18- 14 146-
area 1Q 20 40 81 1462
Y a8 &26 - 1251 23503 5005 - 10010

s 115 211 326 - 729 - 1437

cv 17 17 16 1% - 14
area ig 32 &5 130 - 259
Y 10 782 15&64- 3128 - &285&° 12513

8 147 277 530 998 1974

cv 19 18 17 16 16
area 20 40 81 1462 324
Y 20 15&4 3128 &2546 12513 25025

=) 186 I33 - &H03 1042 - 2071
cv 12 11 10 8 8
area - - 40 81 162 324 &448 -

21
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the coefficient of variation was 10% then only 7 replications are
needed. This would allow 64 plats with ? treatments available
for study. The entire field of study is about 0.25 hectares and
randomization of the treatments within any particular replication

is implied to ensure equal influence of the Ffield plot
uniformity.

When reasonable plot sizes are considered, i.e., excluding
long narrow plots, there is a cutoff or limit at a plot size of a
100m=, Increasing the plot size would only reduce the
coefficient of variation slightly. The optimal plot size could
be 10m x 10m, and would have a coefficient of variation of about
16%. Therefore, 20 plots would be needed for replication but
only 26 plots of 100m® are available in the field. The
investigator could study only one treatment effect in ' the- 1/4
hectare field,

22
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. AUTO AND BPATIAL CORRELATION WITH SPECTRAL ANALYBIE

The importance of €0il heterogeneity as &a source of
exvperimental error has been extensively studied during the first
30 years of the 20th century (leClerg et-al, 1942). Within this
early period, many correlation studies between contiguous plots
and with distances of up to 10 plots away were made which showaed
an estimate of the statistical measure of uniformity between plot
6lize and yield. These were the-first studies in which a form of
the autocorrelation technique® was used to measure field plot
uniformity. The evidence for small plots, randomization, and
support for increasing the number of replications have come from
these early trials. Now, +ield plots are generally randomized
and vary in size Ffrom 1/25-hectare ‘to 1/2500-hectare- with
replications ranging from 4 to 10 plots per treatment. Li and
Keller (1931) have suggested that during 'this early period and up
to 1950, the use of the autocorrelation technique ‘for -testing the
randomness of a data set was being examined for' comparing the
efficiency of various sizes and shapes of ‘plots. :

When a sequence of ‘data-values repeat themselves in ' space
or time, it is- possible toranalyze these  inexact- cycles or

periodic data -sets to determine ‘the maximum correspondence- and-

measure the similarity between: sequences. - - The techniques
available - -are called autocorrelation and spatial correlation.: If
the cyclic or periodic nature of the data persists-or is known to

exist then another technique, - spectral analysis, - can be'used to

examine successive observations.. The: application - of - these
techniques to the cotton zeed-data will be followed in order.-

Detrending-

- For- the  cotton: seed yield, -28% of  the data " should "be
transformed - before ~all frequency-distributions-are normal (see
Table 1). In addition, Figures 1 -and 2 show that the data- for
columns and rows should be detrended.~ In the-straight line model
where vyield, vy, can be expressed: as-a first—order-function of
distance, x, it is assumed that x-is "fixed" and doas not:have a
probability distribution, i.e., vy is assumed to be the random
variable which has ‘a probability-distribution with mean = a + bx
and variance, / 2. If the correlation-coefficient, r = 0, then
x and Yy  are not correlated‘'with' each-other'and: they have no
trend. This' does not --imply that'x and 'y are- statistically
independent. - The value of r only shows-to what extent a linear
association exists -between ~x and y but-it does not - imply any
causal relation between the two' (Draper and BSmith, 1981). ;

5. Sometimes the aute correlation has been- -incorrectly called
serial correlation.

23
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Table 4 shows that most of the column data has a negative
slope, -b, which reconfirms the findings shown in Figure 1 where
yields decreased from top to bottom. These data were analyzed
using computer program number 2, FRE®.BAS, in Appendix B. Also,
the standard error of estimate, SE, increases from top to bottom
as expected. For the row data set, the findings are similar to
those presented in Figure 2 where 40% of the data had a positive
slope where vyields increased from left to right. fgain, the
standard error of estimate increases from left to right. Table 4
shows the analysis of linear regression and raeconfirms the
previous conclusions shown in Figures 1 and 2, i.e., the data set
has linear trends.

The total data set showed that linear detrending was given
by y = 74.81i + 0.1445 % (distance) with a value for the test of
linearity of t = 5.18 which was statistically significant at the
9% level. The data has a positive trend even though it was found
earlier to be-normally distributed. Any further evaluation of
the data for- correlatable and kriging  relationships reguires
detrending.

A trend is a systematic, smooth component of 'a -function,
€.0., a linear function of distance is a 'linear trend. - The
linear regression equations-in Table 4 were used- for' detrending
the data set before analysis ‘of the autocorrelation, - spatial
correlation and spectral analysis.- In addition, -the data sets of
rows 8, 10, 23, 246, 30 and 32 and columns 4, 2, 11, 14, 15 -and 32
are only normally distributed when -they are transformed ta the
logarithm. These particular data sets were transformed- -to their
logarithm for calculating the:autocorrelation coefficient.

Student t-test provides a-test of the hypothesis that slope
b =0, i.e., no trend exists in the-data-set.- It should-be noted
that as b approaches zero, the coefficient of determination,
r2, approaches zero, - and the t—-test ‘is not significant at the
8% level. Table 4 shows that $7%Z of the row data and 75% of the
celumn data have significant trends. ;

For a further example of trending, Figure 12 shows two rows
of nonstationary data, rows = 28 and 37. Row = 19 would be- an
excellent - example of a stationary data set. MNonstationary data
sets show that the data may not be a continuous record but -may be
cyclic in nature. ‘For autocorrelation analysis,- it is assumed
that the data set-is-a continuous - record of finite length:

If the data is transformed to be normally - distributed, the
random variable, y, for rows-and columns-has-the -same' probability
distribution: and - the- data - has no trends  then it 1is 'called-
stationary. Little - is known -about the behavior of -the spatial -
and autocorrelation functions -and'the gpectral apalysis-technique
when the generating stochastic process * is- nonstationary:: In®
stationary models, 2.0.% autocorrelation, - the- “variance of-
measurenents- converges-to a-constant value when-the size of the
sampled block or-interval is increased (Agterberg, -1974).

24
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TABLE 4. The linear regression equations far trending &analysis
[yield = a + b x (distance)l, coefficients of
determination, r?®, standard errors of estimates, GE,
and test of hypothesis that b = 0 (t-test at 5% level
of significance = #) for the cotton seed vyield data
sat [by rows (40) and columns (32)1.

COLUMN a b r2 SE : t—-test
1 75.16 -0.3185 0.080 - 18.2 ~-2.05 =
2 81.28 -0.4124 0.136 17.6 -2.74 %
3 101,50 ~0.7264 - 0.303 20.4 -5.88 *-
4 100.97 —0. &385 0.350 14,7 + —-4.88 +
5 99.29 -0.7148 0.406 14.4 —5.72 #
b 87.92 -0.310Z 0.734 18.4 ~1.99 »
7 75.88- 0.0684 0.004 17.4 0.42
g 88. 20 -0. 1802 0.023 19.6 -1.12
9 72.13 0. 2400 0.051 17.4 1.52
10 B2.25 -0.19872 0,029 19.4 - ~1.24
11 &5.77 0.3464 0.081 19.6 2.23 %
12 B8.58 - -0.5542 0.219 17.6 ~-3.87 *
13 77.50 -0.1713 0,021 19.5 -1.07
14 B84. 49 —0.3434 0, 059 23.2 -2.18 *
15 102.13 - —0.7786" - - 0.276 - 21.3 -5.64 %
16 %7.05 - —-0.B42%- - - 0.305 21.4 ~&.23 *
17 - .. 9. &65-. -0.1529 0.007" ©30.5 ~0.95 -
1B 102,64 - —-0.8911 0,220 28.3 -  —46.22°*
19 92.22 ~0.5871 - - 0.115 27.4 ~3.85 *
20 103.50- —Qy 7451 - 0.168B - R7.9 - -5.04 * -
21 946.94 ~0.615% 0.108 - 29.8 —-4,02 *
22 101.47 . -0,70t0Q 0.152 27.9 -4,469 #-
23 99.09 -0.8561 0.295 22.3 -6.28 *-
24 104.62 - ~0.8879 - 0.247 - 25.1 —~bs 31 ®
25 102.24 -1.0183 - 0.32% - 24,8 - ~=7,56F #-
26 . 97.683 -0.6645 -  0.130 - 28.9 —4,39 %
27 95, 08 - -—0,.5822 0.137 24,7 ~3.86 #
28 99.05 -0. 69964 0.193 24.1 —4,80 *
29 Bb.76& —0.0107 0. 000 29.1: ~0.07
30 B9.65 - -0.4201 0.079 24.2 —2.70 #
31 95.77 -0.4148- 0.072 25,0 - —2.65 #
32 90.56 -0.15%99 - ~  0.011 - 25.1 -0.99
25



DRAST -- FUR KEVIEW CNLY

TABLE 4. cont.

ROW a b = SE t~test

1 104.10 —-0.3026 0.038 20.7 —-1.4%9

2 70.34 0.0441 0.001 20.4 0,24

3 106. 06 —0.7921 0.140 25.7 -4, 468 *
4 83.85 -0.2133 0.028 17.1 -1.18

5 82.83 0.4717 0.118 17.9 2.75 %
& 86.22 0.04692 0.002 22.9 0.38

7 8X.31 0.2317 0.032 17.3 1.29

8 85.91 0.5243 0.072 25.9 ¢ 2.98 *
Q 8B.14 -0.1359 0. 005 25.7 =0.75
10 63.32 0.8477 0.210 22.3 D.23 #
11 8¢, 28 0.41946 - 0.060 - 22.8 2,37 *
12 74.88 0.1435 0.017 14.9 0.79
13 81.55 0.1934 0.326 14.3 1.08
14 81.11 -0.15630- 0.256 13.4 -0.,920
15 74,02 0.0444 0,001 17.0 0.24
146 75.98 0.3046 0.07%9 14.1 1.74 %
17 546.01 0.5068 0.141 17.0 3.00 *
i8 71.28 0.5859 0.098 24.1 3.38 *
19 72.98 0.0356 0.001 17.7 0.19
20 82.31 0. 2608 0.029 20.4 ~1.45
21 “&68.49 0.04644 0.003 16.1 0.35
22 &9.48 0.5475 0.111 21.0 3.18 *
23 54.32 1.08463 Q.320 21.5 7.22 %
24 - 97.487 1.4733 0.473 21.1 11.12
25 67.87 1.0200 0Q.293 21.5 L. 6T *
24 72.556 0.5913 0,158 17.3 ‘3.29 *
27 61.76 1.2404 0.340 23.9 B.34 ¥
28 S51.26 1.7973 0.494 24.7 13.84 %
29 &P.73 0.95244 Q.078 24.5 3.01 =
30 4£9.49 0.0816 G.001 25.8 Q.45
=1 77.34 -0.,3548 0.074 17.1 —-2.0% *
32 81.93 -0.7844 0.151 25.3 —-4.68 #
33 6£9.95 -0.5344 0.113 20,3 -~3.11 *
34 73.99 —0.3946 0.047 24.0 —-2.21 *
35 70,97 -Q.B803%0 Q.206 21.4 -4 ,94 *
36 86.07 —-0.8545 0.152 27.5 -5.09 *
37 80.16 —1.0855 0,348 1.3 -7.48 *
38 63.50 —0.0893 0.003 19.1 —-0.4%9
I 73.659 -0.1234 Q. 005 23.1 -, 68
30 &5. 464 -0.134% 0,007 21.9 -0.74
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FIGURE 12. Examples of data trending in rows.
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Weak stationarity means that all random variables (in the
cotton seed example the yield, y, as a function of distance) have
the same mean, variance, covariance, and correlation. If, all
higher—order moments remain equal or the skewness and kurtosis
are the same, then the serieg is said to be "strictly” stationary
(Agterberqg, 1974). Btationary random- - functions are also called
"homogenenus"” (Hinze, 1959) or "temporary—-homogeneous" random
functions if the data set is not kpown to be continuocus.

ﬁuto:orralatton‘

The methodological develaopment --of the - autocorrelation
function was followed by extensive mathematical development,
which began with a series of studies on air flow (Schlichting,
19468). The Ffirst attempts to understand ‘the process of flight
and wind Flow over an airfoil has led to "the development of
precision wind tunnels and the need to characterize and define-
turbulence. A breakthrough into the statistical -nature of
turbulence: in wind tunnels and the atmosphere was provided by G.
I. Taylor in 1921 (Pasquill, 1942). By 1935, Taylor had extended
turbulent theories to the: Eulerian description of spatial
carrelation and autocorrelation techniques to describe the.
homogeneity of turbulent eddies within a given boundary laver.
These same statistical techniques have -now been used ‘to estimate
the -extent or range of a measured soil parameter, i.e., a test of-
soil variability.
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In this section, the autocorrelation® between measured
values of a fluctuating quantity, such as the yield component in
a given direction, will be examined following the presentation of
Perrier, et al (1972) and Arkin and Perrier {(1974). To specify
the character of a fluctuating guantity, the mutually related
methods of autocorrelation and spectral analysis have become
standardized. The measurement of the mean values of so0il and
plant parameters are usually sufficient for practical-
applications but only through the actual measurement of the
variance components is it possible to gain an understanding of
the variation about the mean (Priestley, 1959).

The measurements of the transformed and detrended data set
of the cotton seed yield, vy, can be partitioned into a mean
vield, Y, and the fluctuations or perturbations from the mean

-

values, vy%. Whereupon, these components of total vy can be
written as

y =Y + vy’ (EQ. 2)

Therefore, the mean yield, Y, and the standard deviation, s, can
be computed by standard methods. =+ The autocorrelation

coefficient, R., tan be expressed as a function of the lag, L, as
ftollows:

A ——— ————————
y,n A y’u-l-l.. Y,n X Y,H"-l_
R = —— - - o= -
— R
Cy™ 2, o ¥ 2, 1272 o=

where, the: numerator is termed the autocovariance function and
the denominator is the variance. Following Taylor’s discussion
of the autocorrelation (self-comparison), homogeneity is implied

-in that the statistical properties of R. and y’= are taken to

be independent -of position but dependent on the value of y. The
autocorrelation exists when - the value of a -variable at one
observation is pot - independent ' of- the wvalue -at adjacent
pbservations (Johnston, 1978). If there is no functional
relationship indicated -between the variables then there is no
correl ation between them.

To compute the -autocorrelation coefficient R. on the cotton
seed data at a fixed row, an understanding of the lag is needed.:
The lag, L, 1is the interval between each calculation, e.gd., in
this data set, the row:spacing = 1.4224m is equal toc one lag
unit. Lag is the amount-of offset between'the two series of data
being compared {(Davis, 1973). Figuwre 13 shows the approach used
to calculate the autocorrelation. - The fixed positions are shown
for the plot yields in the field (x—axis or abscissa) and the run
number (i = n) for the first five autocorrelation coefficients
(y—axis or ordinate). If a correlation is calculated on each

6. Eulerian correlations for time or distance (Hinze, 1959).
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called the normalized autocovariance function, i.e., normalized
so that its wvalue for lag zero is unity (Blackman and Tukey,
1958). As the autocorrelation is the square root of the ratio

of the autocovariance to the variance, it is the ratio of the
"explained or lack of fit" variation to the "“total or pure error"
variation. When R. =1 all the variance is "explained" and
when R. = Q0 then there is no "explained” variance.

When the autocorrelation coefficient, R., is equal to 1
(perfectly correlated) then each value is correlated with itself
for the equidistant data aet. For additional explanation, Fiqure
14 shows a plot y, versus yu+: for the cotton seed data, the
111 1line is for R. = 1. The scatter diagram is for row 28,
lag, L = 1 and R. = 0,65. These data are normally distributed
and positively correlated with a mean of Y. = 112 and the
standard deviation, s. = 37 whereas Yu+: = 115 and Sues =
38. Filgure 15 shows a plot of y. Versus yeues for row = 28, L
=8, and R_ = 0.05. For this data set Y. = 98 and s, = 25
whereas Y.+e = 118 and S.+.e = 42. The scatter diagram shows
a poor correlation between these two variables and a
nonsignificant test of linearity of F= 0.54,- 1/23 degrees of
freedom. Figure 16 is a scatter-diagram of row = 6, L =1 and
R = =0.41 where Y, = B7 and s, = 28 whereas Yue: = B89
and Se+«: = 23. This scatter diagram has a negative slope and a
negative autocorrelation coefficient.

FIGURE 14. Scatter diagram: autocorrelation.
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FIGURE 15. Scatter diagram: autocorrelation.
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FIGURE 1&6. Scatter diagram: autocorrelation.
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When a data set is positively correlated as in Figure 14, it
infers that contiguous plots at y,.«: increase in yield in a
functional relation with y,.. However, in Figure 15, when lag =
8, the correlation approached zero because as Yu-m 1NCreased
there was no functional relation with y.. For Row = 28, lag =
B was the limit of the dependency of adjacent plots and 1lags
greater than B8 were of no interest in determining field plot
variability.

In Figure 14, the data is negatively (inversely) correlated

as Y. intreases and vY.+i decreases. This is not a problem

for a field plot uniformity study unless the autocorrelation
becomes either zero or positive with increasing lags. When this
occurs, the 1limit of plot dependence has been found and, with
increasing lags, additional analysis presents no added
information.

Another difficulty when interpreting autocorrelation data is
the level of significance for RL with n-2 degrees of freedom.
To test the hypothesis that a correlation coefficient is equal to
zero, use can be made of the Student t—test where:

R_(n-2)2-=
to_ou = e e e e e e e e
{1 — R =2)ar=

with n—-2 degrees of freedom (Li, 1944). Using this test, values
less than RL = 0.26 with 38 degrees of freedaom for the column
data and R. = 0.30 with 30 degrees of freedom far the row data,
are not significant at the 5% level. However, when determining
the autocorrelation coefficient where Y is correlated at certain-
distances, there- - is an assumed dependency between these values
when R. > O. Therefore, the usual correlation tests for
levels of significance may not apply (Lanyon and Hall, 19B81).

The autocorrelation coefficient for individual columns and
rows in Figures 17 and 18 shows' that the yield sequence does not
repeat itself for these data even though  the mean yield shown in
Figures 1 and 2 shows the existence of cyclic or periodic
functions. Nonetheless, - the autocorrelation can detect cyclic
functions when they exist in the data such as columns = 10 and
27. - $y calculating the autocorrelation, a measure of the degrea
of similarity between yield values is determined at each position
or lag. The magnitude of this measure is the autocorrelation
coefficient. The concept of "self-comparison® is shown for raws
= 28 and 35 of Figure 17 and for columns = 2 and S of Figure 18,
i.e., there is correlation between a given lag and an increasing
lag interval. Therefore, the autocorrelation taken at - "fixed"
distances does imply a causal relation between the two variables
of v and Yee. However, the rapid decline for row = S and
column = 17 shows a large amount of random variance (noise). It
is important to examine the individual rows and columns before
drawing final conclusions for the total data set.
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FIGURE 17. Correlogram for row data.
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FIGURE 18. Correlogram for column data.
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TABLE 5. Autocorrelation coefficients for part of the data set.
LAG 1 2 3 4 = & 7 a8 4
METERS 1.4 2.8 4.3 9.7 7.1 8.5 10,0 1t.4 12.8
COLUMN
1 « 046 . 296 » 201 -—,018 . 290 -—.224 . 291 079 -.108
2 o 3b6 » 371 . 242 « 167 « 144 « 233 132 « 207 «171
3 429 «413 « 302 « 309 . 321 - 336 » 309 . 097 128
4 a420 . 247 .173 125 . 239 =162 « 277 .« 280 . 134
S - 444 .« 549 . 9466 =429 923 143 371 « 107 « 050
a4 -.109 149 -—-.128 . 162 - 140 .114 126 -.080 -—-.192
7 180 -.285 -,139 - .197 -.004 . —.0564 .178 011 -.181
8 . 032 . 242 —,050- .088  —-.065 245 - L0532 -,067 -.301
9 « 159 . 346 « 235 « 239 2207 —-.043 « 035 003 -.215
10 . 331 037 =~.16B -,293 ~.239° .073 414 083 -.179
11 - 197 .108 « 037 -341 1926 -~-.034 060 —-,012 -078
12 « 133 . 201 161 . 323 072 013 .045 193 —-.109
13 232 —.151 —-.231 -.024 013 « 209 -,043 -,329 -—-.161
14 -.116 =080 .138 -.004 2862 —-.093 —-.137 035 -—-.078
15 - 470 « 264 . 338 « 286 « 130 «. 140 044 -,233 -,318
14 . 303 « 222 295 « 285 - 204 - 122 » 071 . 115 - 187
17 050 -,056 -.008 =174 256 =214 —.127 -.199 -—-.039
i8 -384. .244 . 302 . 047 <063 —. 0G4 » 228 030 —-.1359
19 « 336 . 285 - 143 - .122 - 031 130 L 146 115 -—-.1446
20 - 365 « 139 L 097 115 . 221 « 207 -=,10% -.0B4 -—-.03F9
21 - .621 e 396 L2226 w037 —.143 —-.225 ~.3200 -.337 -.292
22 « 422 1 288 . 109 2059 —-.170 -.050 '-.246 -~.051 . 021
23 . 151 . 573 « 144 « 236 «21% —.035 025 -.009 -—-.021
24 . 394 - 400 . 126 =114 052 - —-.012 131 -.0846 - Q02
25 L4879 - L4600 - 4046 324 144 112 » 0468 =074 -044
26 <475 372 . 336 « 040 -—-,209 —-.228 -.F40 -.345 -.231
27 « 293 «.179 . 098 082 ~.150 -.,054 - ,272 —-.130 -.123
28 193 « 445 . 302 - 071 166 -, 191 —-,028 ~.185 -.214
29 - 335 - 293 « 343 179 141 -, Q05 -—-.213 -.222 -.315
3G L 212 . 143 « 336 =073 -~ 111 —.137  —-.209 030 —.020
31 397 - 164 - D42 005 —.094 L0746 ~-.251 -.387 —.404.
32 « 345 » 242 —.07F —-.062 ~.109 —.076 -—-.098 ~.3&2 -—.344
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TABLE 5. cont.

LAG 1 2 g 4 = & 7 B8 Q
METERS 1.4 2.8 4.3 5.7 7.1 8.5 10.0 11.4 12.8
ROW

1 001 -.288 -.149 421 —-.110 -.276 -.0&0 « 197 -—.24%
2 —-.041 -—-,045 -,114 L0588 -—-.1058 -.02646 L0885 —.276 -.178
3 Q074 . 123 092 —-,216 0313 .078 -.015 « 364 . 225
4 . 340 41 . 008 .048 -—-.287 -~-.135 -.182 -.204 -,173
5 005 -.009 135 —-.026 - 1546 - 005 - 120 .187 —-.113
& -—-.400 <113 —~-.141 -.10C0 . 204 —,163 134 —-,029 -—,369
7 -—.166 —.134 -—,083 - 039 2194 ~-.231 -—-,085 -—-.008 -—.085
8 . 083 . 295 « 109 . 399 -—.181 .047 —-.031 -—-.134 -—-.252
T .03F -—-.053 028 122 —-.070 —-.045 -—-_524 003 —~,16&
10 413 - 361 « 337 . 278 373 —.072 071 022 -,054
11 e 329 —.026 . 138 104 -—-,029 -—.04&7 - 005 288 —-.039
12 -.040 « 204 052 -.0iB -.322 -.011 -.02& --.381 261
13 « 105 . 428 076 —.113 « 132 —.294 . 096 046 —.14&8
14 -,195- 131 ~,004& «114 —-.133 -.041 2023 —-.137 -—-.011
15 -.195 .0858 -—-.014 -.058 —-.024 -,091 286 -.202 -—-.134
1é « 334 « 437 . 149 « 223 086 —.126 -.156 -.221 ~.197
17 . 084 272 « 331 « 136 - 102 131 —.023 .113 -.183
18 « Qb9 . 153 .138 —-.052 084 -.06%9 -,001 ~,Q01 .142
19 « 155 152 —.163 -.1559 -.117 -—-.644& -—-.115 ~.257 -.070
20 158 .114 « 201 183 -.187- 142 -,257 -—-.162 . 036
21 « 3469 -211 . 2h7 110 176 -.416 -.282 -—-.328 -,549
22 .188- 132 -213 21591 —.077 =-.200 —-.291 —-.Q77 —.214
23 - 060 .288 -~ .192 =107 —:023 -.335 -—-.038 148 -~ 067
24 . 592 L3862 " 3746 « 399 361 . 221 227 « 190 . 210
25 - 122 -.209 . .X14 .0545. « 1090 -—-.052 -,038 « 361 « 009
26 . 150 -—-.082 - 281 08946 —-.107 ~.00Q7 114 —-.1467 -=.395
27 « 169 . 0BO - 499 -245 -.019 .912 .182 -.051 . 198
28 .618 419 - X227 -313 « 25946 .318 © 107 L0581 .087
29 2044 — 1469 .254 ~-.026  -~.213 -—-,.33%3 - 049 - 147 . 109
30 « 144 042 —-.13F -—-.225 -—-.00B -.379 --.227 -.094 . 123
31 . 530 - 325 005 —-.079 -—-.187 -.042 « 062 .145 -210
32 « 256 . 184 « 176 117 —.035 £ 220 -,051 -—-,142 1464
33 .« 206 . 439 224 - 297 « 186 . 148 «160 —-.144 -—.186-
34 e 395 « 134 . 99 « 130 018 019 —:232 —-.091 - —.029
35 841 « 768 - 631 -477 - 325 . 178 007 -.0B8 -.274
3& « 394 - 726 « 341 -449 - .113 08 -—-.104 L0286 ~—.300
37 «.610 - 548 394 - 308 - 363 .39 e 22% 246 0468
38 . 075 . 082 2173 ~=.297 —.057 -—.2446 -,1461 L0074 —-.219
39 —.020 041 —-.351 —-.126 -—-.035 -.244 .104 1146 . 298
40 -—.144 . 219 -141 116 —.202 -.244 011 -.379 -.097
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Table & presents the autocorrelation coefficients for the
columns and rows as a function of lag and distance. Al though
2/3rds of the data set were computed, only the values for 2 lags
are presented. Most of the cotton seed data is independent beyond
the first plot boundary (1.4m % 1.4m), i.e., the autocarrelation
rapidly approaches zero. Therefore, the data set contains a
large amount of random error or unexplained variance (noise),.

Table & shows the lag and distance where the values of y.

remain dependent. The data set shows that the field has greater
uniformity +for columns (from top to bottom) with a mean = 5.5m
than for rows (from left to right) with a mean = 3.9m. Nineteen

percent of the data for columns and 55% of the data for rows
showed that the autocorrelation went to zero at L = 1 with these
plots being independent of each other.

When reexamining Tables § and &, the auteocorrelation
technique does not present a clear understanding of field plot
uniformity. Although some rows and columns show a high relation

to adjacent plot wvalues, autocorrelation analysis does not
partition the random variance or noise inte manageable levels.
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Epmctral Analysis”

An alternative description of the structure of a sampled
data set is obtained when a frequency analysis is provided

. instead of a correlation function. I¥ the spectral {function,
Fe, represents the Fourier transform of the autocorrelation
(Blackman and Tukey, 1988), then, F+ represents the

contribution of the variance between frequencies f and ¥ + df,
which satisfies the condition where

v o= qu af.

Recalling +from equation 2 that y’ is the fluctuation from the
mean yield, Y, then ¥’2 is the root-mean—square value or
variance of the fluctuation. Pasquill (1962) suggests four

methods are available to resolve a data series into a spectral
distribution:

1. Classical harmonic analysis,
2. Fourier-transform of the autocorrelation correlogram,
3. Numerical filter -techniques, and

4, Electrical filters.

For our purposes, the harmonic analysis, method 1, will be used
which concentrates on the Fourier integral of ‘a periedic function
and will be discugsed in greater detail :later. Method 2 has bean
widely used in the evaluation of the power ' sgpectrum  for- air
turbulence.- Although there 'is - the advantage of & smoothed:
spectrum, there are other difficulties -of data manipulation-
which; - for our purposes,; are not advantageous  over' standard
harmonic analysis techniques. Methods X and 4 are techniques
developed by specific scientific disciplines and, in general,
have not been used extensively in evaluating spatial and time
series data. - For those interested in further details, - Hinze
(1973) and Pasquill (19462} could provide a start.

To understand - harmonic *© analysis, a review of a general
physics book for the definition of terms would be helpful (Sears
and Zemansky, 19460 or Weber, et al, 1959). A review is presented
in Appendix A for terms such as wavelength, - ‘A, frequency,- +,
period, T, amplitude, A, and phase angle, ;j « which are-terms

7. "When resorting to this device, however, it must be borne in
mind that there is a gainp in formality and precision but npot
always in physical relevance, and at times more is to be learned
from a visual study of an original record than +From its
mathematical transformations (Priestley, 1939)."
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associated with cyclic phenomenon such as the sine or cosine
wave. These terms can be defined as: A\ = distance between
wave points or peaks, f = the numher of wave forms in a unit
length and is the reciprocal of the wavelength, T = the time for
one cycle and is the reciprocal of the frequency. A = one-half
the height of the wave form, and = the offset between two
wave forms (;!f = 90° is the cosine).

The data set for the series analysis must be detrended.
Also, the distance series is considered to have two components:

1. the periodic component (deterministic, seqguential, or
signall); and,

2. a random component (errar or noise).

The bharmonic analysis method using the Fourier integral is
designed to examine the principal periodic components and +to
eliminate gross error or noise. To review the application of
Fourier series-to periodic phenomena, a review of mathematicail
books such as Sokolnikoff and Sckolnikoff (1941} and Kaplan
(1952) are extremely - helpful. - In addition, a complete ' and
thorough review is presented - by - Davis (1973) for
geostatisticians.

The problem to be resclved is to fit a finite trigonometric:

sum to a set of detrended periodic values,- Y. For the cotton
seed data, the values, X., are equally spaced intervals {(where
i=1, 2, ... ) and the Fourier integral can be reduced to:
> 2 F X 277+ Xa
A =X+ cOs ~———o————— + ﬂ Sif ————m e ————,
P ! ~

where O « and fgf are the Fourier caoefficients of vy with
respect to the amplitude;, - A, of the system at X, {(Pasquill,
1962 and Davis, 1973). - The coefficients are solved “Ffor n/s2
harmonics using computer program number 4, CORR.BAS, of Appendix
B.

A power spectrum is a method of displaying values of +the
variance, P,, plotted against harmonic numbers, 'n. In general, :
these graphs are composed of two curves termed: raw spectrum and
smoothed spectrum. Smoothing -is usually achieved by a weighted
average technique such as described by the ‘Hanning filter where:

Pe = 0.25(y°Z_1) +-0.5(y"2,.) + 0.25(y’2541)

which produces a smoothed power spectrum.: The raw or unweighted
power spectrum may give reasonable estimates-of- the variance,
however, "“their transforms ' are very respectable’ estimates of

smoothed values -of' the true spectral density (Blackman ‘and Tukey,

1968)."
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FIGURE 12. Raw and smoothed power spectrums.
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Figure 19 presents an example of the power: spectrum of the
cotton seed yield for the raw and smoothed data. If the 1lines
were perfectly: 'smooth "then ' the: higher ' variance: would be-
associated with the lower Hharmonic: numbers or the greater
distances. The distance is calculated-fifom the total length of
column divided by -the harmonic number, e.g., the total length of
column equals 57m therefore at -a harmonic distance of 20, 12, and
4 the distance would be 2.9m, 4.7m, and 14.2m respectively. The
raw power spectrum -shows that -many periodicities are 'present -and:
that the successive values of Psi-vary greatly. However, the
smoothed power  spectrum- shows the filtered data and represents:-a
more realistic periodic structure of the series and only the more
prominent peaks. If systematic variation persists then-the peaks
of the power spectrum delineates-its recurrence: -distance.: For
example, suppose a sand lens had traversed the field from top to
bottom at 15m increments, harmonic number = 4, then a peak in the .
power spectrum would have been -expected at that distance: :

Figures 20 and 21 show representative smooth power spectrums:
for the columns and rows of the cotton—-seed data. -  The spectral
ranalysis-of the ¥*2 fluctuations show how'the peaks and valleys
are distributed over these-harmonic numbers:; © The highest value
of Ps always occurs at the lowest calculated harmonic number,
i.e., the greatest+distance. As the harmonic number increases,
P. decreases because of the spatial influence of adjacent
plots. If no vield irregularities were recurring or cyclic then
the power spectrum would be a smooth continuous line*’ throughout
the range of harmonic numbers. In this case, the power spectrum
would reduce teo the: 'lowest value for the region " as  the -plots
approach uniformity.

41
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FIGURE 20. Smpothed power spectrums: columns.
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The data presented in Figure 20 shows many recurring
periodicities. Column = 2 shaws a peak at a harmonic number = &
(2.9m) but the other lesser- peaks appear to be multiples or

bharmonics of this major peak, e.g., at the valley with a -harmonic-

number = 12, distance =-4.7m, which is a multiple of 9.5m. The

data of column = 5 shows a peak at 5.2m and the second peak at

3.2m which is not -a harmonic multiple of the- first peak. - In
addition, column = 17 shaws a peak at 4.3m with another -peak at
3.185m which is a multiple of the first peak.

Figure 21 shows similar relations with row = 28 having the"

first peak at 6.5m and a secaondary-peak at 4:1m with- the' last

peak: a harmonic multiple of the other  two. Row = 335 has a peak-
at 5.7m and another at 4.1im which suggests that there-may be a

relation between the two peaks at 4.1m. ° Row = 5 shows a series
of peaks at 6.5m, 4.6m, and-3.25m where the last peak ' is a
harmonic of the first peak.

Table 7 presents-the estimated positions -of+ the -harmonic
peaks and valleys  far both-column' and row data. - For the column
data, there is a break in the harmonic numbers = 10 and -16.

Also, the . greater number of peaks start-at harmonic number = &

(2.5m) and reach -a maximum number of peaksat n =8 (7.1im) and
another at n = 18 (3.2m). For the row data; there is a break at
harmonic mnumber = 12 (3.8m). The greater number of peaks start
at n =4 (11.4m) with many peaks at n = 2 (5.1im) -or a *maximum
numbher of peaks at n = 10 (4.&6m) and n = 1& (2.8m}.
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FIGURE 21. Smoothed power spectrums: rows.
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Table 7 shows a possibility of a systematic variation of
spatial variability —-in multiples of 4.4m and 7.1m ‘distances
across the rows; i.e., at 4.4m, 7.im, 8.8m, 13.2m, 14.2m., and
21.3m. This implies that-the field has-regular cycles of soil or
fertilizer-bands with axes coinciding with -the axes of the field

which increase'the plot variances at these distances: - Howevar, -

cyclic patterns for the column dataare difficult to . interpret
and' do  not ~produce -a- unique distribution of the power spectrum. -
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TABLE 7. Estimated positions of the harmonic peaks and valleys.

HARMONIC 2 3 4 5 & 7 8B 9 310 11 12 13 14 15 14 17 18 19 20

COLUMN
- * * #*
#* * *

O NOU S WN -
*
*
*
%*
*x*
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a1}
*
%
*

N
@
* *
*
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TABLE 7. cont.
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S8patial Correlation

In the computation of the spatial correlation, the same
assumptions of homogeneity and no existing trends are implied as
for autocorrelation. The autocorrelation compares an equally
spaced data series in a line; whereas, the spatial correlation
compares several equally spaced data series along equally spaced
lines, i.e.. the correlation structure of a two dimensional data
set. It is similar to cross—correlation which compares two
distance series; however, spatial correlation compares two
distance series throughout the two dimensional data set. If the
series of the data matrix are identical, then the gpatial
correlation will approach unity. I+ the field is uniform with
random error attached to all.unit plots, the true spatial
correlations will be zero. Therefore, the spatial correlation is
a measure of the extent of field plot uniformity.

Actually, the spatial correlation-is a modification of the
cross—correlation techniques-and can provide information that the
autocorrelation cannot. By this +technique, the equidistant
values in one line of data are compared with the next line until
all columns or rows have been compared:. With each series of
computations, a correlation coefficient, ‘Rx, is obtained. As
an example, for the test data set; row = 1 can be correlated with
row = 2, then'row = 1 can be correlated with row = X, followed by
row = 1 being correlated with row =-4 and so on until row = 1 has '
been correlated with all 40 rows of data. The next relation to-
be evaluated is row = 2 to be correlated -with row-= 3, then row =
2 is correlated with row = 4, followed -by row = 2 being
correlated with row = 5, -and so forth. © This sequential process
is continued until at least two thirds of the data set has' been
analyzed.

As the distance between rows -increases, the spatial
correlation function may decrease rapidly in magnitude and it is
not unusual to find negative values over a ‘range- of equally
spaced lines. Correlograms show the amount- of field plot
uniformity that exists between rows and columns across a +Field.
The data sets are inverted for additional evaluation of the field
plot wniformity, i.e., for columns, they are analyzed from bottom
to top, and for rows, they are analyzed from right +to left.-
Therefore, i1f a correlatable relation exists: bhetween adjacent-
columns or adjacent rows of equidistant, detrended data; the
spatial correlation could interpret the extent of the relation’s
dependency. Intuitively, for a field plot oniformity study such
as the cotton seed vyield example, there should  exist some
correlatable relation between columns or rows-of data when - they
are spaced only one, two, or three meters apart. .

The eguation for the spatial correlation - coefficient; - Ry

differs somewhat Ffrom the- equation ' for the -autocorrelation-
coetficient and can be expressed as: '
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Y = X VAT

Re = _—

[;72' ® -;;'zt_._l_] i

However, the assumption of homogeneity cannot be implied in that
the statistical properties of '§3=. cannot be taken
independent of position. I¥ the field is completely homogeneous
then the areal extent of uniformity is exactly the same for both
the autocorrelation and the spatial correlation techni ques.

Figures 22, 23, 24, and 25 present examples-of the relation
of the spatial correlation coefficient to lag (distance) for the
cotton seed data, The analyses were made using computer: program
number 5, SPACORR.BAS, in Appendix B, Unlike the analysis: for
the autocorrelation coefficient where a relation may enist when a
coefficient is negative, -no relation between -adjacent plots
exists when the spatial correlation coefficient goes to zero or
changes sign. Whether the: sign is positive -or negative
{increasing or decreasing vyield trend) is not particularly
important in the analysis of these data sets; but, when Re. = 0
then no further analysis is necessary.- The extent of the
.dependency. of contiguous plots is the ‘important factor and- not
- the magnitude or extent of independence.

Figures 22 and 23 are reflections:of one another except for
the direction of sweep. - Columns 10, 21, and 31 in Figure 22 are
exactly the same columns-as 31, 21, and 10 of -the inverted data
set in Figure 23, i.e., the data-is viewed from both directions:—
In Figure 22, column = 10 shows an adjacent- plot dependency. to
nearly S5 1lags or 7.1im and the same column = 31 in Figure 23
shows an adjacent plot dependency of about & lags or B8.5m.
Similarly, column = 21 of Figure 22 shows a -plot dependency of 4
lags or S5.6m and column = 21 of Figure 23 shows a plot dependancy -

- of 3 lags or 4.2m. Column' = 31 of Figure 22 and column = 10" of -3

Figure 23 show 1little plot dependency-with lags = 2.

47
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FIGURE 22. Spatial correlation coefficient.
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Figures 24 and 25 show the spatial correlation coefficients
for row data and illustrate that the plot dependency is greater

for rows than for columns. Comparing row = 18 of Figure 24 to
row = 135 of Figqure 25_shows-that each has a dependency at lag =
14, Row = 22 of Figure 24 shows a greater amount of random

variance (noise) with lag = 4 than does its inverse direction row
= & of Figure 25 with lag = 7. A similar but opposite relation
is shown by comparing row = 8 of Figure 24 to row = 25 of Figure
25 where the lags = 9 and S, respectively.

The mean distance of dependency, M., for a specified
column or row can be given by the integral of R. over the
spatial increment as follows:

L

X
]
I

Re dz

0

where z is the total distance as R. -—> 0. The integral for the
average distancae is a method for weighting the magnitude of the
spatial correlation coefficients; therefore, a low Rz would not

have the same influence as a high Ra. In Table 8, the mean
distance of dependency is presented -which gives the influence of
each column and row on adjacent columns or FOWS. The data were

computed to five less than the total number of columns or rows as
the remaining data was inadequate to determine a distance of plot
dependency. The column data suggests that columns 30, 31, and 32
have a large amount of random variance with an adjacent - distance
of only 2.8m or two plots but that columns 7, 8, 9, 11, 17, 18,
33, 34, and 35 all have ‘an adjacent ‘distance of more than 12m or
eight plots. The mean distance of plot dependency -for the
columns is 8.2m or about six ‘plots. o )

The data for rows is much better; -showing much-less random
error than the column data. For: example, rows 14; 15, 18, 19,
and 221 have distances of dependency greater than 25m, or 18
plots, with row = & having a minimum value of about 7m or 5§
plots. The mean distance is about 1é4m-or 11 plots. The -spatial
correlation shows that random variance ig greater in columns than
in rows. Therefore, -  if - the plots are to be arranged ‘in the
direction of greater ‘variance, then plots -should be oriented with
the longest plot dimension in the vertical direction.
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SEMIVARIOGRAME AND KRIGING ANALYSIS

The theory of regionalized variables has beefh used by
geostatisticians to determine the spatial wvariability of ore
deposits (Vander Zaag, et al, 1981). Spatial dependence of a
measured parameter can be determined fram the semlvariogram using
precision informatieon from scattered samples of +Field data
{(Campbell, 1978). The conceptual understanding of the
semivariogram follows the general explanation for the covariance
and correlogram of the autocorrelation coefficient.

The use of various geostatistical techniques to evaluate
field plot uniformity depends upon the mathematical manipulation-
of measured data. There are many technigques available which
"weight" each sample according to its distance from the point
being estimated, i.e., the weight depends on the distance and not
the quantitative value of the sample. Usually, the method of

weighting depends upon the variable being measured, €.0.,
porosity, so0il moisture, hydraulic conductivity, Ffertility,
yield, eatc. The method known as "kriging"® is based upon the-

theory of regionalized variables and was initially developed by
Matheron in 1963 (Matheron, 1971). Since that time many papers
and texts bave become available which review the procedure in
depth (Agterberg, 19745 Journel and Hui jbregts, 19785 Clark,
19723 Royle, et al, 1980; and, Burgess -and Webster, 1980). The
kriging method requires two steps to obtain the solution of the
"estimated or kriged value" and the “"estimated or kriged
variance”. The first step is to determine the semivariogram and
the second step is to determine the ‘“"best" set of weights,
kriging.

Semivaridgrams:

The development of semivariograms examines the difference
between the position of two values of measurement where the
difference in these values is dependent on the distance of
separation (lag) and the relative orientation (H,y). The
difference obtained by this arrangement would be from the same
probability distribution and it is assumed that - locally: within
the region of measurement there is no trend. These assumptions
are not as strong for the semivariogram as were the assumptions
of continuity, trending, and stationarity for the autacorrelation
coefficient. For the semivariogram, the mean and variance of the
differences depends only on the relative spatial orientation;
however, detrending the data set is required. - The distribution
of the sample values for calculating the semi variogram are -

8. Oftentimes the French pronunciation is used, i.e., kridging
as in ridging.
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assumed to be isotropic. If the semivariogram is not the same
for each computed direction, e.g., horizontally, vertically and
diagonally, then the data structure is said to be anisotropic and
the design for kriging analysis becomes more difficult but not

impossible (Davis, 1973).

Figure 26 shows the general characteristics of a

semivariogram where the =ample variability is increasing at

distances between samples (Royle, et al, 1980). The range of
influence is at the leveling—off point of the curve. This point
also indicates the sample variance which is partitioned into
spatial and random variance.

FIGURE 26. The general characteristics of a semivariogram.
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To develop semivariograms, the following steps using the
cotton seed data will be used:
1. Describe the distance at regular intervals batween-
samples and the relative orientation as h or- lag bhs

therefore, the difference in the value between the two
samples depends only on the lag (h = 1.4224m).
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2. Calculate the mean sguared difference, y&h), between
samples using 1/2 of the expected value:

~/(h)

1/2 E Ly(x) ~ yi(x + h)1=

where Yy = vyield {gm)
¥ = position of one sample
* +h = position of other sample

3. The variance of the differences is 2 ¢/1h), and the
semivariogram, —Vﬁh), can be calculated from:

n

»h) = 1/2 n E Ly(x) — y(x + h)1=

where n = the number of sample pairs.

These computations which are similar to those made for the
autocorrelation coefficient were made using computer program
number &, KRIGL1.BAS, of Appendix B. The program detrends each
data set separately and computes the horizontal, vertical, and
di agonal semivariograms.: - The various models af the
semivariograms, q/?h), are shown in Figure 27 where a = the range
of influence of a sample and C = the "sill" or the value where

(h) levels off. Each model can be expressed mathematically as
follows:

for the spherical model

Zh h=
q/Qh) = 0C\—-— - me——— when h <= a, and

+th) = C ‘ when  h >= a
for the exponential model
¢4h) = C L[l —- exp(-hrall

However, the exponential model never approaches the sill, C§ but
drawing a straight line through the first linear portion of the
plotted data intersects a hypothetical sill at the distance egual
to the range of influence, a (Clark, 1979). For models with a
5111, C = 5%, where s2 is the sample variance. The linear
model which has no sill is given by ,79(h) = b x hy where h = the
slope of the line.

These three examples, spherical, exponential, and-linear are

the most commonly used models. Clark (1979) and Royle et al
(1980) have presented many other-polynomial models and appiroaches

o4
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FIGURE 27. Variogram for *jdeal’ models.
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the solution of a semivariogram. Tha relation of the
semivariogram, (h), to the autocorrelation coefficient, R.,

at lag h can be given by:
~th) = s2(1 - R)

ar

Conceptually, the autocorrelation is dependent on the variance,
which must be finite (Burgess and Webster, 1980). '

To solve the semivariogram for the cotton -seed data, the
method chosen for analysis was the spherical ‘maodel. The analysis
follows the techniques developed for the- autocorrelation which
were- presented in Figure 13. The data set ‘was detrended and used
to compute the semivariogram. The data set was normally
distributed and, after detrending, was isotropic. Faor -these
analyses, - at least 2/3rds of the data were used to determine the
semivariogram in the row,' column, and diagonal directions to
inswe many paired samples as shown in Tables 9 and 1G. Clark
(197%) has stated that the standard rule is the fewer pairs used
in computation, the less the reliability.
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TABLE 9. Experimental semivariogram (gm/plot)® for column and
row cotton seed data (1280 Flots).

ROW COLUMN
DISTANCE Number Experimental Number Experimental
BETWEEN af Semivariogram of Semivariogram
SAMPLES (meters) Pairs RAW DETRENDED Pairs RAW DETRENDED
1.4 1248 395.9 395.8 1240 389.0 388.8
2.8 1216 427.8 428.0 1200 393. 1 3935.1
4.3 1184 471.8 471.4 1160 404. 4 405.2
3.7 1152 910.5 509.9 112G 431.9 434.9
7.1 1120 S39.3 538.8 1080 473.0 478.7
8.5 1088 973.0 S972.0 104Q 488.5 494, 1
10,0 1054 993.6 592.6 1000 S905.3 513.6
11.4 1024 b24.5 &22.6 60 499.4 508.8
12.8 992 h44.2 &441.0 Q20 S519.0 531.4
14.2 50 &624.0 619.4 880 S517.1 831.0
15. 4 3 28 h29_4 422.4 840 027.2 942.0
17.1 824 &22.2 61%.4 800 544.9 959 1
18.5 864 b614.5 bH05.6 740 S568.7 982.9
19.9 B3Z2 996.2 585. 46 720 578.7 588.8
21.3 8Q0 oB84.6 S571.7 &80 =980.2 990.59
22.8 748 =87.2 573.0 640 596.2 &08.1
24.2 - 736 955.9 5940.4 400 949.1 S567.9
25.4 704 983.8 S64.4 S60 550.0 549.0
27.0 &72 &603.3 o83.7 520 937.7 550.5
28.4 &40 &630.8 607.1 480 328.1 940.5
29.9 608 &13.2 585.1 440 5990.3 S5460.8
31.3 574 708.3 678.3 400 S916.4 926.3
3227 ’ S44 £88.8 &57.7 340 509.2 - 510.2
34.1 912 743. 4 708.1 320 g92.8 852.Q
35. 4 480 803.1 767.9 280 S18. 4 S903.5
37.0 448 817.6 780.3 240 575.0 953.2
38.4 414 875.0 834.6 200 525.8 4946.5
39.8 384 803.8 765.7 1460 412.4 S568.3
41.2 352 874.8 834.4 120 580.2 932.4
42.7 320 855.4 Bib. 6 80 653.9 977.2
44_1 288 844.1 804.1 40 708.8 &21.2
45.9 254 ?27.1 885.5
46.9 224 822.7 782.8
48. 4 192 853.0 813.9
42.8 1460 768.8 733. 4
51.2 128 753.0 724.7
52.6 6 B830.5 803.1
94.1 &4 o969.9 836.7
955.4 32 10346.2 69.2
546
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TABLE 10. Experimental semivariogram {(gm/plot)= for diagonal
cotton seed data (1280 Plots).

DIAGONAL
DISTANCE Number Experimental
BETWEEN of Semivariogram
SAMPLES (meters) Fairs RAW DETRENDED
2.0 1209 461.5 461.1
4.0 1140 470,2 4469.2
6.0 1073 529.1 927.7
8.0 1008 574.1 572.4
10.0 2453 5793.8 590.8 .
12,0 884 664.3 b660.7
14,0 825 6446, 9 641.6
16.1 768 6846.7 680. 4
18.1 713 &6&72.7 hh3. 4
20.1 6A0 698.8 &£90.8
22.1 &09 &24.8 b16.2
24.1 540 &05.7 596.8
26.1 513 &04.9 597.1
28.1 440 585.2 S577.4
30.1 425 645, 4 639. 4
32.1 84 571.9 592.1
34.1 345 617.1 617.9
34.1 308 650.1 651.2
38.2 273 &70.1 &72.4
40.2 240 659.9 &57.7
42.2 209 -684.5 680.2 -
44 2 180 705.6 671.3
44.2 : 153 657.1 46392
48.2 . 128 778.4 781.3
50.2 . 105 b647.0 514.5
92.2 84 778.4 741.5
94.2 65 649.5 &04.2
S546.2 48 H18.3 §575.2
98.2 33 605.8 561.2
60.2 2Q 222.8 192.5
&2.3 9 464.2 4546.7

Tables 9 and 10 presents the semivariogram computed from the
raw data and from the detrended data. The data were detrended
using a linear equation; however, there are other methods - for
detrending data.(Davis,:: 1973). The data set, - either -raw or
detrended, is nearly isotropic but because of the importance of
the isotropic assumption; further analysis will be performed only
on detrended data. -

A plot of the semivariogram in the three major directions;
row, column, and diagonal for the detrended data are’shown in
Figure 28. There are only minor differences between the row,
column, and diagonal semivariograms;i: therefore, they are
spatially isotropic.
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FIGURE 28. Semivariogram for cotton seed data
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The semivariogram initially increases at a rapid rate and
levels off at about 20m which-suggests a polynaomial trend-in ‘the
vield data. Beyond 35m a different: type of trend starts which
could require a different method-for -analysis. ‘However, if the
analysis is restricted to 35Sm;  then the spherical model can be
used. By drawing a straight-line through the first points and
drawing another horizontally- through the leveling—off portion of
‘the curve, the range is determined from the intersection of ' the-
two drawn lines and the estimated range is read -from the x-axis-
as - aa = 11 {(gm/plot)=. The range is computed from -a° =
Saa/2 = 16.5 (gm/plot)=; The intercept-of the horizontal
line and the y-axis gives the value of the sill at the variance
of the sample-values = 4608 (gm/plot)=, The range shows that
plots further apart-- than 16.Sm (12 plots) are independent;
whereas,  plots within the range are spatially dependent. The
range is dependent on the size of the area sampled, i.e., a
smaller field would give a smaller range (Clark, 1979).

The semivariocgrams start at-a constant value greater than
zero [y-axis intercept = 370 (gm/plot)=2]1. This constant, Ca.,
is known as the "nugget effect". The position of the nugget
effect implies a zone of complete, unpredictable random variance.
However, even with complete random variance, all curves must
intersect” zero at distance zero, 1.e., two identical - values
measured at exactly the same position must have the same ‘'value,

zero. These analyses show'a sill of spatial -variance, € = 238
{gm/plot)2 and a nugget effect,  Co = 370 (gm/plot)= where
the 1line intersects the y—axis. Therefore, 6l1% of the sample

variance is random and unpredictable, i.e., 370 x 100/4608 = &1%.
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Another way of stating this is: a plot, which is 146.5m distant,
would be expected to have a yield difference of 19.2 gm/plot,
ice., (3701272 = 19, 2,

The semivariogram presents a better range and standard
deviation than most other methods, e.ag., the standard deviation
for the semivariogram = 19.2 gm/plot} whereas, the data in Table
X using the method of moments showed a standard deviation of 25
gm/plot. The semivariogram gives a range of dependency of 15.5m}
whereas, for spatial correlation the distance of dependency was
8.2m +For columns and 146.1m for rows. Similar relations were
obtained for the autocorrelation where celumns = 8.9m and rows =
28.4m and Ffor spectral analysis methods where columns = 11.4m
and rows = 11.3m. A distance of dependency = 14.2m was obtained
using Smith"s method.

To evaluate the spherical model, the following values ware
taken from the semivariogram in Figure 2B:

estimated range = aa = 11im
range = a = 146.9m
nugget effect = Cs; = 370 (gm/plnt)z-
sill = €C = 238 (gm/plot)=,

Therefore., for the spherical- case:-

‘ 3 h 1 h =
-f4h) = 370 +-238 - ——— — — ———
2 16.5 2 \\16.5

when h <= 1&.5m, and i¥ h = 2m, then ~/4h) = 413 (gm/plot)=,
In addition,

qﬁh) = 370 + 238 = &08 (gn/plot)=- when h > 16.5m.

Using this information; the spherical model - was computed
using computer program number 7, SPHER.BAS, of Appendix B. ‘These
results are presented-in-Table 11 which'is plotted as-the —solid
line on Figure 28. - The spherical model for the semivariogram
gives a good +it.

As the kriged values depend only on the nearest points,; then
a semivariogram has to be accurate only over the first few lags
(Burgess and Webster, 1980). It is logical - then that -an
exponential model or- a simple linear -model could -be used.
However, the nugget effect is large: © Co = 370 (gm/plot)=,
and when the exponential model- and linear model were attempted
for kriging analysis of the cotton seed - data, they produced
undesirable effects. ’
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TABLE 11, Semivariogram computed for the spherical model
for the cotton seed data.

DISTANCE EETWEEN COMPUTED

e e et —— — e e et —

FLOTS, meters SEMIVARIOGRAM, (gm/plot)=
1.4 40Q0.7
2.8 430.9
4.3 4460.3
5.7 488.2
7.1 514.3
8.5 538.2
10.0 599.3
11.4 557.2
12.8 591.4
14,2 &401.5
15.6 &607.1
17.1 &08.0
44.1 &08.0
Kriging

After computing an accurate semivariogram, these values are
used to determine the weights for calculating the kriged vyields
and the kriged variance. Although many authors discuss the
simple, simplistic, rudimentary, easy approathes to understanding
krriging analysisj in general, the solution techniques are
confusing and are only simple, after a thorough study is
accomplisﬁed. Often the method is lost when the authors lament on
their favorable aspects of using kriged values. These favorable
aspects are yet to be seen....

To enter the realm of kriging, the "simplistic" approach
presented by Clark (1979) will be fallowed. However, the
methodological development will be highly augmented and supported
by the manuscripts of Matheron (1963, 1971), Agterberg (1974),
David (1977),Journel and Huijbregts (1978), Burgess and Webster
(1980), and Royle et al (1980) and many, many others. Also, the
French literature from Fontainebleau is filled with many
geophysical examples and soclutions.

The method of kriging depends upon the “local” or
“neighborhood” estimation of values. Although different
neighborhoods may have different means and standard deviations,
the semivariogram is the same over the entire area or data set.
Figure 29 presents the neighborhood of values for the upper
lefthand corner portion of the cotton seed data (see Appendix A).
The area or panel, A, was interpreted using the nearest 1& data
points. The kriging method follaowed is called "hlock" or “two-
dimensional”® kriging and relates peint values to areas or panels.
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FIGURE 29. Neighborhood or grid used to determine kriged values.
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To determine the-estimation value, T*, (for the cotton
seed data example, T* = yield), there is an area, A, over which
the yield is to be summed and averaged. The 16 values of yield,
Y1, were added and divided by the -number of samples, n, to
determine the mean:
n n
Y
le' =, w‘yi — . S ——
:E:: ;; n
Another way of stating the same thing is as follows:
T® = wWaiys + Wayz + ways + ... + WnYen
where all the weights, ws,, are the same and T* is the

arithmetic mean of the vield.
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It will be recalled that the semivariogram was equal to the
sample variance divided by two:

/R R

2

g2 = 2 »/ch).

However, to account for the variance of each area, A, and the
data point, vy, three terms of the variance must be defined.
Theoretical developments appear in Journel and Hui jbregts (1978).
The estimation of the variance of the error associated with the
sample values, the semivariogram, and the sample values describe
the spatial variability:

52 = ZWA %S"A) - N‘WJ "}/(B"SJ) - %A'A)

where 8.,, is the value ‘of a point in the sample setj Ais the
value of each point in the areaj and each- term, ry/, on the
righthand - of the- equationis an average: semivariogram. For
example,- David (1977), Clark (1979), and Royle et al (1280)
define the terms ass

[

or

q/QSL,A) = Sum of all the semivariogram values between
the sample point, S., and every point in the
area divided by the area, A.-

- = The - average semivariogram-between each yield
point, S., and the entire area, A.

/qus,SJ) = The average semivariogramvalue between: every
= -pair of points in the sample set{(84) and every
. other point in the sample set (8,).

= A measure of the variability-in values between
samples.

749,9) = The average-semivariogram value between. every
point in the area, A, and evety other point in
the area,” A. -

= The average semivariogram which is removed from
the system when ‘only the-average valus over the
: area, A, is considered.

= The variance of the values within the area, A.

These average semivariograms are simply numbers for a given
data set where the estimation variance is a function of the
“weights assbciated with each of the samples, B:4,49- They can be
solved, for' the cotton seed data, by using- various spherical
auxiliary functions. When the auxiliary function is determined
for each component, they are put into a matrix form and solved by
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the solution for simultaneous equations. Kriging selects the set
of coefficients that minimize the estimation wvariance and
produces the best estimator; i.e., the lower values of variance.
The equation for the estimation variance, s*, can be resolved
to the following set of linear equations for kriging:

Wi 1451,83) + W= 04%1,52) + .. F wn-y{s1,8") + L =_q4§;,ﬂ)

Wi '/(82_181) + wa ')/(52,52) + . *t WL 0/(82,8.—.) + L =?/(82,A)

Wi 74Sn,81) + Wa q%Sn,Sz) T 7{sh,sn) + L = 74§n,g)
Wy +w2 +--+“n +0= 1

and solving gives:

52 = Wi '.,/(S‘,A) + wz %Sz’ﬁ) + - - + Wn (Bﬁ,ﬂ) + L _%A'A)
T = Wa,ys + Wa, Yo + oo + WaaYn

For the cotton seed data and for each neighborhood of 16
values, there will be 17 equations -in the kriging system, i.e.,
16 on the lefthand side of the above set of linear equations plus
225/ Lagrangian mulitiplier; L. For the cotton seed-- data, the

(

S4,8,) terms are “point—to-point" sclutions and the
q/TS‘,A) terms are "point—to—-area" solutions: and, the latter, are
written in combinations—of the auxiliary function, Hid,b). The

auxiliary function is defined for a particular matrix- or field
geometry. .

The task remains to solve this set of equations intoc the

auxiliary terms and finally-into the "weights. The spherical
model of the semivariogram wags given by::

I h 1 fh\=
rV(h) =Cl-- - —={- when h <= a
2 a 2 \a
= when h > a

and as shown in Figure 30 (which is an example of the center
portion of Figure- -29):

H{d,b) = Average semivariogram value between an area, A,
and & point, P, at-one corner of the panel.

Clark (197%) presents many examples: of other auxiliary
functions for ready solution to other types of models. The two-
dimensional- H(dysb) Ffunction 1is solved by using the -tables in
Appendix A. For the spherical model, distances are given as
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FIGURE 30. Two-dimensional auxiliary function, H(d,b).

N ©

D o= == oe == == we aeam ae

<= e e >

relative to the range, a, therefore H(d,b) with range = a is the
same as H{(d/a,bs/a) with a range = 1. The tables in Appendix A
include all spherical models and can be spolved as follows:

1. Divide the lengths of the sides (d,b) of the area, A, by
the range of influence, a, i.e., H(d,b) = H{(d/a,br/a}.

2. Read the corresponding values of d/a and b/a in the

Tables and use proportionate interpolation to find
unlisted values.

S« Multiply the -Table value by the sill, C.

4. Add the nugget effect, Lo, to the final value.
For the cotton seed data, when a = 146.5m, d = 2.8m, and b =

4.27m, - where C = 238 (gm/plot)2 -and Co = 370 (gm/plot) =,
then from the tahle: -

H(2.8/16.5,4.27/16.5) = H{0.17, 0.24) = 0.234

thus,

Hid,b) = 0.236 % 238 + 370 = 426.2 {(gm/plot)=
The table for the two-dimensional auxiliary function, H{d.b), is
for the "standardized" spherical ‘model where the order of d and b
is not important as this table is symmetric.

To solve the set of linear equations for kriging, the right
hand side of the equations are the average semivariograms for
(S4,A) between the area, d % bh. The method for obtaining
H(d,b) is presented in Figures 29 and 303 therefore, at point #1:

H(1.4/16.5,1.4/16.5) = H(0.085,0.085) = 0,105.
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then,
Hidsb) = 0.105 x 238 + 370 = 395 (gm/plot)=

H(d,b) represents situations where the area is only one side of
the panel as shown in Figure 29 for points 1 through 4. For the
outer points, S through 16, then H{(d,b) must be calculated
twice, once for each area in the panel. For example, point
number 10 needs two sets of numbers at two orientations of the
areas.

H(2.8/16.5,4.27/16.5)

H(0.17,0.26) = 0.23%
then,

H{d,b) = 0.236 x 238 + 370 = 426,72 (gm/plot)=

H(4.27/14.5,1.4/146.5) = H{0,26,0.09) = 0.210
then,

H(d,b} = 0.210 x 238 + 370 = 420.0 (gm/plot)=

The 14 values for the grid positions shown in Figure 29, for
H(d,b), are presented in Table 12,

These values are then solved for the appropriate 'Y<g;,ﬁ)
as follows:

an example of one area in a panel ig,

fy4ég,ﬁ) = dx b x H(d,b)/(d % b)

for point number i,

~(S4,A) = 1.4 x 1.4 x 395.0/¢1.4 x 1.4) = 395.0 gm=

an example of two areas in a panel is,

dl % bl x H(d1,bl) + d2 x b2 x H{d2,b2)
'/(sl. ’A)
(di % b1) + (d2 x b2)

for point number 10,

"/(Si.o,ﬁ) =

= 431.2 (gm/plot)=

(2.8 % 4.27 % 447.46) + (4.27 x 1.5 x 420.0)

(2.8 x 4.27) + (4.27 % 1.4)

The 14 values computed for the grid positions shown in
Figure 29 for ﬂ/(S;,ﬂ) are presented in Table 13.
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TABLE 12. Values of H(d,b) for the 16 grid positions (gm/plot)=,

GRID FOSITION

3 H{0.083, 0.085); 0.105 x 238 + 370 = JI95.0

2 H(0.085, 0.085)) 0.105 % 238 + 370 = 395.0

3 H{0.08%5, 0.085); 0.103 % 23B + 370 = 395.0

4 H(0.085, 0.085)5 0,105 x 238 + 370 = 3I95.0

3 H(Q.259, 0.259); 0.262 x 238 + 370 = 432.4

& H(0.259, 0.170); 0.23& » 238 + 370 = 424.2,

H(0.0BS, 0.259); 0.210 x 238 + 370 = 420.0

7 H(0.170, 0.2539)35 0.236 x 238 + I70 = 426.2,

H{0.259, 0.085); 0.210 x 238 + 370 = 420.0

8 H(0.259, 0.259); -0.2862 x 238 + 370 = 432.4

? H{0.259, 0.170)§ 0.234 % 238 + 370 = 424.2,

H(0.085, 0.259); 0.210 » 238 + 370 = 420.C

10 H{0.170, 0.259); 0.236 % 238 + 370 = 426.2,

H(0.259, 0.085); 0.210 x 238 + 370 = 420.0

11 H{0.259, 0.259)s5 0,262 » 238 + I70 = 432.4
H(0.25%, 0.170); 0.2346 x 238 + 370 = 426.2

13 H(0.170, 0.259); 0.23&4 x 238 + 370 = 424.2,

H{0.259, 0.0835); 0.210 x 238 + 370 = 420.0

14 H{0,.259, 0.259); 0.262 % 238 + 370 = 432.4

15 H(0.085, 0.259)5 0.210 x 238 + I70 = 420.0,

H(0.259, 0.170)3 0.236 % 238 + I70 = 424.2

14 H(0. 170, 0.259); 0.236 x 238 + 370 = 424,72,

H{0.25%, 0.0B5); 0.210 x 238 + 370 = 420.0
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TABLE 13. Method of calculating the '745., A, {(gm/plot)=

GRID POSITION

1 (1.4 * 1.4 x 395.0) / (2.0 = 395.0
2 (1.4 * 1.4 % 395.0) / (2.0) = 395.0
3 (1.4 * 1.4 * I95.0) / (2.0) = 395.0
4 (1.4 % 1.4 *x 395.0) / (Z2.Q) = 395.0
2 (4.27 % 4,27 % 432,4) / (1B.2) = A32.4
& [(4.27 % 2.8 % 426.2) + (1.4 x 4.27 x 420.021/(18.2) = 417.2
7 [(2.8 % 4.27 » 426.2) + (4.27 % 1.4 x 420,.0)1/0(168.2) = 417.2
8 (4.27 »x 4,27 x 432.4) / (18.2) = 432.4 .

9 [(4.27 » 2.8 x 4246.2) + (1.4 % 4.27 x 420.0)1/(18.2) = 417,72
10 [(2.8 % 4.27 % 426.2) + (4.27 % 1.4 x 420.0)1/(18.2) = 417.2
11 (4.27 x 4.27 » 432.4) / (18.2) = 432,43
12 [(1.4 »x 4.27 x 420.0) + (4.27 x 2.8 x 426.2)1/(18.2) = 417.2
13 L(2,8 x 4.27 % 426.2) + (4.27 x 1.4 x 420.001/(1B8.2) = 417.2
14 (4.27 % 4.27 % 432.4) / (18.2) = 432.4
15 [{1.4 x 4.27 » 420.0) + (4.27 x 2.8 x 426.2)1/(18.2) = 417.2
146 [(2.8 % 4.27 x 426.2) + (4.27 % 1.4 » 420.0)1/(18.2) = 417.2

To aid in the explanation of obtaining the - H(d,b) - values,
Figure 31 shows the arrangement of the model presented in Figure
30. Here, there is one area to the panel where b is the ‘length

FIGURE 31. Estimation of area average from one yield *point?.
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FIGURE 32. Image values of area estimation for block kriging.
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and point 45 then, the area, A, 1is the length, d, times the
length, b. At point 10, the system is slightly different and the

two areas for the panel are shown in Figure 32. In the upper
grid, d is equal to the distance between points 10 and 8 and b is
equal to the distance between points 10 and 15, In the lower
grid, d is equal to the distance between points 10 and 15 and b
is equal to the distance between points 10 and 11. Each average
semivariogram value,-yZSg,A), is configured in the same manner.

To calculate the distances between pairs for the-74S;,SJ)
terms on the lefthand side of the set of linear equations, use is
made of the average semivariogram, 7451,SJ), which measures
the wvariation in vield values between plots and takes into
account the different weights associated with each sample. Since

there are 16 points in this set there are 256 such terms. Each
of the individual terms is a semivariogram between a pair of
points. By definition, when the lag is zero, h = 0, and the
diagonal terms, —A4S,,s,), w4S=,S=). 7483,53), cee s S50,Sn) are
zero. Also, the image terms of the set of linear equations are
the same, €20y %51182) = '}/(52,5:), -)/(52,53) = 1/(8:5,52).
etc. The (61,52) term is solvable by the auxiliary
function, (h), far the spherical model within the range, a,
where:

3 h 1 h =

“/61) = C - - - - —) when h < a
2 a 2 2
= when h >= a

For example, the average semilvariogram +or“w{451,82) can be
given by: :

7451,52)

It
o
-
+
0
]

400.2 (gm/plot)=
Figure 31 shows the distance of h between points 1 and 2
where the plot distance = 1.4224m. For the average semivariogram

between points 1 and 11, +the length of the diagonal -is computed
using the Pythagoras theorem and 1/?81,8,1) is,

3 3.97 1 3.87 =
ﬂ/fsl,s,;) = 238 - ———— = = e + 370
2 16.5 2 16.5

= 452.2 {(gm/plat)=
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A similar computation is needed between points 5 and 11 where,

3 2.87 1 /3.87 =
’y485s511) 238l — ——— - — | + 370

I

2 146.5 2 116.5
= A494,9 (gm/plot)=

Each of the computed average semivariograms are presented in
in Appendix A. However, the coefficients needed to solve the
weights for the set of linear equations is presented in Table 14.
The computer program number 8, WEIGHTS.BAS, in Appendix B was
used to compute the coefficients.

The coefficients for the set of linear eguations were placed
on random file using program number 1, ENTDAT.BAS, in Appendix BR.
Then computer program number 9, SIMULT2.BAS, in Appendix B, was
used to compute the weights, w., and the Lagrangian parameter, L:

Wy = 0,095
We = 0.0995
Wx = --0.093
Wa = 0.093
we = Q.044
Wae = 0,049
W = 0.051
Wwa = 0.048
We = 0,057
Wio = 0.057
Wig = 0,050
Wiz = 0,051
' Wax = 0,051
Waia = 0,050
Wim = 0.057
Wise =- 0.057
L= 15.9

To solve for-the average semivaringramg—¢4n,ﬂ), use is made
of the auxiliary function, F(d,b) and for the two-dimensional
case, -Véﬁ,ﬁ) = F(d,h})s The Table of Fi{d,b) values appears in
Appendix A and is included in computer program -number 10,
KRIG3.BAS. The final term for the cotton seed-data is-calculated
as follows:-

1.42 1.42
Fl]—— —=————
16.5 16.5

»/m,m

]

F{0.085,0.085) = 238 x 0.1046 + JI70

i

395.3 (gm/plot)=
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Matrix of coefficients for -V{A,A), of

TABLE 14, the kriging
sat of linear equations.
W W
1 2 = 4 S & 7 8 9
1 0.0 400.7 400,7 413.3 413.3 400.7 413.3 438.0 - 430.9
2 400.7 0.0 41F.3 400.7 438.0 413.3 400.7 413.3 400.7
3 400.7 413.3 0.0 400.7 438.0 430.%9 438.0 455.3 438.0
4 413.3 400.7 400.7 0.0 438.0 438.0 430.9 438.0 413.3
5 413.3 438.0 438.0 43%8.0 0.0 4G0.7 430.9 4&60.3 4564.9
6 400.7 413.3 A430.92 438.0¢ 400.7 0.0 400.7 413.X 438.0
7 413.3 400.7 A43B.0 430.9 430.9 400.7 0.0 400.7 A413.3
B 438.0 413.3 455.3 438.0 460.3 413.3 400.7 0.0 400.7
g 430.9 400.7 43IB.0 413.3 464.9 438.0 413.3 400.7 0.0
10 438.0 413.3 430.9 400.7 477.4 455.3 438.0 430.9 400.7
11 455.3 438.0 438.0 413.3 494.7 477.4 464.9 A460.3 430.9
12 438.0 430.9 413.3 400.7 477.4 464.9 460.3 464.9 -438.0
13 430.9 438.0 400.7 413.3 4464.9 A460.3 464.9 477.4 - 455.3
14 438.0 455.3 413.3 438.0 440.3 464.9 477.4 A4.7 477.4
15 413.3 438.0 400.7 430.9 430.9 438.0 455.3 477.4 464.9
16 400.7 430.9 413.3 43B.0 400.7 413.3 438.0 464.9 460.3
17 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 11 12 13 143 15 16 L CONSTANT
1 438.0 455.3 438.0¢ 430.9 438.0 413.3 400.7 1.0 395.3
2 413.3 43B8.0 430.9 438.0 455.3 438.0 430.9- 1.0 395.3
3 430.9 438.0 413.3 400.7 413.3 400.7 413.3 1.0 395.3
4 400.7 413.3 400.7 413.3 438.0 430.%9 438.0 1.0 3I95.3
S 477.4 494.7 A477.4 A464.9 460.3 430.9 400.7 1.0 438.95
& 455.3 477.4 464.9 460.F 464.9 - 438.0 413.3 1.0 426.3
7 438.0 464.9 4460.3 464.9 477.4 455.3 438.0 1.0 426.3
B A430.9 460:3 464.9 477.4 494.7 ‘477.4 464.% 1.0 438B.5
9 400.7 430.9 438.0 455.3 477.4 464.9 4460.3 1.0 4235.9
10 0.0 400.7 413.3 438.0 444.9 4460.3 464.9 1.0 42%.7
11 400.7 0.0 400,7 430.9 4560.3 464.9 A477.4 1.0 43B8.5
12 413.3 400.7 Q0.0 400.7 430.9 438.0 455.3 1.0 426.3
13 438.0 430.9 400.7 0.0 400.7 413.3 43B.0 1.0 426.3
14 444.9 4460.3 430.9 400.7 0.0 400.7 430.9 1.0 A438.5
1S 450.3 464.9 438.0 413.3 400.7 0.0 400.7 1.0 423.9
16 444.9 477.4 455.3 438.0 A430.9 400.7 0.0 1.0 423.9
17 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 1.Q
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And the kriging variance would be:

n
5= = Z Wa _,43“;\) + L ~ F(d,b)

i
= 416.4 + 15.9 - 395.3 = 346.9 (gm/plot)=

Therefore, the kriged standard deviation, 5 = 4.1 gm/plot. The
estimated kriged value at T(1,1) = 90.0 + 6.1 gm/plot. The
effect of weighting can be seen by comparing the weighting
values, W., to their relative positions as shown in Figure 31.
The nearest points to the unknown position, A, have the largest
weights. The smallest weights are at the farthest corners, S, B,
11, and 14, as expected. The kriging method automatically
adjusts for the spatial relations between points.

The cotton seed data was found to have a normal distribution
and it was possible to use the student-t value to determine the
95% confidence interval. Therefore, as T*(i,j) = X+ 1.96 5, it
follows that for T(1,1) the range is 79.2 to 103.0 gm/plot. To
determine the kriged vyield values, the kriged weights were
entered into computer program number 11, KRIG2.BAS, in Appendix
E. The values for the kriged cotton seed vield ware calculated
from:

n

T(i,5) = E Wiy where n =1, 2, 3, ... , 16.

The kriged values are presented in Table 15 and are offset by a
small distance, i.e., T{(1,1) is positioned at 2.1im and 2.1im and
T(1,2) is at 3.46m and 2.1m. :

Table 15 shows the-interior kriged cotton seed-yield for the
data set. Examination of this table emphasizes the definition
for a "regionalized variable" as given by Davis (1973) where a
variable is considered to be regiocnalized if it varies from one
place to another with apparent continuity. The regionalized
variable differs from an ordinary scaler random variable in that
its usual distribution parameters have a well defined spatial
location (Henley, 1981).
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TABLE 15. Kriged vyield averages for the cotton seed data.
1 2 3 4 S [ 7 8 q 10

1 ?0.0 956.7 100.0 94.9 <90.0 87.8 B8B7.1 B4.0 82.2 77.2
2 88.4 95.35 98.5 96.3 91.7 87.4 B84.4 B83.0 B3.& 77.2
3 70.8 95.4 95.8 93.3 1.1 84.1 B84.5 B3.0 83.&4  79.8
4 87.3 21.5 90.6 B84.6 84.2 84.3 B4.2 B83.8 82.5 B81.8
5 87.6 93.1 91.X 85.9 87.4 B84.6 B88.8 B4.6 B0.7 B82.4
& 22,1 %8.8 95.3 90.4 89.9 84.2 B8&4.9 78B.7 75.4 75.8
7 ?0.9 99.3 99.5 92.0 90.4 B&4.6 B80.F 71.8 &7.9 48.9
a 89.7 98.6 97.3 B89.7 B84.0 B81.1 75.4 67.8 45.0 6&7.3
9 B82.79 89.3 B89.9 B4.1 80,3 75.1 75.7 70.9 &7.6 69.7
10 79.4 B85.1 87.4 B8B2.3 78.2 74.3 75.4 74.8 73.9 ‘73.4
11 82.1 84.9 87.2 83.9 80.9 77.9 78.2 77.1 76.8 77.1
12 B3.4 B84.1 88.2 85.4 82.9 7B8.5 746.2 74.8 72.7 75.9
13 84.4 86.3 B8B.3 B84.46 81.4 75.3 71.7 70.0 71.4 72.8
14 78.6 79.3 83.0 79.6 75.3 72.2 6b6.9 b65.3 67.2 64.5
15 73.9 74.6 76.7 74.6 72.8 72.3 &7.9 6&67.0 &7.1 bb6.4
146 69.4 71.7 75.1 74.8 73.2 72.0 70.0 &7.5 &5.8 &4.6
17 63.7 70.7 76.7 77.6 76.7 75.3 73.3 70.9 7.8 &5.9
18 63.9 71.5 77.7 78.6 77.4° 74.5 73.8 73.4 71.5 70.6
19 65.9 70.1 73.7 73.7 73.6 71.8 70.) 73.5 73.5 74.46
20 64.9 6&6.7 &7.1 6B.7 6B.6 68B.5 46£9.8 74.7 76.8 77.9
21 65.8 65.3 65.2 65.0 62.9 6&6.4 &67.0 72.1 74.2 76.7
22 64.1 &7.2 65.1 b6.3 66.8 69.9 71.9 74.8 75.4 77.6
23 62.5 68.2 69.0 70.4 74.0 77.9 79.3° 80.3 78.0 7%9.9
24 62.0. 67.5 71.4 75.1 79.4 83.0 84.2 85,4 83.2 B3.9
25 60.5 68.2 74.1 78.0 B1.0- 82.4 83.8  8b6.8 B6.0 83.95
26 62.1 6&9.0 73.9 75.% 78.0 77.3 78.3 83.2 B81.5 79.8
27 63.9 &8.7 71.7 73.4 72.9 73.5 75.8 746.5 77.8 B0.4
28 65.7 70.1 71.2 73.4 75.4 77.3 75.974.2 77.7 82.8
29 65.6 70.4 73.1 735.5 79.0 78.2 7b.&6 74.7 77.9 B8B2.6
30 63.2 71.0 74.6 77.9 77.1 75.8 78.7 78.5 80.1 80.8
31 63.6 68.8 - 76.0 78.7 76.5 76.4 80.3 81.9 811 -74.8
32 62.5 65.7 71.4 74.0 73.7 75.3 80.8 83.3 80.0 72.9
33 66.2 67.8 70.6 73.2 74.3 82.2 B87.3  88.9 83.6 746.0
34 6&9.9 67.7 70.5 75.1 80.8 89.&4 2.4 90.6 83.9 74.4
35 68.2 646.1 68.0 74.9 83.3 93.5 91.9 87.2 79.2 7.8
36 69.2 b64.9 65.9 72.8 B83.6 95.0 90.0 84.0- 71.0 &0.0
37 &7.7 64.8B 64.4 4L9.4 T76.8 BL.9 B83.8° 78B.0 65.&6 55.7
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Table 15. cont.
i
11 12 13 14 13
1 72.0 83.1 88.9 %1.1 B84.0
2 75.7 82.5 B8&4.6 0.0 87.7
3 80.%5 B46.8 88.0 95.1 93.5
4 79.1 84.4 B89.7 93.2 95.0
9 80.1 B85.3 B9.4 95.3 101.0
& 75.8 B2.8 83.5 89.3 102.0
7 71.6 75.6 74.8 82.4 94.5
8 70.9 73.0 74.9 81.7 91.4
Q 70.7 71.7 73.3 79.8 89.1
10 7i.6 72.2 73.2 80.7 90.7
i1 73.7 73.4 74.8 BO.9 88.4
12 73.7 72.9 73.1 77.0 BO.3
13 72.4 75.2 74.3 76.6 79.0
14 692.3 70.9 70.0 74,8 75.2
15 &8.0 68B.7 &6.8 73.B 75.7
16 66,0 69.3 &8.3 74.9 79.8
17 67.9 73.1 T746.0 84.4 B6.9
18 71.4 77.4 85.4 94.4 94.8
19 7.7 B3.5 Q2.6 9B.9 94.46
20 BO.5 B84.5 Q0.0 Q7.0 94.9
21 80.46 B81.8B B&.2 92.7 94.8°
22 91.3 B5.3 87.2 92.0 97.4
23 82.6 B5.0 856.1 B%.8B 95.4
24 85.4 B8BL.9 88.2 92.0 - 234.4
25 80.1 81.1 83.2 B8%.7 94.0
24 72.8 77.4 7%.2 92,3 94.2
27 83.8 81.7 B81.5 91.46 B8.5
28 87.7 B87.0 -81.0 80.5 73.1
29 87.3 B2.1 74.5 75.3 &&4.6
30 73.3 T71.6 bb6.1 &9.5 &7.2
31 b6.2 63.9 2.2 &9.2 70.7
32 66,1 63.0 60.9 bHAL- 63.8
33 68.9 &3.7 BH.7 56.2 53.8
34 &7.9 61.5 57.0 54.0 51.1
35 63.5 S6.1 353.2 54.1 5G.7
36 97.6 S2.1 S52.6 57.9 57.4
37 g99.1 B52.7 D92.3 55.1 57.7
74
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16 17 18 19 20
76.7 71.9 6B.2 70.83 76.7
80.3 74.0 &4b6.2 69.6 75.9
85.7 B81.3 77.6 81.1 85.8
87.3 86.0 B88.8 90.9 93.1%
94.6 6.3 96.4 99.2 100.7
99.5 97.4 97.7 97.9 98.8
8.5 96.7 946.4 97.4 99.7
7.9 98.3 98.1 999.3 99.4
5.8 94.3 96.2 97.0 92.5
6.5 96.9 95.1 93.7 90.9
1.9 92.7 88.1 88.1 B87.54
80.1 B82.5 82.2 84.8 85.2
78.5 B1.9 B84.2 87.9 B9.4
76.9 82.1 85.0 B89.7 90.8
80.0 B88.8 89.1 92.8 92.9
85.7 93.7 90.0 89.0 846.9
20.¢ 94.8 B6.3 81.9 78.7
3.2 93.4 83.5 76.5 70.9
4.3 @91.4 B0.? 74.6 &7.6
F3.4 90.9 B4.1 746.2 &B.4
Q7.7 98.% 94.6 87.3 77.4

105.0 107.0 105.0 98.7 89.5
101.0 107.6 102.3 100.3 94.2
8.5 106.6 106.4 100.8 98.5
95.4 97.6 97.5 -992.9 100.2
89.7 89.4 88B.5 96.4 100.4&
80.8 77.9 78.7 91.2 98.4
68.8 65.5 463.5 B80.8 89.3
64.8 &5.8 60.2 71.6 78B.0
66.1 65.9 61.3 67.2 62.7
&B.9 67.7 61.5 56.9 -50.1
62.7 59.5 48.8 42.6 38.6
91.8 48.1 37.1 33.3 33.2
46.3 41.4 3F4.46 31.5 34.0
45.8 42.0 37.1 39.0 37.9
55.5 G§3.4 48.4 53,3 52.8
292.2 O58.3 55.8 62.1 62.4
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TABLE 15. cont.

21 22 23 24 25 24 27 28 29

1 85.6 87.9 84.2 B1.5 78.3 77.2 74.7 75.0 76.7
2 83.0 B8B6.3 B82.2 B1.0 BO.7 79.&6 79.8 B0.0 B2.4
3 B6.4 87.5 84.9 83.8 B8B7.9 B85.3 B8L.3 B5.3- 86.5
4 gs8.0 87.0 84.7 B4&.8 Q0.5 B88.9 91.9 90.8 92.4
=] 5.8, 94.7 92.5 92.2 92.9 9i1.1 95.3 94.8 95.7
& 7.7 97.9 93.3 94.1 92.0 88.1 90.46 92.5 93.9
7 102.0 98.9 100.1 100.3 94.1 92.4 Q0.8 93.9 94.2
8 101.0 99.9 102.9 104.3 <98.464 91.9 B2.2 91.5 87.6
9 4.2 94.8 97.4 98.3 93.3 0.2 84.0 B4.2 864.8
i0 ?i.8 89.8 91.7 92.4 91.9 91.6 B7.3 B88.0 Bb&.6
11 83.7 83.4 B82.3 B83.9 84.9 83.7 83.3 85.5 864.4
12 81.9 78.7 77.9 77.5 77.9 B80.7 82.6 83.7 83.9
13 84.8 82Z2.0 79.9 78.46 79.8 60.4 81.0 81.7 82.0
14 86.2 82.2 80.0 B80.4 79.5 79.4 77.8 76.2 74.5
15 87.1 8%9.&4 88.9 87.4 87.2 846.7 81.0 74.2 75.5
14 84.7 89.0 88.0 88.7 87.7 87.3 B83.2 746.7 73.3
17 77.1 B82.8 83.3 82.8 B81.5 85.0 81.&8 75.6 70.3
i8 &7.4 73.6 73.7 72.0 73.2 78.0 77.&4 75.3 72.3
19 62.4 &84.46 64.3 63.9 64.8 &9.7 74.8 78.2 78.7
20 &b.3 66.3 6£8.8 &7.8 66.0 73.4 77.8 B84.T Q2.5
21 74.3 75.4 79.3 78.0 77.7. B3.3 88.5 97.1 104.1
22 B7.0 82.8 B7.7 89.46 87.5 -94.4 97.7 106.6 114.1
23 92.2 B8B6.0 ®i.2 95.7 Q6.1 100.4 100.5 107.5 113.5
24 ?4.5 89.7 7.0 992.2 1Q0.7 104.8 102.1 105.3 107.0
25 4.9 B8%9.1 G&.1 101.0 104.8 112.6 109.46 108.9 110.6
24 7.1 Q3.1 97.1 103.4 108.4 114.1 109.5 109.3 109.6
27 7.5 94.1 Q3.0 95.1 97.% 105.5 102.4 102.9 102.7
28 0.3 B4.9 78.4 78B.0- 80.8 88.0 87.5 8&4.6 B89.1
29 77.1 &B.2 60.1 D57.0 61.4 66.8 62.2 71.7 71.0
30 S56.7 S50.2 43.7 A43.3 47.2 53.&6 &2.4 66.9 465.0
31 44.0 39.4 3I8.0 346.9 41.0 49.2 58.6 65.0 6b6.4
32 346.6 F4.8 JI3.3 32.0 3FbH.E 45.2 S56.7 62.6 b67.6
33 5.3 34.3 3F2.6 3F3.4 38.8 48B.46 60,05 65.9 T2.1
34 3b6.7 33,5 3F2.2 35.0 3B.2 47.1 55.3 61.8 68B.7
35 41.3 39.7 3I46.85 39.3 40.8 45.8 Si1.4 57.3 64.9
34 52.% 48B.4 46.0 50.0 49.9 B35.3 §7.5 58.5 &3.7
X7 b2.2 57.3 G4.0 T9.2 H8B.4 63.7 60.3 52.0 &2.0
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CONCLUSIONS

At this point one feels like the new car salesman with
instructions to select the world’'s ’best!” automobile for a rich
client. Cost is no object. Oh yes, when he surveys the lot, he
finds a Cadillac, a Mercedes, a Lincoln Continental, an Alpha
Romeo, a Forsche, etc., etc., but look all he might, he cannot
find a Rolls Royce anywhere on the lot. He knows that each of
the other automobiles has many outstanding features but "only" a
Rolls Royce puts it all together in one package. Alas, like the
car salesman, these researchers, search as they might, could find
no "Rolls Royce" within these statistical computer techniques for
handling and analysis of the data: and vyet, each computer package
has several redeeming features.

FIGURE 37. Information by method of analysig.

m - Prebability analysis - £0.00 { 10.01)

m - Plot size analysis 15.00 ( 13.01)

@ - hutocorrelation analysis - 10.00 ( 10.0%)

- - - analysis 10,00 ( 10,07)
W N W - Spatial correlation 1.00 ( 10.01)
AT S -
LN, .
Y BRRY - seasvariogras 15.00 ¢ 15.00)
'.’."""""’“‘.....'(

ORI X v e teto-
RS Ny E22 - teiging matysis - - 3000 ¢ 0.0
OO0 F - -
QA v ..
R =

TOTALY 100,00 (1001)

Evaluation of the various methods of analyses presented in
this paper demonstrates that each contributes towards the total
explanation of field plot uniformity. Figure 37 shows the
proportion of information gleaned when each of the wvarious
methods of analyses has been computed on a single data set.
Whether any particular method is better than another far any
given data would depend upon the "nature" of the data set. For
example, if the data set contained cyclic information then +the
techniques of autocorrelation and spectral analysis would vyield
more information than plot size or probability analysis.
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However, it is possible that kriging analysis might detect the
cycles also. To thoroughly examine a data set, a complete
analysis wusing all methods would give the most information.

The total cotton seed data was normally distributed but in
need of detrending in all directions. The individual columns and
rows showed that 2B% of each data set bad a lopg—normal
distribution. Using the coefficient of variation as an indicator
of +Field plot variance showed that random error was too large to
permit establishment of precision field plots. For example, if a
nominal pleot size of Sm by 10m was used for a research study, 351
experimental plots would be available for treatment and
replication. However, this plot size had a coefficient of
variation of 17%Z; and, if a 10% difference in yield could be
tolerated, then 22 replications would be required and only 2
treatments would be available for study. In the past, this type
of statistical analysis has been used by many investigators to
scoff at the need for replication, i.e., when the sample variance
is known “then the whole field is needed for one treatment." It
is equally possible that the method af moments does not-give an

adequate estimate of field uniformity to develop an experimental
research design.

The analysis for plot size for the cotton seed data showed
that plots greater than 14m distance or 10 plots were independent
of each other. A plot size of 14m % 14m would be an optimal size
for this field as larger plot areas do not significantly reduce
the variance. However, plots of this size had a coefficient of
variation of 16% which is large for precision field plot work.

The results of the autocorrelation method for -the cotton
seed data on individual rows and columns showed high wvariability
with an average range of 5.5m for columns and 3.9m for rows. In
all cases, the rapid decline of the autocorrelation coefficient
versus lag suggested a large amount of unmanageable random
variation. However, this analysis showed that some tyclic
phenomena were present in the data set.

The autocorrelation method ‘analyzes only one line of data.
However, if only one line of the cotton seed data had been used
for analysis to determine the range of dependency, the specific
row or column used may or may not have reflected the "true"
characteristics of the field. If row = 14 or 15 had been
selected arbitrarily then it would have been concluded that only
1 plot or 1.4m would be the range of dependency, i.e., the random
variance would have been unmanageable. But, if, by chanca, row =
17 had been selected for the analysis then the range would have
been 7 plots or 10m distance, i.e., the possibility for a larger
experimental plot size.

The spectral analysis method is generally used to determine
the location and magnitude of the cyclic nature of events in a
data series. Hawever, in this analysis, its use was extended to
determine the range of dependency of a data set. The results for
the cotton seed data showed an average range of 8 plots for rows
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and 10 plots for columns. The autocorrelation method had greater
variation in the column data than in the row data whereas
spectral analysis had greater variation in the row data than in
the column data. Spectral analysis of individual rows and
columns, once again, showed the presence of high random
variability. In addition, some cyclic effects were noted in the
analysis of individual rows and columns! however, ‘there was no
consistent pattern of cycles.

The spatial correlation methaod presents a different way of
viewing the data of field plot uniformity. This method of
analysis for the cotton seed data gave an average range of &
plots for column data and 1t plots for row data. A technique of
solving for the spatial correlation coefficient on the inverse
data set permits the investigator to evaluate each row or column
in two directions which identifies the problem areas within an
experimental field (areas of high variability). These areas
could then be avoided or additional management controls could be
applied to minimize the effect of these problem areas.

The spatial correlation method and the method of moments
both require a large data set which has a normal frequency
distribution. The spatial correlation method requires a detrended
data set. The problem of trends within a data set affects all
covariance methods.

In spite of their complexity, the methods that give the
investigator the wmost information is the semivariogram and
kriging. The semivariogram separates the variance into two
parts.- First, there is the sill, C, which is the variance of the
data, and second, there is the nugget effect, C., which is a
measure of completely random or unpredictable behavior. The
semivariogram for the cotton seed data showed the total variance,

52 = 608 (gm/plot)® which was nearly the same as that found
using the method of moments where s2 = 610 (gm/plot)=,
However, the semivariogram partitioned the total variance and

showed that &1% was attributed to the nugget effect.

The selection of the correct model for the semivariogram
demands experience. Many authors in the literature suggest that
wherever the opportunity exists, the "simplest" model should be
used, i.e., do not complicate matters. Nevertheless, for the
cotton seed data, both linear and exponential models gave few, if
any, results bhecause the large nugget effect overshadowed the
sample variance, Consequently, it was necessary to use the
spherical model in block kriging to obtain an evaluation af the
data set.

Kriging is a regionalized method of weighting sample values

which "adds in" the results of the semivariogram. For the
geostatistician, the smaller the variance the greater the
reliability of the kriged estimates. The covariance is computed

for the total data set and kriging partitions this variance to
determine the kriged variance and kriged sample estimates.
Fellowing the contour maps and tables of kriged sample estimates,
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it is easy to determine the exact location of field uniformity,
€.d., the lower righthand corner of the cotton field had the
greatest wvariability. Also, within the range of depandency,
16.5m, all the kriged sample values are computed (neighborhoaod)
which presents a statistical evaluation of the regionalized yield
in relation to the sample and nugget effect.

To reduce the nugget effect, Co, other aspects of sample
variability would have to be controlled and studied. For the
cotton seed example, techniques would have to be develaoped to
reduce the variability of the following factors: cotton seed to
be planted, seedbed preparation, fertilization, planting, soil
surface management, germination, thinning, weeding., fertilizer
sidedressing, plant diseases, insect damage, harvesting, ginning,
weighing and probably many, many more controls should be applied
sa that a minimum error could be spread uniformly over the entire
field. When field research operations are usually performed by
hand, rigid controls are beyond the-concept  of minimum variation
and the investigator must be satisfied with "real" variation.
Therefore, a high nugget effect also implies mapagement
variability, soil variabhility, climatic or irrigation
variability, etec., etc. However, the semivariogram performs a
valuable service by measuring the amount of variance attributable
to the nugget effect.

Although the method of kriging partitions the variance
better than the other methods, the investigator is inevitably
left with managing the effects of total variance. Maybe the
"best" variance is the kriged variance for a geophysicist’®s
contour map , but it is the total variance that the agricultural
scientist must deal with whose statistical methods are patterned
on analysis of variance.

Many studies in the literature suggest- that kriging could be
done on only a few samples or, at the least, half of the original
data set. In general, these analyses are performed on large data
sets and the arbitrary or random reduction permits a comparison
ta the "true” or "ideal” size of data set. To estimate the
required size of the data set before measurement is the difficult
part; albeit, hindsight breeds expertise. Inevitably, large data
sets for all analyses are preferable to small or adeguate data
sets when determining field plot uniformity.

The statistical measures of field plot uniformity, including
kriging, do not satisfy the insatiable quest for management

alternatives that researchers demand. True, a range of
dependency is calculated which varies with the method, but the
question of ‘'"How does one apply this information?" is not
particularly answered in a straight forward manner. I+ within
the range of dependency, it is assumed that the variance is
minimum and uwniform, then all plot work should be done within
this area given by the range of dependency. Therefore, for the

cotton seed data, it would be safest to use the upper half of the
field for precision research plots.
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Recommendationsg

When agricultural research precision fields are planned, the
objective is to measure and compare plant characteristics and
soil parameters on a rectangular grid pattern to evaluate field
plot wuniformity. To measure the variability, tha sampling
frequency within a grid or along a transect must be determined by
using various statistical methods. Since sampling distance could
be different for each plant characteristic or soil property, the
decision of sample size should reflect the minimum number of
samples or plots which would result in the optimal data set for
statistical analysis. A micro survey should be performed on each
precision field to identify the location of brush, trees, termite
mounds, and any other irregularities before implementation of a
uniformity study. The types of measurements which could be made

are as follows:

A. Soil Measurements:

1. Soil moisture content in each plot for the top 20 cm
of the soil surface following a rainfall.

2. Soil penetrometer measurements at 2 depths (0-10cm
and 10-20cm, for example).

S. Soil bulk density measured at 2 depths (A and B
horizons, for example).

4. Disturbed so0il samples taken in the plow layer tao
determine the 15-bar desorption moisture content.

H. Plant Characteristics:

1. Plant height measured at 2 week intervals with one
Plant/plot and measurements ‘discontinued at 5S0%
flowering.

2. Total number of established hills/plot at harvest.

3. Total number of heads/plot at harvest.

4. Total threshed grain weight/plot at harvest.

5. Total plant dry matter/plot after grain harvest.

The precision fields should receive a uniform application of
fertilizer ' if it is important to mask the effects of fertility

history. Each statistical measure discussed in this paper should
be used on each data set for an evaluation of the existing field

plot uniformity. If the fields have not been in use as research
plots, it can be anticipated that the uniformity will improve
with continuous use. Therefore, after a 5 year period, ' each

field should be reevaluated to measure the expected reduction in
field variability.
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Recommendations

When agricultural research precision fields are planned, the
cbjective is to measure and compare plant characteristics and
soil parameters on a rectangular grid pattern to evaluate field
plot uniformity. To measure the variability, the sampling
frequency within a grid or along a transect must be determined by
using various statistical methods. Since sampling distance could
be different for each plant characteristic or soil property, the
decision of sample size should reflect the minimum number of
samples or plots which would result in the optimal data set for
statistical analysis. A micro survey should be performed on each
precision field to identify the location of brush, trees, termite
mounds, and any other irregularities before implementation of a
uniformity study. The types of measurements which could be made

are as follows:

A. bBoil Measurements:

1. Soil moisture content in each plot for the top 20 cm
of the soil surface following a rainfall.

2. Soil penetrometer measurements at 2 depths (0-10cm
and 10-20cm, for example).

S. Soil bulk density measured at 2 depths (A and B
horizons, for example).

4. Disturbed so0il samples taken in the plow layer to
determine the 15-bar desorption moisture content.

B. Plant Characteristics:

1. Plant height measured at 2 waeek intervals with one
plant/plot and measurements 'discontinued at 50%
flowering.

2. Total number of established hills/plot at harvest.
3. Total number of heads/plot at harvest.
4. Total threshed grain weight/plot at harvest.
3. Total plant dry matter/plot after grain harvest.
The precision fields should receive a unifaorm application of
fertilizer if it is important to mask-the effects of fertility

history. Each statistical measure discussed in this paper should
be used on each data set for an evaluation of the existing field

plot uniformity. I¥f the fields have not been in use as research
plots, it can be anticipated that the uniformity: will improve
with continuous use. Therefore, after a S year period, each

field should be reevaluated to measure the expected reduction in
field variability.
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APPENDIY A

Theze are the data files, examples, tables and computer output that are
too voluminous to enter in the text but useful for a comprehensive
understanding of the statistical methods presented in this paper.

l. Cotton seed yield data, collected 1926.

2. Frobability output froim program number 2. FREQR.BAS.
F. Wave motlon.and harmonics.

4, Tables for kriging.

8. Averages semivariogram, W/EBi’Sjj

13

b. Auxiliary function, F{d,b)

. Amtiliary function, H{d,bB)

- 89 -
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1. COTTON SEED YIELD DATA, COLLECTED 1926.
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1. COTTON SEED YIELD DATA, CONT.
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2. FROERARILITY OUTFUT FROM PROGRAM NUMBER 2,FERER. BA%
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MEAN OF VI,Y1) = 77.875
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VARIARLE V(J,I) = 99.724 AT PROBARILITY = .1
EXCEEDANCE PROBARILITY = 1.94 ’
VARIABLE VI, 1Y = 111.279 AT FROBARILITY
EXCEEDANCE PROBARILITY = 2.326

VARIARLE V(J,X) = 117.517 AT FRORARILITY

I
>
)
u

B
O
-

PROBABILITY EOR LOGARITHMIC YALLED

EXCEEDANCE PROEARILITY VALUE = -2.472

VARIARLE V(J,I) = 43.61 AT FROEARILITY = .99
EXCEEDANCE PROBAENLITY VALUE = -—1.301
VARIARLE & (J,1) = 5h.7206 AT PROBABILITY
EXCEENDANCE PROBARILITY VALUE = .0¥3
VARIABLE V(J,1) = 746.545 AT PROBABILITY = .5
EXCEEDANCE PROBABILITY VALUE = 1.258
VARIABLE V(J,I) = 100.78&6 AT PROEABILITY
EXCEEDANCE PROBARILITY VALUE = 1.949
VARIABLE V(J,1) = 117.46 AT PROBARILITY = .02
EXCEEDANCE FROEARILITY VALUE = 2.178

VARIABLE V(J,1) = 123.918 AT FROBARILITY

it
0

I
L)
-

il
o
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RANK ORDER FROBARILITY RECURRENCE
42 50 . 57361 1,025
51 X9 L95122 1.05128
54 e L TRLB29 1.07895
56 %7 L H02ATY 1, 10811
&0 b .B76049 1.136689
6O 35 L BE36S9 1.1714%
&1 w4 LRPO246B 1. 20568
&1 B3 . B04R78 1. 24242
&2 2 L 7R0468 1.2812
by =1 L 7SL098 1.32258
bé T .731707 1.34b67
&7 29 L 707317 1.41379
&7 20 L LBEPI2T 1. 46429
&9 27 L HHRS3T7 1.518%2
71 263, NI RPN 1.57492
72 25 Ly ¥ 609756 1.64
72 24 ., C.5BEMGO 1, 70833
73 2z L 560978 1.78261
73 2 L S5365E5 1.Bb6Z64
74 21 LS12195 1. 95238
20 . AB7B0S 2.05
79 19 LALZALT 2.15789
80 18 435024 2.,27778
a1 17 LA 1ALTSS 241176
B3 16 L IP0R44 2.5625
a4 15 . TESA54 B B G W
a7 14 LIALALT 9, 92857
a7 1% LE1707% . 153RS
a7 - 12 . 2924683 T 4LLET
94 11 . 26BR293 %, 72727
4 10 L 243Z902 4,1
94 Q .219512 4.,55556
95 8 . 195122 5,125
95 7 1707732 5, 85714
94 é L 146%41 b BE3ET
964 &5 L 121951 8,2
93 4 975461 10,25
104 KA LO7TL707 1%, 6667
111 2 L Q4F7E0S 20,5
119 1 LORAEGOR 41
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INTERVAL FREQUENCY

42 - 49,7 i

49.7 - B7.4 =

97.4 - &5.1 7

e9.1 - 72.8 &

2.8 - 90.8 )

g80.5 - H#8.2 )

gR.2 - 95.9 b

28.9 = 10X.6 a

102,66 -~ 111.3 2

111.% - 119 1
COLUMN 14
MEAN OF V(J,1) = 76,475
STANDARD DEVIATION OF ViIJ,IY = 23,267
SKEWNESS COEFFICIENT = 1.142%4

KURTOSIS COEFFICIENT = 4,27918
COEFFICIENT OF VARIATION = 30,4243

" LOGARITHMIC CDDTDN SEED YIELD —— GM/FLOT

LOG OF MEAN = 294946

L.OG OF STQNDARD DEUIQTIDN = ,2B5394

LDG OF SKEWNESS COEFFICIENT « SATRE9
LOG OF RURTOSIS COEFFICIENT = 2.8981

LOG OF COEFFICIENT OF VARIATION = &4.64485

[

PROBABILITY FOR NON-LOGARITHMIC VALUES

—_—— L _-.-.- ———— =

EXCEEDANCE FROBARILITY = £2.32

VARIARLE V(J,1) = 22,3941 AT FROBARILITY = L2979
EXCEEDANCE FROEABRILITY = 1.282

VARIABLE V(J,L1) = 446.46468 AT FROBARILITY = .9
EXCEEDANCE PRORARILITY = -.524 -

VARIABLE V(J,I) = &64.28231 AT PROBABILITY = .7
EXCEEDANCE FRDBAHILTTY =..0

VARIABLE V(J,I) = 74, 475 AT PROBARILITY = .5

EXCEEDANCE PRDBQBILITY = L 524
VARIABLE VI(J,I) = B88.464% AT PROBARILITY = .3T

EXCEEDANCE FROBARILLITY &= « 202
VARIABLE VJ,IY = 1046.303 AT PROBABILITY = .1
EXCEEDANCE PRORBARILITY = 1.946
VARIABLE V({J,I) = 1&M.O7B QT PROBARILITY = ,025
EXCEEDANCE FPRORABILITY = P 324
VARIARBLE V{J,I) = 130.594 "AT PROBABILITY = .01
FROBABILITY FOR LOBARITHMIC VALUES
EXCEEDANCE PROBABILITY VALUE = -2.029

T VARIABRLE VI, I) = 41,0933 AT PROBABILITY = .99
EXCEEDANCE FROBARILITY VALUE = -—-1.231

L
n;!

1‘
12

- Q4 -
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- VARIABLE V(J,I) = 51.604

v F

EXCEEDANCE PRORABRILITY VALLE =
VARIALLE V(J, 1) =

VARIABLE V(J,I) =

VARIABLE V(J,1) =

VARIABELE V(J,I) =

RANIK
a4
4%
44
50
52
53
53
54
&l
4l
b1
. 1
—~ &3
&4
&b
. © 6B
&8
&9
T0
73
73
74
~ 7
77
78
g1
B2
a5
aq
8739
=a]
92
- 4
95
P46
97
97
1X%0
C1%4
147

—— e ——

32
31
30

WD

=

AT PROBARILITY
—. D&b

71.9608 AT PROBARILITY
EXCEEDANCE FRORARILITY VALUE

1.137

101,438 AT PROBARILITY
EXCEEDANCE PRORARILITY VALUE

: 02(31

139.80F AT FPROBARILITY
EXCEEDANCE FRORARILITY VALUE
154,645

2.461%5

AT PRODARILITY.
EROEARILITY

L P7EAL

75122

L P246829
FO243T9
878049
. BE3659
. 829248
. 304878
 THOLAER
. 7340903
WTELTGT
. HBR2927
LHB2927
. GEBS3I7
H3IG1LAS
L HO9THS
- IRE3b66
. 360974
«53EL5ET
LSL2198

LAET7E05

AE3ALE

- 437024 7

« 14634
L 3R0244
. SAERG4
» 3414462
317072
. 292683
- 268293
- 243902
219512
195122
- 170732
 LA4LEAL
<121951
09754617
Q731707
. 04R7805
« 0243902
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1.0789%
1.,10811
1.13R89
1.1714%
1. 205688
1.24242
1.28125
1.32258°
1.36667
1.41379
1.446429
1.51852
1.57492
1,64
1. 7083
1.78261
1. 846364
1.950238 -
2.05
2.15789
2.27770
B.41176
2. 56725
2.73IRII
2.92657
3. 19389
X.414647
X.72727
4,1
4. S5554
5.12%
H.E5714
4. BIIII
8.2
10,058
13,6667
20.5

41
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INTERVAL FREQUENCY)
44 — 54,3 2
54,3 —=— &4.b6 &
&4.48 2 =-— T74.9 g
74.9 —— 89.2 )
gs.2 —-— 93.9 &
gy5.2 - 1049.9 &
105.8 =~ {146.1 0
t14.1 == 12&6.4 O
124, 4 —=— 184.7 z
1%6.7 —— 147 1
ROW 19
MEAN OF V(J,1Y = 73.8125 -
STANDARD DEVIATION OF V(J,I) = 17.1801%

SKEWNESS COEFFICIENT = .01007
KURTOSIS COEFFICIENT = 2.19368
COEFFICIENT OF VARIATION = 2%,2733

e e e Vi oY A meme—m T s mmme —— o —

LOG OF MEAN = 4.2726

g e Lt

LOB OF STANDARD DEVIATION = 245721

e D S eSS sl alamen e smam e ss e

L=y HD O e Sam e e omn s e

. EXCEEDANCE PROBABILITY = -2.326

VARIAEBLE Y(1,J = 3¥.8517 A7 FROBARILITY = 99
EXCEEDANCE PROBABILITY = -—1.282

‘YARIAELE V(I,J) = Si.7877 AT PROBARILITY = P
EXCEEDANCE FROBABILITY = -.824 '
VARIAELE V(I,J) = 64.8102 AT PROBARILITY = .7
EXYCEEDANCE FROBARILITY = O '

VARIARLE V(I,J) = 73.8125 AT PROBARILITY = .5
EYCEEDANCE PRORABILITY = 8524

VARIAEBLE V(I1,J) = 82.8149 AT PROSARILITY = .3
EXCEEDANCE PBROBABILITY = 1.28B2
VARIAELE V(I,J) = 9%.8373 AT PROBABILITY = .1

_ EXCEEDANCE FROBABILITY = 1.96
VARIAELE V(I,J) = 107.485 AT PROBARILITY = L 025
EXCEEDANCE PROBARILITY =% 2,326
VARIAELE V(I,J) = 113,773 AT PROBARILITY = .01

PROBARILITY FOR LOGARLTHMIC YALLES
EXCEEDANCE PROEBARILITY VALUE = -—2.686
VARIAKLE V(I,d) = 37,062 AT PROBABRILITY = .99

EXCBEDANCE PROBARILITY VALUE = -~1.323
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VARIARLE V(I,J) = 351.80462 AT FROBARILITY = .0
EXCEEDANCE FROEARILITY VALUE = .083

VARIABRLE V(I,J) = %, ARSI AT PROBARILITY = .3

EXCEEDANCE PROBARILITY VALUE = 1.21&

VARIABLE V(I,Jd) = 96.6791 AT PROBARILITY = .1

EXCEEDANCE PROBABRILITY VALUE = 1.777

VARIARLE V(I,d) = 110.949 AT PROBABILITY = .02
EXCEEDANCE PROBARILITY VALUE = 1.993

VARIABELE V(I,Jy = 115.9% AT PROBARILITY = .01

RANK ORDER PROBARILITY RECURRENCE
37 x2 L9697 1,0%125
483 x3! L PIYTIO4L 1.06452
S50 0 . 509091 1.1

52 25 . 079788 1.13793
55 2B . 48485 1.178%7
5 b2y LB18182 1.22222
58: 24 .787879 1.26923
&2 25 ' LT7S7576 1.32

&3 24 ® L7R27273 1.375
b4 i LFLEFT 1.432478
&b 22 HbELLT 1.5

&7 21 LAEERGA 1.5714%3
&7 CRO . 506061 1.65

&7 ' 19 LS575798 1. 734684
70 =S 54545 1. 83323
70 17 LSL15152 . 1.9411R
71 16 . 484849 : 2.0625
72 15 LLE4TAS 2.2

73 14 424242 2.3508714
g3 1z L I9IGI 2. EEA46
a5 12’ L ILTLTES 2.75

B4 11 L ERIITH T

Bt 10 , ZOTOX P

a8 9 LRTRTRT DXL bhbbT
[y 8 L 242424 4125
90 7 L2iziad 4,71429
91 ! & .191818 5,5

91 5 . L151515 6. b

94 4 L121212 B.25

99 3 ~ L 090091 11

104 o : 2 L 0606061 14.5

106 1 LOTBOTOX 33X

B ‘,.{.".
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INTERVAL FREQUENCY
37 —~ 43.9 i
43.9 -- E50.8 2
50.8 —-— 57.7 3
57.7 —— &d.4 4
bbb —— 71,5 7
71.5 -— 78.4 2
78.4 -- @85.3 2
85.3 -- 92.2 7
92.2 =-- 99.1 2
9.1 -~ 106 2

ROW 23

MEAN OF V(I,J) = 79.8125

STANDARD DEVIATION OF V(I,J) = 25,2059
SKEWNESS COEFFICIENT = 1,02498
KURTOBIS COEFFICIENT = 4.09181
COEFFICIENT OF VARIATION = 31.5814

T T A T RS Pl B okl b by e ) Wt P et Pk o s i S o e =1

LOG OF MEAN = 4,33Z18

LOG OF STANDARD DEVIATION = 303052

LDG OF SKEWNESS COEFFICIENT = .1211&

LOG OF KURTOSIS COEFFICIENT = 3,04814

LOG OF COEFFICIENT OF VARIATION = &.99377

At i iy et e e S o Pt by By g A S Sm i e ek e e S A v My o e et e et e e e

EXCEEDANCE PROBARILITY = —2.X24

VARIABLE V({I,J)y = 21,1835 AT PROBARILITY = '.9?
EXCEEDANCE PROBABILITY = -—1,282

VARIABLE V(I,J) = 47.4985 AT PROBABILITY = .9
EXCEEDANCE FROBARILITY = -—-.524 :
VARIABLE V(I,J) = 44.60446 AT PRORARILITY = .7
EXCEEDANCE FROBARILITY = 0

VARIARLE V(I,J) = 79.8125 AT PROBABILITY = .5
EXCEEDANCE FROBARILITY = .524

VARIABLE W(I,J) = 93.0204 AT PROBARILITY = .3
EXCEEDANCE FROBARILITY = 1,282

VARIABLE V(I,J)8 = 112,127 AT PRORABILITY = .1
EXCEEDARCE PRORARILITY = 1.94

VARIABLE V(I,J) = 129.2146 AT PROBARILITY = .025
EXCEEDANCE FROBARILITY = 2.324

VARIARBLE V(I,J) = 138.44%2 AT FROBABILITY = « 01
PROBARILITY FOR LOGARITHMIC VALUES

EXCEEDANCE PRORBARILITY VALUE = -—-2.17R

"VARIABLE V(I,d) = 39.37%2 AT FROBARILITY = .99

EXCEEDANCE PROBARILITY VALUE = -—1.258

]
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VARIABLE V(I,J) = 52.03&62 AT FROBARILITY = .9
EXCEEDANGCE PROBABILITY VALUE = —.03X

VARIABLE V(I,J) = 75.428 AT PRORABRILITY = .S
EXCEEDANCE PROBARILITY VALUE = 1.301

VARIABLE V(I,J) = 113.007 AT PROBABILITY = .1
EXCEEDANCE PROBABILITY VALUE = 2.159

VARIABLE V(1,J) = 1446.565 AT PROBABILITY = .02
EXCEEDANCE PROBABILITY VALUE = 2.472

VARIABLE V(I,J) = 161.148 AT PROBABILITY = .01

RANK CRDER FROBABILITY

39 32 . PEIERT 1.03125
41 . 31 . FEP3IF4 1.046452
54 30 209091 1.1

54 29 . 878788 1.13793
54 28 . 840485 1.17857
59 27 .818182 1.22222
&2 24 . 787879 1.26923
&3 25 757574 1.32

&4 R L2727 1.375
&7 23 . 69897 1.43478
&8 22 « QLLELT 1.5
a9 21 . 636364 1.57143
&9 20 . 606061 1.465

72 19 . 575758 1.73484
72 18 ' 545455 1.8333
72 17 515152 1.94118
73 16 . 484849 2. 04625
74 15 . 454545 2.2

78 14 424242 2.35714
79 12 . Z9TF9TQ 2.53844
BQ i2 363636 2.75

81 11 . 333333 I

89 10 - TO30X - 3.3

o 9 272727 3. 66667
98 8 242424 4,125
99 7 212121 4,71429
103 o ,181818 5.5

104 5 151515 b.b

115 4 121212 8.25
i21 3 . 0909091 11

128 2 . Q5606061 16.5
- 157 1 ¢ . 030303 33
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INTERVAL FREQUENCY
39 -— 50.8 2
50.8 — 62.6 =]
2.6 —— T74.4 11
74.4 -—- 86.2 4
86.2 —- 98 3
78 -— 109,8 3
109.8 -- 121.6 2

121.6 -— 133.4 1
1334 ~— 145.2 o

145.2 ~—- 157 1
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3. WAVE MOTION AND HARMONICS

The vibrating rope model, as a hypothetical example of a continuous
repeating wave, can be produced by twoc children and a stretched long
rope. At one =nd, the child holds fast and remains as rigid as pocesible
while at the other end, the child raises and lowers the stretched vope
with mechanical repetition. 14 the child vibrates the rope with simple
Narmonic motion, then the waves in the rope will also be sinusoidal end =t
any particular instant of time, say t = 0, the wave produced can be
represented by & sine curve a2s showkn in Figuwe JFA. The maximum
displacement of the rope zbove or below the eguilibrium position is the
ampiitude of the wave a2, i.e., hali the height of the wave form. The
distance between the two crests or from a peoint on one wave, Pl’ to =n

equivalent point an the next wave, P,, is called the wave length, w. The

number of waves that pase any point per unit of time or length is the
frequency, f, end the reciprocal of the wavelength is the frequency, or £
= FWa

FIGURE 3A. Waves traveling along a stretched rope to the right
at velocity, v, away from a continuous sgurce.

UP/DOWN FIXED
MOVEMENT FOSITION

—_———— i maaa e et . e e e e

1f a photegraph is taken at another time, say at t = tl’ then two

wave patterns would appear displaced laterally through a distance X as
shown in Figure 3B. In order to move the graph at time t = t1 to coincide

with that at t = 0, it would be moved backwards along the horizontal axis
a distance X. The offset of this distance X is called the phase angle#ﬁ.

- 101 -
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FIGURE 3E. Waves traveling at successive instants, t = 0 and

When two exact similar waves meet which are traveling in opposite
directions, a standing pattern can be formed. This could occur if both

children in Figure 3A& were vibrating the rope at the same rate but at 180°
difference, i.e., when one moves the hands up the other moves the hands

- down while maintaining a tight rope. If someone could stand back and view
this or take a picture, they would see a "standing" pattern formed and the
sine waves would appear to be stationary rather than traveling. Now, if
another child were to stand exactly midway and hold the rope at a point so
that -no -motion.- could occur (known as a "node") then conceivably two waves
would occur. If more children were added at equidistant positions along
the stretched rope then a variety of standing wave patterns could be
developed as shown in Figure 3C.

- 102 -
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FIGURE 3C. Standing wave patterns in a stretched trope.

(W'Y

It will be noticed that as more nodes are added, the amplitude of
the vibration decreases; however, to maintain the oscillation, the
frequency has to be increased. When the rope vibrates in one segment, as
shown in Figure 3C (1), then this wave is known as the fundamental
frequency (fundamental mode) and is desighated as the first harmonic. The
nest freguency above the fundamental frequency at which a standing wave
pattern appears is shown in Figure 3C (2) where the wavelength is equal to
the length of the rope. This wave pattern vibrates in two segments which
is twice the fundamental freguency and is known as the second harmonic
{(first overtone). Also shown in Figure 3C are the standing wave forms (3)
the third harmonic (second overtone’) and (4) the fourth harmonic (third
overtone). These harmonics can be added together to give additional
complex wave forms.

The importance of any harmonic is the magnitude of its amplitude,
a. If the amplitude disappears, then the harmonic is not present in the
wave. In reality, the actual wavelength is not known and the length of
the data set to be analyzed is taken for the fundamental length of the
first harmonic. Then by manipulation of the Fourier equation, the power
spectrum at the various harmonics can be evaluated.
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4. TABLES FOR KRIGING

TAELE 4A: Average semivariogram, qﬁsi,sj), for the
set of linear eguations for kriging.
AL,y = 0
3 ] 2
~A1,2) = 23803 1.4 - 1 [1.3 + 370 = A400.2am
2 16.5 2 \16.5

Lr
Si1,8 = 238[3 1.98 - 1 1.98)" + 370 = 812.6qm"
2 16,5 2 \16.5
Wh1,m = 1,
(1,680 = ~%1,2)
Y(1,7) = 1,4
W/ 3 2
(1,80 = 238 (3 3.13 - 1 .13) + 370 = A436.9gm
2 16.5 2 \16.5
. 3 2
~i1,9 = 2383 2.8 - 1 2.8 + 370 = 430.0gm
2 16.5 2 \16.5
-14;,10) = (1,8
~4t,11) = 238 [3 3.87 - 1 3.87) 37+ 370 = 452.2g0°
2 16.5 2 \14.5
Yit1,120 = ~f1.8
~01,13) = ~A1,9)
(1,14) = Y(1,8)
(1,15) = Y(1,4)
Yi1,16) = VY1,2)
- 104 -
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Yz, 1y = Yk, 2 Yi3.1) = (1.2 4,1y = /(1,4)
‘/a.& = 0 A3,2) = 1, ~Yi4,2y = Y1.2)
3) = :?1,4) Y(3,3) = 0 ~/(4..,>) = ~(1,2)

Si2.8) = 1,2) S3.8) = 1,2 (4,8 = j
V2,5 = /1,8 A, 5 = 1.3) :/)4,5) = Ju,11)
Yiz.6) = Yii,4 V(3,6 = At,9) 4,8) = yAi,8)
2,7) = Y12 Y(Z,7) = ~,/<1 ) (4,7) = 1,
~2,8) = ~A1,4) /3,8 = 1,11 Yiia,e) = vA1,9)
¥(2,9) = +41,2) (3,9 = A1.8) Yia, 9 = 1,8
YizZ, 10 = v{1,4) (3.10) = A1.9) 4,10y = 41,2)
(2,11) = 1,8 SE,11) = Y(1,8) flq,n) = Y41,4)
¥(2,12) = 41,9 AE 12 = AL.4) (a,12) = 1,2)
(2,13) = (1,8) (3,13) = A1,2) 4,13) = (1,8
viz,14) = Y(1,11) Yi(3,14) = (1,4 (a,14) = (1,8
Y(2,15) = :/;1,8) Yi3,15) = 41,2 -:’}4,15) = Y(1.9
ViR, 16) = Y1,9) YiF,16) = V(1,4 (4,16) = Y1,8)
Vis, 1) = ~%1,2)
¥i5,2) = Yi1,8)
(5.3 = Y11,8)
(5,4) = ~t1,11)
Y(5,5) = 0
~is,8) = +(1,2)
vi5,7) = y(1,9)
5,9 = 23873 4.27 - 1 427)3+37o =  440.3gm?

2 16.5 2 \16.5
%5,9) = 23873 4.49 - 1 4.4 + 370 = 464.8gm”

2 16.5 2 .s i
%5,10) = 238 [3 sS.11 - 1 (s. 11 + 370 = 477.0gm"

2 16.5 2 16..;
/(5,11) = 2383 6&.08 - 1o cn4 |+ 370 = 494.9gm<

2 16.5 2 1&. 5
V(5.12) = 45,10
(5,13) = WYA5,9
Y(5,18) = ,8)
(5,15) = 94(1,9)
V(5,18) = V41,2)
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TABLE 4A. CONT.

q}é,l) = 1,2 A7, = 1,4 8,1 = 1,8
(6,2) = ~(1,4) (7,20 = 1,2 V(8,2 = o£1,8)
Yit,3) = (1.9 7,3 = (1,8 '748,3) = o(1,11)
Vib,4) = (1,8) A7,4y = 1,9) Yig,4) = 411,8)
6,5 = 1,2 :§7,5) = 1,9) 8,5 = 15,8)
Y6, 8y = 0 7,6) = (1,2) (8,6) = Y1,
vie, 7y = 11,2) 7,7y = vp (8,7) = (1,2

(6,8) = +(1,9) A7,8) = (1,2) (8,8) = 0
(6.9 = ~A1,8) A7,9 = Y, (2,9 = V(1,2
#hJO)= ~1,11) 7,100 = H1,8) L18,10 = A1,9)
Yi&,11) = 45,10) AT 11) = (5,9 Vg, 11) = 15,9
:&s,u: = HA5,9) 7.12) = ¥Y(5,8) v (8,12) = 7/(‘5;;’)

6,13 = +/5,8) (7,13) = (5,9 Y (8,15 = AS,10

(6,18) = S5, qb1m==jb4m Y(8,14) = 45,11)
\4& 15) = 241,8) Y7,15 = (1,11 V18,15 = (5,10
\/(é 16 = Y(1,4) Y76y = Y. ~8,16) = YI5,9)
%91) = 11,9 10,1) = +(1,8) (11,1) = ¥(1,11)
Y(9.2) = ~41,2) 1&10,2) = (1,4 S11,2) = Yi,8)
V(9,3 = 1,8) (10,3 = 1,9) ~Y111,3) = ¥(1,8)
V(9,4 = 1,4 ~(10,4) = ~(1,2) ~(11,4) = V(1,4
Vvi9,5) = =(5,9) (10,5 = <1(S,10) 4h15)=~ﬂ51n
Y(9,6) = .#}1,8) 7510,6) = ~(1,11) :i311,a) = V(5,10)
V(9,7 = 1,m 4&%7)= ~(1.8) (11,7) = vi5,9)
v(9,8) = (1,2 Y¥(10,8) = Y{1,9) ~(11,8) = ‘v/’(s,e)

19,9) = 0 qéio 9 = Yi,2) 11,9 = vi1,9)
~(5,10) = 251,2) {(10,100= © (11 10)= 11,2
Y(9,11) = v(1,9) S10,110= Y1, ~i11,11)=
~(9,12) = y41,8) (10,12)= Y'(1,4) u11ﬂ--/1m
749,13) = w(1,11) 10,13) = 1{1,8) ~(11,13= (1,9
:;(9 14) = ¥i5,10) JIO’M): S5,9) ~(11,18)= -/(5 8)

(9,15) = Y(5,9) _Jmusm 5,8) S5 = 5,9
~9.186) = Vis,8) (10,186)= A5,9) vill1,18)= 445,10)
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TABLE 4A. CONT.
12,1 = ¥{1,8) (13,1) = v41,9 viia,1) = Jf1,8>
Y112,2) = v{1,9) Y113,2) = (1,8 ~(14,2) = ﬁ}1,11)
J(12,3) = YA1.4) 1%,%) = 131,2) -¢}14,3) = 1,4)
J12,48) = ¥(1,2) 13,4) = (1,8 4414,4) = -{41,8)
12,5 = +£5,10) (13,5) = A5,9 ~(14,5) = 5,8
12,6) = 1%5,9) (13,4) = 5,8) Yi14,8) = -¢%5,9)
12,7 = (5.8) (13,7) = (S, 9 7}14,7) =  15,10)
(12,8) = 45,9 ~113,8) = 5, 10) w/14,8) = WAS5,11)
(12,9) = (1,8) ~i13,9) = 1,11) y/14,9) =  As5,10
~112,100= 1,4 w13, 10)= w}1,8> (14,10)= (s,9)
A1z, 11y=  1,2) Y13, 11)= rﬁ1,9) (14,11)=  ~45,8)
S12,12)= 0 q413,12>= (1,2) Y(14,121= (1.9
J(12,13r= +%1,2) 13,13)= @ Y(14,13= 1,2
~(12,18)= A1, (13,18 = Y41,2) (14,14)= _/9
A12,15)= oA£1,8) :§13,15)= y}i,A) Y414, 15) = .«;1,2)
~112,16)= oA1,11) (13,18)= w%1,e) ¥¢14,16)= (1,9)
£15,1) = 41,4 16,1y = 11,2
L(15,2) = 71,8) 16,2) = (1,9
(15,3 = 211,2) vi16,3) = -A1,48)
~i15,8) = A1, 3516,4) = A1,8)
JU15,5) = 01,9 (16,5 = A1,2)
SA15,8) = A1,8) Yi16,6) = 1,4)
vi15,7) = ~A1,11) (16,7) = 1,8)
~(15,8) = 5, 10) ~(16,8) = </15,9)
vi15,9) = 45,9 S16,9 = 5,8)
(15,100 = y(5,8) 16,100= Y4(5,9)
S(15,10)=  y{5,9) {16,11)= 745,10)
115, 12)=  (1,8) S16,12)= 1,18)
15,13 = 41,4 ﬁ216,13)= _:g1,a)
15,18)= =(1,2) l:§16,14)= 1,9)
¥(15,15) = 16,15)= (1, 2)
Yi15,16)= -y21,2) 7416,16)= 0
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APPENDIX B

INTRODUCTION

This is a collection of practical programs written in the microsoft

BASIC (MBASIC) pregramming languagel. Remarks are included in the listing
to help programmers understand how each program warks. They also assist
you in identifying parts of programs the programmer may be able to use in
other programs. All programs in this appendix have been tested, run and
listed on a Kaypro IV, &4k memory, CP/M and microsoft BASIC. The data and
pragram listings were printed on an Epson MX80Q printer.

BASIC (Beginners’ All-purpose Symbolic Instruction Code) was
invented and developed in 1944 by Kemey, J. and T. Kurtz of Dartmouth
College. In general, the most widely used versions of BASIC have been

developed by the Microsoft Company, Bellevue, Washington 2. However, the
language is implemented differently on each computer system and the
programmer should be cognizant of a number of possible language
differences appearing in these programs. Especially abserve the disk
input and the print output statements. It is possible, that these
programs are not written using the simplest nor the most conservative
programming techniques; thus, the programmer should feel free to improve
or otherwise enhance the utility of these programs.

1. Disclaimer: The authors have taken due care in preparing these programs
including research, development, and testing to ascertain their
effectiveness-. No claim of any kind with regard to these programs is made
in the performance or use of any of these pragrams

2. Finkel, L. and J. R. Brown, Data File Programming in BASIC John Wiley &
Sons, Inc., New York, 1981
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The program named ENTDAT.BAS was written to enter data on a random
file ("R" mode) disk storage. The data is entered to the file name of
vour choice. 0ld files can be reviewed, added to, and edited as well as
new files can be created. This program has been written specifically for
the Kaypro Il portable computer and minor changes in the M-BASIC may be
nesded for other computers, e.g., in the FIELD statement.

100 REM LR DATA ENTRY FROGRAM FOR RANDOM ACCESS DATA FILES b ¥
110 :

120 REM PROGRAM NAME IS ———ENTDAT . BAE——~—

130 »

140 PRINT CHR$ (24)

150 PRINT® FIELD PLOT UNIFORMITY STUDY DATA ENTRY FROGRAMY
160 FPRINT

170 PRINT" FOR MICROSOFT BASIC (BASIC-80) VERSION CFP/M, REV. 5.2t"
180 PRINT® KAYFRO IV COMPUTER WITH 644K MEMORY, CP/M VERSION 2.2"
190 PRINT:PRINT

200 PRINT" WRITTEN May, 1983

210 PRINT:=:PRINT:PRINT:PRINT:PRINT

220 PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)"

270 PRINT:PRINT:PRINT:PRINT:PRINT:FPRINT

240 PRINT" - PRESS 'ENTER® DR <CR> TD CONTINUE"

2530 LINE INPUT R%

260 CLEAR:PRINT CHR% (2&6)

270 DIM DA% (203),MA(S) LIS (I N () ,JI%(3)

280 KJ = 0©

220 INPUTYENTER DISK FILE NAME FOR DATA (7 LETTERS MAX.)"“:;ES

J00 IF Es="" THEN FRINT CHR%(2&): GOTO 290

310 OPEN “R", 1, E&

FZ20 PRINT CHR$(26)

330 PRINT®TO IDENTIFY THE DATA SET TO BE INPUT, A 'CODE' CAN BE USED."
X40 FRINT"FOR EXAMFLE: FOR A DATA SET COLLECTED IN 1984, THE CODE COULD"
350 PRINT"EE = 1984, THEREFORE, THE CODE LENGTH WOULD BRE = 4. EACH DATA"
360 PRINT"LINE WOULD THEN HAVE 1984 IN THE FIRST FOUR (4) COLUMNS.™

370 PRINT

380 PRINT" IF *NO* CODE IS NEEDED, THEN PRESS "ENTER®™ OR <CR>"

320 FRINT:FRINT

400 INPUT"WHAT I8 THE CODE LENBTH FOR THIS DATA SET";L

410 PRINT

420 INPUT"WHAT IS THE TOTAL LENGTH OF DATA LINE (TOTAL DATA FIELD) "3kl
430 PRINT CHR%(24) -

440 PRINT" THESE ARE THE VALUES THAT YOU HAVE SELECTEDY

- 111 -



450
440
47Q
480
420
SO0
S10
520
530
540
250
60
570
S80
520
&EO0
410
&20
630
&40
LSO
&&0
&70
&80
&0
700
710
720
730
740
730
760
770
780
790
800
810
820
830
B40
850
860
B70
880
890
rale
210
920
930
F40
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PRINT

FRINT" CODE LENGTH 18 SET AT ":L

PRINT

PRINT" LINE LENGTH IS SET AT "j;L1

X =L + L1

fRINT® mmmm—————— "

FRINT

FRINT" TOTAL STRING LENGTH REQUIRED ="iX
PRINT:PRINT:PRINT:PRINT: FRINT: FRINT

FRINT" FREES TENTER® OR <CR> TO CONTINUE"Y

LINE INPUT Rs

FRINT CHR% (26)

PRINT"FLEASE ENTER CODE, IF ND CDDE FRESS "ENTER®™ OR <CR>"
LINE INPUT LABS

IF LENC(LABS$) <> L THEN GOSUB 1210: GOTO 560

PRINT: FRINT:PRINT

FRINT*TO CHANGE TO ANOTHER FROGRAM MODE — ENTER *C°"
PRINT" ON NEXT FROMPT"
FRINT:FRINT

FRINT"FLEASE ENTER DATA LINE"

LINE INPUT LN%

IF LN& = “C" THEN GDSUB 790: 60T0 &0Q0

IF LEN(LNS) <> L1 THEN GOSUB 1290: GOTO 400

PRINT: FRINT:PRINT

LJ$ = LAB% + LN%:G05UEB 13950

PRINT:PRINT:PRINT" LAST LINE OF RECORD™
PRINT LJs

PRINT:PRINT:PRINT

PRINT" LINE NUMBER = "jLR

LN$ - nu

60T0O &00

PRINT CHR% (26)

PRINT:PRINT:PRINT: PFRINT

CLOSE:PRINT" NORMAL PROGRAM END":END
PRINT CHR%(26)

PRINT"SELECT OPTION TO CHANGE FROGRAM MODE: ":PRINT

PRINT® (1) ENTER NEW CODE"
PRINT™ (2) REVIEW DATA STRINGS"
PRINT". {3 EXIT PROGRAM"

FPRINT

INFPUTYORPTION "“3CD

IF CD > % THEN GOTO 790

IF CD < 1 THEN B0TO 790

IF CD = 1 THEN LAB$="":GOTO S50

IF CD = 2 THEN GOTO 910

IF CD = 3 THEN GOTO 740

FPRINT: PRINT: PRINT

INPFUT"WHICH RECORD OR DATA LINE DO YDU WANT *;NRY
IF NR%Z = 0 THEN 80TD 910

FIELD 1, 128 AS N%

Ll N) o e 0

- 112 -~
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250 GET 1, NRZ

260 JJI% = N&

F70 FRINT:PRINT:FRINT NR%;:PRINT JJ$

280 INFPUT"CORRECT (1), CONTINUE (2), OR RETURN (3I) ":DP

220 IF OF = 1 THEN GOTO 1020

1000 IF OF = 2 THEN PRINT CHR%{(2&):NRY = NRY + i: GOTCQ 950

1010 RETURN

1020 FPRINT CHR${(25)

1030 PRINT dJds

1040 FRINT

1050 PRINT"TO CORRECT THE NUMEER, COUNT THE NUMBER OF CHARACTERS FROM™
1050 PRINT"THE BEGINNING GF THE LINE TO THE NUMBER TO BE CORRECTED."
1070 PRINTYENTER THIS NUMBER, YOUR COUNT, AT THE FROMFT."

1080 PRINT:FRINT: INFUT I

1090 IF I » LEN(JJ$) THEN FRINT"NUMBER TOO LARGE, TRY AGAIN":G0OTO 1080
1100 INFPUT"WHAT IS THE NUMBER (MISTAKE) YOU WISH TO CORRECT";0$

1110 0 = INSTR(I,JJ%,0%)

1120 IF 0O=0 THEN PRINT"NUMEBER NOT FOUND":GOTO 1050

1130 PRINT"YOU MAY ARORT BY ENTERING *ARORT® OR ENTER CORRECTION"

1140 LINE INFUT 00%

1150 IF 00$="ABORT" THEN PRINT CHR$(26):PRINT"LINE NO. ARORT="3;NR%:G60TD?2

1160 MID$(JJ%,0) = 0O0%
1170 00% = "": 0 = O

1180 LSET N$ = JJ¢

1190 PUT 1, NR%

1200 PRINT CHR%(26) tPRINT: PRINT"CORRECTED LINE";JJ%

1210 PRINT:PRINT"LINE NUMBER CORRECTED =";NRYZ:G0TO 920

1220 PRINT"A CODING ERROR HAS OCCURED"®

1230 PRINT"PRESENT CODE EXCEEDS REQUIRED LENGTH BY Y;LEN(LAE$) — L
1240 PRINT"CODE MUST BE “:;L;" CHARACTERS LONG"

1250 PRINT:PRINT:FRINT:PRINT: PRINT1PRINT

1260 PRINT" PRESS *ENTER’ OR <CR> TO CONTINUE"
1270 LINE INPUT R$

1280 RETURN

1290 PRINT CHR${2&)

1300 PRINT"A DATA LINE ERROR HAS OCCURED. "

1310 PRINT

1320 PRINT"PRESENT DATA LINE EXCEEDS REGUIRED LENGTH BY “;LEN(LN$) —
1330 PRINT"DATA LINE MUST BE ";L1;* CHARACTERS LONG. "

1340 FRINT™ PRESS *ENTER’ OR <CR> TO CONTINUE"
1Z50 LINE INPUT R%

1360 PRINT CHR$ (26)

1370 RETURN

1380 *

1390 REM  %%%  SUBROUTINE TO FIELD AND STORE DATA  %%%

1400 - '

1410 FIELD 1, 128 AS N%

1420 LSET N$ = LJ%

1430 LR = LOF(1)

1440 LR = LR + 1

L1
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1450 PUT 1, LR
14460 PRINT CHRE% (24)
1470 RETURN

- 114 -
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Program_number 2, FREQ.BAS

100
1190
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
330
360
I70
380
370
400
410
420
430
440
450
4560
470
480
420
200
510

REM %%¥% PROGRAM FOR FREQUENCY DISTRIBUTIONS  ¥X¥
REM INCLUDES FPEARSONS TYPE II1I

REM GIVES

REM FROEBARILITY OF EXCEEDANCE ALSO

REM LR ¢ THIS PROGRAM IS FOR A HORIZONTAL SET (I=40, J=32) LS4 |
¥

REM PROGRAM IS NAMED -——FRER.BAS——-

>

REM DATA FILE IS NAMED ———B:YLDSEED.DAT———

FRINT CHR$ (26)

PRINTY FIELD FLOT UNIFORMITY STUDY FOR FREQUENCY DISTRIBUTIONS"
PRINT

PRINT™ FOR MICROSOFT BASIC (RASIC—BO) VERSION CP/M, REV. S.21"
PRINT" KAYPRO 11 COMPUTER WITH 44K MEMORY, CP/M VERSION 2.2
PRINT:PRINT

PRINT™ WRITTEN May, 1983"

PRINT: PRINT:PRINT: PRINT: PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)"
PRINT:PRINT:PRINT: PRINT: PRINT : PRINT

PRINT" PRESS *ENTER’ OR <CR> TO CONTINUE"

LINE INFPUT R%

CLEAR: PRINT CHR% (263

INPUT"ENTER NAME OR DESCRIFTION OF FROGRAM";A%

FRINT A$:PRINT:PRINT

LFRINT A$:LPRINT:LPRINT

INPUT"ENTER NUMBER OF HORIZONTAL ROWS ON DATA SET":H

FPRINT

INPUT"ENTER NUMBER OF VERTICAL COLUMNS ON DATA SET";K

FRINT

INPUT“ENTER THE DESIRED START OF THE VARIABLE LIST (NORMALLY = 1)"3;AZ
PRINT

INPUT"ENTER DESIRED END OF THE VARIABLE LIST (END ROW OR COLUMN) "3AX
DIM V(40,40),P{40),T(40),C(40),P1(31,6),K1{31,56)

DIM F2(8),K2(8),D%(40)

PRINT CHR$(26): INPUT"ENTER DATA FILE NAME";F$

REM Rk X DISK READ SEGMENT XREKN

OPEN "R",#1,F%,128

- 115 -
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520 FIELD #1, 4 ASE D$(1), 4 AS DH(2}, 4 AS Ds(3), 4 AS DE(4), 4 AS DHF ()
S5X0 FIELD #1, 20 A5 DU$, 4 AS D$(6), 4 AS DE(7), 4 AS D$(B), 4 AS D& ()
540 FIELD #1, 36 AS DU%, 4 AS D${(10), 4 AS Ds(11), 4 AS Ds(12), 4 AB D$(13)
o0 FIELD %1, 52 AS DUs, 4 AS D%{(14), 4 AS Ds(i5), 4 AS D$(1&6), 4 AS D%(17)
o960 FIELD #1, &8 AS DU+, 4 AS D%(18), 4 AS D%(17), 4 AE DE(20), 4 A Ds(Z1)
270 FIELD #1, B84 AS DU%, 4 AS D$(22), 4 AS D3 (23), 4 AS D&(24), 4 AS D (23)
380 FIELD #1, 100 A5 DUs,4 AS D% (24).4 AS DH(27),4 AS DE(28), 4 AS D%H(29)
590 FIELD #1, 116 AS DU%, 4 AS D%(30), 4 AS D%(31), 4 AS D% (32)
&00 T
61 FOR T = 1 TO 4G
620 GET #1, I
0 FOR Jd = 1 T 32
640 V(I,Jd) = VAL(Ds({J))
650 NEXT J
660 NEXT I
&70 CLOSE #1
&80 ¢
&£20 REM Rk LINEAR REGRESSION ROUTINE b3 ¢ 4
700 °? FOR DETRENDING ANALYSIS
710 °
720 FPRINT CHR%(256)
730 LFRINT: LPRINT"REGRESSIDON ECQUATION FOR TRENDING ANALYSISY
740 PRINT:PRINTYREGRESSION EQUATION FOR TRENDING ANALYSIS"
750 Y1=0:Y2=0:Y3=0:Y4=0: YS=0
760 FOR I = 1 TO 40
770 FOR Jd = 1 TO 32
780 XX = J
720 Y1 = Y1 + 1,.4224%XX
800 Y2 = ¥2 + V(I1,J)
B1O Y3 = Y3 + {(1.42248%XX)"~2
B20 Y4 = ¥4 + Y(I,0)"2
830 YO = Y3 + 1.4224%XX%V(I,J)
840 NEXT J
850 Bl = (3I2XYD - Y2%Y1) / (32%Y¥Y3 - Y1i~2)
860 Al = (Y2 — BilxY1})/32
870 PRINT:PRINT"THE REGRESSION EQUAION FOR "3;Iz" IS:":PRINT
880 LPRINT:LPRINTYTHE REGRESSION EQUATION FOR "3I3" IS:":LPRINT
870G PRINT “"VW(I,J) = ";A13" + (“";E1;" % DISTANCE )"
Q00 LPRINT *V(I,J) = ";Als" + (“:;:RB1;" ¥ DISTANCE )"
P10 Z1 = R1X(YS — Y1kY2/32)
QR0 I2 = Y4 - Y2 2/32
@30 I3 = 22 - Z1
Q40 I4 = Z1/72
250 IS5 = SBER{ZI4)
QL0 Y& = Z3Z/30
Q70 Z6 = S5OR(YS)
980 PRINT:PRINT"COEFFICIENT OF DETERMINATION (R™2) = ";74
920 LPRINT:LPRINTYCOEFFICIENT OF DETERMINATION (R*2) = “3Z4
1000 PRINT"COEFFICIENT OF CORRELATION = ";ZI5
1010 LPRINT"COEFFICIENT OF CORRELATION = ";ZI5S
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1020 FRINT"STANDARD ERROR OF ESTIMATE = ";Z6
1030 LFRINT"STANDARD ERROR OF ESTIMATE = ";Z6
1040 PRINT:LPRINT

1050 UU = 1 - Z4

1060 U2 = SQRULD

1070 UT = SR ()

1080 ZT = BI1:UI/UZ

1020 PRINT"TEST DOF HYPFOTHESIS THAT Ei=0: IF T»2.05 THEN EB1>0, T ="37IT
1100 LFRINT"TEST OF HYPOTHESIS THAT E1=0: IF T>»>2.0S5 THEN B1>0, T ="3;IT
1110 PRINT:LPRINT:PRINT"—————— MELPRINTY = e "

1120 Yi=0:1Y2=0:Y3=0:Y4=0:Y5=0
1130 NEXT 1

1140 :

1150 REM L3¢ § READ FEARSON TAELE FOR K VALUES L3 3
1160 :

1170 FDR EE 1 7O =1

1180 FOR E1 = 1 TO &

1190 READ FIl(EE,Ef), KI1(EE,E1l)
1200 NEXT E1

1210 NEXT EE

1220 FOR I = 1 TO 8

1230 READ F2(I) . K2{I)

1240 NEXT I

1250 FRINT:PRINT:PRINT:PRINT

1260 PRINT" ENTERING COMPUTATIONS"
1270 PRINT:PRINT:PRINT:FRINT:PRINT:PRINT
1280 »

1290 REM £3 & ¢ COMPUTING FIRST 4 MOMENTS, SKEWNESS AND KURTOSIS L3 & 8
1300 *

1310 FOR I = 1 TO 40

1320 A1=0:Bi1=0:Ci1=0:D1=0

1330 AZ=0:EB2=0:C2=0:;D2=0

1340 PRINT:PRINT:PRINT"RUNNING VARIAELE NUMEBER ";I

1350 LPRINT:LPRINT: LPRINT"RUNNING VARIABLE NUMRER "3 1

13560 LPRINT

1370 FOR J = 1 TO 32

1380 A1 = AL + V(I,d)

1320 B1 = Bl + V{I,J3)"2

1460 C1 =.C1 + V(I,J)"3

1410 D1 = D1 + V(I,Jd}"4

1420 A2 = AZ + LOBW(I,a))
1430 B2 = B2 + (LOG(V(I,d)))"2
1440 C2 = C2 + (LOG(V(I,J)))"3
14350 DZ = D2 + (LOB(V(I,d)))"4
1460 NEXT J

1470 I = 32

1480 T1 = Al/Z

1490 T2 = (B1/Z) - T1~2

1500 T3 = (C1/Z) — J¥T1%¥Bl/Z + 2%T1"3
1310 T4 = (D1/Z) — 4xT1xC1l/Z
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1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
14670
14680
1570
1700
1710
1720
1730
1740
1730
1760
1774Q
1780
1790
1800
1B10
1820
1830
1840
1850
1840
187Q
1880
1820
1200
1210
1220
1930
1940
1250
19460
1270
1980
1920
2000
2010
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TS = T4 + 6XT172%B1/Z - 3%T1™4
ZZ = SOR(T2)

IW = 113

Té = T3/ZIW

T7 = T3/(T72"2)

Wi = Aa2/2

W2 = (B2/2) - W1~2

WE = (C2/Z) — 3¥W1¥B2/Z + ZRW1"3
W4 = (D2/I) — 4%Wi1xC2/1Z

WS = W4 + &XW1I2%R2/Z — TxW14
ZX = SERR{W2)

Qx = IX~3

W& = W3/0X

W7 = WS/ (W2~2)

BZZ = B1/Z — {(Al1/Z)"2

ST = SBR(BZZ)

BXX = B2/Z - (A2/1)"2

SD = SBR (EXX)

COV = 100%ST/T1

LEOV = 100%SD/WL

PRINT "MEAN OF V(J,I) = ";T1
LPRINT"MEAN OF V(J,I) = "“;Ti

PRINT "STANDARD DEVIATION OF V(J, I)
LFRINT"STANDARD DEVIATION OF V(J,I)
PRINT "SKEWNESS COEFFICIENT = “;Té&
LFRINT"SKEWNESS COEFFICIENT = “3;Té
PRINT "KURTOSIS COEFFICIENT = “;T7
LPRINT"KURTOSIS COEFFICIENT = %377
PRINT "COEFFICIENT OF VARIATION = "pCov
LPRINTCOEFFICIENT OF VARIATION = “;C0OV
LPRINT:PRINT:LPRINT: FRINT

PRINT "LOGARITHMIC COTTON SEED YIELD (GM/PLOT)"

;ST
"; ST

oo

i

LPRINT"LOGARITHMIC COTTON SEED VIELD (GM/FLOT)"
LPRINT: PRINT

PRINT "LOG OF MEAN = "3;W1

LPRINT"LOG OF MEAN = "j;W1

PRINT "LOG OF STANDARD DEVIATION = ";8D
LPRINT"LOG OF STANDARD DEVIATION = "3;8D

PRINT “LOG OF SKEWNESS COEFFICIENT = ";Wé
LPRINT"LOG OF SKEWNESS COEFFICIENT = ";W&
FRINT "LOG OF KURTOSIS COEFFICIENT = “;W7

LPRINT"LOG OF KURTOSIS COEFFICIENT = ";W7

PRINT “LOG OF COEFFICIENT OF VARIATION = “;LCOV

LFRINT"LOG OF COEFFICIENT OF VARIATION = “;LCOV

PRINT CHR$ (26) 1 LPRINT e e m e e e e e "
LPRINT

REM  %%% CALCULATING THE FROBABILITY FOR NDN-LOGARITHMIC DATA
LPRINT: PRINT
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2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
21Z0
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
22460
2270
2280
2290
2300
2310
2320
2330
2340
2330
2360
2370
2380
2370
2400
2410
2420
2430
2440
2430
24560
2470
2480
2490
2500
2310
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PRINT "PROBAERILITY FOR NON-LOBGARITHMIC VALUES ":FRINT
LPRINT"PROBARILITY FOR NON-LOGARITHMIC VALUES ":LPRINT
FOR N = 1 TO B

NG = T1 + K2(N)¥ST

PRINT "EXCEEDANCE PROBARILITY ="3;K2{N)

PRINT “VWARIABLE V{(J,I) = ";NB@;" AT PROBARILITY = "jP2(N)
LFRINT"EXCEEDANCE FROBABILITY ="j;K2(N)

LPRINT"VARIABLE V(J,I) = ";N@;" AT FROBABILITY = ";FZ(N)
NEXT N

REM L8 3 4 CALCULATION OF TABULAR K VALUES L ¢ 4
IF W6 > 3 THEN FPRINTYERROR IN DATA SET":M = 1:60T0 2470
IF W&<=3 AND W&6>2.5 THEN M=1:G0TO 2470

IF W&«=2.5 AND W6>2 THEN M=2:650T0 2470

IF W&a<=2 AND W&6>1.5 THEN M=3:607T0 2470

IF W&<=1.5 AND W&>1.2 THEN M=4:60TO 2470

IF W&d=1.2 AND W6>1 THEN M=5:G60T0 2470

IF Wé<=1 AND W&>.9 THEN M=&6:1GOTO 2470

IF W&{=.2 AND W&6>.8 THEN M=7:G0T0 2470

IF W&6<=.8 AND W&>.7 THEN M=8:G0T0O 2470

IF W&6<=.7 AND W&6>.46 THEN M=%9:G0OTO 2470

IF We<=,6 AND W6>.5 THEN M=10:60T0O 2470

IF Wb<=.5 AND W6>.4 THEN M=11:60T0O 2470

IF W&{=.4 AND W6>.F THEN M=12:60T0 2470

IF W6<=.3 AND W&>.2 THEN M=13:60T0 2470

IF Wé<=.2 AND W&>.1 THEN M=14:G0T0 2470

IF W&<=.1 AND W&6>0 THEN M=13:60T0 2470

IF W6L=0 AND Wé&>—.1 THEN M=146:G0TO 2470

IF W&e<=—.1 AND W&>—.2 THEN M=17:60T0 2470

IF W6<=—,2 AND W&>—.3F THEN M=18:G0T0O 2470

IF W6<=—,3 AND W&6>—.4 THEN M=12:60T0O 2470

IF W6<=—,4 AND W&>-.5 THEN M=20:G0TO 2470

IF Wée<{=—.35 AND Wé6>—.6 THEN M=21:60T0 2470

IF Wa<=—. 46 AND WbL>—.7 THEN M=22:6G0TD 2470

IF We<=—.7 AND W&>—.8 THEN M=23:60T0 2470

IF W6<{=—.8 AND W&4>-.% THEN M=24:60TO0 2470

IF W6<=—~.% AND W&>—1 THEN M=25:60T0 2470

IF We<=—1 AND W&6>—1.2 THEN M=26:G0TO0 Z470

IF Wo<=—1.2 AND W&>—-1.5 THEN M=27:60T0 2470

IF Wo<=—1.5 AND W&>-2 THEN M=28:60T0 2470

IF W6<=—-2 AND W4>—-2.5 THEN M=29:60T0 2470

IF Wo&<=-2.5 AND W&>—3F THEN M=30:607T0 2470

IF W&6=—-3 THEN M=31:60T0 2470

IF Wo<~3 THEN PRINT"ERROR IN DATA SET (NEGATIVE)":M=31:G0OTD 2470
PRINT: PRINT:LPRINT: LPRINT '
FRINT "PROBABILITY FOR LOGARITHMIC VALUES":PRINT
LPRINT"PROBABILITY FOR LOBARITHMIC VALUES":LFRINT
PRINT:LPRINT

FOR N =1 TO &
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2520
2530
2530
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
256560
2670
24680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
29Z0
2940
2950
2960
2970
2980
2990
JI000
3010
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LA = W1 + K1(M,N)%8D

21 = EXP({LA)

PRINT "EXCEEDANCE FPROBARILITY VALUE = "3;K1{M,N)
LPRINT"EXCEEDANCE FPROBAERILITY VALUE = ";K1{(M,N) .
FRINT "VARIABLE V(J,I) = ";Q13" AT PROBABILITY = ":P1(M,N)
LPRINT"VARIARLE V(J,I) = "sQ13" AT PROBABILITY = ";P1(M,N)
NEXT N

NEXT I

REM 13§ 4 SDRT ROUTINE L3 4 3

FRINT CHR$(26) :LFRINT

FRINT "ENTERING SORT ROUTINE —--— DATA NOT LOGARITHMIC"
LFRINT"ENTERING SORT ROUTINE —-— DATA NOT LOGARITHMIC™

FRINT "REARRANGEMENT OF DATA INTO ASCENDING SEQUENCE"
LPRINT"REARRANGEMENT OF DATA INTO ASCENDING SEGUENCE"
LFRINT

FOR I = 1 TO 40

FPRINT: PRINT"RUN NUMERER =";I

LPRINT: LPRINT"RUN NUMBER =";1I

NS 1

LI H -1

IN NS

FOR L = NS TO LI

IF V(I,L) <= V{I,L+1) THEN 60TO 2800

TE = V(I,L)}

VI(I,L) = V(I L+1)

V{I,L+1) = TE

IN = L.

NEXT L

IF IN = N5 THEN 80TO 2870

LI = IN — 1

GOTO 2730

REM kXX RANK AND PROBABILITY k¥

o

PRINT TAE(2) "RANK" TAE(14) "DRDER" TAE(32) "PROBABILITY";
PRINT TAE(44) “RECURRENCE"

LPRINT TAR(2) "RANK" TAB(14) "ORDER" TAR(23) “PROBABILITY";
LPRINT TAR(46) "RECURRENCE"

FOR KK = 1 TO 32

NK = H — KK + 1

PANK) = NK/ (H+1)

T(NK) = 1/P(NK)

FRINT V{I,KK),NK,F(NK), T (NK)

LPRINT V (I, KK, NE P (NK) , T(NK)

NEXT KK

REM XA X DETERMINATION OF THE INTERVAL LS 3 ¢



3020
2030
I040
J0D0
IQ60
FO70
J030
JI0P0
3100
3110
3120
3130
3140
F150
3160
2170
3180
3120
3200
3210
3220
I230
3240
3250
3260
3270
3280
3220
J300
3310
3320
I3I30
3340
3350
IJ&0
3370
3380
JIZF0
3400
3410
3420
JI43F0
3440
3450
J450
3470
3480
3490
IS500
3510
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PRINT CHR$(26)

Z1 = (V(I,H) — V(I,1))/NN

FOR IJ = 1 TD NN

IF IJ > 1 THEN GOTO 3080
C(IJ) = V(I, 1) + ZI

BOTO 3G90

C(IJ) = C(IJ-1) + ZI

CN(IJ) = O

NEXT 1J

PRINT:LPRINT

FOR II = 1 TO NN

FRINT "INTERVAL = ";C(II),II
LPRINT“INTERVAL = “3;C(II),II
NEXT IT

REM  %¥¥  FREQUENCY ROUTINE  %x%
FRINT CHR% (26): LPRINT: PRINT
PRINT "DETERMINING FREQUENCY"
PRINT

FOR MM = 1 TO NN

FOR AA = 1 TO H

IF V(I,AA) > C(MM) THEN GOTO 3280

IF MM < 2 THEN G0OTO 3270

IF V(I,AA) <= C(MM-1) THEN GDOTO 3280
CN(MM) = CNMM) + 1

NEXT AA

NEXT MM

TW=0:TL=H-1

FOR BG = 1 TO NN

TW = TW + CN(BG)

NEXT BG

IF TW > TL THEN GOTD I3&0
CN(NN) = CN(NN) + 1

FOR CC = 1 TO NN

FPRINT "FRERQUENCY COUNTER
LPRINT"FREQUENCY COUNTER
NEXT CC

NEXT I

LPRINT:LPRINT"PROBRAM 1S5
PRINT:PRINT "PROGRAM IS
PRINT CHR%(26)

PRINT:PRINT: PRINT: PRINT
PRINT"

DATA 0.99,-0.4667,0,90,-0.
DATA 4.051 '
DATA 0.99,-0.799,0.90,-0.
DATA 3.B45

DATA 0.9%,-0.990,0.90,—0.
DATA 3.60S

———

"sCN(ED) ,CC
"sCN(CC)Y,CC

TERMINATED"
TERMINATED"

NORMAL PROGRAM END":END
660,0.50,—-0.396,0.10,1.180,0.02,3.152,0.01

771,0.50,-0.3460,0.10,1.250,0.02,3.048,0.01

895, 0.50,-0.307,0.10,1.%02,0.02,2.912,0.01
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3520
3530
I540
3550
3560
3570
2580
3590
J600
F610
I&Z20
I63F0
3640
J630
2650
3870
Z4HB80
530
3700
3710
I720
730
2740
3730
I760
3770
I780
3790
3800
3810
282

383 0
3840
3850
3IB&LO
3870
3880
3IBF0
IF00
3210
I920
3230
3740
3930
37560
2970
3280
390
4000
4010

DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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0.99,-1.256,0.90,-1.018,0.50,-0.240,0.10,1.333,0.02,2.743,0.01

3.330

0.99,-1.449,0.90,-1.086,

3.149

0.99,-1.588,0.90,~1. 128,
DATA 3.

022

0 ?,—1.660,0.%0,~-1.147,
9u7

0.99,-1.733,0. 90 —-1.146,

2 891

0.99,-1.806,0.90,-1.183,

2.824

0.99,-1.880,0.90,-1.200,

2.755
0.99,-1.955,0.90,-1.214
2. 686

0.99,-2.029,0.90,—-1,231,
2.615
0.99,-2.104,0.90,-1.245

2.544

0.99,-2.178,0.90,—1.258,

2.472

0.99,-2.252,0.90,~1.270,

2.400

0.99,~2.326,0.90,-1.282,0.50,0.000,0.10,1.

2.326

0.50,-0,195,G. 10,

0.50,~0.164,0.10,

0.50,-0.148,0,10,

0.50,-0.13%2,0.10,

0.50,-0.116,

0.10,

1.340,0.02,2.626,0.01

1.340,0.

02,

2.542,0.01

1.339,0.02,2.498,0.01

1.336,0.

1.335,0.02,

02,2.453,0.01

2.407,0.01

0,590,-0.099,0.10,1.328,0.02,2.359,0.01

Q.50,-0.066,0.

,0.50,~0,083,0.10,

0.50,-0.033,0.10,

0.50,~0.017,0.10,

1.32%,0.

1.301,0.

1.292,0.

282, 0.

o2

oz,

az,

L2.311,0.01

10,1.137,0.02,2.261,0.01

,0.50,-0.050,0.10,1.309,0,02,2.211,0.01

2.159,0.01

2.107,0.01

02,2.054,0.01

0.99,-2.400,0.90,~1.292,0.50,0.017,0.10,1.270,0.02,2.000,0., 01

2.252

0.99,-2.472,0.90,~1.301,0.50,0.033,0.14,1.258,0.02,1.945,0. 01

2.178
0.99,-2.544,0,90,~1.309,
2.104

0.99,-2.615,0.90,-1.317,0.50,0.066,0.10,1.231,0.02,

2.029

Q.50, 0.050,

0.10,1.

245,0.02,1.890,0. 01

1.834,0.01

0.99,-2.686,0.90,~1.323,0.50,0.083,0.10,1.214,0.02,1.777,0.01

1.955

0.99,-2.755,0.90,-1.328,0.50,0.099,0.10, 1.200,0.02,

1.88B90

@.99,-2.824,0.90,~-1,333,0.50,0.116,0.10,1.183,0.02

1.804

0.99,-2.891,0.90,-1.336,0.50,0.132,0.10,1.166,0.

1.733

1.720,0.01

. 1.66%,0.01

02,1.406,0.01

0.99,-2.957,0.90,-1.339,0.50,0.148,0.10,1.147,0.02,1.54%,0.01

1.660

0 9.~ 3.022,0. 90,-1.340 €G.50,0.164,0.10,1.128,0.02

. JBB

.1.492,0.01

U.??,—S.149,0.90,—1.340,0.50,0.1?5,0.10,1.086,0.02,1.379,0.01

1.449

G.99,-3.330,0.90,-1.333,

1.256

0.50,0.240,

0.10,1.018,0.02,1.217,0.01



4020
4030
4040
4050
4040
4070
4080
4090
4100
4110

DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
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0.99,-3. 605,0.90,-1. 302, 0.50,0.307,0. 10, 0. 895, 0. 02, 0. 980, 0. 01
0.990

0.90,-3.845,0.90,-1.250,0.50,0.360,0.10,0.771,0.02,0.798,0.01
0.799

0.90,-4.051,0.90,-1.180,0.50,0.394,0.10,0.6460,0.02,0.66646,0.01
0. 467

0.99,-2.326,0.90,-1.282,0.70,-0,524,0.50,0.000,0,30,0.524,0. 10
1.282
0.025,1.960,0.01,2.3246
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100
110
120
130
140
130
160
170
i8o
120
200
210
220
230
240
250
2460
270
280
290
300
210
320
330
340
350
360
370
380
370
400
410
420
4320
440
450
440
470
480
490
oS00
S10
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REM %%k PROGRAM FOR MEAN, STANDARD DEVIATION, AND COEF. OF VARIATION

REM THIS IS FOR THE NIAMEY STATION VARIARILITY TRIAL

t

REM DATA FROM "STATISTICAL METHODS FOR AGRICULTURAL WORKERS"
rREMHM PAGES 132-135———

REM MAME OF PROBRAM ———-- MEVAST.RAS ———-

REM DATA DISK MAMED ---YLDSEED.DAT-—-

PRINT CHR$(256)

PRINT" FIELD PLOT UNIFORMITY STUDY FOR PLOT SIZE VARIANCE"
FRINT

PRINT" FOR MICROSOFT BASIC {(RASIC-80) VERSION CP/M, REV. 5.21i"
PRINT" KAYPRO II COMPUTER WITH 44K MEMORY, CR/M, REV. 2.22¢
PRINT:PRINT

PRINT" WRITTEN BY Eugene R. Perrier"

PRINT" May, 1983"
PRINT:PRINT:PRINT:PRINT:PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)"
PRINT:PRINT:PRINT:PRINT:PRINT: PRINT

PRINT" PRESS T"ENTER® OR <CR> TO CONTINUE"

LINE INPUT R%

CLEAR: PRINT CHR$(24)

DIM D%{40),U(40,40),V(40,40),UM40),STD(40),C0V(40)

DIM Y{40),VR(40),BM(40),C2(40)

INPUT "ENTER FILE NAME FOR DATA";F% _

REM kKRR DISK READ SEGMENT  ¥XXXx

OPEN “"R",#1,Fs,128

FIELD #1, 4 AS D$(1), 4 AS D&(2), 4 AS D$(3), 4 AS DH(4), 4 AS DH(S5)
FIELD #1, 20 AS DU$, 4 AS D$(&), 4 AS D&(7), 4 AS D$(8), 4 AS DH(F)
FIELD #1,36 AS DU%,4 AS D$(10), 4 AS Ds{11), 4 AS D&(12), 4 AS D% (13)
FIELD #1,52 AS DU%,4 AS D%(14), 4 AS Ds(15), 4 AS D$(1&), 4 AS DH(17)
FIELD #1,48 AS DU%,4 AS D$(18), 4 AS D$(19), 4 AS D$(20), 4 AS Ds(21)
FIELD #1,84 AS DU%$,4 AS D$(22), 4 AS D$(23), 4 AS D$(24), 4 AS D (25
FIELD #1,100 AS DU%,4 AS D$(24),4 AS D{27), 4 AS DH(28), 4 AS D$(29)
) . )

FIELD #1, 116 AS DU$, 4 AS D%(30), 4 AS D$(31), 4 AS DH(32
FOR I = 1 TO 40
GET #1,1

FOR J = 1 TO 32
Utd, Iy = VAL(D$(J))
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NEXT J
NEXT 1
CLOSE #1
XX =1
GAOSUB 1380

REM  %%%  PRINT OUT DATA SET USED IN TAERLE OF VALUES  &%x
r

FOR I = 1 TO C1

CNT = 1 .

IF £2=40 AND CNT=1 THEN JS=1:JF=10:G0T0 74Q
IF C2=40 AND CNT=2 THEN JS=11:JF=20:G0TO 730
IF C2=40 AND CNT=3 THEN JS=21:JF=30:G0T0 74Q
IF C2=40 AND CNT=4 THEN JS=31:JF=40:G0TO 740
IF C2=20 AND CNT=1 THEN JS=1:JF=10:G0OTO 740
IF C2=20 AND CNT=2 THEN JS=11:JF=20:G0TQ 740
IF C2=10 AND CNT=1 THEN JS5=1:JF=10:G0TD 740
IF C2=8 AND CNT=1 THEN JS=1:JF=8:G0TO 740

IF C2=5 AND CNT=1 THEN JS=1:JF=5:G0TC 740

IF C2=4 AND CNT=1 THEN JS=1:JF=4:G0TQ 740

IF C2=2 AND CNT=1 THEN JS=1:JF=2:G0TQ 740
GOTO 830

FOR J = JS TO JF

PRINT USING “######8";V(I1,d);

LPRINT USING “####3#8#";V(1,J);

NEXT J

PRINT*" v

LPRINT" "

CNT = CNT + 1

IF CNT > 4 THEN GOTO 830

GOTO 420

PRINT:PRINT: LPRINT: LPRINT

NEXT 1

PRINT CHR%(24&)

REM x%% DETERMINATION OF MEAN, STANDARD DEVIATION AND COEFFICIENT
REM OF VARIATION FOR EACH LINE {(40)

LPRINT "ROW" TAR(10) "MEAN" TAR{(22) “STD DEV" TAB(35) "COVAR";
LPRINT TAB(45) “TOTAL" TAB(SS) "“N“

LPRINT"————— - -
FRINT "ROW" TAB(10) "MEAN" TAB(22) "STD DEV" TAB(35) "COVAR";
PRINT TAB(45) "TOTALY TAB(55) “N"

F-RINTII _______________________________________ A — T o e e o b s e i . i n
54=0:85=0: KNT=1 ’

FOR I =1 TO C1

Si=0:52=0

1000 FOR J = 1 TO €2
1010 81 = §1 + V(I,J)

- 125 -



DRAFT —- FOR REVIEW ONLY

1020 NEXT J

1030 84 = 54 + S1

1040 UM(I) = B1/C2

1050 FOR L = 1 TO C2

1060 82 = 82 + (V(I,L) —~ UM(I))~"2

1070 NEXT L

1080 S5 = 85 + 82

1090 X2 = 52/(C2 - 1)

1100 STD(I) = SAR(X?)

1110 COV(I) = 100%8TD(I) /UM(I)

1120 LFRINT I TAE(8) UM(I) TAER(21) STD(I) TAE(34) COV(I1) TAR(44) S5i, C2
1120 FRINT I TAB(8) UM(I) TAB{(21) STD(I) TAB(34) COV(I} TAE(44) 51, C2
1140 NEXT I

1150 LPRINT - e e e e " LPRINT
1160 PRINT"————————— e oo - "1 PRINT
1170 6MKNT) = S54/(C1%C2)

1180 FOR I = 1 TGO C1l: FOR J = 1 TO C2

1190 T2 = T2 + (V(I,J) —~ GM{KNTY)Y2

1200 NEXT J,I1

1210 VAR = T2/ (C1%*C2 - 1)

1220 VR{KNT) = VAR/ (Y%Y)

120 M5 = SAR(VAR)

1240 C2{KNT) = 100kMS/GM(KNT)
1250 PRINT"GM =";BM(KNT);" S = ";MS;" VAR = "3;VAR;" COVAR = ";C2(KNT)
1260 LPRINT"GM ="3:BM(KNT)" S = ";MS;" VAR = ";VAR;" COVAR = ";C2(KNT)

1270 PRINT "VAR/UNIT AREA "3 VR(KNT) 3 "GRAND TOTAL ="3;S4:PRINT:FRINT
1280 LPRINT"VAR/UNIT AREA "3 VR(KNT) 3 "6RAND TOTAL =";54:LPRINT:LFRINT
1290 S1=0:82=0:54=0:585=0:T2=0:KNT = KNT + 1

1300 BOTO 560

1310 :

1320 REM ¥x%x ROUTINE TO CHANGE THE PLOT SI1ZE L2 %

1330

1340 REM udr,J) IS THE ARRAY OF EQUALLY SFACED DATA POINTS
1350 REM I I8 THE COLUMN (VERTICAL) INTEGER

13460 REM J IS THE ROW (HORIZONTAL) INTEGER

1370

1380 PRINT TAB{(10) "RUN NUMEER: "j3;XXrPRINT

1320 LPRINT TAB(10) "RUN NUMEBER: "j3;XX:LPRINT

1400 IF XX=1 THEN Y=1:C1=32:C2=40:D=32:E=40:A=1:B=1:608URB 1850: XX=XX+1
: RETURN

1410 IF XX=2 THEN Y=2:C1=14:C2=40:D=31:E=40: A=2: R=1:G0OSUE 185031 XX=XX+1
s RETURN

1420 IF XX=3 THEN Y=4:C1=8:C2=40:D=29:E=40:A=4:B=1:G60SUR 1850z XX=XX+1
t RETURN

1430 IF XX=4 THEN Y=8:Ci=4:C2=40:D=25:E=40:A=8:B=1:G0SUB 1B50: XX=XX+1
: RETURN

1440 IF XX=5 THEN Y=16:C1=2:C2=40:D=17:E=40:A=14:R=1:60SUB 1850: XX=XX+1
1 RETURN )

1450

1460 IF XX=6 THEN Y=2:C1=32:C2=20:D=32:E=39:A=1:B=2:60SUB 1850: XX=XX+1
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: RETURN

IF XX=7 THEN Y=4:C1=16:C2=20:D=31:E=39:A=2:B=2:G0OSUBR 1850: XX=XX+1
:RETURN

IF XX=8B THEN Y=8:C1=8;C2=20:D=29:E=39:A=4:B=2:G0SUB 1850: XX=XX+1

: RETURN

IF XX=% THEN Y=1&4:C1=4;:C2=20:D=25:E=3%:A=8: B=2:G0SUE 1850:XX=¥XX+1

t RETURN

IF XX=10 THEN ¥=32:C1=2:C2=20:D=17:E=39:A=14&:23=2:60SUE 1RBS0: XX=X¥+1
: RETURN

IF XX=11 THEN ¥Y=4:C1=32:CZ=10:D=32:E=37:A=1:3=4:BOSUE 1350: X=¥X¥+1
t RETURN :

IF XX=12 THEN Y=8:Ci1=16:C2=10:D=31:E=37:A4=2:B=4:G0SUR 1850: X¥=X¥+1
:RETURN

IF XX=13 THEN Y=1&4:C1=B:C2=10:D=22:E=37:08=4:B=4: 608UE i850; XX=XX+1
s RETURN

IF XX=14 THEN Y=32:C1
:RETURN

IF XX=15 THEN Y=64:C1=2:C2=10:D=17:E=37:A=14:1B=4:1605UE 1850:XX=XX+1
: RETURN

IF ¥XX=16 THEN Y=5:C1=32:C2=8:D=32:E=34:48=1:B=5:B0SUE 1850: XX=XX+1

: RETURN

IF XX=17 THEN Y=10:C1=16:C2=8:D=31:E=36: A=2: B=5: GOSUE 1850: XX=XX+1
: RETURN

IF XX=18 THEN Y=20:C1=8:C2=B:D=29:E=356:A=4: B=5:G05UB 1890: XX=XX+1

st RETURN

IF XX=19 THEN Y=40:C1=4:C2Z2=8:D=25:E=36:A=8:B=5: G08UE 1850: XX=XX+1

: RETURN

IF XX=20 THEN Y=80:C1=2:C2=B:D=17:E=346:A=146:B=51G60SUE 1B830: XX=XX+1
t RETURN

’

IF XX=21 THEN Y=8:C1=32:C2=5:D=32:E=33:A=1:B=8: B0SUR 1850z XX=XX+1

: RETURN

IF XX=22 THEN Y=16:C1=14:C2=5:D=31:E=33: A=2:B=8: GOSUR 18501 XX=XX+1
: RETURN

IF XX=23 THEN Y=32:C1=8:C2=5:D=29:E=33:A=4: EBE=B: 60SUBR 1850: XX=XX+1

: RETURN

IF XX=24 THEN Y=564:C1=4:(02=5:D=25:E=33:A=8:B=8:60SUR 18503 XX=XX+1

t RETURN

IF XX=25 THEN Y=128:C1=2:C2=5:D=17:E=33:A=146: BE=8:(0GUR 1850: XX=XX+1
:t RETURN

IF XX=246 THEN Y=10:C1=32:C2=4:D=32:E=31:A=1:EB=10: GOSUR 185C: XX=XX+1
: RETURN

IF XX=27 THEN Y=20:C1=16:C2=4:D=31:E=31:A=2:B=10: G0SUR 18501 XX=XX+1
: RETURN

IF XX=28 THEN Y=40:C1=8:C2=4:D=29:E=31:A=4:B8=10:6805UR 1B50: XX=XX+1
st RETURN

IF XX=29 THEN Y=B0:C1=4:C2=4:D=25:E=31: A=B:B=10:G0SUB 1B50: XX=XX+1

4:C2=10:D=25:E=37: A=B: BE=4:GOBUER 1830: XX=XX+1
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: RETURN

IF XX=30 THEN Y=160:C1=2:C2=4:D=17:E=31:A=146:R=10:60SUE 1B850: XX=XX+1
: RETURN

; .

IF XX=31 THEN Y=20:C1=32:C2=2:D=32:E=21:A=1:B=20:G0SUR 18501 XX=XX+1
: RETURN

IF XX=32 THEN Y=40:C1=16:02=2:D=31:E=21:A=2: B=20: GOSUR 1850: XX=XX+1
: RETURN

IF XX=3% THEN Y=B0:C1=8:C2=2:D=29:E=21:A=4:B=20:G0SUE 1850: XX=XX+1
: RETURN

IF XX=34 THEN Y=1460:C1=4:C2=2:D=25:
: RETURN

IF XX=35 THEN Y=320:C1=2:02=2:D=17:E=21:A=16:E=20: GOSUE 1850: XX=XX+1
: RETURN

END

m

=21:A=B:B=20:G0SUR 1850: XX=XX+1

REM L4 4 4 DETERMINING THE NEW VARIARLES E )

FRINT CHR$(24)

PRINTY CALCULATING NEW V(K,L)*S"
FRINT:FPRINT:PRINT: PRINT: FRINT: PRINT

K=1:L=1:CT=0: KT=0

FOR I =1 TO D STEP A

CT = LT + 1:1I =1

FOR Jd = 1 TO E STEP B

KT = KT + 1:JJ = J

VIK,L)Y = U (I,J)

IF A=1AND B = 1 THEN GOTO 2000

IF CT < A THEN II=I1+1:V{(K,L)=V(K,L)+U(IT,J):CT=CT+1:60T0 1930
II=I:CT=1:KT=1

IF KT < B THEN JJ=JJ+1: VK, L)=V(K,L)+U(T,JJ) : KT=KT+1: 60TDO 1270
JJI=J:CT=1: KT=1

IF CT < A AND KT <« B THEN GOSUR 22060

L=l+1:KT=03:NEXT J

L=1:K=K+1:CT=0:NEXT 1

RETURN

REM  %%% REORDER VARIABLES V(K,L) AND U(K,L) XXX
FOR M = 1 TO A-1
ITI=II+1:CT=CT+1

FOR N = 1 TQ B-1

JI=JJ+1: KT=KT+1

V(KLY = V(K,L) + U(II,JJ)

IF KT = R THEN BOTO 2130

NEXT N

KT=1rJJ=J

IF CT = A THEN CT = 1:60T0 2140
NEXT M

1I1=1:J3=J
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2170 RETURN
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REM  d%% FROGRAM FOR AUTOCDRRELATION COEFFICIENTS AND
REM THE SPECTRAL ANALYSIS

REM 3%% FOR THE NIAMEY STATION VARIAEILITY STUDY %%%

REM ¥¥% DATA FROM “STATISTICAL HMETHODS FOR AGRICULTURAL WORKERS

gREM 0 —eee FAGES 132-133————-

REM  %*¥%  PROGRAM NAME I8  -—-— CORR.BAS —-—

REM DATA DISK IS NAMED ~-YI.DSEED.DAT—-

REM FILE NAME FOR DETRENDING DATA  ———CURVE1.DAT---

PRINT CHR$ (26)

PRINT" FIELD PLOT UNIFORMITY STUDY FOR AUTO-CORRELATION ANDY
PRINT" SPECTRAL ANALYSIS

PRINT

PRINT" FOR MICROSOFT EASIC (BASIC-B0) VERSION CPYM, REV. 5.21°
PRINT" KAYPRO 1I COMPUTER WITH &4K MEMORY, CP/M VERSION 2.2Y
PRINT: PRINT

PRINT" WRITTEN April, 1983"

FRINT

PRINT:PRINT:FRINT: PRINT: PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)
PRINT:PRINT:PRINT: PRINT: PRINT: PRINT

PRINT" PRESS *ENTER’ OR <CR> TO CONTINUE"

LINE INPUT R$

CLEAR: PRINT CHRS$ {26)

DIM D% (40),U(40,40) ,UM(40),STD(40) ,C0OV(40) ,R(40)
DIM VY{40),X0(40), XS (40

INFUT "ENTER FILE NAME FOR DATA";F%

PRINT

INFUTYENTER FILE NAME FOR DETRENDING DATA “:B%

REM EAK KK DISK READ SEGMENT 3323

OPEN "R",#1,F%,128

FIELD #1, 4 AS D${(1), 4 AS D#(2), 4 AS DH(3), 4 AS D$(4), 4 AS D$(S)
FIELD #1, 20 AS DU$, 4 AS D$(&6), 4 AS DH(7), 4 AS D$(B), 4 AB DH(P)
FIELD #1, 36 AS DU%$,4 AS D$(10), 4 AS D$(11), 4 AS D$(12), 4 AS D$H(13)
FIELD #1, 52 AS DU$,4 AS D%(14), 4 AS D$(15), 4 AS D$(1&), 4 AS DH(17)
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520 FIELD #1, 68 AS DU$,4 AS D$(18), 4 AS D$(19), 4 AS D% (20),
530 FIELD #1, 84 AS DU$,4 AS D$(22), 4 AS D$(23), 4 AS D$(24),
5S40 FIELD #1,100 AS DU$,4 AS D% (26), 4 AS D$(27), 4 AS D$(28),
550 FIELD #1,116 AS DU$,4 AS D$(30), 4 AS D$(31), 4 AS DH(I2)
S60 *

570 FOR I = 1 TO 40

SB0 GET #1,1

590 FOR J = 1 7O 32

600 U(I,J) = VAL(DE(I))

610 NEXT J

620 NEXT I

670 CTLOSE #1

640 PRINT CHR$ (26)

550

660 REM  %%%  DETRENDING THE DATA SET  ¥¥%

&70

480 DPEN "R", #2, G%, 128

£90 FIELD #2, 9 AS A%, 11 AS E¢, 7 AS C%

700 FOR I = 1 TO 40

710 GET #2,1

720 A1 = VAL (A%)

730 Bl = VAL (E$)

740 MEAN = VAL (C#)

750 FRINT A1,Bi, MEAN

760 FOR 3 = 1 TO 32

770 XX = J

780 CON = A1l + B1X1.4224%XX ;
790 DIF = CINT(CON — MEAN)

800 IF DIF <= 0 THEN GOTO 830

810 U(I,J) = U(I,J) + DIF

820 GOTC 840

830 U(I,J) = U(I,J) - DIF

840 NEXT J

8BS0 NEXT I

860 CLOSE #2

870 *

880 REM  %%% PRINT NEW DETRENDED DATA SET XXX

890 °

200 PRINT" . DETRENDED DATA SET":PRINT
910 LPRINT" DETRENDED DATA SET":LPRINT
920 FOR I = 1 TO 40

930 FOR 3 = 1 TO 16

940 PRINT USING "####";U0(I1,J) ¢

950 LPRINT USING "####";UCI,d);

960 NEXT J

970 PRINT "

280 LPRINT " "

950 NEXT 1

1000 PRINT:PRINT:PRINT:PRINT: LPRINT: LPRINT:LPRINT

1010 FOR I = 1 TO 40
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FOR J = 17 TO 32

PRINT USING "####°;U(I,J);
LPRINT USING "####";U(1,J);
NEXT J -

FPRINT* "

LPRINT" "

NEXT I

LERINT #— e d
LPRINT:LFRINT: PRINT CHR% (26)

REM Frx VALUES NEEDED FOR AUTOCORRELATION CALCULLATION REX
]

FOR I = 1 TO 40
S1=0:§%=0

FOR J = 1 TD 32

IF I = 8 THEN 1260
IF I = 10 THEN 1260
IF I = 23 THEN 1240
IF T = 26 THEN 1240
IF I = 30 THEN 1260
IF I = 32 THEN 1260
S1 = 81 + U(I,J)

83 83 + U(r, a2
GOTO 1290
XX = LOGCWCTI,JI))
81 = 81 + XX
= §3 + XX"2
NEXT J
VY (I) = (32483 -~ 81°2)/(32%30)
NEXT I
H

REM  %%X DETERMINATION OF THE AUTOCORRELATION COEFFIGCIENT

REM 1. FOR EACH OF 40 ROWS, AND
REM 2. FDR EACH OF 32 COLUMNS.
REM LAG RANGES FROM O TO 1/3RD OF ROW OR COLUMN

LFRINT "ROW" TAEB(195) “LAG" TAB(33) "AUTOCORRELATION®

LPRINT TAB{(35) “COEFFICIENT"

LPRINTY - —_——————————————— e e — —— "
PRINT "ROW" TAB(15) "LAG" TAEB{(ZF3) "AUTOCORRELATION"

FRINT TAR(ZIS) "COEFFICIENT"
PRINT" —-—=
FOR I = 1 TO 40

XN = CINT({32/3) + 1)

FOR L. = 1 TO XN
T1=0:T2=0:T3=0

LA =32 - L + 1

FOR Jd =1 TO LA
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K=Jd+L -1

IF I = 8 THEN 1430

IF T = 10 THEN 1430

IF I = 23 THEN 14630

IF T = 26 THEN 1630

IF T = 30 THEN 14630

IF T = 32 THEN 1630

Tl = T1 + U(I.J)

T2 = T2 + U(I,K)

TF = T3 + U(I,JYy%U(I,E)
GOTO 1480

XX = LOGUII J))

YY = LOGIUC(I,K))

TT = T1 + XX

T2 = T2 + YY

T3 = T3 + XX¥YY

NEXT J

AL = LA

R(I) = ((BL¥TE — T1¥T2) /(AL (AL — 1)) /VY(I)
I1l =L -1

IF I1 > O THEN 6OTO 1740

FRINT TAB(2) I TAB{146) I1 TAB(3&6) R(I)

LPRINT TAB(2) I TAB(1&) I1 TAR(3FSL) R(I)

G0TO 1780

PRINT TAR(1&) I1 TAB(346) R(I)

LPRINT TAE(16) I1 TAE(3ISL) R(I)

MEXT L

PRINT"—————— - e e e e —— ="
LPRINT" - - - - - —— ="
NEXT I

REM %%% ROUTINE FOR FOURIER SERIES ANALYSIS k%%

REM Uir,dy = ARRAY OF EQUALLY SPACED DATA FOINTS
REM X0(iI) = RAW POWER SFECTRUM

REM X8(I) = SMODTHED POWER SFECTRUM

REM ROW SPACING = 1 LAG UNIT = 142.24CHM

CC = 6.2832/32

R = 2/32

N2 =1 + 32/2

FOR K =1 T0O 40

PRINT:FRINT

FRINT “ROW" TAR(8) "HARMONIC" TAEBR(23) "Al" TAR(37)"B1" TAR(S4) "RAW"
FRINT TAB(8) "NUMBER" TAEB{22) "COEF" TAR(36) "COEF", “SPECTRUM"
PRINTY—~————————— e e - -
LPRINT:LPRINT

LPRINT "ROW" TAB(8) MHARMONIC" TAB(23) "Al1" TAB(37)"Bi" TAB(54) "RAW"’
LPRINT TAR(8) "NUMBER" TAB(22) "COEF" TAB(34) "COEF", "SPECTRUM"




DRAFT —— FOR REVIEW ONLY

2020 LFRINT" e — e
2030 FOR I = 1 TO N2

2040 S1=0:82=0

2050 FOR J = 1 TO 32

2060 ARG = (I — 1)%(J — 1)%CC

2070 S1 = S1 + U(K,J) xCOS (ARG)

2080 S2 = 82 + U(K,J) *SIN(ARG)

2090 NEXT J

2100 Al = S1%R

2110 IF I = 1 THEN Al = A1/2

2120 Bl = S2%R

2130 S = A1"2 + BE1°2

214G XO(I) = 8

2150 11 =1 - 1

2160 IF I1 > 0 THEN GDTO 2200

2170 FRINT TAE(2) K TAR(10) I1 TAE(20) A1 TAB(IS) Bl TAR(S2) S
2180 LPRINT TAE(2) K TAR(10) I1 TAB(20) Al TAR(35) Bl TAE(S2) S
2190 GOTO 2220

2200 PRINT TAE(10) I1 TAR(20) A1 TAB(35) EB1 TAB(S2) S

2210 LFRINT TAEB(10) Il TAE(20) Al TAE(3IS) Ei TAE(S2) S

2220 NEXT 1

2230 1

2240 REM kX  COMPUTING SMOOTHED POWER SPECTRUM  kkx

2250 1

2260 PRINT:PRINT

2270 PRINT TAB(8) "HARMONIC" TAB(25) "SMOOTHED SPECTRUM"

2280 PRINT TAR(9) “NUMBER":PRINT

2290 LPRINT:LPRINT

2300 LPRINT TAR(8) "HARMONIC" TAR(25) “SMOOTHED SPECTRUM"

2310 LPRINT TAB(9) “NUMBER":LPRINT

2320 N3 = N2 - 2

2330 FOR KK = 1 TO N3

2340 XS(KK) = XO(KK) /4 + XO(KK+1)/2 + XO(KK+2)/4

2350 PRINT TAB(10) KK+1 TAB{29) XS(KK)

2360 LPRINT TAB(10) KK+1 TAB(29) XS(KK)

2370 NEXT KK

2380 PRINT" ~ - . it "
2390 LPRINT"~—- —— - ~— — "
2400 NEXT K

2410 END
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REM L FROGRAM FOR SFATIAL CORRELATION COEFFICIENTS L & 4

REM %%¥% FOR THE NIGMEY STATION VARIAERILITY BTUDY %%¥

REM %% DATA FROM “STATISTICAL METHODS FOR ABRICULTURAL WORKERS

REMW = FPAGES 132-133%—————

REM %% FROGRAM NAME IS —-—— SFACORR.BAS ———

REM DATA DIGK IS5 NAMED ~—-YLDSEED.DAT—-

REM FILE NAME FOR DETRENDING DATA ———CURVEZ2.DAT—~

PRINT CHR$ (2&) :

PRINT" FIELD FPLOT UNIFORMITY STUDY FOR SPATIAL CORRELATION"
PRINT® VERTICAL ANALYSIS"

PRINT

PRINT" FOR MICROSOFT BASIC (BASIC-80) VERSION CP/M, REV. S5.21"
PRINT" KAYPRO II COMPUTER WITH &4K MEMORY, CP/M VERSIDN 2.2"
FRINT:FRINT

PRINT" WRITTEN April, 183"

PRINT: PRINT: PRINT:FPRINT:PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)
PRINT:PRINT: PRINT:FPRINT: PRINT:FRINT

PRINT" PRESS *ENTER’ OR <CR> TO CONTINUE"

LINE INPUT R$

CLEAR: PRINT CHR$ (26)

DIM D%(40),U(40,40),R(40,40) ,UMEAN (40}

DIM Al (40),B1(40) ,MEAN(40)

INPUT "ENTER FILE NAME FOR DATA";F$

PRINT

INFUT "ENTER FILE NAME FOR DETRENDING DATA “;P%

PRINT"THIS I8 THE VERTICAL ANALYSIS (COLUMN)"
LFPRINT" THIS IS THE VERTICAL ANALYSIS -~ COLUMN DATA":LPRINT

REM 3333 DISK READ SEGMENT 2323

7

FRINT "READING THE DATA DISK"

DPEN “R",#1,F%,128 _

FIELD #1,4 AS D#(1), 4 AS D$(2), 4 AS D$(3), 4 AS D$(4), 4 AS D$(S)
FIELD #1,20 AS DU$, 4 AS D$(&), 4 AS D$(7), 4 AS D$(B), 4 AS D$(F)



520
530
540
520
560
S70
580
S0
600
610
&20
&30
640
5350
660
&70
4630
&0
700
710
720
730
740
750
7460
770
780
790
800
810
820
830
840
850
840
870
880
8370
Q0
2?10
Q20
930
P40
950
P46Q
70
280
230

DRAFT —-- FOR REVIEW ONLY

FIELD #1,36 AS DU%,4 AS D¢(10),
FIELD #1,52 AS DU$,4 AS D$(14),

FIELD #1,84 AS DU$,4 AS D$(22),
FIELD #1,100 AS DU$,4 AS D% (24)

FOR I = 1 TO 40
GET #1,I

FOR J = 1 TO 32
UCI, T) = VAL(D$(J))
NEXT J

NEXT 1

CLOSE #1

PRINT CHR$ (26)

REM L3 2 DETRENDING THE DATA SET L3 4

FRINT "DETRENDING THE DATA SET"
OFEN "R", #2,P$, 128

FIELD #2, 9 AS A%, 11 AS B$, 7 AS C3
FOR I = 1 TO 32

GET #2,1

AL(I) = VAL (A$)

B1(I) = VAL (B%$)

MEAN(I) = VAL (C#)

NEXT I

CLOSE #2

FOR I = 1 TO 32

PRINT A1(I),Bt(I),MEAN(I)

FOR J = 1 TO 40

XX = J

CON = A1 (I} + B1(I)%1.4224%XX
DIF = CINT(CON — MEAN(I))

IF DIF <= O THEN GOTD 890
UCI,J) = U(I,J) + DIF

GOTO 900

UI,Jd) = U(I,J) - DIF

NEXT .

NEXT I

PRINT "INVERTED DATA SET"
LPRINT"INVERTED DATA SET”

FOR I = 0 TO 31

L =32 - I
FOR J = 0 TO 39

K = 40 - J
UCI+1,J+1) = U(L,K)
NEXT J

1000 NEXT I
1010 °

4 AS D$(11),
4 AS D$(15),

FIELD #1,48 AS DU$,4 AS D$(1B), 4 AS D$(19),
4 AS D$(23),
.4 AS D$(27),

FIELD #1, 114 AS DU%, 4 AS D${(30), 4 AS D$ (31

4
4
4
4
4
Y,

AS D$(12), 4
AS D$(16), 4
AS D (20), 4
AS D$(24), 4
AS D$(28), 4
4 AS D$(3ID)

AS
AS
AS
AS
AS

D% (13)
Ds{(17}
D (21)
D& (25)
D (29)



1020
1030
1040
1050
1040
1070
1080
1090
1100
1110
1120
113Q
1140
1150
1140
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1320
1400
1410
1420
1430
1440
1430
1440
1470
1480
1490
1300
1510

DRAFT -— FOR REVIEW ONLY

REM b $ FRINT NEW DETRENDED DATA SET *okk

PRINT" DETRENDED DATA SET":FRINT
LPRINT" DETRENDED DATA SET":LPRINT
FOrR I = 1 TO 32

FOR J = 1 TO 20

PRINT USING "####";U(I,Jd);
LPRINT USING "####Y;U(I,d);
NEXT J

PRINT * "

LPRINT "

NEXT I
PRINT:PRINT: PRINT: PRINT: LFRINT: LFRINT: LPRINT
FOR I = 1 TO 32

FOR J = 21 TO 40

PRINT USING "###3#";U(I,J);
LFRINT USING "#H##";U(I,J);
NEXT J

F-RINTII n

LPRINT® "

NEXT I

LPRINT"—————mmeme "
LPRINT:LPRINT: PRINT CHR$ (24)

REM L% & S VALUES NEEDED FOR SPATIAL CORRELATION CALCULATION

FOR I = 1 TO 32
S1=0

FOR J = 1 TG 40

S1 = 81 + U(I,J)
NEXT J

UMEAN(I) = S1/40

NEXT I
?

H
REM k% DETERMINATION OF THE SPATIAL COEFFICIENT

REM 1. FOR EACH ROW OF 32 OBSERVATIONS, AND
REM 2. FOR EACH COLUMN OF 40 ORSERVATIONS.
REM LAG RANGES FRDM O TO M—-1 OF ROW OR COLUMN

LPRINT "COLUMN" TAB(15) "LAG" TAR(31) "SFATIAL CORRELATION"
LPRINT TAB(35) “COEFFICIENT"

LFRINT"~—— - - — ——

PRINT "COLUMN" TABR(15) "LAG" TAB(31) "SFATIAL CORRELATION"
PRINT TAB(SS) "CDEFFICIENT"
PRINT" — - e —

FOR J
KNT =
L =J

1 70 32

+ ol

1

L3 33



1520
1530
13540
1550
15460
1570
1380
1590
15600
1610
15620
1630
1640
14650
1660
1670
1680
14690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
18460
1870
1880
1890
1900
1210
1920
1230
1240
1950
19460
1970
1980

DRAFT —-- FOR REVIEW ONLY

IK = L
ENT=0:T1=0:T2=0:T3=0
FOR I =1 70 32
T1 T1 + (U(I,J) — UMEANCI))R(UC(I,L) — UMEAN(L)?
T2 T2 + (U(I,Jd)y - UMEAN(J))"Z
= T3 + (U(I,L) - UMEANCL))I™2
CNT = CNT + 1
NEXT I
Cl SQR(T2/CNT)
cz SER(T3/CNT)
R(L,J) = (T1/CNT)/(C1%C2)
L =L+ 1
- 40 THEN 1660
3

I

on

IK TO 40

IF KNT > O THEN 1720

KNT = KNT + 1

FRINT TAR(4) J; TAR(15) L-J; TAR(I7) R(L,J)
LPRINT TAB(4) J; TAB(15) L-J; TAB(37) R(L,d)
GOTO 1740

PRINT TABR(15) L—-J; TAB(3I7) R(L,J)

LPRINT TAB{15) L-J; TAB(37) R{L,J)
NEXT L

FRINTsLPRINT

NEXT J

FRINT "MEAN DISTANCE OF UNIFORMITY"

LPRINT "MEAN DISTANCE OF UNIFORMITY"
PRINT:PRINT “COLUMN"; TAER(12) "DISTANCE"
LPRINT:LPRINT "COLUMN®"; TAB{12) "DISTANCE"

FOR J = 1 TO 39

XX = J: BR = Q: KK =1

Al=0: AZ2=0:CTR=1

FOR 1 = J TO 39

X2 =1

IF BB > O THEN 1930

IF R(I,J) < O THEN BB = 10: KK = I: 60TO 1940
IF CTR > 1 THEN 1920

Al = A1 + (1+R(I,J) ) /2% (1. 422% (XZ+1)—1.4224%X1)
CTR ==+ 1

50T 1930

Al = AL + ((R(I,J)+R(I+1,J))/2)*(1.4224*(XZ+1)—1.4224*XZ)
NEXT I

A2 = A1 + (RKE, D /2)%(1.42248% (XZ+1)—1.42248%X7)
FRINT TAB(3) J; TAB{1I5)AZ2

LPRINT TAR(Z) J; TARB(15)AZ

NEXT J

END

- - 138 -



100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
2460
270
280
290
300
210
320
330
340
IS0
3460
J7Q
380
320
400
410
420
430
440
450
440
470
480
490
S00

DRAFT —— FOR REVIEW ONLY

REM b | FROGRAM FOR SEMIVARIOGRAMS b3 15 4

REM NAME OF THE PROGRAM IS ——— KRIG1.ERAS ———

REM DATA FILE IS5 NAMED ——— YLDSEED.DAT —~——

PRINT CHR$(24)

FRINT" FIELD PLOT UNIFDORMITY STUDY FOR SEMIVARIOGRAMS'
FRINT

PRINTY FOR MICROSOFT BASIC (BASIC-80) VERSION CF/M, REY. S.21"
FRINT" KAYPRO IV COMPUTER WITH &4K MEMORY, CP/M VERSION 2,2"
FRINT: PRINT

PRINT" WRITTEN April, 1%83"
PRINT:PRINT:PRINT:PRINT:PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1"
FRINT: PRINT:FRINT: PRINT:FRINT:FRINT

PRINT" PRESS "ENTER? OR <CR> TO CONTINUE"

LINE INPUT R%

CLEAR:PRINT CHR% (2&) )
INFUT"ENTER NUMBER OF HORIZONTAL ROWS ON DATA SET (40)";H
PRINT

INFUT"ENTER NUMBER OF VERTICAL COLUMNS ON DATA SET (32)";K
PRINT

INFUT"ENTER THE HORIZONTAL (ROW) GRID SPACING"j;XH

PRINT

INFUT"ENTER THE VERTICAL (COLUMN) GRID SPACING"; XK

PRINT

DIM DS (KY , UM, KY ,V{H, k), Z(H;K)
INFUT"ENTER "SEGUENTIAL® FILE NAME FOR DATA SET"“:;F®
PRINT: PRINT"READING DISK"

REM AKX DISK READ SEGMENT 3333
OFEN "I", #1, Fs%

FOR I = 1 TO H

FOR J = 1 TO K

INFUT#1,U¢T,d)

VI, 1) = U(I,d)

Z(I,J) = U{I,d)

NEXT J, I

CLDSE #1



DRAFT —— FOR REVIEW ONLY

510 °?

520 REM L3 1 PRINTING THE DATA SET XX ¥

530 °

oS40 PRINT

oS0 LINE INFPUT"DO YOU WANT TO PRINT THE DATA SET?"iR$
S60 IF LEFT${(R$,1) = "N" GOTO 71

570 DE = 1:DD = 8
S80 FOR I = 1 TO H
590 FOR J = DE TO DD
600 FPRINT U(I,J);
610 LFRINT UCI,J);
620 NEXT J
Z0 PRINT" ":LPRINT® *
540 NEXT I
650 PRINT:PRINT:LFRINT: LPRINT
440 DB = DE + 8: DD = DD + 8
470 IF DD < K GOTO S80¢
480 IF DD < ¥K+8 AND DD »= K THEN DD = K: GOTO S80C
R 3 (N e e —— "
700 LPRINT:LPRINT
710 PRINT CHR%(26)
720 *
730 REM  %x%x LINEAR REGRESSION FOR HORIZONTAL DETRENDING  ®%x
740 *
750 Y1=0:Y2=0: Y3=0:Y4=0:Y5=0z: KN=0
760 FOR I = 1 TO H
770 FOR J = 1 TO K
780 IF U(I,J) = O THEN GOTOD 840

790 XX = 1

800 KN = KN + 1

810 ¥i = Y1 + YHXXX

820 Y2 = Y2 + U(IL,Jd): Y3 = Y3 + (XH¥XX)"2
830 Y4 =

Y4 + UCI,d)"2: YS = Y5 + XHKXXXU(I,d)
B840 NEXT J, I

B850 Bl = (KNXYS — Y2KY1)/ (KNKY3 - Y1~2)

860 A1 = (Y2 — B1¥Y1) /KN

870 MEAN = Y2/KN

880 FPRINT Al, B1, MEAN

890 LFRINT:LPRINT

900 LPRINT"LINEAR EQUATION IS DETRENDED VALUE = A1 + R1%(FILE) WHERE:"
910 LPRINT

920 LPRINT:LPRINT"A1 = ";aiz" Bl = "“;B1;" MEAN = ";MEAN:LPRINT
930 -

940 REM  %%% DETRENDING THE DATA SET  %XX

950 *

240 PRINT “DETRENDING THE HORIZONTAL DATA SET"

970 FOR I = 1 TO H

980 FOR J = 1 TO K

990 IF U{(I,J) = O THEN GOTO 1070

1000 XX = J
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1010
1020
1030
1040
1050
10460
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
123G
1240
1250
12860
1270
1280
1290
1300
131Q
1320
1330
1340
1350
13860
1370
1380
1390
14800
141¢
1420
1430
1440
1450
1450
1470
1480
1420
1500

DRAFT —— FOR REVIEW ONLY

1

CON = Al + XHEBIxXX

DIF = CINT(CON - MEAN)

IF DIF <= O THEN GOTO 1040
U(I,J) = U(I,J) + DIF

GOTD 1070

U(I,3) = UCI,J) — DIF

NEXT J

NEXT I

1

REM ¥EX DETERMINATION OF THE SEMI-VARIANCE 13 4 4

REM FOR THE HORIZONTAL DIRECTION

PRINT CHR$ (24)

LFRINT:LPRINT"HORIZONTAL SEMI-VARIANCE":LFRINT
LPRINT"SEMI-VARIANCE"; TAR(LI7) "DISTANCE" § TAB(3Q) "N FAIRS"

LR T N T o e e e e e e ——————————— e

PRINT “SEMI-VARIANCE"; TAB(17)"DISTANCE"; TAE(30) "N FAIRS"
FRINT *—-- e ———

KT=1:81=0:NE=kK~1:KN=0

FOR I = { TO H

FOR J = 1 TO NE

IF U(1,J> = © THEN GOTO 1250

IF U (I,JdJ+KT) = O THEN GOTO 1250

KN = KN + 1

81 = 81 + (U(I,d) — U(I,J+KTY)"2

NEXT J, I

G = 51/ (2%KN)

LFRINT TAB(1) G3;TAB(17) KT¥XH3; TAB(3IQ) KN
PRINT TAB{(1) G3;TAB(17) KTkXH; TAB{(JF0) KN
KT = KT + 1:NE = NE - 1:Si=0:KN=0

IF KT < K GDTO 1190

PRINT CHR% (24)

REM *Ak LINEAR REGRESSION FOR VERTICAL DETRENDING XX

>

Yi=0:¥2=0:Y3I=0: Y4=0:Y5=0: KN=0

FOR I =1 TO K

FOR J =1 TO H

IF V{I,Jd) = 0 THEN GOTO 1440

KN = KN + 1

XX = 1

Yi = ¥1 + XKxXX

Y2 = Y2 + V(I,d): ¥YI = Y3 + (XKXXX)"2
Y4 = Y4 + V(I,J)"2: Y5 = Y5 + XKKIX¥V(I,J)
NEXT J, I

Bi = (KNXYS — Y2XY1)/{(KENXY3 - Y1-2)
Al = (Y2 — B1xY1)/KN '

MEAN = YZ2/KN

FRINT Al, Bl, MEAN
LPRINT:LPRINT

LPRINT"VERTICAL SEMI-VARIANCE"
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1510
1520
1530
1540
1550
15460
1570
1580
1590
1600
1610
1620
1630
1640
1650
15650
1670
14680
149C
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
18460
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000

DRAFT —— FOR REVIEW ONLY

LPRINT:LPRINT"AL = ";Ai;" Bl = “;E1;" MEAN = ";MEAN:LPRINT
REM  x%%x DETRENDING VERTICAL DATA SET XXX

PRINT"DETRENDING VERTICAL DATA SET™
FOR I =1 70 K

FOR J =1 TO H

IF ¥(I,J) = 0 THEN G370 1460

Xx = J

CON = A1 + BLliXKXXX

DIF = CINT{(CON — MEAN)

IF DIF <= 0 THEN GOTO 1650
V(I,J) = V(I,J) + DIF

GOTD 1660

V(1,J) = V(I,J) — DIF

NEXT J

NEXT I

REM 13 & ¢ VERTICAL DATA SET %

PRINT CHR% (26)

FPRINT "CALCULATING VERTICAL SEMI-VARIANCE™"

LPRINT:LPRINT

LFRINT"SEMI-VARIANCE" ; TAB{(17) "DISTANCE"; TAB(30) "N PAIRS"; TAB(42)"GZ";
LPRINT TAB{(S3) "63"

FRINT "SEMI-VARIANCE"; TAR(17)"DISTANCE"; TAB(3Q) "N PAIRS"; TARB(42)"62";

PRINT TAB(S5) “G3"

LPRINT" - —_ - e et e u
PRINT “-—- mm e - - —="
NE=H-1:KT=1:82=0: KN=0:D=0:F=0: §4=0: §5=0: G2=0: 63=0

FOR I = 1 TO K

FOR J = 1 TO NE

IF v({I,Jd) = O THEN GOTO 1870
IF V(I,J+KT}Y = O THEN GOTO 1870

KN = KN + 1

S2 = 82 + (V(I,J) — V(I,J+KT))~2
NEXT J, I

G1 = 52/ (2KKN)

84 = 54 + Gl

85 = 85 + G

D=D4+1: F=F + 1

IF D = 2 THEN B2 = 84/21 D=0:854=0

IF F =3 THEN G3 = 85/3: F=0:85=0

LFRINT TAR(1) G13TAB(17) KTXXKj; TAB(I(Q) KN;TAB(40)6Z23TAR(S3) GI
FRINT TAB{(1) G1;TAR(17) KT¥XK;TAB(I0) KN3;TAR(40) 62; TAB(S3) G
KT = KT + 1:NE = NE - 1: 52=0: KN=0 '

IF KT < H THEN GOTO 1810

REM XX DIAGONAL L3 3
?

- 142 -



2010
2020
2030
2040
2050
2050
2070
2080
2090
2100
2110
2120
2130
2140
2150
2140
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
24460
2470
2480
2490
2500

DRAFT —-— FOR REVIEW ONLY

PRINT CHR%$ (26)
REM L3 & | LINEAR REGRESSION FOR DIAGONAL DETRENDING

Y1=0:Y2=0:Y3=0:Y4=0: YS=0: KN=0: XR = SOR(XK"2 + XH 2)
FOR I =1 TO H :

FOR J = 1 TO K

IF 2(I,J) = O THEN GOTO 2150

KN = KN + 1

IF J <= I THEN XX = J - 1: GOTO 2120

IF J > I THEN XX = I — 1

Y1 = Y1 + XR¥XX

Y2 = Y2 + Z(I,3): Y3 = Y3 + (XREXX)“2

Y4 = YA 4+ Z(I,d)"2: YS = YS + XREXXKZ(I,J)

NEXT J

NEXT I

Ri = (KNXYS — Y2%Y1)/(KNXY3 — Y1~2)

Al = (Y2 — B1iY1) /KN
MEAN = Y2/KN

PRINT A1, E1, MEAN
LPRINT"———— —
LPRINT:LPRINT:LPRINT
LFRINT "Al = "3;A1;" Bi = ";Ri;" MEAN = "3;MEAN
PRINT "DETRENDING DIAGONAL DATA SET"

FOR I = 1 TO H

FOR J = 1 TO K

IF J <= I THEN XX = J - 1:G0TO 2290

IFJ > THEN XX = I ~ 1

CON = Al + B1XXR¥XX

DIF = CINT(CON — MEAN)

IF DIF <= O THEN GOTO 2340

Z(I,Jy = Z(I,J) + DIF

GOTO 2350

Z(1,J) = 2(1,J) — DIF

NEXT J

NEXT I

PRINT"CALCULATING DIABONAL SEMI-VARIANCE"
LPRINT:LPRINT

LPRINT"DIAGONAL SEMI-VARIANCE":LFRINT

|

ihnol s

LPRINT"SEMI-VARIANCE"; TAE{(17) "DISTANCE"; TAB (30} "N PAIRS"
PRINT "SEMI-VARIANCE":; TAR(17)}"DISTANCE"; TAR(30) "N FAIRS"

LPRINT"—-————-— —————— _

L2 4 4

PRINT " - - T

FEN=0: KT=1: NS=K-1: NE=H—-1

FOR I 1 TO NE

FOR J 1 TO NS

IF Z(I,J) = @ THEN GOTD 2510

IF 2{I+KT,J+KT} = O THEN GOTO 2510
KN = KN + 1

S3 = 63 + (Z{(1,d) — Z(I+KT,Jd+KT))"2



2510
2520
2530
2540
2250
2SO0
2570
2580

DRAFT —— FOR REVIEW ONLY

NEXT J, I

G4 = S3/ (2%KKN)

PRINT TAB(1)G4; TAB(17)KTEXR; TAE(32) KN

LFRINT TAB(1)G4;TAR(17)KTXXR; TAB(I2)KN

KT = KT + 1: NS = NS ~ 1: NE = NE - 1:S3=0:KN=0
IF KT < 19 THEN GDTO 2450

FRINT"FROGRAM IS TERMINATED"

END
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100
110
120
130
140
150
1460
170
180
190
2040
210
220
2320
240
250
260
270
280
290
300
310
320
330
340
350
3460
370
280
390
400
410
420
430
440
450
44560
470
4890
490
500
510

DRAFT -- FOR REVIEW ONLY

REM L83 FROGRAM FOR SPHERICAL MODEL SEMIVARIOGRAMS XX
REM FROGRAM I8 NAMED -—--—-SFHER.BAS———

PRINT CHRs$ (26)

FRINT" FIELD FLOT UNIFORMITY STUDY FOR SEMI-VARIOGRAMS"
FRINT

PRINT" FOR MICROSOFT EASIC (BASIC-80) VERSION CP/M, REV. S
FRINT:PFRINT

PRINT" WRITTEN May, 1983"
PRINT:PRINT: FRINT: PRINT: PRINT

FRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)"
PRINT: PRINT: PRINT: PRINT: PRINT: FRINT

PRINT®" PRESS *ENTER OR <CR» TO CONTINUE"

LINE INPUT R%

CLEAR: FRINT CHRS (26)

PRINT"AT EACH PROMPT, ENTER (IN STRICT ORDER) THE *NUBBET EFFECT’
PRINT" THEN THE SILL
INPUT CO

INPUT C1

PRINT:PRINT

PRINT"AT FROMFPT, ENTER (IN STRICT ORDER) THE COLUMN SPACING, LAG
PRINT" ' THEN THE RANGE
INPUT H

N = 20

INPFUT NS

DIM 61 (NS),G2(NS),E3 (NS)
PRINT:FRINT:LPRINT:LFRINT

PRINT TAER(S) "GAMMA"; TAB(Z23) "h"

LFRINT TAR(S) "GAMMA"; TAB(23) "h"

FOR I = 1 70O NS

Hi = Hx*I

IF H1 > Al THEN GOTO 440

Gi(I) = E0 + C1x{1.5¥%¥H1/A1 — .S%x(H1/A1)"3)
GOTG 450

G1(I) = CO + C1A

FRINT TAB(3S)G1(I); TAR(2TIH1

LPRINT TAB(S5)G1(I);TAB(ZS)HL

NEXT 1 .

PRINT:PRINT:LPRINT: LFRINT

PRINT "THE DATA SET ENTERED IS AS FOLLOWS:"
PRINT

LFRINT"THE DATA SET ENTERED IS AS FOLLOWS:"
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520
330
o040
a30
560
a70
o8B0
S70
&00

DRAFT —— FOR REVIEW ONLY

LFRINT

PRINT “NUGGET, Co = ";CO;"SILL, C = ";Cij;

LPRINT"NUGGET, Co =";C0;" SILL, C = ";Ci;

PRINT "RANGE, A =";Atl

LPRINT"RANGE, A =";A1

PRINT ™ m— e e e e
LFRINT  m e e e e ——
PRINT:PRINT: FRINT*FROGRAM IS TERMINATED”

END
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DRAFT —— FOR REVIEW ONLY

100 REM YER FROGRAM FOR DETERMINING KRIGED WEIGHTS L2 % 4

110 REM DATA IS FROM "STATISTICAL METHODS FOR AGRICULTURAL

120 REM WORKERS" ——-FAGES 132-133 ——

136 7

140 REM L & ¢ NAME OF THE FROGRAM IS --— WEIGHTS.RBAS —-——

150 ¢

160 REM DATA FILE IS NAMED ——— YLDSEED.DAT ——-

170 °

180 PRINT CHR%(24)

192G PRINT" FIELD FLOT UNIFORMITY STUDY FOR KRIGED WEIGHTSM
200 PRINT

210 PRINT" FOR MICROSOFT BASIC (BASIC-80) VERSION CP/M, REV. S5.21%
220 PRINT" KAYFRO IV COMFUTER WITH &4K MEMORY, CFP/M VERSION 2.2%
230 PRINT:PRINT

240 PRINT® WRITTEN March 27, 15984"

250 PRINT:PRINT:PRINT:PRINT: PRINT

280 PRINT" . INSERT DATA DISK IN DRIVE B OR ONE (1)"
270 PRINT:FRINT:PRINT: PRINT:PRINT:FRINT

280 PRINT"® FRESS *ENTER" OR <CR> TO CONTINUE"

290 LINE INPUT R%

300 CLEAR: FRINT CHR%(26)

310 PRINT"THIS PROGRAM WORKS ONLY ON THE 16—POINT NEIGHBORHOOD TECHNIGUE"
320 PRINT"AS SHOWN IN FIGURE 25 FOR THE GRID TGO DETERMINE KRIGED VALUES."
330 PRINT:FPRINT

340 INPUT"ENTER THE RANGE OF INFLUENCE, "A" (FROM SEMIVARIOGRAM) “3ZZ

350 PRINT

360 INPUTYENTER THE VALUE FOUND FOR THE SILL, *C°"3XX

370 PRINT

380 INPUTYENTER THE VALUE FOR THE °*NUGBET® EFFECT, “Co”';YY

J90 PRINT

400 INPUT"ENTER THE HORIZONTAL (ROW) GRID SPACING"; X1

410 PRINT

420 INPUTY"ENTER THE VERTICAL (COLUMN) GRID SPACING"3Y1

430 PRINT CHR$(24)

440 PRINT" THESE ARE THE VALUES THAT YOU HAVE SELECTED"
450 FRINT
4460 PRINT® THE RANBE OF INFLUENCE , "A’, I8 SET AT":ZZ
470 PRINT _
480 PRINT" THE SILL, *C’, 18 SET AT "3 XX
450 PRINT
500 PRINT" THE “NUGGET" EFFECT, "Co’, IS SET AT veYY
510 PRINT
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520 PRINT THE HORIZONTAL GRID SFPACING IS SET AT "3 X1
530 PRINT
5S40 PRINT" THE VERTICAL GRID SFACING IS SET AT "ivl1
S50 PRINT

560 PRINT:FPRINT

S70 PRINT"DO vOU WANT TO USE THEM? ANSWER YES OR NO."

580 INPUT"OFTION ";C%

S?0 IF Cs <> "NO" THEN IF C% <> "YES" GOTD 370

600 IF Ce = YNO" THEN GOTO 310

&10 7

6520 REM YEX WRITING DATA INTO A SEQUENTIAL FILE Xix

&30 °

4540 ORFEN "O", #2, "R:CONST1.DAT"

650 FRINTHZ,ZZ3", "3 XX ", "sYY; ", "5X1;",";Y1

560 CLOSE #2

4670 DIM G(20),65(20,20),D(20,20)

580 PRINT CHR%$ (26)

620 PRINT'READING H(d,b) TABLE"

700 FOR I =1 TO 20

710 FOR J = 1 TO 20

720 READ D(I,J)

730 NEXT J, I

740 PRINT

750 PRINTY"CALCULATING THE CONSTANT"

760 CNT = 0O

770 *

780 REM XXk SOLVING FOR H{d,b) VALUES b3 & 4
?

720 WHERE X = d AND ¥ = b
800 °?

810 FOR I = 1 TO 16

B20 PRINT" "3l

830 X = X1/ZZ:Y = Yi/1IZ
B840 ENMT = CNT + 1:XN = 4

850 IF I <=4 THEN Y = Y:X = X:M=1:N=i: GOTO 1000

860 IF I =5 THEN Y = 3xkY:X = 3¥X:M=ZJ:N=3:60T0 1000

870 IF I = & AND CNT = 1 THEN Y = 3%Y:X = X:M = 3:N=1:60T0 1000
880 IF I = & AND CNT = 2 THEN Y = 3%xY:X = 2%kX:M=3:N=2:607T0 1000
820 IF I = 7 THEN G(7) = G{(&): GOTO 1440

Q00 IF I =8 THEN B(8) = G(5): GOTO 1440

10 IF I = 9 AND CNT = 1 THEN Y = Y: X = 3%X:M=1:N=3:G0T0 1000
920 IF I = @ AND CNT = 2 THEN Y = 2¥Y:X = IkX:M=2:N=3F:G6G0T0O 1000
230 IF I = 10 THEN G(10) = G(9): GOTO 1440

940 IF I = 11 THEN G{11) = B{5): GOTO 1440

50 IF I = 12 THEN G(12) = G(&): GOTO 1440

Q960 IF I = 13 THEN G(13) = G(&): GOTO 1440

270 IF I = 14 THEN 6(14) = G(35): GOTO 1440

780 IF I = 15 THEN G(15) = G6(9): GOTO 1440

920 IF I = 16 THEN G(146) = G6(2): GOTO 1440

1000 IF X < .1 THEN W1 = .05 + ,&653F X X:W2 = 0
= X

G60OTO 1140
1010 IF X >= .1 AND X < 1 THEN X2=FIX(XX10Q) {

3={X2/10)+.1:DB=.1:60T0 1140
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1020 IF X >= 1 AND X <= 5 THEN X4=FIX(X%10):G0TQ 1040

1030 IF X > 5 THEN FRINT”IRREFUTABLE ERROR IN H(d,b) FUNCTION; b > S":END
1040 IF X4 >= 10 AND X4 < 12 THEN X2 = 10: X3 = FIX(X4/10) + ,2:DB = .2
1030 IF X4 >= 12 AND X4 < 14 THEN X2 = i1: X3 = FIX(X4/10) + .2:DB = .2
1060 IF X4 >= 14 AND X4 < 16 THEN X2 = 12: X3 = FIX(X4/10) + .2:DR = .2
1070 IF X4 >= 16 AND X4 < 18 THEN X2 = 13: X3 = FIX(X4/10) + .2:DE = .2
1080 IF X4 = 18 AND X4 < 20 THEN X2 = {4: X3 = FIX(X4/10) + .2:DBR = .2
1090 IF X4 >= 20 AND X4 < 25 THEN X2 = 15: X3 = FIX(X4/10) + .5:DR = .S
1100 IF X4 >= 23 AND X4 < 30 THEN X2 = 1&: X3 = FIX(X4/10) + .S5:DE = .5
1110 IF X4 >= Z0 AND X4 < 35 THEN X2 = 17: X3 = FIX(X4/10) + .S:DE = .5
1120 IF X4 »= 35 AND X4 < 40 THEN X2 = 1B: X3 = FIX(X4/10) + .5:DB = .5
1130 IF X4 >= 40 AND X4 < 50 THEN X2 = 19: X3 = FIX(X4/10) + 1:DE = 1
1140 IF Y < .1 THEN W3 = .05 + .&653%Y:W4 = 0:G0TO 1340

1150 IF Y -1 AND Y < 1 THEN Y2=FIX(Y%10):Y3=(Y2/10)+,.1:DD=,1:B0T0C 1280

1160 IF Y >= 1 AND Y 4=5 THEN Y4=FIX(Y%10):B307T0 1180
1170 IF Y > THEN PRINT"IRREFUTABLE ERROR IN H(d,b) FUNCTION; D > S5":END

S
1180 IF Y4 >= 10 AND Y4 < 12 THEN Y2 = 10: YI = FIX(Y4/10) + .2:DD = .2
1120 IF Y4 >= 12 AND Y4 < 14 THEN Y2 = 11: Y3 = FIX{Y4/10) + .2:DD = .2
1200 IF Y4 >= 14 AND Y4 < 16 THEN Y2 = 12: YI = FIX(Y4/10) + .2:DD = .2
1210 IF Y4 »>= 16 AND Y4 < 18 THEN Y2 = 131 Y3 = FIX{(Y4/10) + .2:DD = .2
1220 IF Y4 »>= 18 AND Y4 < 20 THEN Y2 = 14: Y3 = FIX(Y4/10) + .2:DD = .2
1230 IF Y4 >= 20 AND Y4 < 25 THEN Y2 = 15: Y3 = FIX(Y4/10) + .S5:DD = .5
1240 IF ¥4 >= 25 AND Y4 < 30 THEN Y2 = 16: Y3 = FIX(Y4/10) + .5:DD = .5
1250 IF Y4 >= 30 AND Y4 < 35 THEN Y2 = 17: Y3 = FIX(Y4/10) + .5:DD = .5
1260 IF Y4 >= 35 AND Y4 < 40 THEN Y2 = 18: Y3 = FIX(Y4/10) + .5:DD = .S
1270 IF Y4 >= 40 AND Y4 < SO THEN Y2 = 19: ¥3 = FIX{(Y4/10) + 1:DD = 1
1280 IF X £ .1 GOTO 1310
1290 W1 = D(X2+1,Y2) — ((D(X2+1,Y2) - D(X2,Y2)) X (X3 — X)/DR)
1300 W2 = D(X2+1,Y2+1) — ({(D(X2+1,Y2+1) = D(X2,Y2+1)) % (X3 - X)/DB)
1310 IF ¥ < .1 B8OTO 1340
1320 W3 = D(X2,Y2+1) — {((D(Y2+1,X2) - D(X2,Y2)) X (Y3 - Y)/DD)
1330 W4 = D(X2+1,Y2+1) — ((D(X2+1,Y2+1) ~ D(X2+1,Y2)) x (YI — Y)/DD)
1340 IF W1 = 0 THEN XN = XN - 1
1350 IF W2 = O THEN XN = XN — 1
1360 IF W3 = O THEN XN = XN - 1
1370 IF W4 = O THEN XN = XN - 1
1380 W = (W1 + W2 + W3 + W4) /XN

1390 IF I > 5 GOTO 1410

1400 G(I) = (NXX1 % MEYL1) % ((XX % W) + YY)/(NXX1 % M¥xY1):60TO 1440
1410 IF CNT = 1 THEN W& = (NXX1 % MYL}X%((XX ¥ W) + YY):G0TO 830
1420 IF CNT = 2 THEN W7 = (NXX1 % MixY1) ¥ ((XX %X W) + YY)

1430 GB(I) = (W& + W7)/(3xX1 ¥ 3xYl)

1440 CNT = 0

1450 NEXT I

1460 X2=01:X3=0:X4=0:Y2=0:Y3I=0: Y4=0

1470 PRINT

1480 PRINT"CALCULATING COEFFICIENTS"

1490 FOR I = 1 TO 16
1500 PRINT I
1510 FOR J = 1 TOD 16
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1320 PRINT" )

1530 IF I = J THEN 6S(I,J) = 0:60T0 2750

1540 IF I = 1 AND J = 2 THEN XZ = X1:607T0 2740

1550 IF I = 1 AND J = ¥ THEN XZ = Y1:60TQ 2740

1360 IF I = 1 AND J = 4 THEN XZ = SBR(X1"2 + Y1-2):6G0T0 2740
1570 IF 1 =1 AND J = § THEN GS(1,5) = 5S(1,4):6G0T0 2750
15380 IF I =1 AND J = 6 THEN GS(1,4) = GS(1,3):60T0 275G
1590 IF 1 = 1 AND J = 7 THEN GS(1,7) = G5(1,4):G50T0 2750
1600 IF I = 1 AND J = 8 THEN XZ = SOR((2%X1)"2 + Y1-2):60T0 2740
1610 IF I = 1 AND 3 = 9@ THEN XZ = 2%X1:60T0O 274Q

1620 IF 1 = 1 AND J = 10 THEN G5(1,1Q) = (3S(1,8):G0T0 2750
1630 IF I = 1 AND J = 11 THEN XZ = SOR((2%X1)2 + (2%Y1)~2):B0T0 2740
1640 IF I = 1 AND J = 12 THEN BS(1,12) = GS(1,8):60T0 2750
1650 IF I = 1 AND J = 13 THEN XZ = ZxY1:50T0 2740

1660 IF I = 1 AND J = 14 THEN XZ = SQR(X1°2 + (2%Y1)"2):60T0 2740
1670 IF I = 1 AND J = 15 THEN BS(1,15) = GS(1,4):607T0 2750
1680 IF I = 1 AND J = 16 THEN GS(1,1&) = GS5(1,2):B60T0 2750
1670 IF I = 2 AND J = 3 THEN GS(2,3) = BS(1,4):60T0 2750
1700 IF I = 2 AND J = 4 THEN 6S(2,4) = GS(1,3):60TDO 2750
171¢ IF I = 2 AND J = 5 THEN BS(2,5) = GS(1,8):60TQ 2750
1720 IF 1 = 2 AND J = & THEN G6S(2,6) = BS(1,4):60T0 2750
1730 IF I = 2 AND J = 7 THEN BS(2,7) = 6S5(1,3):60T0 2750
1740 IF I = 2 AND J = 8 THEN GS5(2,8) = BS{1,4):50T0 2750
1750 IF I = 2 AND J = 9 THEN BS(2,9) = BS(1,2):60T0 2750
1760 IF I = 2 AND J = 10 THEN G5(2,10) = GS{1,4):B0T0 2750
1770 IF 1 = 2 AND J = 11 THEN GS(2,11) = BS(1,14):60T0 2750
1780 IF I = 2 AND J = 12 THEN GS(2,12) = GS{1,13):60T0 2750
1790 IF I = 2 AND J = 13 THEN B5(2,13) = B5(1,14):60T0O 2750
1800 IF I = 2 AND J = 14 THEN GS(2,14) = 6S(1,11):607T0 2750
1810 IF I = 2 AND J = 15 THEN BS(2,15) = G5(1,8):60T0 2750
1820 IF I = 2 AND J = 16 THEN GS5(2,16) = GS(1,9):60T0 2750
1830 IF I = 3 AND 3 = 4 THEN GS8(3,4) = BS(1,2):60T0 2750
1840 IF I = 3 AND J = S THEN BS{(3,5) = GS5(1,14):60T0 2750
1850 IF I = 3 AND J = & THEN GS(3,4) = GS(1,13):60T0 2750
1860 IF I = 3 AND J = 7 THEN BS{3,7) = GS(1,14):60T0O 2750
1870 IF I = 3 AND J = B8 THEN GS(3,8) = B65(1,11):60TO 2750
1880 IF I = 3 AND J = @ THEN BS(3,?) = GS(1,8):60T0 2750
1870 IF I = 3 AND J = 10 THEN G5(3,10) = B5(1,9):60TD 2750
19200 IF I = 3 AND J = 11 THEN 8S{(3,11) = §65(1,8):60T0 2750
1710 IF I = 3 AND J = 12 THEN GS(3,12) = G5(1,4):60T0 2750
1920 IF I = 3 AND J = 13 THEN B68(3,13) = GS(1,3):G6G07T0 2750
1930 IF I = 3 AND J = 14 THEN GS(3,14) = B5(1,4):60T0 2750
1940 IF I = 3 AND J = 1S5 THEN GS(3,15) = B88(1,2):60T0 2750
1950 IF I = 3 AND J = 16 THEN BS(3,16) = G5(1,4):60T0 2750
1960 IF I = 4 AND J = S THEN GS5(4,5) = B5(1,8):60T0 2750
1970 IF I = 4 AND J ="6 THEN GS(4,4&) = 6S(1,12):60TO 2750
1980 IF I = 4 AND J = 7 THEN GS(4,7) = B8S8S(1,13):60T0 2750
1990 IF I = 4 AND J = 8 THEN 65(4,8) = G65(1,12):60TD 2750
2000 IF I = 4 AND J = 9 THEN GS(4,9) = 65(1,4):60T0 2750
2010 IF I = 4 AND J = 10 THEN GS(4,10) = BS(1,2):60TD 2750
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THEN
THEN
THEN
THEN
THEN
THEN

6S(4,11)
BS(4,12)
GS(4,13)
BS(4,14)
GS (4,15)
GS(4,16)

& THEN GS(5,6) =
7 THEN G6S(5,7) =

8 THEN XZ

= 3Z%xX1:

685(1,4):60T0 2750
68(1,3) :60T0O0 2750
G5(1,4):6G0TO 2750
GS(1,8):680T0 2750
65(1,9):60T0 2750
6G5(1,8):60T0 2750
G5(1,2):680T0 2750
GS(1,9):60T0 2750
GOTO 2740

Hnunnnun

9 THEN XZ = SQR{(3¥X1)~2 + Y12):60TQC 2740

10
11
12
13
14
15

16

7 THEN GS(&,7)
8 THEN GS(6,8)
9 THEN GS(4,9)

10
11
12
13
14
15

16

THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN

X2z
XZ
X2
XZ
X7
6S(S, 15)
65(5,14)

nmwEnun

ol

GS(&,10)
GBS (b, 11)
G8(6,12)
BS (&, 13)
6S (6, 14)
GS (5, 15)
GS(b,1&)

8 THEN GS(7,8) =
9 THEN BS(7,9) =

10
11
12
13
14
15
i4

THEN
THEN
THEN
THEN
THEN
THEN
THEN

GS(7,10)
65(7,11)
BS(7,12)
BS(7,13)
GS(7,14)
BS{7,15)
BS(7,16)

9 THEN GS(8,9) =

io
11
iz
1=
i4
15
16
10
11
12
13
14

15

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

G5(8, 1)
GS(8,11)
GS(8,12)
GS(8,13)
GS (8, 14)
GS (8, 15)
GS(8,14)
GS (9, 10)
65(9,11)
GS(9,12)
GS(9,13)
GS(9,14)
GS(9,15)

=

SRR ((IXX1)"2 + (2%Y1)"2):G0T0O 2740
SER((IXxX1)"2 + (3%Y1)~2):60TO 2740
SOR((2XX1)72 + (3xY1)~2):60T0 2740
SEBR(X12 + (3xY1)~2):G50T0 2740
IZxY1:607T0 2740

= 5S(1,13):60TC 2750
= GS5(1,3):60T0 2750
GE(1,2):60T0 2750
G5(1,4):60TD 2750
G5(1,8):60T0 2750
6GS5(1,11):60T0 2750
G5(5,12):60T0 2750
6S(5,13):60TO0 2750
65(5, 14):60TQ 2750
6S5(5, 13):60TO 2750
G5(1,14):60T0 2750
G5(1,4):60T0 2750
BS5(1,2):60TO 2750
BS5(1,4):60T0 2750
G5(1,14):60T0 2750
858(5,13):60T0 2730
65(5,14):60T0 2750
GS(5,13):60T0 2750
G5 (5, 12):60TQ 2750
G68(1,11):60T0 2730
B85(1,8):60T0 2750
55(1,3):60T0 2730
GS(1,13):6G0T0O 2750
6GS(5, 14):60T0O0 2730
GS(5,13):60TA 2750
6GS5(5,12):G0TO 2750
BS(5,11) :650TO 2750
GS(5,10):60T0 2750
G5(5,9):60TD 2750
685(1,3):607T0 2750
6S(1,13):60T0 2730
5501,12):60TO 2750
GS(1,11):607T0 2750
GS{(5,10):60T0C 2730
G8(5,9):60T0 2750
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2600
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2620
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2650
25650
2670
25680
24690
2700
2710
2720
2730
2740
27350
2760
2770
2790
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2820
2200
2910
2920
2930
2940
2950
2960
2970
2980
2990
3QQ0
J010
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IF I =9 AND J = 16 THEN BS(9,16) = GS(5,8):60T0 2750

IF I = 10 AND J = 11 THEN 6S8(10,11) = BS5(1,3):G0TD 2750
IF I = 10 AND J = 12 THEN GS(10,12) = BS(1,4):60T0 2750
IF I = 10 AND J = 13 THEN GS(10,13) = BS(1,10):60T0 2750
IF I = 10 AND J = 14 THEN GS(10,14) = GS(5,9):60T0 2750
IF I = 10 AND J = 15 THEN GS(10,15) = BGS(5,8):G0T0 2750
IF I = 10 AND J = 14 THEN BS5(10,16) = GS(5,9):60T0 2750
IF I = 11 AND J = 12 THEN GS(11,12) = GS(1,2):60T0 2750
IF T = 11 AND J = 13 THEN BS(11,13) = BS(1,9):60T0 2750
IF I = 11 AND J = 14 THEN GS(11,14) = BS(5,8):60T0 2750
IF I = i1 AND J = 15 THEN BS(11,15) = GS(5,9):G0TO 2750
IF I = 11 AND J = 16 THEN GS(11,18) = BS(S,10):60T0 2750
IF I = 12 AND J = 13 THEN G3(12,13) = GS(1,2):60TO 2750
IF I = 12 AND J = 14 THEN GS(12,14) = GS(1,9):60T0 2750
IF I = 12 AND J = 15 THEN GS(12,15) = BS(1,10):60T0 2750
IF I = 12 AND J = 146 THEN GS(12,14) = GS(1,11):60TO 2750
IF I = 13 AND J = 14 THEN GBS(13,14) = 6S(1,2):G0OTO 2750
IF I = 13 AND J = 15 THEN BS(13,15) = GS(1,4):G0T0 2750
IF I = 13 AND J = 16 THEN GS5(13,16) = GS(1,12):G0T0 2750
IF I = 14 AND J = 15 THEN BS(14,15) = GS5(1,3):60T0 2750
IF I = 14 AND J = 16 THEN GS{14,16) = 85(1,1%):60T0 2750
IF I = 15 AND J = 16 THEN GS(15,16) = GS(1,3):60T0 2750
BS(I,J) = (XX ¥ (1.5%kXZ/ZZ - .S%(XZ/ZZ)"3)) + YY:B0TO 2750
NEXT J, I

FOR I = 1 TO 16

FOR J = 1 TO 16

BS(J, 1) = BS(I,d)

NEXT 3, I

PRINT:PRINT:LPRINT

PRINT "Wi/Wj"; TAB(12) "1"3 TAB(22) "2"; TAB(32) "3"; TAR (42) "4"; TAB(52) "5*
LPRINT “Wi/Wj";TAB(12) "1"; TAE{22) "2"; TAR(32) "3"; TAB(42) "4"; TAB(52) "5"
PRINT"——mmmmm - - e e "

LPRINT" - - e ——n
FOR I =1 TO 17

CKT = 0

FRINT Iz: LPRINT I

FOrR J =1 TO S

CKT = CKT + 10

IF I = 17 THEN GS(1,d) =1

PRINT TAB(CKT)GS(I,J);

LPRINT TAB{(CKT)GS(I,J);

NEXT J

PRINT" ": LPRINT® ™

NEXT I

PRINT:PRINT:PRINT: LFRINT: LPRINT: LPRINT

PRINT "Wi/Wji"; TAB(12)46%; TAR(Z22) "7 "3 TAE(32) "8"; TAR(42) "9"; TAR(52) "10"
LPRINT"Wi /W3i"; TAR(12) "6"; TAR(22) "79; TAB(32) "8"; TAR(42) "9"; TAR (52) " 10"
PRINT" - e "

LPRINTY———- - - e e —_ "

FOR I = 1 TO 17




3020
3IQ30
Z040
X050
20460
X070
3080
3020
3100
3110
3120
2130
3140
3150
3160
J170
3180
3190
3200
3210
JI220
3230
3240
I230
3260
3270
3280
3290
3IJ00
3310
3320
JI330
3340
3350
JI3L0
3Z70
3380
3390
J400
3410
3420
3430
440
3450
JI4460
- 3470
3480
I420
IB00
3510
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CKT = 0

FRINT I;: LPRINT I

FOR 3 = 6 TO 10

CKT = CKT + 10

IF 1 = 17 THEN BS{I,J) = 1
PRINT TAE(CKT)IGS(I,.J);

LPRINT TAE(CKT)GS(I,J);

NEXT J

FRINT" “: LPRINT® *

NEXT I

PRINT: PRINT:PRINT: LPRINT: LPRINT: LPRINT

PRINT "Wi/Wi";TAE(12)11"; TAR(22) "12"; TAB (32) "13"; TAR(42) 14", " 15"
LRRINT"Wi /W3i": TAR(12) 113 TAR(22) "12Y; TAR(I2) "13"; TAR(42) "14", " 15"
PRINT " ——— e e ————— - N
=123 {1 T R —— _—— e e e e e e n
FOR 1 = 1 TO 17

CKT = 0

FPRINT I;: LPRINT I

FOR J = 11 TO iS5

CKT = CKT + 10

IF I = 17 THEN BS(I,J) = 1

PRINT TAB(CKT)BS(I,J);

LPRINT TAB(CKT)GBS(I,J);

NEXT J

PRINT" “: LPRINT" "

NEXT I

PRINT: PRINT:PRINT:zLPRINT:LPRINT: LPRINT

PRINT "Wi/Wi";TAR{12)"146"; TAR(22) "L"; TAB(32) "CONSTANT"
LPRINT"Wi /W3i"; TAB(12) "146" s TAB(22) "L"; TAB (32) "CONSTANT"

PRINT" e e e e e "
LPRINT" - - : - - "
FOR I = 1 TO 17

CKT = 0

PRINT I;: LPRINT I;

FOR J = 14 TO 18

CKT = CKT + 10
IF J = 17 THEN BS(I,J) = 1
IF J = 18 THEN 6S(I,J) = G(I)

IF I = 17 THEN G65(I,d) 1:685(17,17) = 0: BS(17,18) = 1

PRINT TAB(CKT)GS(I,J);
LPRINT TAB{(CKT)GS(1,d);
NEXT J

PRINT" ": LPRINT" "
NEXT I

LPRINT: LPRINT:LPRINT:LPRINT

REM LS 3 4 RANDOM DISK WRITE SEGMENT XXX

»

PRINT CHR$ (26)
DIM E$(20,20)
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IJ20
IS30
3540
3550
3560
3570
3980
IS0
34600
2610
IL20
Z630
F640
I650
ZE660
3470
3480
3690
I700
3710
I720
JI730
3740
3750
I7460
3770
3780
I790
3IBOO
3810
3820
3830
3840
3850
3860
3870
3B8a
3890
I00
3210
3920
IP30
3740
IS0
3460
IQ70
3980
3990
4000
4010
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OFEN "R", #1, "B:DATAl1.DAT"

FOR I = 1 TO 17

FIELD 1, 6 AS E$(1,1), & AS E$(1,2), & AS E$(I,3), & AB E$(I,4)

FIELD 1,24 AS DU$%,6 AS E%(I,5),6 AS E$(I,6),6 AS E$(I,7),6 AS E$(I,8)

FIELD 1, 4B AS DU$, & AS E$(I,9), & AS E$(I,10), & AS E$(I,11)
FIELD 1, 66 AS DU$, & AS E$(I,12), & AS E$(I,13), & AS E$(I,14)
FIELD 1, B84 AS DU%, & AS E%(I,15), 6 AS E$(I,18), & AS E$(1,.17)
FIELD 1, 102 AS DU$, & AS E$(I, 18)

FOR J = 1 TO 18

LSET E$(I,J) = STR$(GS(I,J))

NEXT J

FUT #1, I

NEXT I

CLOSE #1

FRINT:PRINT"DATA ENTERED FOR ’SIMULTZ.BAS’ PROGRAM"

PRINT

LINE INPUT"DO YOU WANT TO CHAIN TO B:SIMULTZ.EAS?";R$

IF LEFT$(R%,1) = "N" g0OTO 3710

CHAIN "E:SIMULTZ2.RAS", 100,ALL

END

DATA .114,.177,.243,.310,.374,.434,.494, .546,.593, . 633,.694, .738,.771
DATA .796,.817,.853,.878, .895,.908,.729

DATA .177,.227,.285,.346,.40b6,.464,.518,.568,.4613,.651,.709,.751,.782
DATA .B806,.826,.860,.884,.900,.913,.930

DATA .243,.285,.336,.390, .445,.499,.550,.597,.4639,.674,.729, . 767, .797
DATA .819,.837,.870,.891,.907,.919,.935

DATA .310,.346,.390,.43%,.489, .539,.586,.629, . 668, .701,.751, .786, .813
DATA .834,.850,.880,.900,.914,.925,.940

DATA .374,.406,.445,.489, .535, .580, . 623, . 6463, . 698, . 728, . 774, . BOb, . B30
DATA .B49,.864,.891,.909,.922,.932,.946

DATA .436,.4464,.499,.53%9,.580,.621,.460,.657,.728, .755,.796, .825, .847
DATA .Bb4,.878,.902,.918,.930,.93%,.951

DATA .494,.518,.550, .586, . 623, .660, . 4656, .729, . 757, . 781, .818, . B44, . 863
DATA .879,.891,.913,.927,.938, .945, . 954

DATA .546,.568,.597, .429,.663,.697,.729,.758, .783, .80, .837, .861,.878
DATA .892,.902,.922,.935,.944,.951, .961

DATA .593,.613,.639,.668, .4698,.728, .757,.783, . 806, .826, .855, .875, .891
DATA .903,.913,.930,.942, .950,.956,.9565 -

DATA .633,.651,.674,.701,.728,.755,.781,.805, .826, . 843, .869, .888, . 902
DATA .913,.921,.937,.948,.955,.961,.9469

DATA .494,.70%9,.729,.751,.774,.794,.818, .837,.855,.869,.891,.507,.918
DATA .927,.935,.948,.956,.963,.967,.974

DATA .738,.751,.767,.786,.806,.825,.844, .861,.875,.888,.907, . 920, .930
DATA .93B,.944,.955,.963,.9468,.972,.978 :

DATA .771,.782,.797,.81%,.83%0,.847,.863,.878,.891,.902,.918, .930, .939
DATA .945,.951,.961,.967,.972,.975,.980 '

DATA .796,.B06,.819,.834, .849,.864, .879,.892,.903,.913,.927,.938, . 745
DATA .952,.956,.965,.971,.975,.978, .98%

DATA .B17,.826,.837,.850,.844,.878,.8%91,.902,.913,.921,.935,.944, . 951
DATA .956,.%61,.969,.974,.978, .980, .984
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4020
4Q30
4040
4030
4060
4070
4080
4090
41Q0
4110

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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. 853, .8s0, .870, .880, .891,.902,.913,.922,.930,.937, . 948, . 955, . 961
.965,.969,.975, .979, . 982, . 984, . 987
.878,.884,.891,.900,.909,.918, .927, . 935, . 942, . 948, . 954, . 963, . 947
.971,.974,.979,.983, .985, . 987, .990
.895,.900,.907,.914,.922, .930, .938, . 44, . 950, . 955, . 963, . 968, . 972
.975,.978,.982, .985, . 987, . 989, . 991
- 908, .913%,.919,.925,.932, .939, . 945, . 951, . 956, . 961, . 967, . 972, . 975
.978,.980, .984, .987, .989, . 990, . 992
927, .930,.935,.940,.946,.951,.954,.961,.945, .9469, . 974, .978, . 980
.983,.984, .987, .990,.991, .992, . 994
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100
110
120
13¢
14C
150
160
17Q
180
190
200
21Q¢
220
230
240
250
260
270
280
290
300
310
320
320
340
350
360
370
380
3P0
400
410
420
430
4490
450
460
470
480
490
S00
9510
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REM L3 3 ¢ FROGRAM FOR SIMULTANEOUS EGUATIONS FOR KRIGING L3 3 |

REM NAME OF FROGRAM ———SIMULTZ.BAS————

REM DATA DISK NAMED ——--YLDSEED.DAT-—-

PRINT CHR$ (26)

PRINT" FIELD PLOT UNIFORMITY STUDY FOR SIMULTANEOUS EBUATIONS"
PRINT

PRINT" FOR MICROSOFT BASIC (BASIC-80) VERSION CP/M, REV. S.21"
PRINT" KAYPRO IV COMPUTER WITH 64K MEMORY, CP/M, REV. 2,2
PRINT:FPRINT

PRINT" WRITTEN May, 1983"
PRINT:PRINT: PRINT: PRINT: PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)"
PRINT:PRINT:PRINT:PRINT: PRINT ‘

PRINT" PRESS *ENTER® OR <CR> TO CONTINUE®
LINE INFPUT R$

CLEAR

PRINT CHR%{(2&)

PRINT: FRINT:FRINT"REMEMBER FROGRAM *ONLY’ WORKS ON A 16 POINT GRID®
PRINT" AND 17 EBUATIONS"
PRINT:PRINT:PRINT:PRINT: PRINT

FPRINT" . PRESS "ENTER” OR <CR> TO CONTINUE"
LINE INPUT R%

N =17

DIM U(17,18),65(17,18)

PRINT CHR$ (26)

KNT = 1

PRINT" WHICH METHOD WOULD YOU LIKE TO USE TO ENTER DATA?"

PRINT.

PRINT" 1. KEYBOARD"

PRINT" 2. READ DISK IN RANDOM MODE"
PRINT" 3. NEW FILE IN SEQUENTIAL MODE"
PRINT®" 4. EXIT THE PROGRAM"

PRINT" S. PROBRAM FROM CHAINING?"
PRINT

PRINT" ENTER THE DESIRED NUMEBER";
INFUT P%

IF P$ = " OR P$ > "5" THEN BOTO 370

IF F¢ = "2" THEN GOSUR 1240: 60T0O 710

IF P$ = "3" THEN GOSUB 1450: £OTO 710
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S20 IF P% = "4" THEN GOTO 1200
530 IF F$ = "3" THEN GOTO 700
540 PRINT "COEFFICIENT MATRIX:"
550 FOR J = 1 TO N

560 PRINT "EQUATION":J

S70 FOR I = 1 TO N+1

S80 IF I = N+1 THEN B0OTO 410
990 PRINT" COEFFICIENT"; I
400 BOTO 620

610 PRINT" CONSTANT" ;

620 INPUT U3, I)

630 NEXT 1

640 PRINT" ARE THESE VALUES OKAY? TYFE YES OR NO."
&850 INPUT P$

660 IF P$ = "" OR P$ <> "YES" AND F$ <> "NO" THEN GOTO &40
670 IF P% = "NO" THEN FRINT CHR$(26): 80TO S5&0
&80 NEXT J

690 GOTO 710
700 F$ = "B:DATAL1.DAT":GOSUER 1290

710 FOR J = 1 TO N

720 FOR I = J TO N

730 IF UdI,J) <> O THEN GOTO 780
740 NEXT I

750 PRINT“ND UNIQUE SOLUTION, WILL TRY A TRANSPOSE®
760 IF KNT < 2 THEN GOSUB 2000: KNT = KNT + 1: GOTO 710
770 GOTO 1200

780 FOR K = 1 TO N+t

790 X = U(J,K)

800 U(JI,K) = U(I,K)

B10 U(I,K) = X

820 NEXT K

830 Y = 1/U¢J,d)

B840 FOR K = 1 TO N+1

850 U(J,K) = YIU(J,K)

860 NEXT K

870 FOR I = 1 TO N

880 IF I = J THEN 930

890 Y = -UI, D)

900 FOR K .= 1 TG N+i1

10 UCI,K) = U(I,K) + YXU(J,K)

920 NEXT K

930 NEXT 1

940 NEXT J

950 PRINT:LPRINT

960 REM k% PRINT SOLUTIONS  %%x
970 DIM Z(20): XB=0

980 FOR I = 1 TO N

990 Z(I) = INT(U(I,N+1)X1E+06 + .5) /1E+06
1000 IF Y = 17 GOTO 10S0

1010 XE = XB + Z(I)
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1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
11460
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1220
13060
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400Q
1410
1420
1430
144Q
1450
1460
1470
1480
1490
1500
151Q
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PRINT "W";I;"=";2Z(I)

LPRINT"W";I3% ="3Z(I)

GOTO 1070

PRINT “L";I;%="3Z(I)
LPRINT"L";I;"=";Z(I)

NEXT I

PRINT "THE SUM OF THE WEIGHTS, W, =";XB
LPRINT "THE SUM OF THE WEIGHTS, W, =";XR

OFEN "O", #3, “B:DATAZ.DAT"

FOR I =1 TO 17

PRINT#3, Z{(I)

NEXT 1

CLOSE #3

INPUT"FPRESS ENTER TO CONTINUE";R%

PRINT CHR%(2&)

LINE INPUT"DO YOU WANT TO CHAIN TO B:KRIGX.BAS?":R$
IF LEFTS(R%,1) = "N" GOTO 1200

CHAIN"B: KRIGS. BAS"

END

r

REM kX RANDOM DISK READ SIGMENT 13 3¢
»

PRINT CHR${(26)

PRINT:PRINT:PRINT CHR% (7)

INFUT"ENTER NAME OF RANDOM DATA FILE FOR SET OF COEFFICIENTS";F%
PRINT

PRINT"READING THE DATA DISK"

DIM Ds${20)

?

OPEN "R", #1, F$, 128

FIELD #1, & AS D$(1), & AS D$(2), & AS D$(3), & AS DH(4), & AS DE(S)
FIELD #1, 30 AS DU, & AS D$(&), & AS-DE(7), & AS D$(B), & AS DI(P)

FIELD #1, 54 AS DU$,& AS D$(10),6 AS DH(11),6 ABS D$(12), & AS D& (13)
FIELD #1, 78 AS DU%,&6 AS D$(14),6 AS D&(15),6 AS D$(16), & AS DEU17)
FIELD #1, 102 AS DU$, & AS D#(18)

FOR I = 1 TO 17
GET #1, I~ -

FOR J = 1 TO 18
U(r,J) = VAL(D%(J))
NEXT J

NEXT I

CLOSE #1

REM XK FRINT THE FILE XXX

PRINT
LINE INPUT"DO YOU WANT TO PRINT THE DATA SET?";R%$
IF LEFT$(R%,1) = "N" GOTO 1640
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1520 DB = 8:DR = 1|
15330 FOR T =1 TO N
1540 FOR J = DB TO DD

1550 PRINT U(I,J);
1560 LPRINT UCI,J);
1570 NEXT J
1580 PRINT" ":LPRINT" *
1590 NEXT I
1600 PRINT:PRINT:FRINT:LPRINT:LFRINTILFRINT
1610 DB = DB + 8: DD = DD + 8
1620 IF DD < N+1 GOTO 1530
1630 IF DD < N+B+1 AND DD >= N+i THEN DD = N+1:G0OTO 1530
1640 RETURN
1650 '
1660 REM  #%%  SERUENTIAL FILE READ SEGMENT  %x¥
1670 *
1680 INPUT"ENTER NAME OF THE ’SEQUENTIAL’ DATA FILE";G$
1690 OPEN "IV, #2, BG$
1700 FOR I = 1 TO N
1710 FOR J = 1 TO N+1
1720 INPUTH#2,U(I,d)
1730 NEXT J, I
1740 CLOSE #2
]

1730

1760 REM L9 % 4 PRINT THE FILE XAk

1770 °

1780 PRINT

1790 LINE INPUT"DD YOU WANT TO FRINT THE DATA SET?"iR$
1800 IF LEFT$({(R%,1) = "N" GOTO

1810 DB = t:DD = 8

1820 FOR I = 1 TO N

1830 FOR J = 1 TO N+1

1840 PRINT U{I,J)3;

1850 LFPRINT U(I,J);

1860 NEXT J

1870 PRINT" ":LPRINT" "

1880 NEXT I

1890 PRINT:PRINT:PRINT:LPRINT:LPRINT:LPRINT
1900 DB = DB + 8:DD = DD + 8- . _

1210 IF DD <€ N+1 GOTO 2010

1920 IF DD < N+1+8 AND DD >= N+1 THEN DD = N«+1: GOTO 2010
1930 LPRINT" —_ - "

1240 LPRINT:LPRINT

1950 PRINT CHR%(26)

19260 RETURN

1970 7

1980 REM Xk X REARRANGING ONE-HAILF 0OF THE CODOLUMNS b S & 4
1990 ?

2000 B = INT(N/2)

2010 FOR I = 1 TO N
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2030
2040
2050
2060
2070
2080
2090
2100
2110
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FOR J =1 TO B

k=B —J + 1

UCI,K) = UCI,Jd)

NEXT 'J, I

PRINT "THE FIRST";B;" COLUMNS HAVE BEEN SWITCHED"
PRINT "OLD COLUMN i IS NOW COLUMN";B

PRINT "OLD COLUMN 2 IS NOW COLUMN“;B-1;" ETC."
LPRINTYOLD COLUMN 1 IS NOW COLUMN":B

LPRINT"OLD COLUMN 2 IS NOW COLUMN";E-1;" ETC."
RETURN
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100
110
120
130
140
150
160
170
iB0O
120
200
210
220
230
240
250
240
270
280
230
300
210
320
330
340
350
3&6Q
370
380
390
400
410
420
430
440
450
4460
470
480
490
=00
510
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REM LS 8 FROGRAM FOR DETERMINING KRIBGED VARIANCE Xxx

REM DATA IS FROM "STATISTICAL METHODS FOR AGRICULTURAL

REM WORKERS" ——-PAGES 132-133 ——-

REM k¥ NAME OF THE FROGRAM IS5 —~—— KRIG3.BAS ——-—

REM DATA FILE IS NAMED —-- YLDSEED.DAT ———

PRINT CHR% (2&)

PRINT" FIELD PLOT UNIFORMITY STUDY FOR KRIGED VARIANCE"
FRINT

PRINT" FOR MICROSOFT BASIC (BASIC-B80) VERSION CP/M, REVY. 5.21¢
FRINT" KAYPRO IV COMPUTER WITH &4K MEMORY, CP/M VERSION 2.2"
PRINT:PRINT

PRINT" WRITTEN June 22, 1984"
PRINT:PRINT:PRINT: FRINT: PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (1)*"
FPRINT:PRINT: PRINT: PRINT: PRINT:PRINT

PRINT" PRESS "ENTER® OR <CR> TO CONTINUE"

LINE INPUT R$

CLEAR: PRINT EHR$ (24)

PRINT"THIS PROGRAM WORKS ONLY ON THE 146—-POINT NEIGHEORHOOD TECHNIGUEY
PRINT"AS SHOWN IN FIGURE 25 FOR THE GRID TO DETERMINE KRIGED VALUES. "
PRINT:PRINT

OPEN "I", #2, "R:CONST1.DAT"

INPUT#2,ZZ,XX,YY, X1,Y1

CLOSE #2

DIM D$(18), U(20,20),Z(20)

OPEN "I", #3, "B:DATAZ.DAT"

FOR I =1 TO 17

INPUT#3, Z (1)

NEXT I

OFEN “R", #1, “"E:DATAL.DAT"

FIELD #1, & AS D$(1), & AS D$(2), & AS D$(3), & AS D$(4), & AS D$(S)
FIELD #1, 30 AS DU$, & AS D$(&), & AS D$(7), & AS D$(B), & AS DE(9)
FIELD #1, 54 AS DU$,&5 AS D%(10),6 AS DH(11), & AS D$(12), & AS DH(1X)
FIELD #1, 78 AS DU$,6 AS D$(14),6 AS D$(15), & AS De(16), & AS DE(17)
FIELD #1, 102 AS DU%, & AS D$(18)

FOR I = 1 TO 17

GET #1, 1

FOR J = 1 TO 18

UCI,J) = VAL(D$(J))
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530
540
o990
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NEXT J, I
CLOSE #1
ERASE D%
DIM D(20,20)

560 PRINT CHR% (26)

570 PRINT"READING F(d,b) TABLE"

580 FOR I = 1 TDO 20

5920 FOR J = 1 TO 20

600 READ D(I,J)

610 NEXT J, I

&20 FRINT

&30 FRINT"CALCULATING THE CONSTANT™

&40 CNT = Q

650 °

6560 REM L4 & 4 SOLVING FOR F{(d,b) VALUES X%

&70Q WHERE X = d AND Y = b

&80 7

b0 X = X1/ZZ:Y = Yi/2Z2

700 XN = 4

710 IF X < .1 THEN Wi = .05 + 653 ¥ X:W2 = ¢: GOTO 850

720 IF X »>= .1 AND X < 1 THEN X2=FIX(X¥1Q): XI=(X2/10)+.1:DB=.1:50TQ 850
730 IF X >= 1 AND X <= 5 THEN X4=FIX(X¥10):B0TO 750

740 IF X > 3 THEN FRINT"IRREFUTABLE ERROR IN F(d,b) FUNCTION; b > S":END
750 IF X4 >= 10 AND X4 < 12 THEN X2 = 103 X3 = FIX{X4/10) + .2:DR = .2
760 IF X4 >= 12 AND X4 < 14 THEN X2 = 11: X3 = FIX(X4/10) + .2:DR = .2
770 IF X4 >= 14 AND X4 < 16 THEN X2 = 12: X3 = FIX(X4/10) + .2:DR = .2
780 IF X4 >= 16 AND X4 < 18 THEN X2 = 13: X3 = FIX(X4/10) + .2:DB = .2
790 IF X4 >= 18 AND X4 < 20 THEN X2 = 14: X3 = FIX(X4/10) + .2:DR = .2
800 IF X4 >= 20 AND X4 < 25 THEN X2 = 15: X3 = FIX(X4/10) + .S:DB = .5
810 IF X4 >= 25 AND X4 < 30 THEN X2 = 16: X3 = FIX(X4/10Q0) + .S:DB = .5
B20 IF X4 >= 30 AND X4 < 35 THEN X2 = 17: X3 = FIX(X4/10) + .S:DBR = .5
830 IF X4 >= 35 AND X4 < 40 THEN X2 = 18: X3 = FIX(X4/10) + .5:DEK = .5
8B40 IF X4 >= 40 AND X4 < 50 THEN X2 = 19: X3 = FIX(X4/10) + 1:DR = 1
850 IF ¥ < .1 THEN W3 = .05 + .&53%xY:W4 = C:GB0TO 1050

B60 IF Y >= .1 AND Y < 1| THEN Y2=FIX(YX10):Y3={Y2/10)+.1:DD=,1:680T0 990
870 IF Y >= 1 AND Y <=5 THEN Y4=FIX(Y%10Q):G0DTO 890

880 IF Y > 5 THEN PRINT“IRREFUTABLE ERROR IN F(d,b) FUNCTION; D > S":END
890 IF Y4 >= 10 AND Y4 < 12 THEN Y2 = 10: Y3 = FIX{(Y4/10) + .2:DD = .2
Q00 IF Y4.>= 12 AND Y4 < 14 THEN Y2 = 11: Y3 = FIX{(Y4/10) + .2:DD = .2
Q10 IF Y4 >= 14 AND Y4 < 16 THEN ¥2 = 12: Y3 = FIX(Y4/10) + .2:DD = .2
Q20 IF Y4 >= 16 AND Y4 < 18 THEN Y2 = 13: Y3 = FIX{Y4/10) + .2:DD = .2
930 IF Y4 >= 18 AND Y4 < 20 THEN YZ = 14: Y3 = FIX(Y4/10) + .2:DD = .2
40 IF Y4 >= 20 AND Y4 £ 25 THEN Y2 = 153 ¥3 = FIX{(Y4/10) + .5:DD = .5
750 IF Y4 >= 25 AND Y4 < 30 THEN Y2 = 16: Y3 = FIX(Y4/10) + .5:DD = .5
260 IF Y4 >= 30 AND Y4 < 35 THEN Y2 = 17: Y3 = FIX(Y4/10) + .5:DD = .5
970 IF Y4 >= 30 AND Y4 < 40 THEN Y2 = 18: Y3 = FIX(Y4/10) + .5:DD = .5
980 IF Y4 >= 40 AND Y4 < 50 THEN Y2 = 19: ¥3 = FIX(Y4/10) + 1:DD = 1
20 IF X < .1 60TO 1020 .
1000 W1 = D(X2+1,Y2) — ((D(X2+1,Y2) — D(X2,Y2)) % (X3 - X)/DB)

1010 W2 = D(X2+1,Y2+1) — {((D(X2+1,Y2+1) - DI(X2,Y2+1)) ¥ (X3 - X)/DB)

- 162 -



DRAFT —— FOR REVIEW ONLY

1020 IF ¥ £ .1 GOTQC 1050

1030 W3 = DIX2,Y2+1) — ((D(Y2+1,X2) — D(X2,Y2)) %X (YI - Y)/DD)
1040 W4 = D(X2+1,Y2+41) — ((D(X2+1,Y2+1) - D(X2+1,¥2)) % (YZ - ¥Y)/DD)
1050 IF Wl = 0 THEN XN = XN - 1

1060 IF W2 = 0 THEN XN = XN - 1

1070 IF WE = O THEN XN = XN - 1

1080 IF W4 = 0 THEN XN = XN — -1

1090 W = (W1 + W2 + W3 + W) /XN

1100 G1 = (XX ¥ W) +.YY

1110 7

1120 REM  ¥¥% COMPUTING THE KRIGING VARIANCE %%xX

1130 °

1140 82=0

1150 FOR I = 1 TO 146

1160 S2 = 82 + Z(I) % U(I,18)

1170 NEXT T

1180 83 =82 + Z(17) - 61

1190 IF 83 < 0 THEN PRINT"NEGATIVE VALUE; ERROR IN DATA SET":G50TO 1210
1200 ST = SEQR(S3)

1210 PRINT: PRINT "AUXILIARY TERM F{d,b) =";G1
1220 LPRINT:LPRINT"AUXILIARY TERM F(d,b) =";G1
1230 PRINT:PRINT"ESTIMATOR T% =";S2

1240 LFRINT:LFPRINT"ESTIMATOR Tk =";82

1250 PRINT: PRINT "KRIGED VARIANCE =";S3

1260 LFRINT:LPRINT"KRIGED VARIANCE =";83

1270 FRINT: PRINT "KRIGED STANDARD DEVIATION =“;ST

1280 LPRINT:LPRINT"KRIGED STANDARD DEVIATION ="3;ST

1290 FRINT:PRINT: INPUT"PRESS ENTER TO CONTINUE";R%

1300 PRINT CHR%(26)

1310 LINE INPUT"DO YOU WANT TO CHAIN TO EB:KRIGZ.BEAS?";R$

1320 IF LEFT$(R%,1) = "N" BOTO 1340
1330 CHAIN "B:KRIGZ2.BAS"
1340 END

1350 DATA .078,.120,.145,.211,.256,.300, .342,.383,.422, .457, . 520, .572, .
1360 DATA .&50,.679,.735,.775,.804,.827,.860

1370 DATA .120,.155,.195,,.237,.280,.321,.3462,.401,.438,.473, .534, .584, .
1380 DATA .659,.6488,.743,.781,.810,.832,.8464

1390 DATA .165,.196,.231,.270,.309,.349,.387, .424, .40, .493, .551, . 600, .
1400 “DATA—. 672, . 700, . 752, 7789, 817, -838, .84 -

1416 DATA .211,.237,.270,.305,.342,.379,.415,.451,.484,.5164,.572,.618, .
1420 DATA .687,.713,.743,.799,.825,.845, .874

1430 DATA .256,.280,.309,.342,.376,.411,.445,.479,.511,.541, .593, . 637, .
1440 DATA .703,.728,.775,.809,.834,.853,.881

1450 DATA .300,.321,.349,.379,.411,.443,.476,.507,.538,.5b6, .61, .657, .
1460 DATA .719,.743,.788,.820,.843,.861,.887

1470 DATA .342,.362,.387,.415,.445,.476,.506, .536, .565, .591, .638, .477, .
1480 DATA .734,.758,.800,.830,.852,.870, .894

1490 DATA .383,.401,.424,.451,.479,.507,.536,.564,.591,.616,.540,.697, .
1500 DATA .752,.773,.813,.841,.8561,.878,.901

1510 DATA .422,.438,.460,.484,.511,.538,.565,.591,.616,.4640,.4682,.716, .
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1520 DATA .767,.787,.824,.851,.870,.885,.907
1530 DATA .457,.473,.493,.516,.541,.56b,.591,.616,.640,.4652,.701,.733,.7460
1540 DATA .782,.800,.835,.860,.878,.892,.913
1550 DATA .S520,.534,.551,.572,.593,.616,.638, .660,.682,.701,.736, . 764, . 7688
1560 DATA .807,.82%,.854,.876,.892,.905,.923
1570 DATA .S572,.584,.600,.618,.637,.657,.677,.697,.716,.733,.764,.790,.811
1580 DATA .828,.842,.870,.890,.904,.915,.931
1590 DATA .&614,.625,.639,.655,.473,.691,.709,.727,.744,.740,.788, .811, .825
1600 DATA .845,.858,.883,.901,.914,.924,.938
1610 DATA .650,.659,.672,.687,.703,.719,.736,.752,.767,.782, .807, . 828, .B4S
1620 DATA .859,.871,.894,.910,.921,.931,.944
1630 DATA .679,.688,.700,.713,.728,.743,.758,.773,.787,.800,.823, .842, . BSE
1640 DATA .871,.882,.903,.917,.928,.936,.948
1650 DATA .735,.743,.752,.76%,.775,.788,.800, .813, .824, .835, . 854, . 870, . 883
1660 DATA .894,.903,.920,.932,.941,.948,.957
1670 DATA .775,.781,.789,.799,.809,.820,.830, .841,.851,.860,.876, .8%0, .501
1680 DATA .910,.917,.932,.942,.950, .955, .564
1690 DATA .804,.810,.817,.825,.834,,843,.6852,.861,.870,.878, .892, . 904, . 914
1700 DATA .921,.928,.941,.950,.954,.961,.969
1710 DATA .827,.832,.838,.845,.853,.861,.870,.878,.885,.892,.%05, . 915, . 924
1720 DATA .931,.936,.948,.955,.961,.966,.972
1730 DATA .B&0,.8644,.849,.874,.881,.887,.894,.901,.907,.913,.923, . 931, . 93¢
1740 DATA .944,.948,.957,.964,.969,.972,.977
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100
110
120
130
140
130
140
170
180
190
200
210
220
230
240
250
260
270
280
290
00
310
320
330
340
350
3460
370
380
290
400
410
420
430
440
450
4560
470
480
490
S00
510
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REM *k% FROGRAM FOR KRIGED ESTIMATED VALUES AND WEIGHTS L3 3

NEIGHEORHDOD OF 16 VALUES
REM  %%%* FOR THE NIAMEY STATION UNIFORMITY STUDY kkx
REM  X¥%  PROBRAM NAME IS ———KRIGZ2.BAS———
REM  %%% DATA DISKE IS NAMED ~—-YLDSEED.DAT—-
2
PRINT CHR$ (26)
PRINT" FIELD PLOT UNIFORMITY STUDY FOR KRIGED ESTIMATED VALUE
FRINTY WITH A NEIGHBORHOOD OF 16 VALUES"
PRINT
PRINT" FOR MICROSOFT BASIC (BASIC-B0) VERSIDN CF/M, REV. 5.7
PRINT" KAYPRO IV COMPUTER WITH 64K MEMORY, CP/M VERSION 2.5
PRINT: FRINT
FRINT" WRITTEN May, 1983"
PRINT:PRINT: PRINT: PRINT: PRINT
PRINT" INSERT DATA DISK IN DRIVE B DR ONE (1)
PRINT: PRINT: PRINT: PFRINT: PRINT: PRINT
PRINT" PRESS *ENTER’ DR <CR> TO CONTINUE"

£ INE INPUT R$
CLEAR: PRINT CHR$ (26)

INPUT"ENTER NAME OR DESCRIPTION OF AREA TO BE KRIGED";AS$

PRINT A$:PRINT:FRINT

LPRINT A%$:LPRINT:LPRINT

INPUTYENTER NUMBER OF HORIZONTAL ROWS OF DATA (40)";H

PRINT

INPUT"ENTER NUMBER OF VERTICAL COLUMNS OF DATA (32)“:K

PRINT... .

DIM D) JU(H,#) , T(H, K) , W (20),8(H,K), Z(20)

INPUT"ENTER NAME FOR SEQUENTIAL DATA FILE, EX: B:SYLDCOT.DAT";F%
PRINT

REM  %%x% DISK READ SEGMENT  X¥¥
OFEN "I*, #1, Fs

FOR I = 1 TO H

FOR J = 1 TO K

INPUT#1,U(I,d)

NEXT J, I

CLOSE #1
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520
530
540
550
560
270
580
590
&H00
&10
&20
630
640
&30
660
&70
&80
620
700
710
720
730
780
750
760
770
780
790
800
B10Q
820
830
840
850
860
870
88a
890
200
2?10
20
2?30
?40Q
930
250
Q70
280
R0
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PRINT CHR% (26)

LINE INFPUT"HAVE YOU ENTERED THE PROGRAM RBY CHAINING?";R$
IF LEFT$(R%,1) = "y" G0OTO 650

REM L3 ¢ ENTER THE KRIGED WEIGHTS Xk

N = 16

FOR I =1 TO N .

PRINT

PRINT"ENTER THE WEIGHT FOR COEFFICIENT NUMBER ":Ij
INPUT WD)

NEXT I

GOTO 74¢

OFEN "IY, #2, "B:DATAZ.DATH
FOR I =1 70O 17
INFUT#2,7(I)

NEXT I

PRINT CHRS (24)

FOR I =1 TO 14

W(I) = Z{I)

NEXT I

ERASE Z

PRINT CHR% (2&)

REM kKX LOOFS FOR CALCULATING THE 146 POINTS IN THE NEIGHERORHOOD

PRINT:PRINT"CALCULATING T(I,J)’S":PRINT

FOR I = 1 TO H-3

PRINT I

FOR J = 1 TO K-3

PRINT" "eJd

TCI, I =TCI,I)+UCI,J) ¥W(5) +U (I, I+1) KXW (&) +U (I, J+2) kW (7) +U(T, J+3) kW(8)
T, =TI, d)+UCI+1,3) KW (1A +UCT+1, I+1) KW (1) +U(T+1, J+2) xW(2)
T, D =TI, +UCT+1, J+3) kW ()

TCI,I=T(I,d) +UCI+2,3) kW (15) +U(I+2, J+1) kW (3)+U (I+2, IJ+2) XW (4)
T(I, ) =TCI,3)+U(I+2,J+3) XW(10)
T(I,I)=T(I,3)+U(I+3,3) kW (14) +U (I+3,J+1) kW (13) +U(I1+3, I+2) XW(12)
TOI,I) =T (I, d)+U(I+3,J+3) W (11)

NEXT J -

PRINT CHR% (26)

NEXT I

REM X% PRINT NEW ESTIMATED T*% VALUES L3 3

PRINT" ) ESTIMATED VALUES":FRINT
LPRINT" ESTIMATED VALUES":LFRINT
LPRINT )

LPRINT"REMEMBER T(1,1) POSITIONED 1.5 % ORIGINAL (1,1) POSITION"

1000 LPRINT:LPRINT
1010 DE = 1:DD =8
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10220
1030
1040
1050
10860
1070
1080
1090
110G
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1240
1270
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FOR I = 1 TO H-X
FOR J = DE TO DD
PRINT T(I,J);
LPRINT T(I,J);
NEXT J

PRINT" ":LPRINT" ™
NEXT I

PRINT:PRINT:PRINT:LPRINT:LPRINT:LFRINT

DB = DB + 8: DD = DD + 8
IF DD < K-3 GOTO 1020

IF DD < K-3+8 AND DD >= K-3 THEN DD

PRINT""

LPRINT"~————— — e

LPRINT:LPRINT:PRINT CHR$(26)
OPEN “0", #3, "B:DATA3.DAT"
FOR I = 1 TO H-3

FOR J = 1 TO K-3
PRINT#3,T(I,J)

NEXT J, I

CLOSE #3

K—=31:

GOTO 1020

LINE INPUT"DO YOU WANT TO CHAIN TO B:PLOT!1.BAS?";R%

IF LEFT$(R%$,1) = "“N" B6OTO 1250
CHAIN "EB:FLOT1.BAS"
PRINT"PROGRAM IS TERMINATED"
LFRINT"PROGRAM IS TERMINATED"
END
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100
110
120
130
140
150
160
170
180
120
200
210
220
230
240
290
2460
270
280
290
Q0
310
320
230
340
350
380
370
38O
390
400
410
420
430
440
450
450
470
480
490
300
510
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¥ ¥k% PROGRAM FOR GRAFHING ANY RECTANGULAR GRID VALUES XXX
REM GIVES

REM FLOT OF A CONTOUR MAP ON A LINE PRINTER

]

REM XX THIS FPROGRAM IS FOR THE COTTON SEED DATA SET, 32 X 4Q

REM PROGRAM IS NAMED ———PLOT1.BAS——-

REM "DATA FILE IS NAMED ———E:YLDSEED.DAT———

FRINT CHR$(26)

PRINT" FIELD FPLOT UNIFORMITY STUDY FOR CONTOUR GRAFHICS"
PRINT

PRINT" FOR MICROSOFT EASIC (EASIC-80) VERSION CF/M, REV. S5.21"
PRINT" KAYPRO IT1 COMPUTER WITH &4K MEMORY, CP/M VERSION 2.2"
PRINT:PRINT

PRINT" WRITTEN May, 1983"

PRINT:FRINT: PRINT:FRINT: PRINT

PRINT" INSERT DATA DISK IN DRIVE B OR ONE (i)"
PRINT:FRINT:FRINT: FRINT: PRINT: PRINT

FPRINT" PRESS "ENTER™ OR <CR> TGO CONTINUE"
LINE INFUT R% .

CLEAR: FRINT CHR% (24)

INFUT"ENTER NAME OR DESCRIFTION OF AREA TO BE GRAFPHED"; A%

PRINT A%$:PRINT:FRINT

LPFRINT A$:LFRINT:LPRINT

FRINT"ENTER NUMEER OF HORIZONTAL ROWS TO BE GRAPHED"
INFUTH"USUALLY 3 LLEGE FOR KRIGED VALUES (40 — 3 = 37)"“;H

PRINT

PRINT"ENTER NUMBER OF VYERTICAL COLUMNS TO BE GRAPHED"
INFUT"USUALLY 3 LESS FOR KRIGED VALUES (32 — 3 = 29)"3;K

FRINT

INFUT"ENTER NAME OF SERUENTIAL DATA FILE, EX: B:DATAS.DATY3;F&%

DIM V(H, ), IO (2%K) , IC%(9)

ICE(1)="1I": ICH(2)=" " ICH(J)="%":ICH (4)=" ":ICH(D)="#": ICE(L)=" "
ICE(7)="D": IC#(8)=" ":ICHE(F)="X"

REM X%k READ THE SEQUENTIAL DATA FILE  *XX¥

PRINT”NOW READING DATA FROM THE SERUENTIAL FILE "3;F&
g87=0
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520
S30
540
S50
5460
97
580
a0
&00
&10
&20
&30
&40
650
660
&7C
&80
&70
700
710
720
730
74Q
750
7460
770
780
790
800
810
820
830
840
as0
860
870
880
890
00
210
20
230
40
950
260
70
280
970
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OPEN “I“, #1, F$%
FOR I = 1 TO H
FOR J = 1 TO K
INFUT#1,V(I,J)
S7 = 57 + V(I,3)
NEXT J, I

CLOSE #1

UM = S7/(HXK)

PRINT:PRINT
LINE INPUT"DO-YOU WANT TO PRINT THE DATA JUST ENTERED?";R%
IF LEFTs(R$,1) = "N" 80OTAO 810

REM *¥x FRINT DATA SET K

DE = 1:DD = 8

FOR I = 1 TO H

FOR J = DB TO DD

PRINT V(I,J);

LPRINT V(I,J);

NEXT J

PRINT" ":LPRINT" *©

NEXT 1
PRINT:PRINT:PRINT:LPRINT: LPRINT: LPRINT
DB = DE + 8: DD = DD + 8

IF DD < K GOTO 480

IF DD < K+8 AND DD >= K THEN DD = ¥K: GOTO &BO
LPRINT " —~m e ~ "
LPRINT:LPRINT: PRINT CHR% (24)

DIM XX (K),YY (H, 2%K)

B=1

REM k¥ MAIN PROBRAM LS %

FOR I
FOR J
XX{J)
NEXT J . .

FOR Jd = 1 TO 2%k STEP 2

YY(I,J) = WII, R :¥YY{I,Jd+1) = XX(B)

IF R > K=2 60O0TD 940

B=E+1

NEXT J

B =1

NEXT I

ERASE V, XX

FRINT:PRINT

LINE INPUT"DO YDOU WANT TO PRINT THE TRANSFORMED VALUES?";R$

1 TO H
1 TO K-1
CINT((VC(I,T) + V(I,.Jd+1))/2)

1000 IF LEFT$(R%,1) = "N" GOTO 1230

1010

2
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1020 REM xx¥ PRINT YY(I,J) THE TRANSFORMED VALUES Xk
1030 T

1040 PRINT:PRINT:LPRINT:LFRINT

1050 DE = 1:Db = 8B

1060 FOR I = 1§ TO H

1070 FOR J = DB TO DD

1080 PRINT CINT(YY(I,J));

1090 LFRINT CINT(YY{I,Jd));

1100 NEXT J

1110 PRINT" ":LPRINT" "

1120 NEXT 1

1130 PRINT:FRINT:LFRINT:LPRINT

1140 DR = DR + 8:DD = DD + B

1150 IF DD < 2%K GOTO 10460

1160 IF DD < 2%¥K+8 AND DD >= 2%k THEN DD = 2%K: GOTO 1060
1170 LPRINT" e e e "

1180 LPRINT:LPRINT:PRINT CHR%{2&)

1190 °*

1200 REM X%x% PRINT THE MAP

1210 °

1220 PRINT:FRINT

1230 FPRINT "PREPARING TO PRINT THE MAFP"

1240 PRINT CHR${26):LFRINT:LFPRINT

1250 Y1 = YY({i,1): Y2 = ¥Yi .
1260 FOR I = 1 TO H

1270 FOR J = 1 T0O 2x%K

1280 YT = YY(1,J)

1290 IF YT < Y1 THEN Y1 = YT

1300 IF YT > Y2 THEN Y2 = YT

1310 NEXT J, I

1320 *

1330 REM %% PRINT MAP ONE LINE AT A TIME

1340

1350 PRINT CHR% (2&)

1360 FOR I =1 TO H

1370 FOR J = 1 TO 2%K

1380 IY = ({YY(I,J) — Y1)/4¥2 — Y1))%9 + 1

1390 IF 1Y > @ THEN 1Y = 9

1400 -TO%{0)--=-ICE (1Y) -

1410 NEXT J

1420 FOR J = 1 TO 2x%K

1430 PRINT I0%¢J);

1440 LPRINT IO%(J);

1450 NEXT J

1460 PRINT" ":LPRINT®" "

1470 NEXT I

1480 CI = INT((YR — Y1) /%)

1490 RC = INT{(Y1l + S5%CI)

1500 LPRINT:LPRINT:LPRINT"MINIMUM =" INT(Y1)3" MAXIMUM ="3 INT(YZ)
1510 PRINT:PRINT“MINIMUM VALUE ="3INT(Y1)3;" MAXIMUM VALUE ="3INT(Y2)
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1520 PRINT:PRINT:PRINT "REFERENCE CONTOUR =";RC3;" CONTOUR INTERVAL ="3CIj
15330 FRINT " MEAN VALUE ="3;VM

1540 LFRINT:LFRINT"REFERENCE CONTOUR =";RC;" CONTOUR INTERVAL ="j;CI
1550 LPRINT" MEAN VALUE =";VH

1560 PRINT:PRINT:LPRINT:LPRINT

1570 CR = INT(Y1 + CI)

1580 FOR I = 1 TO 9 STEP 2

1590 PRINT IC$CI);" ="3INT(Y1);"-";INT(CR);", ";
1600 LFRINT IC$(I)3" ="; INT(Y1)3"=";INT(CR);", “;
1610 Y1 = Y1 + 2%(CI + 1)

1620 CR = CR + 2%(CI + 1)

1630 NEXT 1

1640 END
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To use the semivariograms and kriging programs use this program
to convert from random access to sequential data files.

100 REM ¥¥x FROGRAM CONVERTS RANDOM ACCESS FILES TO SEQUENTIAL XXX
116 °*
120 REM L8 8 S THIS PROGRAM IS5 FOR THE COTTON SEED DATA SET, 32 X 40
130 °

140 &

150 REM PROGRAM IS NAMED ——--CONVERT.BAS———

160 ?

170 REM DATA FILE IS NAMED -~-R:YLDSEED.DAT—-—

180 :

120 PRINT CHRS® (24)

200 PRINT" FIELD PLOT UNIFORMITY STUDY FOR CONTOUR GRAPHILCS"
210 FPRINT

220 PRINT" FOR MICROSOFT BASIC (BASIC-80) VERSION CF/M, REV. 5.21"
230 PRINT® KAYPRO II COMPUTER WITH &4K MEMORY, CP/PM VERSION 2.2"
240 PRINT:PRINT

250 PRINT" WRITTEN May, 1983"

260 PRINT:PRINT:PRINT:FRINT:FPRINT

270 PRINT® INSERT DATA DISKE IN DRIVE B OR ONE (1)*
280 PRINT:PRINT:PRINT:PRINT:PRINT:PRINT

290 PRINT" PRESS TENTER?* OR <CR> TO CONTINUE"®

300 LINE INPUT R$

310 CLEAR:PRINT CHR$ (26)

320 INPUT"ENTER NUMBER OF HORIZONTAL ROWS ON DATA SET"j;H

330 PRINT '

40 INPUT"ENTER NUMBER OF VERTICAL COLUMNS ON DATA SET";K

350 PRINT .

360 DIM V(H,K), D% (K)

370 PRINT CHR$ (24): INPUT"ENTER DATA FILE NAME";F$

380 °

390 REM XKRKK K DISK READ SEBMENT XA KKK

400 ’

410 DPEN "R",#1,F%,128

420 FIELD #1, 4 AS D$(1), 4 AS D$(2), 4 AS D$(3), 4 AS D%(4), 4 AS D% (S
430 FIELD #1, 20 AS DU$, 4 AS D$(&), 4 AS D$(7), 4 AS D$(B), 4 AS D$(F)
A40 FIELD #1,3& AS DU$,4 AS D$(10), 4 AS D%(i1), 4 AS D$(12), 4 AS DH(13)
450 FIELD #1,52 AS DU$,4 AS D$(14), 4 AS D$(15), 4 AS Ds(16), 4 AS DE(17)
460 FIELD #1,68 AS DU$,4 AS D$(18), 4 AS D$(19), 4 AS D&E(20), 4 AS DH(21)
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470
480
490
S00
S10
520
D20
240
SS0
SL0
570
580
390
&00
&10
G20
&30
&40
630
660
&70
&80
690
700
710
720
730
740
730
7460
770
780
790
800
810
820
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FIELD #1,84 AS DU$,4 AS D%${(22), 4 AS D%(2X), 4 AS D (24), 4 AS D% (25)
FIELD #1,100 AS DU$,.4 AS D%(26),4 AS DE(27), 4 AS DH(28), 4 AS D$(29)
FIELD #1, 116 AS DU%, 4 AS D$(30), 4 AS DH(31), 4 AS D$(3I2)

FOR I = 1
GET #1, I
FOR J = 1 TO K
V(I,J) = VAL(D%$(J))
NEXT J, I

CLOSE #1

»

REM x¥% READ INTO A SEQUENTIAL DATA FILE

TO H

PRINT: FRINT"NOW READING DATA INTO SEQUENTIAL FILE"
OFEN "0", #2, “B:SYLDCOT.DAT"
FOR I = 1 TO H

FOR J = 1 TO K
PRINT#2,V(I,J)5",";

PRINT USING “####";V(I,J);
NEXT J

PRINT® *

NEXT I

CLOSE #2

H

REM %%% READ AND PRINT THE SEBUENTIAL DATA FILE XXX
?

PRINT: PRINT"NEW READING/PRINTING DATA FROM THE SEQUENTIAL FILE"
OPEN "I", #2, "E:SYLDCOT.DAT"

IF EOF(2) THEN END

FOR I = 1 TO H

FOR J = {1 TO K

INPUTH#2,V(1,d)

PRINT V(I,J);

NEXT J

PRINT" "

NEXT I
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100
110
120
130
140G
150
1460
170
180
190
200
210
220
230
240
250
260
270
280
290
00
310
I20
IX0
340
350
360
370
X80
390
400
410
420
430
44Q
430
4560
470
430
490
S00
910
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REM ¥¥¥ MULTIPLE LINEAR REGRESSION kX%

r

REM ¥x¥ PROGRAM IS NAMED ———REGM.BAS———

PRINT: FRINT: PRINT

PRINT'"M UL T I P L E REBRESS I ON"
PRINT

PRINT"REWRITTEN March, 1982"

FRINT " m e o ————— "
PRINT:PRINT: PRINT:

INPUT"NUMBER OF VARIABLES ueM:PRINT
INFUT"NUMBER OF OBSERVATIONS e Nz PRINT
DIM A% (M), X (M,N),X1(M),S(M,M),S2 (M, M) ,S3 (M, M) ,D% (M)
DIM E(M),Y(N), RN, UM ,C (M, M)

PRINT CHR%(26)

FRINT" WOULD YOUR LIKE TO USE THE KEYBOARD (1)
PRINT*" OR THE DISK (23"

PRINT

PRINT* ENTER 1 OR 2.

INFUT P4

IF Pg="" OR P$4{>"1" AND P$<>"2" THEN 240

IF P$="2" THEN 520
FOR I = 1 TO M:PRINT"NAME OF THE VARIABLE";I;
INPUT A%(I):NEXT I:PRINT

PRINT CHR$ (26)

FOR I =1 TO M

PRINT"OBSERVATIONS OF THE VARIABLE "“;A®(I)j":"
LPRINT"OBSERVATIONS OF THE VARIABLE ";A%(I)s":"
FOR J = 1 TO N

FRINT"NUMBER'; J;TAB (14) 3 .. ...
LPRINT"NUMBER"; J; TAE(14) ;

INFPUT X(I,J)

LPRINT X(I,J)

NEXT J

PRINT"ARE THESE VALUES OKAY? TYPE YES OR NO"
INPUT P$

IF P$="" OR P$ <>"YES" AND P$<>"NO"THEN 440

IF P$="NB" THEN PRINT CHR%$(26):LPRINT:LPRINT"ERROR":GOTO
PRINT:LPRINT :

IF I = M THEN S20

NEXT I

GOSUB 2300
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520 PRINT CHR$(26):LPRINT:LPRINT

ST0 PRINT:PRINT:FRINT:PRINT"CALCULATING VALUES"
540 °

550 REM  %X%  MEANS AND STANDARD DEVIATION  ¥%X
560 °

570 FOR I = 1 TO M:T=0:FOR J= 1 TO N

S80 T = T + X{(I,O)

S90 NEXT J
600 X1(I) = T/N

610 NEXT I

620 FOR I = 1 TO M:FDR K = 1 TO M

630 S1 = ©

440 FOR J = 1 TO N

650 S1 = S1 + (X(I,Jd) — X1{IDIR(X(K,J) — X1(K))
660 NEXT J

670 S(I,K) = S1/(N-1)

680 S(K,I) = S(I,K)

690 NEXT K, I
700 M1 = M - 1

710 FOR J = 1 TO Mi: FOR K = 1 TD M1:S2(J,K)=8(J+1,K+1) :NEXT K,J
720 FOR I = 1 TO M1:FOR J = 1 TO M1

730 IF I<>J GOTO 750

740 S3(I,J)=1

750 GOTO 770

760 SF(I,J)=0

770 NEXT J,1

780 GOSUR 2080

790 *

800 REM %% NOW TO CALCULATE THE SLOFE B(I) k%%
810 ’

820 PRINT CHR% (26)

B30 FOR I = 1 TO M1

840 B(I) = 0

8BS0 FOR J = 1 TO M1

860 B(I) = B(I) + 8(1,J+1)%52(J,D)

870 NEXT J,I

880 E1 = O

890 FOR I = 1 TO M1:B1 = Bl + X1(I+1)%B(I):NEXT I

900 Bl = X1(1) — Bl

210

220 REM ¥xx R2, SSE, F-TEST, CORRELATION, ETC. LS & ¢
F30 7

740 PRINT"CALCULATING TESTSY

P50 83 = 0

260 FOR I = 1 TO N: Y(I) = ©Q

970 FOR J = 2 TO M:Y(I) = Y(I) + B(J-1)%X{(J,I):NEXT J
280 Y(I) = ¥(I) + R1 ' .

990 R{I) = X(1,I) - ¥Y(I)

1000 835 = 53 + R(I)*~2

1010 NEXT I
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1020
1030
1040
1050
10460
1070
108¢
1090
1100
1110
1120
1130
1140
1150
1140
1170
1180
11290
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
131Q
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1440
1470
1480
1490
1500
1510
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S(1,1) = (N-1)%S(1,1)

R2 = (§(1,1)-83)/5(1,1)

IF R2Z = 1 GOTO 650

F = (R2/M1)/((1-R2) / (N~M))
E = SOR(S3/ (N-M))

FOR J = 1 TO M1

BR = ARS(S2(J,J)/ (N-1)}

non

UdJ) = EXSOR(EQ)
NEXT J

S(1,1) = S(1,1)/(N-1)
C(1,1) = 1

FOR J = 2 70 M

C(J,J) = 1

J1 o= J-t

FOR I =1 TO J1

C(I,J) = S(I,J)/SAR(S(I,I)%5(I,d))
C(3,I) = C(I,J)

NEXT I,J

FOR I =1 TQ M
S(I,I) = SER(S(I,I))

NEXT 1

PRINT CHR% (24)

: OUTPUT

PRINT:PRINT:PRINT: LPRINT:LPRINT STRING® (&0, "—")
LPRINT "CORRELATION MATRIX"

PRINT “CORRELATION MATRIX®

LPRINT"——m—= - - —=

FOR I = 1 TOM:FOR J = 1 TO M

IF I < J THEN 1340

ZZ = INT(100%C(I,J)) /100

PRINT ZZ,

LFRINT ZZ,

NEXT J:FRINT:LPRINT

NEXT I

PRINT: PRINT: PRINT:LPRINT:LPRINT

PRINT "VARIABLE MEAN STANDARD DEVIATION"
LPRINT STRING$ (60, "—")

LPRINT "VARIABLE MEAN STANDARD DEVIATION®
PRINT"=——— - "

LPRINT" = - "

FOR I = 1 TO M

PRINT A$(I),X1(I), S(I,I)

LPRINT A$(I),X1(1),5¢I,I)

NEXT I

PRINT:PRINT:LPRINT: LFRINT

INPUT “TYPE ANY LETTER THEN <CR> TO CONTINUE";C$
FRINT CHR$ (26) '

FRINT "REGRESSION EQUATION"

LPRINT “REGRESSION EQUATION"

FRINT STRING$(&60,"—")
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1520
1530
1540
1550
1560
1570
1580
1590
1600
161C
1420
1630
1640
1650
14660
1870
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1770
1800
1810
1820
1830
1840
1850
1840
1870
1880
1820
1900
1910
19220
1930
1240
1250
1950
1970
1980
1990
2000
2010

DRAFT —— FOR REVIEW ONLY

EFRINT " e e e "
PRINT "DEFENDENT VARIABLE: "1A% (1)

LFRINT "DEFPENDENT VARIAEBLE: "rAE (1)

PRINT STRINGS (&0, “—*) :

LFRINT STRING(&0,"-")

FRINT "VARIABLE COEFFICIENT BETA";
LPRINT *"VYARIABLE COEFFICIENT BETA";
PRINT" ERRORS T-TEST"

LPRINT" ERRORS T-TEST"

PRINT "EXPLAINED ESTIMATED "
LFRINT "EXPLAINED ESTIMATED rA
FRINT:LPRINT

FOR I =1 70 M1

ZX = INT(10000X (B(I)X (X1 (I+1)/X1(21))))/1QqQ
PRINT A${(I+1);TAB{19);B(1); TAR(IE) 1 2X;
LPRINT As(I+1):TAR(19);B(I)3;TAB(3S)3ZX;

ZW = INT (100X (B{(I)/U(I)Y))/100

FRINT TAB(48);U(I):TAB(&3) 5 ZW

LPRINT TAB(48);U(I) ; TAR(LE) 5 ZW

NEXT 1

FRINT "CONSTANT"3;TAB(19) ;B1

LPRINT "CONSTANT";TAB(19);B1

PRINT STRING® (&0, "—"):LPRINT STRING% (60,"-")
PRINT:PRINT

INFUT "TYPE ANY LETTER THEN <CR> TO CONTINUE";C%
PRINT CHR$(2&) :LPRINT:LFRINT

PRINT “COEFFICIENT OF DETERMINATION"; TAR(ZS) "= "sR2
LPRINT “"COEFFICIENT OF DETERMINATION"; TAB(ZS) "= "3R2
FPRINT “"CORRELATION COEFFICIENT"; TAR(3S) "= " SRR (R2)
LPRINT "CORRELATION COEFFICIENT"; TABR(35) ;"= "3 SER (R2)
PRINT "TEST OF LINEARITY (F-TEST)":;TAR(35);"= "sF
LFRINT "TEST OF LINEARITY (F-TEST)";TAB{(35);" “3F
FRINT"DEGREES OF FREEDDM"3;TAE{(ZS);3;"= "3 h=K

LPRINT "DEGREES OF FREEDOM"j;TAR{(3Z3);"= " N-K

PRINT "SUM OF THE SOUARES"; TAB(35);"= "3 E

LPRINT “SUM OF THE SQUARES"3;TAB(33) "= "3 E

PRINT STRING® (&0,"—")

LPRINT STRING$ (&0, "—")

PRINT:PRINT

INFUT "TYPE ANY LETTER THEN <CR> TO CONTINUE";Cs
PRINT CHR$(2&) : LPRINT:LPRINT

PRINT "RESIDUAL TABLE"

LPRINT "RESIDUAL TABLE"

PRINT STRINGS (40,"—"):zL PRINT STRING® (40,"-")

LPRINT
FRINT “NO. OBSERVATIONS " ESTIMATIONS RESIDUALS"
LPRINT “NO. ORSERVATIONS "ESTIMATIONS RESIDUALS"

PRINT STRINGS$ (4Q,"-")
FOR I =1 TO N
PRINT I;TAB(13)3:X(1,I);TAB(27);Y(I);TAB(43) sR(I)
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2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
21450
2150
2160
2170
218G
2190
2200
2210
2220
2230
2240
2250
22860
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
24F0
2440
2450

DRAFT —--— FOR REVIEW ONLY

LPRINT I;TAR(1Z) ;X (1,1)3TAR(27);Y(I);TAR(4Z) s R(D)
NEXT I

PRINT STRING$(40,"—")

LERINT STRINGS (40," ")

END

REM XXk INVERSION MATRIX

FOR K = 1 TO M1:FOR I = 1 TO M1

IF I > J THEN 1430

PP = S2(K,K)

IF FF = O THEN PRINT :FROBLEM OF COLLINEARITY":G0 TO 2050
FOR J = 1 TO M1

52 (K,J) = S2(K,J)/FF

83 (K,J) = SIL(K,I)/FP

NEXT J

IF I = K GOTO 2220

FP = S2(I,K)

FOR J = 1 TO M1

S2(1,J) = 82(1,J)-82(K,J)%FPF

83(I,J) = 8§3(1,J)—-83({K,J)%PF

NEXT J

NEXT I

NEXT K

FOR I =1 TO Mi:FOR J = 1 TO Mi:S2(I,J) = S3(I,J):NEXT J,I
RETURN

REM k% WHEN YOU READ THE DISK LS ¥ ¢

PRINT CHR%(2&)

PRINT "ATTENTION —— ATTENTION —— ATTENTION ~— ATTENTION"
PRINT "YOU MUST CHANSBE THE *FIELD’ BEFORE STARTING THE"
PRINT " PROGBRAM OF THE DISK."

PRINT * LINE = 2370"

PRINT:PRINT:PRINT CHR$ (7)
INFUT "ENTER THE FILE NAME";F$
OPEN "R", 1, F%

FIELD 1, 4ASD$(1),4ASD% ()
FOR J = 1 TO N

GET 1,J

FOR I =1 °TD M

X(I,Jd) = VAL(D&E(I))

NEXT I

NEXT J

CLOSE 1

RETURN
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