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ABSTRACT ‘

3

The spatial VBniabiliéy of Soil Physical Properties

- * . \ ? .
(SPP) was-investigated by developing .3 computer pragram. ‘The
,program was based on the Hybrid nonparametric statistical

method. -

°

/ ¢
& SPP (1.e. bulk density, saturated hydraulac
p St
conductivity, available’ water and field capacity) were
measured on two fields cultivated with grain corn on silty

clay loam soil (Site A) and sandy loam so1l (Site B)

respecflvely. Site A was located on the west of Urmstown,

Quebec, hear the Chateaugay River. Dnelhundredxand twenty

one so1l samplés were taken on a regulat gria of lLXI1L ,
meters. Site B was located in the Richelieu county, éuebec.

One hundred and twenty socil samples were taken on a regula;

grla of 30X30 meters.

. -
The Hybrlf model was applied to estimate the spatial
SPP on both fields. The

variability of accuracy, ana

relisbirlity of the Hybrid model was verified by comparaihg

the estimated SPP with the measured SPP. It was found that
the Hybrid method of estimation has the,potenti1al to be 4
A

good substitute fpr Kriging, a parametric estimation method.

%




. RESUME : | L

p - ) R b - x
)‘ . La varipbilité spatiale des prdp}iétés physiques du soy““~ .
* — * ' N

a été.gxaminée & l'aide d'un programme basé sur la méthode

statistique "Hybrig nonparametric". , .
"

~

¢

" Quelques propriétés physiques du sol, ‘densité,
conductivité hydrauliques saturee, eau poncérale et capacité
' 13
N .-
de champs, ont été mesurees dans deux champs de mais: une

loam limono argileux (Champs A) et un loam sableux (Champs

’

B). Le champs A etait situe & l'ouest c“Urmstowﬁ, wdebec,

prés de la rivieére Chateauvuguay. Tout vingt et un

échaut1llous furent recueurllis a interval réguliers sur une

‘[ surface de 10 m par 10 me Le champs B était situlG dans le

N
l’-

countG Richelieur. Lans ce cas, ou a recueuilli cent vingt

échantil lons sur une surface quadrillée de 30m par 30 m.

" .
. Q . . '
PR

LT e Le modéle " Hybrid" a été utilisé pour estimer la °

variabilité spatiale des propriétée physiques du sol des

¢ v

¢ N .
deux champs. La comparison des valeursSestimées et megurees

g‘ du~ champs a permis de vérifier la précision et la fiabilaté

\ g
v ‘ du modé¢le. ' ‘

i\l‘“ \\

%?’ o Q 3

Uu peut établir, suite a cette comparison, que la

méthode d'estimation " Hybrid" pourrait remplacer~la_méthodqu

.
N Kriginy ( estimatour parametrique’.
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T CHAPTER 1 ° : (

. - ‘ Introduction

E

4

0 The demand for accurate estimation of, Soil-Physical’
Prop?rtieaglséP) has led to the development of many
different geosta}isticél :%thods. These methods-were
primar;ly developed “over the past 37 Years to estimate ore
reserves in mining indbstries where accurate estimation of

>

the availaple resources is necessary.
Sail hydrologisti have recenply started to uss the‘
Kriging method in the estimation ;f~the gpatial variability
of SPP (Burgen and Webster, 1983; Vieira et al.; 1983{
Naderpour and Prasher, 1985). The studies indicated that
with proper 'aééumptions, the Kriging method prg%ided the
best unbiased estimation of the unknown soil property.
However, the assumptions implicit in Kriging have recently
béen scrutinized. According to Henley (1981) the
asgdmpgions are rarely, if ever,:met in nature. The validity
bf‘gonclusions based on Kriging depends on the degree to
wﬁiéh the assuthions are violated . Somi of these.

asgdmptions, that are e&pleined more in chapter 2.2.2 ,-are

o Al

as follow:

1) stationarity of datd - .
2). pormality oanaéa : : o R
3 additivity . - : ;
- -a)sugjedfivity associated with thé'use of
semivariograms R p )
: -, " S

o ‘:*\;?';’ ,r!,ﬁ.’
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Fortunately, there are statistical techniques which do
not requiré the';bove assumptions. These techniques are
"referred to as "distribution«free" or as "nonwparametric"
mefhods. In the past, nonparametric statistics have not
been seriouély considered. Recently, however, more emphasis
has been placed on studies of g;ological data which violate

the above assumptions. Vo

N,
"

Nonparametric geostatlstlcél methods can Se useful for
comparing non-normally distributed data, multivariate data
with missing values, and data measyred even on an ordinal
scale. There seems to be only one basic assumpf;on in the
nonparamettic approach = that the spagialivariatlon of the

'true or gleasured values' 1s everywhere continubus.

This thesis documents the first attempt to odel a
powerful and less restrictive technique called Nonparametric
Geostatistical Estimation Method (NGEM)-to investigate the
spataal variability of SPP. An accurate estimation of these
variables can improve the desigﬁ of drainage (or irrlgétioq)
systems and can be achieved by applying the NGEM model. The
application of this model minimizes the high cost of ieﬁor

‘ o

as well ag the required time in estimating the var}ability

of SPP.

Reported by Henley (1981), the Hybrid nonflarametric
estimation method yields the lowest sum of absolute

deviaticns. Therefore, it was used to construct a model

P
- .
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R
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wﬁyich was appiied to estimate _the spa‘tial variability of'*'
soil bulk density, saturated hydraulic conductivity,

g available water and fi';a'ld capacity at previously measured ov f
unmeasured locations in two experimental farms in Quebiec. In ~

3 fact, these properties would vary throughout a‘ny fie.ld with
soil types , .sampling %!%as, sampling depth fraom ground

surface and management practice. The estimations made with

the NGEM method are compared with the Kriging method at the
same location.

l.1 Objectives

WThe objectives of this study are:

\ ' |

l. To 1investigate the spatial variability of SPP Gsing a

nonparametric geostatistical estimation method

2. To perform the required field measurements

. . +

3. To develep a computer program on the IBM Personal "
Computer to simulate the NGEM . -
4. To estimate SPP at previously measured (ot unmeasured) ;|

locations by applying the above program and to compare the

)

estimated values with the-~original data

R L .
5. To compare the two estimation methods énonparametric

geostatistical Hyhrid method and parametric geostatistical

/ E

o Kriging nrethod of estin-mting spatial variability of SPP) i
g
. ] s
Y ot ? - {
3 o/
&
. “

7
o -
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The concepts .of this thesis are orgsnized as follows:

\ ’ r. . . % - ’ »
Chapter 2. The theory of :ﬁ;oskhtistics .and

parametric/nonpdaTémetric concepts.Adiscussion
f N

vre? . of various nonparametric. tests,

|
\

“

.

Chapter 3. A detailed analysis of a selected nonéarametric
test (Hybrid method) with the aid of a sample
problem. The description of the computer progfam'\

used to apply the Hybrid method of estimation.

/ ~

L.

i\ .

Chapter 4. Site specificationg and the ﬁechnlques for the

measurements of SPP.
i /

-

Chapter 5., Tabulated results of both the Hybrid and Kriging

J methods including experimental and estimated

’

values.

Chapter é. Evaluation of the obtained results and the
eummgry of details followed by the authors

recommendations.
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. o CHAPTER 2
Literature Review

The application of nonparametric statistlics in geology
is termed as nonparametric geostatiséics which is a
relatively new field. To the author's best knowledge, there
are no direct previous studies in soil hydrology in which
this approach has been used. Limited applications of
nonparametric techniques previbusly used will be discussed
in brief and will be followed by the fundamentals of

parametric and nonparametric geostatistics.

Parametric and nonparametric géostatistics will be
EE "¢« copmpared and the latter will be explained in detail in this
chapter. In chapter 3, the selected nonparametric method for

. ,this study will be aiscussed in detail.

e
2.1 Background . g

~

Lovering (1962) applied the KolmogoroveSmirnove
nonparametric sfatistica} test to examine whether copper
distribution in samples'takén from two gocw types are
significantly different, and the Spearman rankecorrelation

.

c method tc test the significance of the relation between

intensity of rock alteration and copper content“of the rock.

]

c - Nonparametric, or distribution free, statidtical tests

. ' 5 .
have been widely used ig Psyéhology and Sociology for

~
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sometime, but their application to geological problems are
relatively new (Lovering, 1963). - ‘)

’ ’ :

?

McCuen and James (19f2) applied nonparametric
statistical methods to detect hydrologic change caused
urbanization over a period of time. Parametric statistical
methods were not used in the since increase in urbanization

may alter the corresponging population distribution causing

the violation of conditions which parametric methods are

based on. Fortunately, nonparametric methods which-do not

' . require identical distribution can be used in this case.

McCuen and James (1972) concluded that the urbanization and

channelization increased the annual peak flood series but
%

‘: did not significantly affect the dispersion of the series.

Ghassemi and Prasher (1985) applied nonparametric
geosta¥istics to estimate the spatiaf variability of a
_soil phjﬁical property (i.e. saturated:  hydraulic &
conductivity). They wsed the Hybrid estimation technique to
estimate saturated hydraulic conductivities at pteviously

measured lacations. It was found that the nonparametric__

approach)gave comparable estimates to those given by

Kriging. e N

+

<

Mineral distributions such as lead are highly skewed in.
rocks. To calculate the total quantity of the mineral in a
B /lar%e volume of rock, the arithmetic mean can be used., But

v@ ‘ if one is iwterested in estimating the lead ocontent of a

.
3 4 (y
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randomly selected sample, the median would be more relevant s

( Hall, 1983).

Rock (1986) compares the location (medish),. dispersion
(variance) and overall shape of two or more indepenéent a
groups ofgaata<téing 5 nonparametricd tests pfogrammed in
Fort;an language. The five nonparametric tests uséd in the

\e
computer package are: Kruskal-Wallis test, Mann-Whitney

test, Smirnov test, Squared ranks test, and Vander Waerden

L

’ ; test.

2.2 Theoryﬁbf Geostatistics 47

The theory of regionalized variables was developed by

Krige (1951) and Matheronﬁ(l962) to overcoﬁe problems
concerning ore reserve estimation. A regionalized variable
is a random variable that takes different values depending
on its position within 'some region.\Alao a raqdom variable
is the variation measured between individual measurements.
Jougnel and Huijbregts (1978) describe the regionalized
variable by the correlation between neighbouring
measuremeﬁts. The theory. of regionalized variables has been
applied to a variety of subjects in the past. Geostatistics
makee use of this theory to construct a model which can
estimate variab%es at locations where no or few me;surements

<

were available. When estimating Soil Physical Properties

. (SPP), a given field is a region.-Any location within the
e field is random and SPP are considered as, regionalized
. - -y

‘ 7




"-gf{m ~ ? ?g
a & variables. The variable referefice SPP 'valuee are continuous ‘
] " avér the entire region. e? l
- The Kriging method, based on the theory of regionalized
variables, provides the best unbiased estimation of
unmeasured values with minimum variance. This method of
interpolation uses the degree of dependency between
neighboring samples to estimate unknown values within a
measured region ( Vieirg et al,, 1983). In geostatistics,

variables measured in a given region may be correlated. In
this case, values of one variable can be estimated using the
A3

measured values from all other variables. These estimations

v are -particularly useful in situations when one variable is

‘: more difficult to measure thén the other variable.

In all geostatistical techniques, Sémpling is preferred

.at randomly, selected sites to provide a befter'view of the

? nature of the population (Royle et al., 1980). Samples taken

from one site can not be represintive of the entire

L\pa.pulation since a.poor or a rich zone gives little

information on the nature of the population. Samples taken

‘close together (in a given region) would have similar

" . values, as compared to samples taken far apart. This
indicates that there is a correlation between sample values .

which is & functfan of distance between the samples. The

»

degree of correlation between sample values is usually

measured by the semivariogram function (Plewman, 1981).
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*The -first atep,in usiné'geostatistics is to construct
semivariogram of sample values. The importaﬁcé of th;g step
lies in a geostatisticgi procedu:e in which a theoretical
model is fi%ted to tﬁe se%ivariogram. Then, the sélected

theoretical model is used throughout the process of

estimation affecting all results and conclusions,

2.2.1 The Salivapiogram

A semivariogram is a measure of spatial dependence (or

the degree of relétionship) among neighbouring samples and

]

expresses characteristics of the regionalized variables
(0lea, 1977). A calculated semivariogram (or experimental
semivariogrem) is a curve representing lhe structure of a
deposit and'the grade variation in mining. Consider a number
of measured sample values’(ZN) within a region of area S.
The experimental semivariogram is calculated from the
following equation ’

~

N(h)
((Z(Xy) = 2(x; + h))? (2.1)

Y (h) = 1/2N(h)

i=]

whare: j .
X(h) is termed the semivaridgram
N(h) is the number of pairs seperated by the distance b
Z(X;) and Z(X; + h) are a pair of values seperated by a
distance h in & region of area S

An ideal semivarigogram is shown in Figure 2.l. A
semivariogram value is always positive and decreases to zero
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as the distance h approaches ,zanbv'lq reality; however as h

3pproadhes zero, Y(h) approaches a ﬁositivq value called

-

the nugget effect, CO' As the distance ﬁ increases, the 3
‘ »

semivariogram reaches a maximum value called the sill., For a

very large d;stance h, the sill value’is equal to .

¢

Range 'a' is the distance h at which the semivariogram

curve levels off (or reaches maximum). Measurements

Jseparated beyond disténce 'a“aré not correlated (Amegee,
{

1985)." A pure nugget effect exists when the range 'a' is

gmallef than the closest sampling distance. In this case,
N ¢

-

classical statistical-methods'or, even better, .

nonparametric approach can be used instead of a parametric

’

approach.
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° In, Fidure 2.1, as the dista?ce (h) between sample

’ points increases, the corresponding spatial variability

P f-\\\

. Vieira et al., (1983) defined a semivariogram as a

increases ag well. .

function of distances between sample points as‘well aé the
. direction of calculation. Semivariograms calculated for
different directions are different., Figure 2.2 represents
semivariograms calculated in the east-west and north=south
directions. The north=south semivariogram&ascends much more

sharply than the east-west semivariogram.
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Figure 2.2 Semivariogram in two major.directions after
Clark (1979). '
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The above Figure would indicate that there 1s a greater
" ) continuity in the eastwewest direction, To overcome the above

shdrtcoming, which is called anisotropy in parametric
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neastatistics, either the coordinates of the semivariogram

-~

< are Edjuated or different semivariograms are fitte& for .

different directions. o

2.2.2 Assumptions Associated with the Kriging Methad

.y _—
1) Stationarity of data
It was assumed that all samples no matter where they were
taken (in a given area), came from same.probabilit]

distribution., In other words, the statistics on the random

variable Z(X; + h) are the same for every lag h. The

variable is called stationéry of order K, depending upon~£he

number-of K statistical moments that are constants.

Genarally, the assumption of second~order stationarity is

sufficient to apply geostatistical methods. This assumption

implies that both the mean and the covariance of the' random

variable exist; the mean does not depend upon 'the location

and the covariance depends only on the seperation distance.

There is another assumption in geostatiés)refarred to
as intrinsic hypothesis or quasi~statiodarity. In this
agsumption, the distribution of the 'difference in measured

=~

value between two ‘samples is the same over the entire

1 region. The above distribution depends .only on the .
| orientation as well as the distance between the points
- ° .‘ ; ‘j
y (Royle et al., 1980). ;o
o .
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2) Nurmalily of data | T . . ;%
. [ 30 sla

5

%

"It is assumed that the data are normally distributed. ' oi
However, in most cases the data lfit no simple statistical |

distribution é&.e. nofmal, lognormal or gamma distr}bution).

ah

3) Additivity

El

Additivity is an assumption associated with parametric

geostatistics which is usually ignored in practicé. In
\ "~ geostatistical stu;ies, variaBles must be capable of
additive relation (Journel and Huijbregts, 1978). Thus, the
Kriging method in parametric geostaiistiés can not be
applied to SPP such as porosity and permeability, ;ince-
these properties are not additive. In such‘a‘case, a
transformation is required to convert these properties iato
. a standard form before Kriging. Howeyer, thé application of

( ' the Kriging method on noneadditive properties such as
o .4

temperature, porosity and permeability is not recommended

(Journel and Huijbregts, .1978). 7 (//

4) Subjectivity :

The subjectivity associated with the use of a semivariogranfX
may be computed from Fhe data set undér investigation or
Fram same other data se£ which has a postulated relation;hip
with it. The semivariogram will quite often depart
significantll from all of the theoretical models, and
t . skillful interpretation is required to fit one, or more .;

?
’ \\\' models to the empirical curve, which is subjective: There is

4

little justification for preferriffg one model to another.
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The other problem of semivaiingrams is that' they are

generally anisotropiq depending on. the direction of

"calculation (i.e. the semivariogram calculated in north.

gouth direction may differ from the semivariogram calculated
in eastwwest direction). &

2.3 Nonparametric Approach

Statistical techniques were developed primarily for
biological, medical and agr;cultural applications. These
techniques works well for the case where data are normally
1Estributéd or have little deviation grom a normal

stribution. For the case where‘data distribugﬁon departs

significantly from a normal distribution, these techniques.

-

will provide misleading results. Nonparametrie or
"distribution~free" statistics can be applied toc many

b
practica%yproblems in geology or soil hydrology where data

are nons.normally distributed (Hall, 1983).

Nonparametric geostatistic methods have been developed
* . L]
recently, since many existing methods (i.e. Kriging) do not

give satisfactory solutions toymany practical problem that
/

might. be encountered (Henley, 1981). They provide an -

estimation tool with as great a range of validity as
po;sible, while assuring“a solution which is qptimum in the
sense of minimizing ;bsolute deviaiiong. As Henle§ (1981)
exp lained, the principles of theseytechniques are applﬁca@lé

to a wide variety of subjects, ingluding geaphysics,

14
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meteorology,* ecology, geography and oceanaography. Actually,

nonparametric geostatiséics can also;be applied to subj%c@s

where'Kriging (parametric) methods can be usgd.

. J
Nonparametric methods . that reéquire minimum assumptions

are called 'distribution-free' statistics. Distribution=~free
techniques need no det;iled assumptions orhknowledge of the
form of the distributions. The only aqsﬁmption made is that
the spatial ygriatioh of Fhe 'true or measured‘value' is

everywhere continuous irrespective of the 'true or measured

value' distributian.

In the nonparametric approach, small sample sizes (or
small numbers of data) are permissible, whereas in the
parametric approach, large sample sizes (or iarge numbers of
data) are required (McCuen and James, 1972). Data measured
in any of }our scales fi.e. Nomingl, @rdinal, Interval ok
Ratio)‘can be used in honpar?metric methods. Some
nonparametric methods are made -more powifful by 'transforming
the data F?om numerical scores to ranks or signs. The loss
of -information due to such s t;ansformation is less
signigxcant than the addition  of false information caused by

using a parametric technique when the assumptions are

violated.

L4

In géneral, nonparametric methods are easily understood
and require simple mathematical computation as compared-with
parametric methods. Multivariate data are treated simply,

. )
variable by variable, regardless of datum distributionpmﬁs

15
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; & ‘ Lovering (1963) explained, c3mputer pragrams are not '

generally available to apply nonparametrie methods in

geological egtimations. -
' ' P )

One of\fhe main‘reasons for developing nonparametric
geostatistical methods is to deal with high coefficients of
valrlatio}) b% measured prope:rFles (i.e. hydraulic#
conduéEiv1ty). For less variant propertf%s (i.e. water table
elevation), experimental variograms can be constructed from

: ' .
avallable data to represent the main feature of the subject

under study (Journel, 1983). N

1

In practical geostatistics, two solutions are available .

to overcome problems caoncerning highly variant properties.

1) Discard the high-valued data. .
g ) Yo
This 1s not acceptable for data carrying the most valuable

e
information about a phenomenon.

2) Smooth out the data by any smooth transformatuian.

Data can be transformed to a smooth function by taking thear
A square roots, natural logarithms, or normal-=score
\ transforms. All smooth transforms are nonlinear and require

nonlinear estimation techniques.

\ To avoid the problems associated with these methods.

* L
nonparametric distribution~free techniques should bejsused. <
Mos& 6f the distributione-free techniques plot a uniform

*distribution of raw dats graphically by ranking the

" | : 16
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‘, + —observations into iﬁdreasing value and work on the new
' . . ¢ 5,
unifbrm distribution (because ranks are uniformly K

N
. \\
A}
3

* %istribgted irfqgﬂ!btive of the distribution of the sample
or of the population). All the calcu}ations are performed on
the ranks -and not <on the original observations. In any
ranking syqtem used in this study, the lowest datum has a
rank of one where as the highest datum has a rank of n. In
nonparametric geostatistics, anisotropy is coensidered as =

property of the data set.

The transformation of the observed distribution into a

uniform distribution 18 called a first transformation. In

-3

some nonparametric techmiques a second transformation 1s

required to calculate the cumulative proportion of the

distribution., Nonparametric techniques are not concerned
[«

with the distribution or parameters of the population from

which a sample 1s drawn. Therefore, they are referred as to
Y 0

nonparametric‘statistics. The application of nonparametric
statistical techniques in geology (or in soil and water) is

xermed as nonparametric geostatistidal methods.

2.4 Nonbagemetric Tests
Y

In order to choose an appropriate nonparametric test,
the following factors should be considered: bias in a test
or estimator, consistency of a test, efficiency (or poﬁer)
and re juired measdrement scale. Two classes of nonparametric .

o statistical tests, includi‘nc_“q .tests for randomness of a .ﬁata

»

set as well as tests of distribution, will be discussed )

’ ’ v .
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here.

. &
2.4.1 Test’of Randomness )
\ , .
Tests of randomness are used to verify whether a
sequential set of data is randomly distributed. Among all

tests for randomness, Mann's test and the Runs are exdlained

in more detail. {

2.4.1.1 The Runs Test

A~ run 18 & set of similar adjacent observations. For

numerical data the median is found and each observation 1is
compared to;(t%e median., If the observation is higher than
the median a (1) sign is assigned and 1f the observation is
lower than or equal to the median a (0) is assigned. If the
total number of observations is g,a run is a set of similar
ad jacent observatiogs with a maximum n of runs and a

minimum of two runs (Siegél, 1956). Data sets with an
extremefnumber’of runs (high or low number of runs) are
expected to be non-randomly distributed, whereas a more
moderate number o} runi would indicate a randonm,
dist;ibution. It is possible to test for randomness using
the critical region or’probability approach in nonparametric

statistics.

2.4.1.2 Manp's Test ' {
< . o ) ‘ M

This test is used to verify the existence of randomness
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AN ° e 18 +

L]




- - . . - S P LA . S T A O TR S

. N P T v . s . v Teetn ’ . ot ] PR AT 3 T, OB Ry

[T U i ;) AP ol R - - LI - g - O y ‘\('4 \ R “‘('y%,“"f
. ,

N .
- » , N
: - \
w

or trend in a datwa set. The Kendal coefficient is used to

<

measure the degree of correlation between two variables. i

Computation of Kendal's tau is explained in more detail inr

[

Lhapter 3.3. }\ ,
' \
2.4.2 Test of Distribution ' ,
‘ Among several tests used to medsure the goodness of 8

fit between a theoretical and an empirical distribution, the
Kolmogorov-Smi}nov test has a better performanoe and more

flexibi1lity. For example, the chi-square test can be used in

P

grouped data but is not sreljable for small sample sizes

@Ei (Henley, 1981). The Kolmogorov Smirnov test is discussed in
more detail in Chapter 3.2. % i~
- \

2.5 Nonparametric Geostatistical Estimation Methods ‘

There are seve;él estimation methods such as the linear,
estimation method, the moving median methody the simple
median method and the varying quantile method. They are

described briefly in the following pages.

’

¥
2.5.1 The Linear Estimation Method

[y . N

The simplest case of a linear estimator can be shown ags P

. . * . i

os‘ N T = Wl gl + W2 02 + eee + Wn gn " (2.})‘ o* :?E
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where T® is the arithmetic mean of all b®bservations gy A
(where izl,...n} with equal weight W; for all oﬁservationa(/ﬂt>
AN

~ -

(a value of 1/n). Since T* is an unbiased estimation of a
.true value T, the estimation error would approach zero
(Clark, 1979). The above simple linear estimation model

minimizes the sum of squares of deviation between measured

and estimated values,

-~

2.5.2 The Moving Median Method

The moving median methods is one of the simplest and
most widely wused techniques in geostatistical
interpolations. For the estimation of an unknown point «P),
a search area (circular or square or rectangular) is

considered, centering at P. Observation points close to P

-

would have more probability (or weight) of representing the g

value at'point P than observation points further away. The
weightings are a function of the distance of a given

observation point. This method is explained in Chapter 3.l.

.
2.5.3 The Simple Median Method

Other techniques such as simple median metheds make use
of all observation points in the searPh area with equal
weightings. These techniques do not minimize the sum\gf
squared deviation and would result}in poor estimation

(Henley, 1981).,
nd”
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2.5.4 The Varying Quantile Method

The varying quantile ﬁethod is very gimilar tdtthe
method used in the nonparametric estimation model (Hybrid
method’ in chapter 3). In this method, the estimatog\is very
flexible and is used for an unbiased estimation of the true
—value at any given poiné. As Henley (1981) explained, this

m;ethod is less stable, resulting in serious problems in
‘estiméting near maximum and minimum Qalues, as compared with
mean and median methods. A Hybrid method was then ;roposed
to overcome the problems. This method was used throughout
this study for the estimation of unknown SPP and is

explained in more detail in Chapter 3.

e

N
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_ CHAPTER 3 | D

Nonparametric Estimation Model

- *In the nonparametric methodt an ogtiqél solut@on of the
eatfmation problem is reached by %inimizing\the‘sum of
abs&lute deviations. An estimation probl;m will be
approached, as follows:

For each point to bg estimated, every available observation
is assigned a weight which reflects an inflerred probability
that it is an independent member of a seé of posnts defined
as the local neighbourhood of the point to be egtlmated.

There are two strands to the concept of 'independent

membership': independent and membership. The probability aof
membership may be related purely to distance from thqvcenter
of the set, and some type of distance weighting can be

i
adopted (Henley, 1981). Equal weights are assigned to every

observation within a set to indicaste the relative
independence of each observation from all other
obéérvationa.

In the present study, the hybrid nonparametric
estimation method is applied to estimatg the sgpatial
variability of saturated hydraulic conductivity, sdil bulk
density , available water and field capacity since it is
reported by Henley (1981) to yield th% lowest sum of
absolute deviations. However, the steps involved will bel

demonstrated by applying this method first to a very simple

"@; estimation problem as shown in Figure 3.1 (Ghassemi and

)

J . ,

Prasher , 1985).
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Figure 3,1 A two dimentional estimation problem, after
Clark (1979).

3.1 Distance Weighting

Distance weighting is a system of weights 1in whaich
every point (within the radius of search of a point P which
has an unknown value) has some probability of belonging to
the neighbourhood of point P, {nside the radius of search, a
point closer'to the center has a greater probgbillty to
represent the point P than one farther away. Any point

outside the radius, of szarch has a zero probability.,

In the present study, we are dealing with a two

23
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dimensional case (plan view of the field) and therefore the® . %
weighting function can be expressed' as: :
3 !
hg = (dpin/d; )7 (3.1) -
where Wy 1is the weighting at the ith point, dpin 18 the
disgance of the closest point to P, d; is the distance of
the ith point from the point P (Figure 3.1). The distance
weights are shown in Table 3.l. .
L
-
Table 3.1 Weighting for the estimation problem of Figure 3.1 )
Loc. Dis. Obs. Dis. Cluster Final Corrected
from P wvalue wt. wt. wt. wt.
(m) (Wy) (W) (g * W)
1 21.54 4ii l.utG 1.368 1.36%, Le355
2 30.00 280 0.516 1.992 1,027 L.266
3 31.62 48U © U404 1.662 L.762  L.lJo .
. 4 50.00 380 G.186 i.642 0.305 0.079
5 70.G0 320 L.U9S 4.169 Ue395 LolbL3
3.2 Cluster Weighting
The probability of independence is related to the
spatial clustering of the observations, and the
probabilities of their belonging to each other's local
( ’ membership sets.

24
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For any set of obéqrvations a set of'dndqpendenp or
cluster weights can be generated. A cluster of obseévetions
grouped more closely than the average sampling dénsity
represents a deviation. The degree of deviation of a sample
from a theoretical distribution may be tested by Kolmogorov =
Smirnov test. L

The problem is to determine, for each observation
point, the degree of deviation from an ideal random
distribution in space. The cluster weight of any observation
point (i.e. W,(P)) can be calculated if the distances

between that point and N surrounding points are known.

"

We(P) = Fp+ / Flp+ (3.2)

where Fp+ is the ideal distribution and F'py, is the sampling
distribution. If there is no positive deviation from the
ideal line, then this maximum occurs at asl, F(a) = F'(a) =
1/N and the ratio is thus one. The calculations for cluster
weighting of point 4 is shown in Figure 3.2 . Cluster
weighting is a function of cumulative area and the number of
observation points yithin a given cumulative afea. For
exgmple,_in Figure 3.2, the cumulative area at.point 4 is
zeto where as the cumulative distribution is 1/5 (or l/N).
Each observation point has an equal distribution weight.
Different circles (centered at point 4 ) with increasiné
radius were considered (or different square or rectangular

areas) and the corresponding cumulative areas as well as the

25




number "dF points within each cumulative area were measured
" to construct the Figure 3.2, The last cumulative area
c:)ntai@ 5 points and the corresponding cumulative

distribution is 5/5 (or N/N).
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Figure 3.2 Ideal (F)and observed(F*)distribution
function for observation number 4 and every
other aobservation.

The ideal distribution line is drawn with an angle of
45 degree at point 1/N (i.e. 0.2) on Y=~axis (Henley, 1981).
Cluster weight W.(p) for point 4 was cal'culated:to be 1.64
where the maximum deviation occur between the measured and
the ideal distribution line. Table 3.1 has cluster weightding

@ ) for all observation points.
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The cluster weights have one great a&vant;ge‘over
Kriging weights they are intended to replace: that they need
to be copputed only once for the whole data set,‘snd nat

separately at each point to be estimated (Henley, 1981).

L]
/

Because the above two probabilities (distance and
cluster weiéhting) are in fact independent, the vresultant
weighting is merely their product. This weighting is’also

shown in table 3.l.

*

3.3 Computation of Kendal's tau

This parameter estimates the degree of correlation of

two variables or of the same variable at two locations. Tﬁé

various steps involved in the computation are as follows:

1) Order the data into a sequence of increasing distance

from P within the Aeighbdrhood.

2)Compare each variable X; at location i with each more

distant value Xj at location j and record +1 if Xj <Xj»

-1 if Xj:>X1. The calcdulations are shown in Table 3.2.

3)Sum algebraically the indicators +1 and :1 and calculate

Kendal's tau as
" tau = (Algebraic sum) /({05n(n=1)) (3.3)

where n is number of pairs of (X;, Xj) considered within

the neighborhood.

27
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Kendal's tau can have -value between +1 and -~1. A value

A

of +1 indicates that all more distant values are lgggrdthan

AR T3
PR R

all closer values. A value of =1 indicates the reverses A

value of zero implies an absence of trend in values related
to distance from point P, Kendal's tau was found to be 0.2

for the .test p}oblem. The above technique is used to

>

calcylate Kendal's tau in Mann's test.

)
Table 3.2 Calculation of the Kendal's tau for the test
problem of Figure 3.l

i

4

Distance  Measured Obs. Indicators,
from P value number 1 4 3 i 5
(ft)

21.54 400 1 0 +1 =l +1 +1

30.00 280 4 0 =l ]l =l
J1.63 450 3 0 +1 +1
50.0C 380 2 U +1

70,00 320 5 U

1

(actual score)/(maximum possible score)

Kendal's tau ( T)

z U2

3.4 Computation of Quantile

The term quantile ig used in relation with the data

that is reordered into ascending value of X such that for
y .

every i, X. <X; then quantile refers to any point between
i i+l X

L4

28

. P e T 4
v e T ey




A y

A\

and including the maximum and minimum reordered data values.
The value of quantile fies at .some vaida'between‘zerp and

one. In thelﬁybrid method, the quantile, q, is estimatgd

from

| ‘A? n n
" g =75 + (tau/2) (;vdi -~ /T W4y o (3.4)
, i= i=1

- For §P13 test-problem, q,qFrom the above formula, was found

ta be 0.56.~0nce the quantile is known, the estimate ét P is

computed as '
. J .

X(P) = quantile(F (X)) (3.5)

where F is a weighted distribution function in which each
X; value is assigned a weight W; where W; is the product of
cluster weight and inverse distance weight for observation

i, and'to ensure unbiassedness,
n 7 .
E Wi = l . A (3-6)
i=1 .

The function F, is plotted in Figure 5. It should be noted

\ that in plotting the F =function, values are ranked first in

the increasing order. The estimated value for P is read-

from the Figure 3.3 as 386.1.

2

) It may be noted here that Clark (1979) has estimated a

) value of 372.8 for the test problem. She used Kriging to

0

estimate the value at P. Our estimated value is very close

-

to the Kriged estimate.
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3.5 Description of 'the Computer Program

’

The computer brogram is written in Basic language. It

runs on an IBM Personal Computer with 256K bytes memory. It
was decided to have the.program in a compiled version as

this speeds Q&ﬁcution. An PVB“ faster @xecution of the
o

\
program can be achieved by @ the ‘8087 chip.
5 \ » .
The ¥rogram is sufficiently flexible to belﬁléd for a

[

rendom or a Fixed sampling taken Frq€ a field of any size.
/ L 4
For this study, the program was used to estimate the

Fbllow1ng so1l physical properties: soi1l hydraulic
Tt

conductivity, so1l bulk density, field capacity and

= . ;
D »

~ A
The program consists-of a main program and two

ajallable water, //,1 A

7

subroutines: Hybrid 'and Output. 'f\ -

-~

The main program is used to create/edit a fi'le. A user

is prompted to input the raw data ( fﬁ Yy, measured values)

for any point (x, ¥y standlfor the spatial coordinates of the
measured value). These data arg/coliected by the progfam in
a file. This file is then read by the subroutine hybrid.
Another feature of the main program is the possibility.of
editing;\data. The new data line replaces the o0ld one.
Throughout the program an extensive error checking routi;e
1s conducted. At the end, control is trangferred to the

subroutire hybrid.

31 .
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Subroutihe Hybrid tonsists of several oather

subroutines, ndmely, Cluster, Sort, Area and Search.

. Cluster : This subroutine calculates cluster weighting for

every observation. This value explains whether
sampling is performed uniformly 6or clustergd at
certain locations. In the latter case, the final
estimation will be affected by the nonunf¥Formity

of gampling. This subroutine uses subroutines
[\

sort, area and search to calculate the final
)

welghtlhg.

Sort : This subroutine 1s used to sort the distance between
any point and 6 other neighbouring points 1in an

increasing order. [t also calculates the distance

weightigg.,

Area : This subroutine calculates the area of a circle, by

-
e

using the values(fromt/gubroutine Sort as the radius

>

‘and any given point as the center.

Search : The main calculation forofcluster weighting 1s done
in this subroutine. The ciuster welghting 1s
\
calculated as the ratio of the 1deal distrabution

to the sampling distribution where mi3ximum !

-0
Pl

deviation orcurs between the two distributions.
\
P v
: Kendal's tau and Quantile ( no%parametric terms) are

é
calculated as a part of the subroutine Hybri‘<




T G T G AT VR
N IR I SR U PR oy, el Pl s 3 AR
d .
E e N d R I T X

-

= e
R

Kendal's tau : It estimates the degree of correlation of a

7]
1
3A
&
3
o
o
e
b
+
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variable at two locations., Data are sorted in
an increasing order of giatanée. The value at
each location is compared with the value from
each more distant location. Scores of -1 or
+1 are .assigned duet to decreasing or °
increasing of v;lues. Kendal's tau 1s
' calculated as the ratio of the algebraic sum
° of the scores to the total number ofposiglve
and negative scores, This value 18 used to

calculate the term gquantile.

Quantile: The term quantile refers to any point between and *

/
lnclud{ng the maximum and minimum recorded data
' ¢

values. The quantile value is used for the final

step of ¢the estimation technique and s

calculated from the following equation: ‘

y Q = 0.5 + (tau/leﬁ (Wtotal - 1)/(Wtotal) -~

Where Wtotal. is the total .distance weighting. For

’ every point and 6 neiéhbouring points, the ranked

-

measyred values and their cumulative final

N weights are plotted. Each calculated § on the Y=

ey

axis, corresponds to a valueé oh the Xeaxis.\This

is the estimated value for the unknown point.

”

ithese results ere written to a file., This file has the
" ) same name as the data file .except for its extension (.out in o

33
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this case). The program now chains to the main where an @

opportunity is given to the user to proceed with énother

data set._ "
é

Subroutine Output can be used to print the final

results in a formatted form.

Y
N A step by step execution of the program can be found in
R .
Appendix C. N
f
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CHAPTER 4

Field Measurements

4,1 Field Sites

The research was done on two experimental farms,
properties of Mr., Peter Finlayson (Site A) and Mr. Leandre

Charbonneau (Site B).

4.1.1 Site A

The experimental farm 1s located approximately three
kilometers west of Ormstown, Quebec, parailel to the
Chateaugay river. A 13.5 hectare experimental site 1is
cropped under grai¥n corn. The topography of the field is
relatively flat w¢ﬁh an-average slope of 0.2 % toward %he
Chateaugay river. K\Hﬁw\fghjﬁ}face drainage system was
installed in this field in 1983 due to blockage of the

previous system which was installed in 1977.

The soil type is classified as an Ormstown silty clay
loam. The soil profile —consists of three layers as
described by Baril and Mailloux (1950). The first layer is
up to 12.7\3y thick, consisting of light gray brown silty
clay( loam. The second layer is white to light yellowish
silty|clay loam varying from 1.3 to 5.0 cm of thic&ness. The
third layer starts from undernewth the second layer and

Ve

congists of light gray brown silty clay loam.
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4.1.2 Site B

This field is located approximately 24 km south of
Sorel in Richelieu County, Quebec. A 10 hectare experimental
field is cropped under grain corn. The topography of the
field 1is relatively flat with a maximum variation of about
50 cm (Von Hoyningen, 1984). A subsurface drainage system
with lateral spacing of 30 meters was installed in this

field in 1972.

The soil type 1s classified as a St. Samuel loamy‘sand
soil consisting of three layers. The top layer is 30 cm
thick consisting of i‘dark brown fine loamy sand. The second
layer is 138 cm thick with an olive pale medium sand. The

third layer is tonsidered as an impermeable layer with a

clay sail starting from underneath the second layer.

4.2 Collection of Undisturbed Soil Samples

4

Undisturbed soil samples were taken on a regular grid
of 10x10 meters at 121 locations from sitqu (Figuré 4.1)
with the help of a core sampler (Figure 4.2). One hundred
and twenty soil samples were laken from site B on a
reqular grid of 30x30 meters. These soil samples were
measured for SPP such as available water, field capacity and

soil bulk density. Naderpour (1986) measured the SPP at the

Charbonneau farm.
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\
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1 GUIDE AND SUPPORT ROD

3 SOIL—CORE CYLINDER

All Dimensions in mm

Figure 4,2 Schematic diagram of the core sampler.
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After digging the soil to the required depth (25 cm),
’soil samples were obtained as follows: core samples was used
to drive an sluminium cylinder of 50 mm inside diameter‘and
40 mm axial length into the soil, The cores were removed and

the excess s0il was trimmed off with a knife. To minimize

3
drying and disturbance of the soil samples, the cores were
placed in plastic bags and carried carefully 1n a box to the
laboratory. These samples were stored i1n a refrigerated room

to prevent bacterial growth.

4.3 Measurements of Soil Physical Properties

The core samples obtained from site A wére Qsed to
measure the following soil physical properties : available
water, field capacity and soi1l bulk densaity. One end of each
core was fitted with a mesh cloth which was held aon to the
cylinder by an elastic band. The mesh retained the so1l
during saturation and measurements. The cores were then
saturated‘ in a plastic contaimer by adding water to a depth
of 10 mm beléw the top of the cores. Saturation was

generally accomplished i1n one day.

In order to measure the soil moisture retention curve
from which available w;ter and field capacity was
calculated, differént devices were used for different ranges
of matric potential. The Haines=funnel was ugeé up to
pressure heads of 0.l bar. Pressure plate was used for

pressure heads in the range of 0,1 to 10.0 bars.
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4.3.1 Measurement of Sgturatad Hydraulic Conductivity

Saturated hydraulic conductivities were measured at 12¢
locations on a regular grid of 10xlU meters in site B using

the auger hole method. —

4.3.2 Available Water ’ -

Available water is the amount of water that 18 held 1n
the soil between field capacity and permanent wilting point.
This amount of water which 18 available and can be used by
plants for transpiration depends on soil texture (MacKenzie
et al. 1983)., fFor example, permanent wilting poant for silty

clay loam soil (Site A) was taken as 10 bar.

The avallabl‘pwater 1s calculated as the difference
between the volumetric water co::fnt (@) at 0.33 bar (field
capacity) and the permanent wilting point at 10 bars for the

-
silty clay loam soil.

4.3.3 Field Capacity
&
Volumetric water content at field capacity 1s defined

as the amount of water held in the soil two or Ehree days
after it was saturated by rainfall. The two forces acting on
a saturated soil are the capillary action (suction) and the
gravitational pull (MacKenzie et al, 1983). These two forces

cause the water to move from the saturated to the drier

soil. The water movement through the soil will eventually

40
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become very slow as the soil reaches a'relatively constant -7

moisture content (at 0.33 bar). The soil water content at

this stage is called field capacity. .

4.3.4 Measureaent of Soil Bulk Density

At the end of the experiment, the soil samples were
2]
ovensdried at 105C., Soil bulk density was calculated us1ng\

the following equation o
pb = MS/Vt . . (Q.l)

where Mg is the mass of oven~dried soi1l and Vi 1s the total

volume of soil gsamples.

4,3.5 Haines«Funnel &

For a high matric potential range (0 to=-0.1 bar), the
Haines funnel was used (Figure 4.3). After saturation, the
cores were transferred to the Haines suction funnel and each
one was pressed firmly on to the surface of a poraous plate
to establish good contact. To minimlg; the evaporatio; rate,
"the funnel was covered with a large rubber stopper fitted
with a Eapillary tube this allowed equalization of pressure
with the atmosphere as suction was increased.'Also, the top

of the burette was covered. ‘

N T
\
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Suction was applied to the bottom of the samples by
means of lowering the water level in the burrette and
waiting until’water outflow ceased. To ﬁatablish
equilibrium, which took about 24 hours, the amount of water
extracted from the soil was read from the‘burrettea to

calculate the volumetric waier content at each equilibrium

point.

The moisture retention curve was established after the
last equilibrium was completed. This was calculated by
subtracting the saturated weight of the soil sample from the
ovensdried weight to get a gravimetric yater content, and
then calculating the volumetric water content at each

"equilibrium point. The volumetric water content ( §) can be

Il

calculated from following relation:

9= W Py/ P / (4.2)

where f is soil bulk density,

and W 1is tha'gravimetric water content calculated as

follows:
W - MW/MS (4.3)

where Mw is tge mass of the water in the soil and MS is the

mass of oven=dried soil (Mehuys, 1983).

4.3.6 Pregsure Plate

)

For low matric potential, presstire plate extractors
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"capable of a pressure ranging from 0.1 to 15 bars, were .
&

used. These consisted of several porous ceramic plates with

different pressure capacities (Mehuys, 1983).
[ %

The specified cabacity of each plate was taken to be
that pressure at which air would just begin to enter 1it,
after the plate had been previously saturated with water.
These plates were alwayé kept saturated while air pressure
was applied during suétioﬁ testing. The air pressure was
supplied by a;egulator aHd a compressed air cylinder and
was measured by a manometer or a pressure gauge (Figure

. \
6.4).

¥
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Figure 4.4 Pressure plate e&tractor for pressure ranging
v from 0.1 to 15 bars.
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CHAPTER 5
. /~

Results and Discussion

L4

™

The computer program developed 1n the present study 1is

based an the nonparametric Hybrid estimatzx\on/model. T;\e
program description and 1listing are brefented in Section 3.5
and Appendix B, respectively . The program wés used to
estima/t\e\ so1l physical properties (i.e. bulk density,
hydraulic conductivity, field capacity, and available water)
at previously measured locations, one by one, to check 1its
accuracy, Estimatlon‘a"'f‘rom the Hybrid model were also“\}/

compared with the estimations from the Kriging method

(Naderpour, 1986).

o
‘;t, -
The results of ¢t Hyb‘{’xd estimation method are
cor%ged with the measured SPP from Site s A and B. The

Kriging method was only applied at Site 8. The results from

Site A will be discussed first followed by the resiults

r

from Site B.

5.1 Soil Waters Retlention (Site A)

From a field of 1U0X10U0 meters, one hundred and twenty
one so:rl samples were taken from Site A on a grid of 10X1U

meters. The wma.ention curve of each sample was

;f experiwentally determined. The Volumetric Water Contents r

//

0 (V.W.C.) at different suctuén pressures were measured. These

values are shown 1in Table A5.,1 for suction pressures

\
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ranging from O to =10 bars. The water retention curves were

used to calculate the field capacity and the available

water.

5.2 Soil Bulk Density (Site A)

13

-

Bdlk densities were calculated for 121 soil samples
(Table A5.2) as described in Section chapker 4.3.4. The
Hybrid estimation method was applied to estimate bulk
density at the locations from ;%1ch the soil samples were
taken. These 'estimations are given in Table A5.3. The "
measured values ranged from 1.21 g/cm3 to 1.80 g/cm3
indicating some variatgon of bulk densities between

locations. The estimated°values ranged from 1.27 g/cm3 to

-

1.69 g/cm3 ?how1ng lesser variation than the measured
values., The big difference between the highest and the
lowest measu;ed bulk densaty is probably due to changes in
the soil texture throughout the field, soil compaction in

v parts of the field, large sampling intervals and the small

gize of the core samples. The estimated and measured values
were compared. It was found that 97% of the measured v&lues
were in the raqgé of plus/minus two standard deviations of

estimated values.

@ . -
’ o . : . \
5.3 Field Capacity (Sife A) ) /{
"@ Field capacity is the maximum soil moisture content

-
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that can be obtained under normal agricultural conditiops.
<
It was estimated, for 121 soil samples (Table A5.2) f/om
. {
the soil water retention curve at 0.33 bar suction pressure.

The Hybrid method was used to estimate the field capacity at

121 locations. The measured and estimated valuesZare shown .

in Table A5.4. A comparison was made between the meagured
and estimated valueg, It was found that 99% of the measured
val@}s were in tHe range of plus/minus two standard
deviations of estimated values. The above comparison

confirms the validity of the Hybrid estimation method.

5.4 Aiailable Water (Site A)

Soil water content between field capacity (0.33 bar)

and permanent wilting point (10 bars, in this case) can be

used by plants. This is called available water, an important .

factor in irrigation scheduling.

The experimentally determined available water values
were calculated iﬂ volumetric dimension as descriped in
Sectiod\A.S.Z. These results are shown in Table AS5.2. The
Hybrid estimation method was applied to estimate the
available water at the 121 locations from which the soil
samp les were taken. The measured and the estimated values of
available water are given in Table AS5.5. The medsured values
range from 2.2 to 9.6 percent per volume. This shows
refatively high- varjation among measured values at different

locatjon’s. This may affect the estimated values at or near
-~ 47
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high/low measursd values. Since fine textured soil ho?ﬂs

more water than coarse textured soil, variastion among

measured values is due to variation of s80il texture

throughout the field. The estimated values range,from 2.95
to 8.17 percent per volume which vary less than the measured
values, In order to check the accuracy of the estimations,
the measured values were compared with the estimated values.
It was found that 94% of the measured values were in the
range of plus/minus two standard deviations of estimated

values.

5.5 Soil Bulk Density (Site B)

The Hybrid and Kriging estimation methods were applied
to the measured values of soil bulk deésity from Site B.
Soil bulk density values and their corresponding estimations
from two different techniques for 120 soil samples are shown

in Table AS5.6.

‘The measured soil bulk'density values were compared
with the estimates obtained by the two estimation methods.
The results show that in 45% of the cases, the Hybrid methoé
provided a more accurate estimate, as compared to 55% for
the Kriging method. Furthermore, the sum of the absolute
values of deviations of the estimated values from the
measured values were calculated. A value of 7.30 was found

for the Hybrid method compared to a value of 6.53 for the
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Kriging method. From the two comparisons, it cpn'be
concluded that the estimates from Q?e Hybrid and Kriging
methods ére not significantly different from the measured
values. It was also found that 100% of the measured values
were 1in the range of plus/minus two standard deviations of
estimated values for the Hybrid method. A value of 97.5%
was obtained for the Kriging method. This 1indicates that the

Kriging method 18 more sensitive to high/law valued

observations than the Hybrid method.

From the above comparisons, one can conclude that the
Hybrid method 1s a valid method Fo%he estimation of so1l

bulk density.

LY

5.6 Hydraulic Conductivity (Site B)

Both estimation methods (Hybrid and Kriging) were
applied to 120 measured values of hydraulic conductarvity.
The‘gst{ﬁated and measured values for both methods are shown

in Table AS.7.

The results show that in 43.5% of the cases, the Hybrid
method provided a more accurate estimate, as compared to
56.5% for the Kriging method. fFurthermore the sums of the
absolute values of the deviations of estimated values from
the measured values were calculated. A value of 57,11 was
found for khe Hybrid method compared to a value of 50.36 fdr

14
the Kriging method, Further, 1t was found that 100% of the

49
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measured values were in the range of plus/minus two standard

déziations from the estimates obtained using the Hybrid
methode A value of 95% was obtained for the Krigang method.
Due to the high variabiaility of hydraulic conductivity
throughout the field, 1t seems dafficult to predict a single
value for the entire field. This is one of the biggest
challenges for the soi1l hydrologist in drainage design. The
best drainage design should take into consideration the
variability of hydraulic conductavity (K) by estimating
different values of K for different parts of the field. This
will result 1n an efficient drainage system with different

drain spacing in different parts of the field.

1
Since there 1s no significant difference between either
of the estimations (Hybraid, Kriging) and the measured
values, 1t can be concluded that the Hybraid estimation 1s

valid to estimate spatial variability of saturated hydraulic

conductivity,

$

5.7 Available Water (Sitrg B)

Hybrid and Kriging estimation methods were applied to
120 available water values., The estimated and measured

values for the two methods are shown 1n Table A5.8.

The estimated values for both methods were compared to
the measured values. The results show that in 49.5% of the

cases, the Hybrid method provided a more accurate estimate,

A
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as compared. to 50.5% for therKriging method. The sums of the
absolute values oﬂiﬁé deviations of the estimated values
from the measured values were calculated. A value of 157.8G
was found for the Hybrid method, as compared to a value of
151.42 for the Kriging method. It is clear that the Hybrgdd
and Kriging estimates are very close to the measured values,
There 1s no s{gnificaht difference between the two\;stlmated
values for‘available water. It was also found that 100; of
the measured values were 1n the range of plus/minus two

standard deviations from the estimates obtained using the

Hybrid method, A value of 97.5% was obtained for the Kriging

method,

From the above comparisons, one can conclude that the
& ]
g§ Hybrid 1s a valid method for the estimation of available

water, A

5.8 Field Capacity (Site B)

The Hybrid and Kriging estimation methods were applied

to 120 values of field capacity. The values of field

capacity and their corresponding estimatiaons from the two

éstlmation methods are shown in Table AD5.9.

To verify the accuracy of the Hybrid methad, the
measured and estimated values were compared to those
obtained by the Kriging method. The results lshow that an

44.5% of the cases, the Hybrid method provided a more

51
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accurate estimate, as compared to 55.5% for the Kriging
method, Furthermore, the sums of the absolute vafues of the
deviations of the estimated values from the measured values
were calculated. A value of 157.81 was found for the Hybrid
method, as compared to a value of 151.42 for the Kriging
method. It was also found that 100% of the measured values
were 1n the range of plus/minus two standard deviations from
the estimates obtained using the Hybrid method. A value of

97.5% was obtained for the Kriging method.
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CHAPTER 6 )

-

~ Summary and Conclusions

The Hybrid (nonparametric) and Kriging (parametric)
estimation methods were applied to measure the spatial
variability of soil bulk density, hydraulic conductivity,
available water and field capacity. The Hybrid method was
?pplied to two corn fields (Sites A and B) whereas Kriging

was applied only at Site B.

In general, at locations where the measured values of
SPP were exceptionally high or low, the estimation is not
very good. But this will be the case for most estimation
techniques, including Hybrid and Kriging methods.
Furthermore, a certain error is expected when each
observation is intentionally deleted and a Hybrid estimate
is performed for that 1location wusing neighbouring

observations.

To verify the accuracy of the estimations, the measured

and estimated values were compared. It was found that 94%

to 99% of the measured values were in the range of

plus/minus two standard deviations from estimated values

when the Hybrid method was used. This value for the

Kriging method varied from 95% to 97.5% which shows that
)

som¢ of the estimations are very far from the measured

values (i.e. outside the confidence bounds).
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The sums of the absolute values of deviations of the
estimated values from the measured values ;ere calcu&ated.
This value can be used as an indicator to check the degree
of bias between the two estimation methods. It was found
that there is no significant difference of bias between the
Hybrid and Kriging estimation methods. \“jj\

Another comparison was made between the estimated
values of two methods and the measured values. Kriging
estimates were slightly closer to the measured values than
Hybrid estimates.

From the overall comparisons, 1t was found that the
Hybrid estimates are comparable with Kriging estimates. This

indicates the validity and reliability of the Mybrid method

for the estimation of the SPP.

The following conclusions are made based on this study:

1. The Hybrid method gave similar results to those obtained
by the Kriging method. |

2., The Kriging method of estimation can not be applied to
fewer than 50 observations whereas the Hybrid methad
can.

3. The Hybrid estimations can be useful to soail
hydrologists to improve the design of subsurface
drainage and irrigation systems,

'4. Restricggons due to assumptions vital to the Kriging

method do not exist when applying the Hybrid method.

fhege,assumptions are painted out in Chapterlz (Section

-~ -

2.2). ' '
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Recommendations for Future Research

P
More samples with larger volume shauld be taken,. -
For better visualization,the spaéial variability of soil
physical praperties should be mapped.
The Hybrid technique should be applied to the block
estimations as well.‘ i
Other nonparametric methods should be used 1in future for
both point and block estimations and compared to

estimations obtained using the Hybrid and Kriging

methods.
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Table A5.1 Volumetric water content (v.w.c.) at different ,
pressure heads for Site A, s
(%/volume) s

Column 1 : represents the location of sample
(i.e. Al is at row3A and column 1).
2 : bulk density (g/cm”)
3 : vew.c, at saturation (%/volume)
4 : v.w.c. at 0,1 bar (%/volume)
) 5 : vew.c, at 0.3 bar (%/volume)
6 ¢ Vew.C. at 1 bar (%/volume)
7 : Vew.c. at 5 bars (%/volume)
8 VeweC, at 10 bars (%/volume)
/
, £
1 2 3 4 5 6 7 8

‘ Al 1.27 60,0  38.8  37.5 36.0 34.1 32.5
> A2 1.55 53,5 39.3 37,8 37.0 35.9 34.1
A3 1.40 60,9 45,3 44,0 42,5 40.6 38.8

A4 1.67 55.4 42,1 40.4 38.1 36.1 34.4

A5 1.61 55,0 40,0 37.5 35,5 33,2 30.6

A6 1.39 59,5 43,6 41.8 40,0 37.6 34,7

A7 1.00  68.7 45,2  43.8  42.0 40.2 9.1

A8 1.62 52,2 39.4 37.8 35.5 33.3 30.7

A9 1.62 54,2 40,9 39,3  37.3  35.4 34,5

AlU  1.61 53,3  42.1  40.7 39.2 37.4 35.9

All  1.53 56.4 40,0 37.3 34.3 32.6 30.3

81 1.26 57.7  39.0 37.5 36.1_ 34.9 33.6

82 1,66 55.3 41,1  39.4 3871 6.5 34,

83 1.76 51.4 39,8 38.4 “37.4 3% 27t

B4 1.59 52,1 39,8 38.2 35,9 34,1 32,0

B5 1,60 55.3 39,2  37.2  34.4 33,1 3l.4

B6 _1.69 50.5 39.4 36.9 34,3 32.5 31,4

B7 1.49 55,0  38.5 36.1 34,3 31.9 30,1

88 1.56 53.6 38,1 36.3 35,2 33.7 32,1

¢ B9 1.58 54.5 39,6 37.4 35,3 33,8 33.0
. BIO 1.51 50.5 37.0 35.3 34,4 31.8 29.9
Bl1l 1.52 50.7 37.7 36.2 33.7 31.9 30.6

* cl 1.63 50.6 41,1  39.1 38,3 37.3 36.4
c2 1.56 51.5 39.4 37.6 36.4  35.5 34,7

c3 1.47 58.5 38.2 36.1 34,6 33.4 32.6

C4 1.61 52,1 39,7 37.7 36,0 35.3 34.1

CS 1.74 51.2 40,3 38.4 37.2 35,4 33,6

Cé 1.21  68.U 43,7 40,1 39,1  37.8  36.5

c7 1.70 54,7 43,5 40,9 39.2 38,1 36.8

a8 1.71 54,0 39,9 38.U 36.6 35,5 34.5

@-, 9 1.55 53.8 39,3 36,3 34,4 32,8 3l.U




Table AS5.1 continued
1l 2 3 4 5 6 7 8

C10 1.60 54.5 4G.7 38.2 36.5  35.3 34,2
Cll1  1.60 55.0 41,0 39.2
D1 1.46 54.8 40,8 39.0
D2 1,60 57.2 41,8 39.4
D3 1,70 54.3 43,7 41,5
hYA 1.59  55.1 41.8 39.8
DS 1.54 57.8 40.7 35.9
D6 0.99 70.2 46.9 45.5
D7 1.66 55.4 43,2 40,5
D8 1.65 47.2 37.9 36.2
D9 1.61 55.9 41.4 38.1
D10 1.70 50.2 40.5 39.0.
DIl 1.55 59.1  42.5 36.

£l 1.65 52.4 39.8 36
£2 1.64 46.6 38.9 37%.7
£3 1.66 50.2 40.7 38.9
€4 1.57 51.6- 40.6 37.9
£5 1.62 46.0 39.4 38.1 °
£6 1.63 50,9 41.5  39.C
£7 1.65 57.1 43,2 39,2
b 1.69 53,1 41.1 37.7
£9 1.64 51.5 42,0 38,6
" E10 1.35 56.,8 42.5 38.2
£11 1.67 43,7 36.6 39.0
Fl 1.47 56.2 43,9 40,5

F2 1.67 51.4 40,9 37.9
F3 1.74 50.0 4C0.9 38.9 37.0 35.b 29,9
Fa 1,67 46.9 40,6 39. 37.6 36,7 33.1
F5 1.64  56.6 43.8 39.7 37.0 33.1 32.3
Fé6 1.61 47.0 40.0 38.4 36.0 34.8 9.1
1.62 56,0 45.4 41.4 39.2 35.0 31.4
1.68 52.7 42.8 39.8 39.2 36.3 36,0
1.58 56,0 45.6 41.3 37.1 34.8 33.3
1.69 52.1 40.7 36.6 29,2 27.6 27,3
1.72 49.0 38.1 35.2 33.2 30.1 9.4
1.59 47.7 40.1 37.9 34.8 34,1 Jo.0
1.58 48.5 40.1 38.0 36.4 35.8 31.6
1.45 46.3 36.3 34,1 3047 29.9 27.3
1.53 49.4 39.7 35.3 32.4 31.4 4.3
1.57 50.2 39.4 36.0 33.8 32.1 J0.0
l.45 56.1 44,3 42.3 41.1 40.3 37.0
1.47 52.5 41.6 40.0 37.9 37.4 33.4
1.53 .U 42, 40.6 38.7 38.0 34,5
1.63 49.4 41.3 38.0 ° 34.0 32.7- 18.4
1.58 49.2 40.3 38.7 37.6  37.0 34,6
1.46 51.5 40.6 37.0 355 34,6 30.0
1.55 5l.6 40.3 38.0 3643 35.U 32,6
1,62 47.3 40.0 37.9 3643 35.1 32.1
1,60 49.0 39.0 37.4 36.2 35.0 31.7
1.65 57.4 42.5 40.0 37.6 35.7 33.9

-
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Table A5.l. continued | N
1 2 3 4 5 6 7 8

HS 1,62  56.7 41.0 36.6 34.2 29.7 128.7
Hé 1.66 48.0 40.6 39.2 37.7 36.6 33.4
H7 1.67 53.3 40.1 36.8 32.0 30.3  29.8
H8 1,62 52.6  41.3 38.1 35.4 32,1 31.5
HY 1.64 54.4 39.6 34,3 28.6 25.0  24.U
H10 1.71  47.9 42.0 40.3 38.3 37.4 34,6
H1l + 1.58  45.4 37.0 36.0 34.4 33,0 32.2
11 1.65 52.3  40.6 37.4 33.7 30.5  29.1
12 1.72  53.1  45.3  41.3 3841 36.4  34.3
I3 1.57  52.7 41.3 39.0 3/.4 34,6 33,3
14 1.80 51.7  44.3  40.6 8.7 36.5  35.U
IS 1.32  60.0 45.5 40.8 38.7 37.U0  35.8
16 1.71 S0.6 41.2 37.5 35,1 31.6  3L.4

17 1.65 39,1  38.1 36.5  36.5
18 1.60 3.7  36.4  34.5  33.2
19 1.57 36.4 32,9  29.7  28.7
116 1.66 41.7  39.7 37.6  36.3
111 1.67 41,0 39.8 37.8  37.1
Jl 1.64 41.8 40.5 38.5  37.1
J2 1.32 46.5 44,4 42,46 41,2
‘ 13 1.56 49.8 45.4 43,1  41.5
J4 1.75 40.0 . 36.3 35.0  33.0
‘ 35 1.62 40.0  39.1 37.1  37.G
} 16 1.51 $2.5 38.9 36.8  35.4
37 1.64  53.9  41.5 38.5 34.8 32.5  3l.G
J8 1.60 56.6 45.3 41.5 40.0 38.4  37.0
39 1.56 57.2 43.2 39.0 37.5 35.0  33.b
J10  1.64 55.5 40.8 38.1 36.8 34.6  33.6
J11 1.52 S7.5 41.2 39.2 36.8 34.9  33.2 _

K1 1.64 56,0 44,46  40.1 37.8  36.7 33.4
r K2 1.64 51,2 42,5 40.6 36.6 36.5 36.1
: K3 1.61 51.0 41,0 37.5 33,1 30.1 29.4 *
K4 1.60 56,1 44,1 339.5 38.1  36.3 36.U
K5 1.63 53,1 43.6 .B0.0 39.0 36.9  35.2

) Ké 1.67 55.8 41.5 37.5 34.7 33.4 31.5
| K7 1.60 55.2 44,3 39.6 37.1 34.0 32.3
W K8 1.57 55.1 41.8 59.9 J6.4 35.2 33.4

d K9 1.57 53.2 40.0 38.0 36.9 35.2 33.4
K10 1.56 57.7 42.2 38.8 36.5 34.2 32.6
K1l 1.62 52.6 41.7 39.0 36.7 34.8 34.0
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' ° 0 Table A5.2 Calculated values of Bulk density (g/em’), /
. Field capacity and Available water expressed‘as
" (%/volume) for Site A

1= X coordinates (meters)

2. Y coordinates (metgrs)

3. Bulk density (g/cm”)

4« Field capacity (%/volume)
5« Available water (%/volume)

1 2 3 A 5
\ 0.0 0.0 35.00 5.00
0.0 10.0 36.50 3,7C
0.0 20.0 41,60 5.20
0.0 3C.0 37.10 6.30
0.0 40.0 34,50 6.90
0.0 50.0U 39,30 7.10
0.0 60.0 41.40 4,70
0.0 70.0 34,70 7.10
0.0 80.0 36.00 4.80
0.0 9uU.0 38.30 4, 6L
0.0 100.0 33.8U 7.00
; 16.0 ¢.0 ' 37,50 3.90
§§ 10.0 10.0 39,40 4.80
1c.o 2C.0 38.40 5.60
10.0 30.0 38,20 6.20
16.0 40.0 37,20 5.80
16.0 50.0 36.90 5.50

16.0 60.0 36,10 6.00 ’
10.0 70.0 36.30 4,20
10.0 60.0 37.40 4,40
10.0 90.0 35,30 5,40
10.6 160.0 36,20 5,60
20.0 0.0 39.10 2.70
20.0 16.0 37.6U 2.90
20.0 .,  20.0 36,10 3.50
20.0 36.06 37.70 3. 60
20.0 40.0 38,40 4.80
20.0 50,0 4U.10 3,60
20.0 60.0 40.90 4,10
20.0 70.0 33,00 3.50
20.0 80.0 36.30 5.30
20.0 9G.0 38.20 4,00
20.0 100.0 39,20 4,10°
30.0 U.0 39.0L0 3,7u
30,0 10.0 39,40 4,10
36.C 20.6 41,50 3.6U
30,0 30,0 39,80 3.10
. 3.0 40,0 35 .90 8.3U
30,0 50.0 45.50 2.20
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Table A5.2 continued

A
52
L

1 2 3 5
3C.0 60.0 1.66 40,00 5 .50
30.0 70.0 1.65 36,20 3.80
30.0 80,0 1.61 38,10 4,10
30.0 90,0 1.70 39.00 4,10
30.0 160,0 1.55 36.50 6.90

' 40.0 0.0 1,65 36,30 7.80
40.GC 10.0 1.64 37.70 4.70
40.0 20.0 1.66 38.90 4,80
40.0 30.0 1.57 37.90 6.60
40.0 40,0 1.62 38.10 4,10
40,0 50.0 1.63 39.00 7.7U
40,0 60.0 1.65 39.20 6.80
4G.0 70.0 1.69 37.70 5.80
40,0 80.0 1.64 38.60 4,40
4.0 90.0 1.35 38.20 6.30
40,0 100.0 1.64 39.00 3,90
50.U 0.0 l1.47 40,50 9.3
50.0 10.0 1.67 37.90 6.30
50,0 20.6 1.76 38.90 9.0L
50.0 30.0 1.67 39.20 6.10
50,0 40.0 1.64 39,70 7,40
50,0 50.0 1.61 38,40 9.30
50.0 60.0 1.62 41,40 L.00
50,0 70.0 1.68 39,80 3,80
50.0 80.0 1.56 ~ 41,30 6.00
50.0 90.0 1.69 36.60 9,30
50,0 16G.0 1.72 35,20 5,80
60,0 0.0 1.59 37.90 7.90
60.0 16.0 1.58 38,00 6.40
60,0 20.0 1.45 34,10 6.80
66.0 36.0 1.53 35.30 1.00
60.0 40,0 1.57 36,03 6.00
606.0 50.0 1.45 42,30 5,30
60.0 60.0 1.47 40.00 6.60
60.0 706.0 1.53 40,60 6.10
60.0 8G.0 1.63 3800 9,60
60.0 90.0 1.58 38,70 4.10
60,0 100.0 1.46 37.00 7.00
70.0 G.0 .55 38.00 5.4L
70.0 . 10.0 1.62 37.90 5,80
70.0 20.0 1,60 37.40 ° 5,70
70.0 30.0 1,65 40,00 6.10
70.0 40.0 1.62 36,60 7.96
70.0 50.0 1.66 39,20 5,80
70.0 50.0 1.67 36,80 7.00
70.0 70.0 1.62 38,10 6.60
70.0 80.0 l.46 34,30 U.30
70.0 90.0 1.71 40,30 5.70
70.0 160.0 1.58 36.00 3.80
80.0 0.0 1.65 37.40 8,30
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) 1 2 3 3 3 i

8G.U 10.0 1.72 41,30 7.00
80.0 20.0 1.57 39.00 5.7C
80.U 306.0 1.80 4G, 6U 5.6L
30.0 46.0 1.32 40.80 5.00
80L.0 SG.0 1.71 37.50 7.1C {
80.0 60.0 1.65 39,10 2.60
80.0 70.0 1.60 36,70 5.50
80,0 80.0 1.57 36.40 7.70
80.0 90 . L 1.66 © 41,70 5.40
80.0 106.0 1.67 41.00 . 3.90
9G.0 G0 1.64 41,80 “4.,7u
90.0 10.0 1.32 46,50 5.30
90.0 20.0 1.56 49 .80 8.30
90.0 ®W* 30%0 1.75 40.00 7.00
9G.0 40.C 1.62 40,00 3,00
90.0 50.0 1.50 42,50 7.10
90.0 6L .0 1.64 38,50 7.50 «
90.0 70.0 1.60 41,50 4,50
90.0 8U.G 1.56 39,040 5.
90.0 90,0 4 1.64 38.10 a.%%“~“
90.0 100.0 1.52 59,20 6.00

100.0 0.0 1.64 40.10 6.70

,g} 100.0 10.6 1.64 40,60 4.50
100.0 20.0 1.61 37.50 8.10
100.U 30.0 1.60 39,50 3,50
s 100.0 40.0 1.63 40.00 4,80

100.U 50.0 1.67 37.50 6.00

100.0 60.0 1.60 39,60 7.30

,100.0 70.0 1.57 39.10 5,70

100.0 80.0 1.57 38.00 4. 60

100.0\\\\$ég.0 1.56 38,80 6.20

100.0 .0 1.62 39.00 5.00
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Table A5.3 Bulk density for Hybrid {nonparametric)

‘ estimation methog (Site ®)
(g/cm?”) . ’ \\%b
1» X coordinates (meters)
2~ Y coordinates (meters;
- 3. Measured values (g/cm 3 ;

4. Hybrid estimates (g/cm”)
5~ Estimated values + two standard deviation

6~ Estimated values = two standard deviation

1 2 3 4 5 6

0.0 0.0 1.27 1.27 1.65 0.68

0.0 10.0 1.55 1.34 1.72 G.95

0.0 20.0 1.40 1.62 2.01 1,24

0.0 30.0 1.64 1.60 1.96 1.21

0.0 40.0 1.61 1.60 1.98 1.21

0.0 5G.0 1.39 1.55 1.93 1.16

0.0 60.0- 1.00 1.47 1.84 1.1U

0.C 70.0 1.62 1.56 1.94 1.17

0.0 80,0 1,62 1.61 1.99 1.22

0.0 90.0 1.61 1,52 1.91 l1.14

0.0 100.0 1.53 1,52 1.90° 1.13

‘E 10.0 g.0 1.24 1,57 1.95 1.19
10,0 10.0 1.66 1.65 2.03 1.26

10,0 20.0 1.76 1.45 1.84 1.07

10.0 30.0 1.59 1.61 1.99 1.22

10.0 40.0 1.60 1.71 2.1u 1.33

10.0 50.0 1.69 1.43 1.82 1.05

10.0 66.0 1.49 1.52 1.90 1,13

10,0 76.0 1.56 1.59 1.98 1.21

10.0 0.0 1.58 1.52 1.91 1.13

10,0 90.0 1.51 1.59 1.98 .21

16.0 100.0 1.52 1.53 1.91 1.14

20.0 0.0 1.63 1.45 1.83 1.06

20.0 16.0 1.56 1.47 1.85 1.08

20,0 20.0 .47 1.68 2,07 1.30
20,0, 30.0 1.61 1.60 1.98 1.21

20.0 40.0 1.74 1.27 1.66 G.89

.20.0 50.0 1.21 1.70 2,08 1.32

20.0 60.0 1.70 1.66 2,05 1.28

20.0 70.0 1.71 1.56 1.94 1.18

20.0 80.0 1.55  1.61 1.99 1.22

20.0 90,0 1.60 1.59 1.98 1,21

20,0 100.0 1.60 1.52 1.91 1.14

30.0 G.U 1.46 1.58 1.97 1.26

, 30.0 10.0 1.60 1.46 1.85 1.u7
30.0 20,0 1.70 1.46 1.85 1.08

¢ - 30.0 30.0 1.60 .54 1,93 1.15
@ ‘ 30.0 40,0 1.54 60 1.99 1.22
30.0 50.0 1.00 1.50 1.87 1.12
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Table A5.3 caontinued

1 2 3 4
30.0 60.0 1.66 » 1.54 1.92 1.15
30.0 70.0 1.65 1.68 2.07 1.30
30.0 80.0 1.61 1.66 2.04 1.27
30.0 90.0 1,70 1.44 1.82 1.05
30.0 16G.0 1.55 1.44 1.62 1.065
40.0 0.0 1.65 1.56 1.95 1.18
4G.0 10.G 1.64 1.62 2.01 1.24
40.0 20.0 1.66 1.68 2.07 1.30
4G.0 39.0 1.57 1.65 2.04 1.27
40.0 40.0 1.62 1.56 1.94 1.17
40.0 50.0 1.63 1.60 1.98 1,22
40.0 60.0 1.65 1.68 2.07 1.30
40.0 70 .0 1.69 1.68 2.07 1.30
40.0 80.0 1.664 1.35 1.74 0.97
4G.0 96.0 1.35 1.67 2.U5 1.2
40.0 100.0 1.64 1.69 2.07 1.30
5.0 L.U 1.47 1.664 2302 1.25
50.0 10.0 1.67 1.61 . 1.23
5040 26.0 1.74 1. 66 2.05 1.28
50.0 30.0 1.67 1,66 2.05 1.28
50.0 40.0 1.64 1.62 2.0U 1,23
50.0 50,0 1.61 1.53 1.91 1.14
50.0 60 .0 1.62 1.60 1.99 1,22
50.0 70.0 1.68 1.56 1.94 1.17
50.0 80.0 1.58 1.68 2.07 1.30
50.0 90.0 1.69 1.68 2,07 1.30
5C.0 160.0 1.72 1.50 1.98 1.22
60.0 0.0 1.59 1.55 1.94 1.17
6.0 16.0 1.58 1.53 1.92 1.15
60.0 20.0 1.45 1.56 1.95 1.18
60.0 30.0 1.53 1.61 1.99 1.22
60.0 4G.0 1.57 1.52 1.90 1,13
60.0 5G.0 1.45 1.55 1,94 1.17
60.0 60.0 1.47 1.53 1.91 1.14
6U.C 7G.0 1.53 1.63 2.01 1.24
6G.0 80.0 1.63 1.51 1.89 1.12
50,0, 0.0 1.58 1.60 1.99 1.22
60.0 100.0 1.46 1.61 1.99 1.22
70.0 G.G 1,55 1,62 2.01 1,24
70.0 10.0 1.62 1.65 2.04 1.27
70.0 20.0 l.6U 1.60 1.98 1.21
70.0 30.0 1.65 1.62 2,01 1.24
v 70,0 40.0 1.62 1.60 1.98 1.21
70.0 50,0 1.66 1.67 2,05 1.28
0.0 60.0 1.67 1.63 2.62 1.24
70.0 70.0 1.62 1.49 1.88 1.10
70.0 L 80.G 1.44 1.64 2.02 1.25
70.0 90.0 1.71 1.664 2,02 1.25
70.0 160.0 1.58 1.67 2.65 1,28
68

b P

3 ~ - .
Lt e
T e 2 -

»
P 2ok



Table AS.3

continued
1 2 3 4 5
80.0 0.0 1.65 1.64 2.02 1.25
80.0 10.0 1.72 1.57 1.95 1.18
86.0 20.0 1.57 1.64% 2,02 1.25
80.0 30.0 1,80 1,61 2.0C 1.23
80.0 40.0 1,32 1.64 2.03 1.26
80.0 50,0 1.71 1.50 1.89 1.12
80.U 60.0 1.65 1.62 2.01 1.24
80.0- 70.0 bgd.1ix 1.60 1.99 1.22
8G.0 80,0 1.57 1.55 1.93 1.16
' 80.0 90.0 1.66 1.66 2.05 1.28
80.0 100.0 1.67 1.53 1.92 1.15
90.0 0.0 1.64 1.51 1.90 1.12
90.0 10.0 1.32 1.51 1.89 1.13
90,0 20,0 1.56 1.60 1,99 1.22
90.0 30,0 1.75 1.62 2.00 1.24
90.0 40.0 1.62 1.45 1.8¢6 1.07
90.0 50, U 1.50 1.65 2.03 1.26
90.0 60.0 1.64 1.65 2.03 1.26
9.0 76.0 1.60 1,57 1.95 1.16
90.0 80.0 1.56 1.57 1.95 1.18
96.0 9G.U 1.64 1.52 1.91 1.14
90.0 100.0 1.52 4 1.64 2.02 1.25
100.0 0.0 1,66 1.64 2.02 1.25
100.0 10,0 1,64 1.59 1.98 1,21
100.0 20,0 1.61 1.58 1.97 1,20
100.0 30.0 1.60 1.62 2.01 1.24
100.0 40.0 1.63 , 1.63 2.01 1,24
100.0 50,0 1.67 1.60 1.99 1,22
100.0U 60,0 1.60 1.62 2.01 1,24
100.0 76.0 1.57 1.59 1.98 1.20
100.0 80,0 1.57 1.56 1.95 1,17
100.0 90.0. 1.56 1.58 1.97 1.20
100.0 160.0 1.62 1.52 - 1.91 1.13
69
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Table A5.4 Field capacity for Hybrid,(nonparametric) -
. estimation methdd (Site A)
: (%/volume)

l« X coordinates (meters)

2- Y coordinates (meters)

3. Measured values (%/volume)

4. Estimated values (%/volume) -

5 Estimated values + two standard deviation
6+ Estimated values.» two standard deviation

4
4
1 2 3 4 5 6
N d
0.0 0.0 35.00 36.566 45.09 28.23
0.0 10.0 36450 39,46 47,90 31.01
0.0 20,0 - 41.60 37,28 45,71 28,85
0.0 30.6 , 37.10 36.80 45,25 20.35
0.0 40,0  34.50 37.15 45,57 28.73
0.0 50,0 39,30 37.07 45,52 28.62
0.0 60.0 41,40 35,73 44,16 27.30
0.0 70,0 34,70 36.10 46,53 27.68
0.0 80.0 36,00 °  37.69 46,13 29.24
°0.0 30,0 38..30 33,80 42,25 25,35
' 0.0 100.0 33.80 36.16 44,57 27.75
0 10.0 G.0 - 37.50 38,38 46.86 29.93 .
10.0 10.0 39.40 37.52 45,97 29.07 .
' 10.0 20.0 38.40 38.95%  47.40 30,49
10.0 30,0 38.20 37.44 45,89 28¢98
16.0 40,0 37.20 35,56 44,01 . 27.11 \\
° 10.0 50,0 36.90 36,43 44,87 27.98 ‘
: 4 1G.0 60,0 36.10 39.63 8,07 31.19
10.0 70.0 36.30 37.03 5,47 28.59
10.G 80,0 37.40 35,30 5 43,75 26.85
10.0 90.0 35,30 37.81 46,25 29.38 g
1G.0 100.0 36.20 35,10 43,55 26.66
20.0 0.0 39.10 37.60 46,05 29.15
i , 20.0 16.0 37.60 39,14 47.59 30.69
20.0 20.0 36.10 38.07 46,51 29,63
‘ 20.0 30.0 37.70 38,60 47.05 30,14
20.0 40,0 38.40 37.37 45,82 28.92 . -
. 20.0 50,0 40,10 40,85 49.30 32.41 ;
" 20,0 60.0 40.90 38,63 47.07 30.19 .
20.0 70.0 38.00 36,27 44,72 27.82
20.0 80.0 36.30 38,13 46,58 29,69
20.0 90 .0 38.20 39,03 47.48 30,56
20.0 100.0 39,20 36,17 44,62 27.72
3G6.0 0.0 39,00 - 37,79 46,24 29.34
30.0 10.0 39.40 38.99 47.43 3054
30,0 20,0 41,50 39,33 47.77 30,90
30.0 30.0 39.80 36.51 44.96 28,06, ° ’
QO 30,0 400 35,900 38.63 46,97 | 3U.L8
o 1y . ' -
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Table A5.4 continued

1 2 3 4 5 5
30.0 50.0 45,50 39.21 47.56 30.86
30.0 60.0 40,50 38.63 47.07 30.18
30.0 70.0 36.20 38,06 46,51 29.62
30.0 80.0 38,10 38.62 47.07 30,17
30.0 90.0 39,60 36.50 44,95 28.05
30.0 100.0 36.50 39,11 47.56 30,67
40.0 0.0 36.30 36.53 46,97 30.08
40.0 10.0 37.70 37.58 46.03 29.13
40.0 20.0 38,90 37.86 46.31 29.61
40.0 30.0 37.90 39.09 47.56 30.64
40.0 40,0 38.10 37.90 46,35 29.45
40.0 50.0 39,00 38.75 47.20 30,30

" 40.0 60.0 39,20 40,27 48,72 31,82
40.0 70.0 37.70 38,78 47.23 30,33
40.0 8G.0 38.60 38,17 46.62 29,72
40.0 90.0 38,20 38.17 46,62 29,72
4G.0 100.0 39.60 35,33 43.78 26,86
50.0 0.0 40.50 37.72 46.16 29,28
50.G 16.0 37.90 38,24 46.73 29.82
50.0 20.0 38.90 38,35 46.80 29.90
50.C 30.G 39,20 38,01 46.646 29.55
50.0 40,0 39,70 37.16 45,61 28.71
50.0 50.0 38.40 40.95 49,41 32.50
50.0 60.0 41,40 39.85 48.28 31.42
50.0 7G.0 39,80 40,85 49,30 32.40
50.07% 80.0 41,30 37,29 45,72 28,85
50.0 90.0 36.60 37.18 45.62 28,73
50,0 100.0 35.20 38.46 46.90 30.03
6U.0 0.0 37.90 38.54 46.99 30,09
60.0 10.0 38.00 37.47 45,92 29.G2
60.0 20.0 34,10 35.55 43,97 27.13
60.0 30.0 35,30 36,42 44,85 27.98
60.0 4G.0 36,03 39.48 47.92 31.U4
60.0 50.0 42,30 38,74 47.16 30.32
6L.U® 60.0 4U. 0L 39,87 48.31 31.42
60.0 70.0 40.60 37.66 46.10 29.21
60.0 80.U 36.00 40,00 45.45 31.55
60.0 90.0 38,70 38.58 47.03 30.13
66,0 100.0 37.00 35,31 43.75 26.86
70.0 0.0 38.00 37.81 46,26 29.36
7U.0 16.0 37.90 37.81 46,26 29.36
70.0 20.0 37.40 38,75 47.20 3G6.00
.70.0 30.0 40.00 36. 39 45,43 28,54
70.0 40,0 36,60 38.68 47,13 30.23
70.0 5.0 39,20 36.77 45,22 26.32

» 70.0 60.0 36.80 38.61 47.06 30,17
706.G 70.0 38,10 36,71 45,17 28.26
70.0 80.0 34,30 37.80 46,22 29.38
70.G 3G.0 40, 30 38.16 46.6U 29.71
70.0 100.0 36,00 40.26 48,70 31.82
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Table AS.4 cor&inued
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1 2 , 3 5 6
80.0 G.0 37.40  41.36  49.81  32.91
80.0 10.0 41,30  39.77  48.20  31.34
80.0 20.0 39.00  41.06  49.51 32,6l
80.0 30,0 40.60 40,43  48.88  31.99
80.0 40,0 40.80  37.50 45,94 29,06
80.0 50.0 37.50 40,77  49.22 32,32
80.0 60.0 39.10 38.29  46.74 29,84
80.0 70.0 38.70  39.04 47,49  30.59
80.0 80.0 36.40 38,86  47.31 30,42
80.0 90.0 41,70  40.50  48.93 32,07
80.0  10G0.G 41.00  38.64  47.07  30.20
90.0 0.0 41.80  38.81  47.23  30.38
90. U 10.0 46.50 41,68  50.G0 33,36 )
90.0 20.0 49.80  38.63  46.81  30.45
90. U 30.0 40,06 39,75 48,206 31,31 \
90.0 4G.0 40.00 41,79  50.26 33,34
90.C 50.0 42,50  41.79  Su.21  33.37
90.0 60.0 38.50  4l.4 49.94 33,04
90.0 70.0 41.50  39.0 47.51  30.64
90.0 80.0 39.00  37.45 45,90 290U
0. G 90. G 36,10 37.45  45.90  29.0C
50.0  100.0 39.20 38,96  47.41 30,51

100.G U.U 40,10 4U.56 49,00  32.11
100.0 10.0 40.60 39,73 48,17  31.29
160.0 20.0 37.50  40.36  4u.sl 31,91
100.0 30.0 39.50  40.36 48,81  31.91
100.0 40.G 40,06 38.60  47.U5  30.15
100.0 50.0 37.50 38,60  47.05  30.15
106.0 60.0 39,60 38,57 47,02  3U.13
100.0 70.0 - 39.10 39,23  47.68 30,78
100.0 8U.G 38,00 3.7 47.23 30,33
100.0 90.0 38.80  38.06  46.51  29.60
10,6 10G.0 39.00  38.66 47,11 30.21

‘»

. 13
LY
72




Table A5.5 Availeble water for Hybrid (nonparametric)
estimation method (Site A)
(%/volume)

1- X coordinates (meters)

2. Y coordinates (meters)

3« Measured values (%/volume)

4. Estimated values (%/volume)

5. Estimated values + two standard deviation
6« Estimated values » two standard deviation

o~~~
1 ;2 3 4 5 6
|

0.0 0.0 5.00 3.50 7.19 .0.18

g.0 10.0 3,70 4.86 8.52 1.19

0.0 20,0 5,20 5.08 8.76 1.40

0.0 30.0 6.30 5.86 9.55 2.18

0.0 40,0 6.90 6.41 10,09 2.74

0.0 50.0 7.10 4.75 8.43 1.08

0.0 60.0 4,70 4.75, 8.43 1.07

0.0 706 .0 7.10 4.49 3.16 0.81

0.0 80,0 4.80 4,64 8.32 0.96

0.0 90.0 4,80 6.18 9.86 2.50

0.0 100.0 7.00 5,48 9,15 1.80
10.0 0.0 3.90 3,23 6.90 .44
10.0 10.0 4.80 3,69 .37 0.U1
10.0 20.0 5,60 4,77 8.45 1.L8
10.0 30,0 6 .20 5,40 9.08 1.72
10.0 40.0 5,80 5.39 9.08 1.71
10.0 50.0 5.50 5.92 9.61 2.24
1C.0 60,0 s 6,00 4,15 7.83 L.47
10.0 70.0 4,20 5,23 8.90 1.56
16.0 80.0 4,40 5.36 9,04 l.68
10.0 90,0 5.40 4,48 8.16 0.79
10,0 160, 0 5.60 4,88 8.56 1.20
20.0 0.0 2.70 3,25 6.90 «0.39
20.0 16,0 2.90 3.30 6.95 0,35 .
20.0 20.0 3,50 3,47 .7.14 »0.19
20.0 30.0 3.63) 3,44 7.10 20,22
20.0 40.0 4.8 4,81 8.49 1,13
2u.U 50.U 3.60 2.58 6.24 S1,U9
20,0 60.0 4,10 3.65 7.33 «0,02
20.0 70.0 3,50 4,13 7.79, U 45n
20.0 80.0 5.30 3.86 7.54 0.18
L20.U 90,0 4400 3,86 7.53 L.19
20.0 160.0 4,10 5,68 9,35 2.01
3U.U T 0.6 3.70 3.89 7.55 U.22
30,0 10.0 4.10 3.63 7.30 +0.08
}050 ZUnU 3.6“ }oa} 7-10 -0.23
30.0 30.0 3.10 5.29 8.95 1.64
30,0 40.0 8.30 2.95 6.60 0,71
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Table A5.5 continued

1 2 3 4 5 6
30.0 50.0 2.20 6.88 10.51 3.26
30.0 60.0 5.50 4,06 7.75 UG.38
30.0 70.0 3.80 4,23 7.90 L.56
30.0 80.0 4,10 4,24 7.91 0.57
30.0 90.0 4,10 6.50 10.17 2.93
30.0 100.U 6.90 3.99 7.66 0.31
40.0 0.0 7.80 4,48 .15 L.82
40.0 10.0 4,70 5.42 .10 1.74
40.0 26,0 4,80 6.54 10,22 2.86
40.0 30,0 6.60 3,35 7.03 20,33
40.0 40.0 4,10 7.68 11,35 4,61
40.0 50.0 5.05 8.71 1.38
4u.0 60. 8,05 11,72 4,37
40.0 70.0 8,05 11.73 4,36
40.G 80.0 5,22 9.90 2.54
40.0 90.0 3.99 7.67 0.31
4UL.G 1066.0 3.90 5.96 9.63 2,29
50.0 0.0 9.30 6.62 10.24 2.99
50.0 16.0 6.3C 7.76 11,44 4,08
50.0 20.0 9.00 5,97 9,60 2.33
50.0 36.0 6.10 9.39 13.07 5.7U
50.0 40,0 7.40 6,01 9.68 2.34
50.0 50.0 9,30 7.60 11.23 3.96
50.0 60.0 10.00 6.49 10.09 2.89
50.0 70.0 3,80 7.76 11,43 4,09
50.0 80.0 8.00 8.01 11.67 4.35
50.0 90.0 9.30 5.94 9.57 2,32
50.0 100.0 5.80 6.73 10.41 3.05
60 .0 V.U 7.90 5.96 9.62 Z.30
60.0 106.0 6,40 6.08 9.76 2.40
60.0 20,0 6.80 8.17 11.65 4,49
60.0 30.0 11.00 6,00 9,55 2,45
60.0 40,0 6.00 6.40 16.08 2.72
60,0 50.0 5.30 5,91 9,59 2,22
6U.G 60.0 6460 6.84 10,52 3.16
60.0 70.0 6.10 6.84 10.52 3.16
60.0 80.0 9,60 6.02 9,63 L 2.41
60.0 90.0 4,10 6.85 10,52 3.18
60.0 106.0 7.00 4,02 7.70 U.35
70.0 0.0 . 5.40 7.91 11,59 4,23
76.0 16.0 5.80 7.91 11,59 4,23
70.0 20.0 5.70 5,77 9.45 2,0b
70.0 30.0 6.10 6.08 9.76 2.40
700 40.0 7.90 /60 9,26 1.96
70.0 50.0 5.80 7.04 10.72 3.36
70.0 60.0 7.00 5.99 9,66 2.31
70.0 76.0 8.60 ° 6,02 9,76 2.34
70.0 80.0 10,30 7.50 11,08 3.91
7u.0 90.0 5,70 3.92 7.60 U.26
70,0 100.0 3.80 5.24 8.91 1.58
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Table A5.5 continued .
1 2 3 4 5 5
80.0 0.0 ~8,.30 5.33 8.98 1.68
80.0 10.0 7.00 5.56 9.24 1,89
80.0 20.0 5.70 6.70 10,39 J.02
80.0 30.0 5.60 5.58 9.26 1.89
80.0 40,0 5.00 6.08 9.76 2.40
80.0 50.0 7.10 4,57 8.25 0.90
8.0 60.0 2,60 7.04 1L.68 3.40

! 80.0 70.0 5.50 4,96 8.64 1.28
80.0 80.0 7.70 5,32 B.9Y l.65 1
80.0 96.0 5.40 4,4 8.13 0.76
80.0 160.,0 3.90 5.31 8,98 l.64
90.0 0.0 4,70 5,28 8.96 1.60
90.0 10.0 5.3U 5.558 9.24 1.87
90.0 20.0 8.30 7.25 10.91 3.60
50.0 36.0 7.00 3,27 6,95 20.40
90.0 40.0 3.00 4,98 8.63 1.33
9.0 Su.C 7.10 7.26 10.94 3.59
90.0 60.0 7.50 5,90 9,57 2.23
50.0 70.0 4,50 5,25 8.93 1.57
90.0 80.0 5.20 5.25 8.93 1.57
90.0 9u.0 4,50 6,15 9.83 2.47
90.0 100.0 6.00 4,66 8.34 0.97

160.0 0.0 6.70 4.50 6.18 L.82
100.0 10.0 4,50 7.02 10,70 3,35
160.0 20.U 8,10 4,36 6,02 U.71
100.0 30.0 3.50 5.68 9,35 2.02
100.06 40.0 4,480 3.12 6,80 20,5956
100.0 50.0 6.00 7.15 lO.%B 3.47
160.0 60.0 730 5.95 9,62 2,27
100.0 70.0 5.70
10u6,0 80.0 4.60
100.0 90.0 6.20
100,06 100.C 5.00
&8
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o Table A5.6 Bulk density for Hybrid (nonparametrit) and
Kriging (parametric) egtimatﬂbm methods (Site B)
.{g/cm?)

, l« X coardinates (meters)
2. Y coordinates (meters
3. Measured values (g/cm ;
4. Hybrid estimates (g/cm?)
5. Kriged estimatesq(g/cmB)

1 2 N3 4 5
0.0 T 1.55 1.54 1.53 /
10.0 0.0 1.51 1.55 1.53
2.6 0.0 1.52 1.51 1.52
30.0 0.0 1.45 . 1.52 1.51
40.0 0.0 1.59 1.45 1.47
50.0 .0 1.45 1.48 1.47
60.0 C. U 1.37 1.48 1.45
70.0 0.0 1.45 1.26 1.41
80.0 6.0 1.39 1.43 1.42
90.0 0.0 1.47 1.37 1.42
0.0 16.0 1.55 1.52 1.53
2 10.0 10.0 1.54 1.52 1.52
20.C 16.0 1.65 1.52 1.5C
30.0 10.0 © 1.50 1.46 1.50
46.0 10.¢ * 1.49 1.46 1.46
50.0 10.0 1.56 I.53 1.46
60.0 16.0 1.48 1.22 1.43
70.0 10.0 1.19 1.47 1.44
80.0 16.G 1.35 1.39 1.42
90,0 10,0 1.41 1.41 1.43
6.0 20.0 1.52 1.41 1.54
10.0 20,0 1.41 1.41 - 1.54
26.0 20.0 1.49 1.44 1.52
30.0 20.0 1.45 1,46 1.50
40.0 20.0 1.35 1.49 1.56
50.0 20.0 1.55 1.47 1.46
60.0 20.0 1.45 1.48 1.45
70.0 20.0 1.52 1.46 1.42
80.0 26.0 1.46 1.37 1.42
90.0 20.0 1.43 1.43 1.43
U.0 30.0 1.59 1.55 1.54
10.0 30.0 1.55 1.46 1.53
20.0 30.0 . 1.52 1.56 1.52
30.0 30.0 1.53 1.50 1.49 .
. 40.0 30,6 1.49 1.48 1.46
. 50.0 30.0 1.53 1.48 1.46
b 60.0 30.0 1.42 1.46 1445
: 70.0 30.0 1.48 1.43 1.43 .
80.0 . 30,0 1.36 1.45 1.45
4 (I—‘"\
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< & Table A5.6 continued

X 1 2 3 4 5
¥

| 90.0 30.0 1.46 1.41 1.44

0.0 40,0 1.64 1.56 1.54

10.0 40,0 1.50 1.52 1.54

| 20.0 40,0 1.58 1.57 1.51

| 36.0 4G.0 1.52 1.46 1.49

| 40.0 40,0 1.40 1.47 1.47

| 50,0 40.0 1.48 1.42 1.45

| 60.0 40,0 1.36 1.43 1.45

| 7G.0 40.0 1.43 1.43 1.44

| 80.0 40,0 1.36 1.51 1.47

| 9G. G 40,0 1.51 1.40 1.46

0.0 50,0 1.63 1.56 © 1.54

10.0 50.C 1.46 1.54 1.54

20.0 50.0 1.58 1.43 1.49

30,6 50.U 1.49 1.52 1.4b

40.0 50.0 1.41 1.41 1.45

50.C 50.0 1.48 1.45 1.43

60.0 50.0 1.43 1.38 1.43

70.0 50.0 1.44 1.38 1.45

80.0 50.0 1.57 1.5GC 1.456

0.0 50.U 1.49 1.58 1.4Y

0.0 60.0 1.60 1.58 1.53

‘: 10.0 60.0 1.52 1.49 1.52

' 20,0 60.0 1,38 1.42 1.50

30,0 6U. 0 1.46 l1.47 1.47

40,0 60,0 1.39 1.45 1.45

5G.0 50.0 1.45 1.39 1.43

, 60.0 60,0 1.38 1,37 1.44

70.0 6.0 l1.4u 1.37 1.46

80.0 60.0 1.52 1.57 1.48

9U.0 60.0 1.59 1.464 1.48

0.0 ' 70.0 1.52 1.44 1.53

10.0 70.0 1.54 Y. 44 1.51

20.0 70.0 1.40 1.51 1.50

30.0 70.0 1.50 1.51 1.46

40,0 70.0 1.46 1.41 1.45

. , 50.0 70.0 1.41 1.46 1.44

60.0 70.0 1.29 1.43 1.45

76.0 70.0 l.44 1.54 1.46

80.0 70.0 1.56 1.43 1.48

9CG .U 70.0 © l.42 1.9 1.51

0.0 80.0 1,52 1.52 1.54

16.0 80.U l1.46 1.52 1.52

20,0 80.0 1.51 1.48 1.50

30.0 8G.0 1.53 1.45 1.47

40,0 80.0 1,43 1,52 1.47

: 50.U 80.0 1,53 l.ay 1.44

‘I% ) 60,0 80.0 1.48 1.44 1.44

3 70.0 80.U 1,55 1,53 1,46

80.0 80.0 1,52 1.51 . 1.48
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Table A5.6 continued

1 2 3 4 >
90.0 ~80.0 1.51 1.49 1.49
0.0 90.0 l.61 1,55 1.53
10.0 90.0 1.61 1.50 1.51
20.0 90.0 1.54 1.48 1.50
30.0 90.0 1.47 1.52 1.49
40,0 90.0 1.50 l.43 l1.46
50.0 90.0 l1.51 1.52 1.45
60.0 90.0 1.27 l.46 1.46
70,0 90.0 1.53 139 1.45
80,0 90.0 1.47 1.51 1.48
90.0 90.0 1,51 l.48 1.49
0.0 100.0 1.56 l.48 1.54
10,0 160.0 1.49 l.48 1.52
20.0 160.0 1,44 1.48 1.51
3G.0 160.0 1.50 1.39 l.48
40.0 100.0 1.39 1.56 l.48
50.u 160.60 1.56 l.56 1.44
60.0 100,0 1.39 1.34 1,44
0.0 16G6.0 1.36 1.40 l.44
80,0 100.0 1.48 1.49 l.46
U.0 100.0 1.49 1.50 1.47
0.0 110.0 1,61 1.53 1.52
10.0 110.0 1.52 1.54 1.51
20.0 11G0.0 1.47 1.42 1.49
30.0 l110.0 1.40 1.50 1.48
40.0 110.0 1,54 1.42 l.45
50.U 116.0 1.45 1.47 l.44
60.0 110.0 1.34 1,34 l1.44
7L.0 110.0 1.31 1.38 1.45
80.0 110.0 1.51 1.49 1.44
90.0 11u.0 1.49 1.50 1.47

18




Table A5.7 Hydraulic Conduétivity for Hybrid (nonparametric)

and Kriging (parametric) methods (Site B)

w

N

l» X coordinates (meters)
2. Y coordinates (meters)
3. Measured values (m/day)

(m/day)

4+ Hybrid- estimates (m/day)
5. Kriged estimates (m/day)

_ v
N
1 2 \\\? 4 5

0.0 0.0 G.47 1.17 1.12
10.0 0.0 0.81 1.17 0.82
2G.0 6.0 1.17 G.81 C.ub
30,0 0.0 0.72 0.74 1.26
40.0 0.0 G.69 1,95 l.60
50.0 0.0 4.38 0.72 1.25
6U .0 0.0 1.6G 1.7 1.62
70.0 0.0 0.91 0.81 1.22
80.0 0.0 1.12 0.45 L.78
90.0 0.0 0.47 0.84 0.90
0.0 10.0 1,29 0.57 U.83
10.0 10.0 0.47 0.57 0.88
20.0 10.0 1.07 0.59 0.84
30.0 10.0 0.75 1.07 1.21
40.0 10,0y 2.15 1.01 1.44
50.0 10,0 " 1.57 2.21 1.92
6U. G 10.0 1.96 0.97 1.44
70.0 10.0 0.54 .84 1.16
8U. G 1U.G 0,43 U bl L84
90.0 10.0 0.84 .44 U.73
0.0 2U.U 1.32 0. 60 U.bU
10.0 20.0 0.81 0.48 G.81
20.0 20.0 U.62 G.96 6,94
30.0 20.0 0.86 0.98 1.21
40,0 20.0 1.28 2.19 1.59
50.0 20.0 2.23 1.26 1.57
60.0 20.0 1.23 1.52 1.50
70.0 20.0 0.94 1.03 1.10
80.0 26.0 0.71 0.74 L.82
90.0 20.0 0.71 0.82 0.81
0.0 30.0 G.58 0.9 0.95
10.0 30.0 0.40 0.96 0.9b
20. 0 w 30,0 1.01 .60 U.95
30.0 30.0 1.34 0.99 1.21
40, U 30.0 2.19 1.32 1.39
50,0 30.0 1.36 2.07 1.67
60.0 . 30.0 1.30 1.22 1.47
70.0 30,0 1.64 0.88 1.07
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o Table A5.7 continued :?
1 2 3 4 5 ks
90.0 30.0 0.88 G.78 0.86 :
0.0 40,0 0.93 0.55 0.85 g
10.0 40,0 1.66 1.20 0.86 :
20.0 40,0 1.11 1.01 1.09 ‘
30.6 40,0 0.99 1.11 1.27
40.0 40,0 1.07 1.36 1.58
50.0 40,0 1.79 1.24 1.68
60.9 40,0 1.18 1.41 1.7C
70.0 46,0 U.79 0.54 1.35
80.0 40.0 ;  0.80 1.13 1.06
90.0 40.0 0.79 0.76 L.97
0.0 50,0 0.25 0.74 0.94
10.0 50.0 1.43 1.00 U.bY
20.0 50.0 1.13 1.32 1.07
36,6 % 50L.C 1.1¢4 6.99 1.22
40.0 50.0 1.31 1.14 1.54
50.0 56.0 2,23 2,28 1.62
60.0 50.0 3.59 1.01 1.58
70.0 50.0 0.52 1.21 1.71
80.0 50.0 1,13 0.77 1,25
90.0 50.0 6.76 1.65 1.24
0.0 60.0 0.34 0.36 0. 80
@} 16.0 * 60.G 0.95 1.12 L.b5
20.0 60,0 1.18 0.90 0.93
/ 3.0 60.U 0.98 1.14 1.12
40.0 60.0 1,13 1.10 1.44
5.0 6U.U 2.26 2,00 1.76
60.0 60.0 2.17 2,11 1.97
70.0 60.0 1.66 1.90 1,63
80.0 60.0 2.18 1.58 1.49
90.0 60.C 1.68 1.34 1.33
0.0 70.0 0.47 0.79 .75
10.0 70.U 1.09 G.69 Ue72
20.0 70.0 0.64 0.76 0.83 @
30.0 70.0 .88 L.73 Loy2
40.0 70.0 0.77 1.04 1.28
50.0 70.0 1.89 1.60 1.57
60,0 70.0 2,24 1.81 1.79
76.0 70.0 1.84 1.43 1. 80
80.0 70.0 2.14 1.50 1,62
90.0 70,0 1.44 1.67 1,61
0.0 80.0 0.75 0.44 0.64
10.0 BU.O 0.94 0.74 U.66
20,0 80.0 0.70 Q.62 0,71
30.0 BUL U v.71 0.82 Uetl
, 40.0 80,0 0.83 0.71 1,08
50.U 80.U 1.35 1.37 1,48
\ 60.0 80.0 1.54 1.95 1.75
o 70.0 80.0u 0.94 1.42 1.86
80.0 80.0 1.38 1.82 1.72
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Table A5.7 continued

2

950.0 80.0 1.64 1.21 1.48

0.0 90.0 0.42 0.61 0.69

10.0 90.0 . 0.72 0.50 0.66

20.0 90.0 0.49 1.57 0.76

30.0 90.0 G.73 0.40 .80

40,0 90.0 0.67 1.29 1.15

50.0 90.0 1.27 2,27 1.54

60.0 90.0 2.26 1.66 1.63

70.0 90.0 k76 1.17 1.69 (

80.0 90.0 , 2.37 1.33 1.45

90.0 90.0 1,21 1.7C 1.55

0.0 100.0 0.50 0.43 0.63

10.0 100.0 0.54 1.02 0.74

20.0 100.0 1.71 0.50 0.61

30.0 160.0 G.40 1.24 1.64

40,0 100.0 1,33 0.99 1.24

56,0 100.U 2.51 1.21 1.48

60.0 100.0 ; 1.86 2.61 1.86

7u.0 100.0 0.92 1.77 1.90

80.0 100.0 1.28 1,02 1.54

9G.0 100.0 1.52 1.13 1.26

0.0 110.0 0.45 0.52 0.72

( 16.0 110.0 .83 U.50 Us71

; 20.0 110.0 0.60 0.80 0.94

: 36.0 110.0 G.92 L. b8 1.08

, 40.0 110.0 1.78 0.68 1.25

! 50.0 110.,0 U.73 2.24 1.98

E . 60.0 110.0 2.87 1.75 1.66

70.0 110.0 2.65 1.24 1.59

s 80.b 110.0 1.10 0.48 1.57

| 9.0 110.0 0.69 1.3C 1.51
]
|
|
|
i
|
E

|
|
\
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Table A5.8 Available water for Hybrid (nonparametric) and -
ric) estimation methods (Site B)

Kriging (paramet

QS%/volume)

X coordinates (meters)
Y coordinates (meters)
Measured values (%/volume).
Hybrid estimates (%/volume)
Kriged estimates (%/volume)

5
iz
:
k:
=
Na
e
£
iy
b
-

1 2 3 4 5
0.0 0.0 7.01 1.38 3.71
30.0 0.0 3.99 1.25 3.34
60.0 0.0 2.62 2.75 3,89
90.0 0.0 2.75 2.62 4.33
I™™.0 0.G 2.86 5.89 5.0U
150.0 0.0 6.04 5.40 5.53
180.0 0.0 7.25 5.85 6.17
210.0 0.0 6.31 8.48 6.62
240.0 6.0 8.94 5.66 5,79
270.0 0.0 8.70 2.65 5.46
0.0 30.0 1.38 4,90 3,91
30.0 30.0 4,29 1.92 3.67
60.0 30.0 4,00 3.96 4.07
90.0 30.0 3,81 3,96 4,52
120.0 36.0 6.33 3.85 4,96
150.0 30.0 5,69 6.13 6.03
180.0 30.0 5,37 7.13 6.70
210.0 30.0 8.40 6.00 6.13
240.0 30.0 2,23 5.32 637
270.0 30,0 2.70 5.49 5.93
8.0 6U . 0 6.44 2.08 3,28
30.0 60.0 4,19 5.64 4,23
60.0 60 .0 5,53 4.91 4,40
90,0 60.0 5,19 5.07 4,85
120.0 60 .0 4,98 5.04 5.66
150.0 60.0 6.79 7.15 6.35
180.0 60.0 7.01 6.78 6,73
210.0 60.0 6,77 7.57 6.35
240.0 60.0 6.25 3.20 5.19
270.0 60.0 4,93 2.25 4.59
0.0 90 .0 23,10 4.08 4,00
30.0 90.0 5,17 5.02 4,49
60.0 90.0 4,99 4 .48 4,98
90.0 90.0 5,20 5.07 5.36
120.0 90.0 4,28 4,26 6,06
150.0 90.0 7.81 7.79 6.45
180.0 90.0 8.04 7.89 6.89
210.0 90.0 8.76 6.93 6.05
240.0 90.0 2.77 1.66 5.55
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” Table 'ASO

G
e

.0 66
1.39
5.94
5.18
8.25
3.31
7.76
7.85
7.98
3.63
5.95
3.64
5.14
4.70
5.43
3.87
7.68
6.30
6.05
2.86
6.11
0.77
4.44
12.48
4495
4,30
8.30
5.69
6.45
6475
6.80
2,38
4,29
7.92
5.61
4,82
7.17

6.06 .

5.90
5.49
5.76
l.al
3.95
4.39
5.78
4,37
.22
6.49
6.38

5.25

4 5

Th.27 . 5.08
3.56 4,23
4,80 - 4,38
5,50 5,39
5.19 5,29
6.78 6.37
7.77 6.43
7.79 6.81
5.71 6.U7
3.82 5,52
3.0 4,53
0.83 3.53
4.17 4,68
10.60 - 5,82
4,43 5,87
4,72 6.31
7.67 6.26
5,70 6.67
6.36 6.27
6.09 6.01
6432 5.14
2.89 3.92
4,30 4,82
5,53 5.00
5.35 6.21
4,87 6.18
6.50 5.96
6.27 6.44
5.92 6.06
6,34 5.67
6,02 5.38
0.93 3,29
4,40 4,54
5.16 5.46
5,72 5.91
4.99 5.94
5.75 5.83
6.48 6.07
5,83 6.U4
5.37 5.82
6.02 5,64
1.91 3,20
4,33 4,08
6.28 5.29
4,38 5.51
5.75 5.78
4.19 5.75
6,22 5.80
6.12 5.75
5.02

5.51
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Table A5.8 continued . . )
‘ . R
1, 2 3 4 '5 ;
1
~270.0 240,0 5.28 4.73 .40 -
0.0 270.0 . 1.60 . 0,93 2.93 -
30.0 276.0 4.41 4,51 3.62
) 60.0 270.0 6.53 4,39 4.67
90.G 270.0 5.69 6.23 5,38 ‘
120.0 270.0 6.46 3.42 Se35 ‘.
150.0 270.0 3.30 6.80 5.95
180.0 270.0 6.24 6.18 5.80
216.0 2706.0 6.45 5.09 5.60
240.0 270.0 2.76 5.05 5.75
270.0 270.0 4,96 5,32 5,31
o 0.0 300.0 0.57 ) 1038 3.46
30.0 300.0 4,75 j 4,80 3,80
60.0 300.0 4,19 4,63 4,93
90. U 300.0 5.51 /f 5.61 5.2U
"120,0 300.0 3,51 5.07 5.82
150.0 300.0 8,12 5.07 5.40
180.0 300.0 6.30 6.33 5.89
> 210.0 300.G 6.12 4,71 5.67
240.0 300.0 6.07 6.15 5.34
- 270.0 360.0 5.51 4,44 5,19
: 0.0 330.0 1.34 4.91 3,80
@ 30,0 330,0 6.46 2.62 3,62
60.0 330.0 4,63 6.29 5.00
9.0 330.0 6.28 4.63 5.07
120.0 330.0 4,83 5.84 5.61
150.0 330.0 6,02 6,33 5,77
180.0 330.0 6.35 4,71 5.79
210.0 330.0 4,71 6.39 5,97 ‘ 2
2460,0 330,0 6,42 4,52 5.38
270.0 330.0 4,52 6,00 5.62
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Table A5.9 Field capacity for Hybrid (nonparametric) and
Kriging (parametric)estimation methods(Site H)
(%/volume)

/ l« X coordinates (meters) ) ‘ v
2+ Y coordinates (meters)
3. Measured values (%/volume)
4« Hybrid. estimates (%/volume)
5- Kriged estimates (%/volume)

1 2 3 4 5
t
.G C.0 30.72 77. 64 20.6U
30.0 0.0 15.50 14.38 21,47
6. U 0.0 14.06 14.61 19.93
90.0 0.0 13.59 13.57 20.09 ‘
126.0 0.C 19.44 25.28 21.37
150.0 0.0 29.31 20.23 22.45
180, U U.u 26.01 19.37 24,24
210.0 0.0 19.37 26.29 25.7U
244.0 t.d 26.30 22.94 25,24
/ 270.0 0.0 27.92 28. 50 24 .84
0.0 30,06 . 29.87 17.14 21. 20
30.0 30.0 14,49 15.49 21.21
60.0 3u.0 28.19 13.97 17.69
90.0 30.0 12.68 13.87 19. 50
120.0 30.6 25.25 19.99 20.12
150.0 30.0 20.28 26.14 23.46
180.0 30.0 27.74 29.52 24. 2L
210.0 -+ 30.0 30,23 , 18.88 24.61
240.0 3.0 28. 20 7 27.68 26,85
270.0 30,0 29.63 18.92 264,70
0.0\ 6U.U 20.76 29.05 23.15
30.0 60.0 15.18 18.01 21.34
6U. 0 6U.G 15.53 14.62 19. 30
90,0 60.0 13.88 17.29 19,27
120.0 60.U 22.88 19.72 19,92
150.0 60.0 22,76 23.10 22,59 )
160, 0 60.0 30,71 23.05 23,55
210.0 60.G 18.26 28.37 25.73
240.0 6U .U 19.49 15.861 25.49
270.0 60.0 15.81 29.47 26,56
0.0 90.0 30.92 27.72 22,44 .
30.0 90.0 22,55 19,27 21,46
6G.G 0 .U 17.10 19.56 19. 90
90,0 90.0 18.15 15.99 19.16 M~
120.0 0. U 15.39 15.82 2L. 64
150.0 90.0 21,33 23,74 22,22
1.0 . 9U.U 23,54 22.34 23.96
210,0 90.0 27.17 25.70 . 14.54 2
240.0 90.0 25.54 26.69 25. 1 :
H
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Table A5.9 continued —
, 1 2 3 4 - 5
270.0 90.0 . 34.06 25.61 23.68
0.0 120.0 30,65 16,42 23.16
36.0 120.0 20,00 29.12 22.81
60.0 ©120.0 21.93 20.16 20.61
90.0 120.0 25.06 15.05 19.3%
120.6 - 120.0 15.82 22.92 21.07
150.0 120.0 24.52 20.48 21.92
-180.0 120.0 18,99 25,13 24,31
210.0 120.0 26,45 21.12 24,40
240.0 120.0 26,96 27.44 24,81
270.0 120.0 25,84 26.74 24,50
0.0 150.0 16.42 30.71 26,09
30.0 150.0 27.23 16,42 22,71 ,
60.0 150.0 20,39 23.36 21.57
9uU.0 150.U 14,73 17.71 20,97
120.0 150.0 20.16 19.37 20.94
156.0 150.U 26.74 24,70 21.86
180.0 150.0 26,03 22.87 23.33
210.0 15¢.0 21.55 26.20 26,30
240.0 150.0 33.17 19.19 22,65
27u.0 150.0 18.99 24,30 23.99 5
0.0 180.0 32,25 19,27 24,50
30.0 180.0 20,96 25.58 24.38
60.0 180.0 2%553e—  20.47 21,64
90.0 180.0 14.78 17.21 21.38
120.0 180.0 19.74 21.97 21.13
15G.0 180.0 24,62 24,67 22,20
180.0 180.0 24,84 22.76 22,88 \
210.U 18G.0 20.29 21.57 23.22
240.0 180.0 19.64 19.64 22.54
270.0 180.0 21.48 17.84 21,40
0.0 210.0 31.36 31.26 25.26
30.0 210.0 23.11 26.04 24,47
60.0 210.0 26,31 . 19.86 21.77
9U.0 216.G 19.07 19.50 21.13
120.0 210.0 22.16 19.16 20.76
\ 150.0 210.0 24.55 20,79 21.56
180.0 210.0 23.48 24,82 22,37
210.0 210.U 21.71 20.16 21.96
240.0 210.0 16.75 17.20 .21,21
27u.0 216.0 ~17.264 18.56 20,47
0.0 240.0 31.23 28.76 25.42
30.0 240.0 21.48 20.81 24,59
60.0 .240,0 20.38 20.90 22,30°
90.U 240,0 19.0Y 19.21 21.12
120.0 240.0 15.67 20,32 21.36 ¢
‘ 150.0 240.0 14,01 15,27 - 22,15 -
180.0 240,0 30,83 21.20 20.88
¥ < 210.0 240.0 23,72 27.9G 21,43
° 240.0 240,0 19.31 16.88 20.50

86




%

1 2 3 4 .5 A
- %
270.0 246.0 16.92 15.19 20,17 /
¢ 0.0 270.0 . 30.86 26.96 24,97 " ,
30.0 2706.0 -20.68 21.00 26.20
™ 60,0 270.0 20 .84 20,49 22,18
90,0 276.0U 21.92 26.49 21.32
120.0 270.0 29.76 14.00 20,27
N 150.0 270.0 13.28 19.33 22,30
180.0 270.0 17.22 19.41 22.05 e
210.0 270.U 26,34 21.91 26,67 \
240.,0 270.0 19.57 16.48 %20,81 !
< 270.0 270.0 15.19 21.87 20.93
0.0 300.0 30.13 - 30.40 26,57 N
30.0 3G60.0 19.53 22.74 23,99
60.0 300.0 17.28 15.89 22457
9U.G 300.u 25.67 22.L5 21,34
120.0 300.0 21.71 22,50 22.1U
15G.0 360.0 24,70 21,45 21.67
180.0 300.0 18.49 18,04 22,02
210.0 30,0 23,15 17.27 21.16
24G.0, 300.0 21.09 \\X 24,68 21.19
270.0 350.0 24,02 15.71 1v.92
0.0 330,0 30.36 24,34 24,41
Eﬁ 36.0  ° 330.0 23.67 18.0U '23.18
6020 330.0 15.89 s 2171 23.34
90.0 330.0 22,29 168.32 22.21
120.0 330.0 22,50 25.84 22,63
150.0 330.U 30,11 22.U6 21,25
180.0 330.0 18,84 17.27 22,21
21G.0 330.0 17.27 23.83 21,87
240.0 330.0 24.77 17.51 . 20.49
276.0 330.0 lb.83 24.26 21.25

\ \ \
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L

v ' ) ' ) E
20 '#exxxwrwnnxnrsr  THIS IS THE MAIN PROGRAM PYRR PRI, NP j
30 ' ) E
40 OPTION BASE I'f :
50 CLEAR,,5000 - ) g
66 DIM GRID(170,10) ’ |
70 IF CODE = 1 THEN 230

8u KEY OFF \

90 CLS - v \

1L CFLAGY = "false"

110 GF$ = SPACE$(1)

120 FILBS = SPACE$(L)

130 LOCATE 6,18,0b: PRINT "Please enter drive containing data disk."

140 LOCATE 10,25,0: PRINT "( Enter A or B A

150 Ap = INKEY$: IF Ap = "" THEN 15¢C. ) J
160 IF A$ = "A" OR_A$/= "a" THEN GOTO 190

170 IF A$ = "B" 0RSA$ = "b" THEN GOTO 200

180 BEEP: GOTO {50 , .
190 DRIVES = "a:" : GUTO 21U :
200 DRIVE$ = "b:"

210 TS .

220

230 '*******&************ MAIN MENU TS ZE S S SRS E R RS R R RS R S EEE R E B B EREE B E]

240 )

250 CLS

-
26U LUCATE 22,50,0: PRINT "Current File: "; FILES
gj 270 LOCATE 5,36,0: PRINT "MAIN MENU"

" 260 LOCATE 7,25,0: PRINT "1 . Create awMNew F1le"
290 LOCATE 8,25,0: PRINT "2 Edit an Existing File"
3uL LOCATE 9,25,0: PRINT "3 « Run Program using an Existing fFile"
310 LOCATE 11,25,0: PRINT "Esc ~ Exit from Program" .

320 LOCATE 16,27§u PRINT "Enter Choice ==>"
3306 AS = INKEYS

40 IF A$ = "" THEN 330
5 IF A$ = "1" THEN 410
360 IF A$ = "2" THEN 830
370 IF A$ = “3" THEN GOTO 1280 '~
386 IF ASC(A$) = 27 THEN 3670
390 BEEP: GOTO 33U \ .
. 400 ' - \
410 '********************************************I*********l’************%*****
420 N\ o
4306 CLS

44G LOCATE 5,8,U ) )
450 PRINT "Enter the name of the new file (maximum 8 characters) =z>" .
460 LOCATE 10,12,0: PRINT "WARNING: Using a file name that already exist will"
470 LOCATE 11,21,0: PRINT "replace the data in the old file." > :
480 LOCATE 22,50,U: PRINT "Current File: "; FILES$ -

490 LUCATE 5,67 ,u: INPUT ",",FILE$
500 IF FILE$ = "" THEN 490

5L0 IF LEN(FILE$) <= & THEN 6LU
o 520" BEEP:BEEP:BEEP:BEEP ‘
53¢ LOCATE 15,17,0 .
54G PRINT "*#*x fError: The file name is more than 8 characters #**#*"

!
.

»

\ .
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550
560
570
580
5%u
600
610
620
630
640
650
660
670
680
690
700

© 7106
720
730

< 740

750U

76U

770

7ol

790

. 86U

810

824

430

840

850

860

870

880

830

900

Jlu

920
930
940
95¢
960
970
980
930
1600

1010

lL2u

. 1030

16406
1u50
1660
167u
1080

'FUR 1= 1 TO 25003 NEXT I B T

~ o A e EE T EOR A
PP T B AL A AL R I 4
o [ PR T SN *

» . . e
.. . g
' , , K

Wt

LOCATE 15,17,0: PRINT SPACE$(60)

LUCATE 5,67,0: PRINT SPACE$(14) |
LOEATE 6,1,0: PRINT SPACE$(80) . : : .
GUTO 49U . o
LOCATE 22,63,0: PRINT SPACE$(18) \ .
LOCATE 22,50,0: PRINT “"Cutrent File: "; FILES

FOR I = 1 TO 2uLO: NEXT I

CTR1 = 0 ~

GGSUB 174G

GOSUB 1950

GOSUB 3440 )
CLS: LOCATE 12,30,0: PRINT "Saving File ";FILE$;"...";

FOR I = 1 TO 2000: NEXT I ‘
IF CTRL <> O THEN 73U )

PRINT " NOT SAVED™

FOR I = 1 TO 2560: NEXT I

GOTO 250

DFILEY = DRIVES + FILE$ + DATS DO

OPEN DFILE$ FOR OUTPUT AS £1

FOR I = 1 TG CTR1

WRITE £1, GRID(I,1), BRID(I,2), GRID(I,3)

NEXT I . . ‘

PRINT "Dane" ,

FOR I = 1 TO 1500: NEXT I y s .
CLOSE £1 -

GOTO 250 .

1]

1

'*********************************************************************

Al

GOsuB 1420
GOSuB 1740 , )
GOSUB 1840 - ;
Gosus 1990
IF CFLAG$ = "false" THEN 1260
CLS r
LOCATE 22,5L,0: PRINT "Current File: "; FILES
LOCATE 8,15,0: PRINT "Would you like to replace the updated data into
LOCATE 9,15,0: PRINT "a new file (i.e. leave the old file unctfnged)"
LOCATE 10,35,1: PRINT "(Y/N) ==>" ’ .
A$ = INKEYS$: IF A% = "" THEN 950
IF A% ="Y* OR A$ ="y" THEN 990
IF A$ = "N" OR A$ = "n" THEN 1140
BEEP: GOTI0 950 N \
LOCATE 15,8,0 '
INPUT "Enter name of new file (max 8 characters) ==> "; FILEY
IF FILE$ = "" THEN '1000
IfF LEN(FILE$) <= 8 THEN 1100
BEEP :BEEP:BEEP:BEEP
LUCATE lu,13,0 \ .
PRINT "*** Error: The file name 1s more than § characters ***" .
FOR I = 1 TO 2500: NEXT 1
LOCATE 14,13,0: PRINT SPACE$(6G)
LQCATE 15,54,0: PRINT SPACE$(26)

n

v

.

‘e




1090
1100
1110

1120,

1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1276
1240
1290

- 1300

1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
141U

1420.

1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
155G
1560
1570
1580
1590

16u0.

1610

1620

. . -
s
\ >
.

GOTO 990
DFILE$ = "b:" + FILEY + ".DAT" .
JLOCATE 15,8,03 PRINT’ SPACE$(73)

LUCAT£ 22, 63 O0: PRINT SPACE$(1¢) — o
LOCATE 22,50,0: PRINT "Curremt File: "; FILES -
LOCATE 15, 3@'0. PRINT "Saving File "; FILES$; "...";

IF CTR1 <> 0 THEN 1180

PRINT "NOT SAVED"

GOTO 1240 -~

OPEN DFILE$ FOR OUTPUT AS &l

FOR I = 1 T0 CTR1

WRITE £1, GRID(I, l), GRID(I,2), GRID(I,3)

NEXT 1
PRINT "Done"
CLOSE £1 N
FOR4JI = 1 TO 1500: NEXT I ' \
CFLAGS = "false" ‘
GOT?&%@H‘
' ******f**************&****************************4*****4»%**
' L]
GOsuB 1la2d0
OPEN "INFO¥DAT FOR OUTPUT ASES
outT$ = ".our"
WRITE £5, DRIVES,FILE$,DATS,0UTS
PRINT £5, CTR1 . -
FOR'I = 1T0 CTRI 'Maximum number of data !
. FOR J =1 70 3
PRINT £5 GRID(I,J) ‘Writing the data into a file
NEXT J
NEXT 1
CLOSE &5, .
CHAIN "a:hybrid" . 'Chaining to the subroutine hybrid
' *****************t*****************?******‘I‘**********l**}l***}i*
CLS

LOCATE 5, ZU G: PRINT "Enter File (maximum 8 characters) ==z>"
LOCATE 22 50 0: PRINT "Current File: "; FILES$

LOGATE 5,57,1: INPUT ™ "; F$

IF F$ = "" THEN 1460

IF LEN(F$) <= 8 THEN 156U

BEEP:BEEP:BEEP :BEEP

LOCATE 12,16,0

PRINT “*** Error: The file name is more than b charactbrs e
FOR I = 1 7O 2500: NEXT I - y
LOCATE 12,16,U: PRINT SPACE&(&O)

LOQCATE 5, 57 0. PRINT SPACE$(24)

GOTO 1460 .
IF F$ = FILES THEN 172G /
FILE$ = F$

LGCATE 12,3C,C: PRINT "Loadipg File "; FILEw; "ead"s
DATS = ".DAT" ! ’
DFILE® = DRIVE$ + FILES:+ DATS

OPEN DFILE$ FUR INPUT AS £l )
CTRL = G N

A

:
3



5
L el
i L P

IF EOF(1) THEN 1670 = 0 . | .
CTRL = CTR1 + 1 = -
INPUT £1, GRID(CTR1,1), GRID(CTRL,2), GRID (CTRL,3)

GOTO 1630 _

PRINT "Done" - ;

LOCATE 22,63,0: PRINT SPA§E$(18) .

LOCATE 22,50,0: PRINT "Cutrent File: "; FILES

FOR I = 1 10 /25G60: NEXT If :
CLOSE £1 M s »
RETURN ' .7

]

'***********************************************************************’
%
'

CLS ) . “
LOCATE 1,5,U: PRINT "Enter: X co:ordinafe, Y co.ordinate, Weaght"

LOCATE 2,5,03 PRINT "l.llllllllllllllllllllllll.lll;l‘lllllllllll,llllllll
LDCATE 2,57,0: PRINT "o asasnannsaanannanasal

LOCATE 16’5’0: PRINT "llllllllllllllllllllllllllllll‘lllllll.l.nlllllllll
LOCATE 16’56’(_) PR;NT "Illlllllllllll.l‘llll"

RETURN J
' ¥

'*****************}******************i’**************** [E XX LR E L EELEE 3

-

t

LUCATE 18,6,C0
PRINT "**#* Enter Ese when all the data has been entereqg ***"

LOCATE 20,6,0: PRINT "Hat: U » Scroll Up D » Scroll Down"
LGCATE 21,6,0: PRINT " I ~8nsert a Line 0 » Umart a Line"
LOCATE 21,55,08: PRINT"C . Change a Line"

RETURN

'
¢ *********************************l*****************!************

LOCATE 18,6,0 ‘ . .
; PRINT "#*#* fnter U,L,0 when all the dats has been entered ke

RETURN

v ************************************************** ([ EE X SR E L EE R BB S

v

)

N=z4: CTh2=1: CTR3=0

IF CTR3 = CTR1 OR N = 14 THEN 208G

CTR3 = CTR3 + 1

LOCATE N,6,0: PRINT CTR3;": "sGRID(CTR3,1);" "sGRID(CTR3,2);" ";
PRINT GRID(CTR3,3) ) )

N z=N+1

GOTO 2620

A$ = INKEY$: IF Ay = "" THEN 2060

IF A$ = "U" OR A} "y" THEN 2260

IF A$ = "0" OR A% = "d" THEN 2190 ° |

IFA$ = "I" OR A$ = "i" “THEN 2330 ‘

IF A$ = "U™ OR A% = "o" THEN 251C

IF A§' = "C" OR A$ = "c" THEN 2710

IF ASC(A$) = 27 THEN RETURN

BEEP: GOTO 208U \ . .

' .
PRy




\

2170
2180
2190
2200
2210
2220
2230

2240

2250
22606
2270
2260
2290
2300
2310
2320
233G
2340
2350
236U
2370
+23bU
2390
2400
2410
2420
2430
2440
2450
2460
247C0
2480
2490
2500
2510

“ . 2520

2530
2540
2550

2560

o

(2

.
I .

e
Seriae l o4, .
aﬁmmmw

2570
2580
2590
2500
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700

‘GOSUB 3030 - . }

’ 1 1
L s . L [IPETER 1 A3
R v ST L g TR Ly 12 (O (AN

AN ‘DOWN SCREEN *******fi#***}***********;*
IF CTR3 <> CTR1 THEN 2210 | )

'BEEP: GOTO 2080 —

GOSUS 3140 .

GOTO 2080 { : .

\J

1
'

At

3

I
g

[}
¥

3o

TREEREEERERREFER R R RS JP SCREEN ****k**********k*************#
L]
\J

IF CTRZ <> 1 THEN 22¢
BEEP: GOTO 208G °

GOSUB 3270 :

GOTO 2080 : \

I EEEES RS ST RS RS S L SRR S R K 3 INSERT TR EREEER R SRR RE RS RE R R R RN E R B K X

J Y

FOk I = 18 10 22

LOCATE I,1,0: PRINT SPACE$(80)

NEXT I

LOCATE l8,1G,0: INPUT "Enter line number to 1insert after: "; L

IF ((L > CTRl) OR (L < G)) THEN 2430

GOSuUB 3U3C .
LCCATE 206,5,0: INPUT "Enter X,Y,Weaght: "; X,Y,wW - |
Gosus 2920 - \ l
L = L.l ' |
GOSuB 3030 ' \ J

FUR I = 18 T0 22 T - "

LOCATE I,1,0: PRINT SPACE$(80)

NEXT I ‘

GOSuUB 1860 ' -

GOTO 2060 e -

\J

THRRRERE R R RN R NN REUXENE  DELETE #HA AR R RARERRR R RRRERRR IR AR R R R TN
[
A\l

FOR I = 18 T0 22

LOCATE I,1,0: PRINT SPACES$(80)

NEXT I

LOCATE 18,106,0: INPUT "Enter the lxne number to delete "y L
IF ((L < l) UR (L > CTR1)) THEN 2630
FOR I = L TO CTR1 . )
GRID(I,1) = GRID(I+l,1): leD(I,Z) GRID(I+1,2): GRID(I,3) = GRIU(I+l,3)
NEXT I ’ .
CTR1 = CTR1 . 1 '

CFLAG$ = "true" ‘ ) ;o ' AN
L =1L .1 ’ :

v

FOR I = 1 TO 22 .
LOCATE I,1,0: PRINT SPACES(80) )
NEXT 1 . ‘ e

GOSUB 1860,
GUTO 2ubL b

]

'*****#**‘*************** CHANGE EETTEYYEEY RIS REY SRR S S RLY LR
! ' §

. J ) . ' 4
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, 2710 FOR I = 18'10 27 g L | . %
' 2720 LOCATE I,1,0: PRI SPACE$(BD) , e

2730 NEXT 1 \
2740 LOCATE 1b,10,0: INP "Enter line number to be—changed' s L
2750 IF ((L < l) DR (L > CHNR1)) THEN 2840 . .
2760 GOSuB 3630 © e

. 2770 FOR I = 19 10 22

+ 2766 LOCATE I,1,0: PRINT SPACE$(40)

2790 NEXT I' ~

2400 LOCATE 20,5,0: INPUT "Enter X,Y,Weight: ";
2810 GRID(L,1) = X: GRID(L,2) = Y: GRID(L,3) = W
2620 CFLAGS = "true"

2830 GOSUB 3030

Xy YW

2840 FOR I = 18 T0 22

2858 LOCATE 1,1,0: PRINT SPACE$(80) f

2060 NEXT I t\
2870 GOSuUB 1860 - .
2886 GOTO 2684 :

2890 ' !

2904 IETEEEEETERSS SR RS S S INSERT INTU ARRAY HERRRRRERERFRR R RN NP
2910 ! ’ ’
2920 BOUNT = L + 1

2930 FOR I = CTR1 TO COUNT STEP -1

2940 GRID(I+1,1) = GRID(IL,1)

2950 GRID(I+1,2) = GRID(I,2)

2960 uRID(I+l,3) = GRID(I,3)

€ monexr: 7
2980 GRID(COUNT,1)’

2990 CTR1 = CTR1 +
3000 CFLAGS = "true"
3010 RETURN

X: GRID(COUNT,2) = Y: GRID(COUNT,3) = W

"b—'ll

13020 ° : .
IU30 TeerxeeamnxereFrxraxs POSITION SCREEN N Y I RTINS R R RS A
3040 '
3050 “IF (L<> «1) THEN 3080 - ¢

" 3060 CTR2 = 9 ,
3u7u GOTO 3090 ) : -
3080.CTR2 = L + 9 . .

y 3690 GOSus 3290
) 3100 RETURN "

3110

3120 '**i*iﬁ*********zf** SCRULL DUWN P Y S SIS SR R L

3130 '

3140 CTR2 = CTR3.3: CTR3 = CTR2+1: N=4

3150 IF GTR3 <> CTR1 THEN 3200 \ . *

316L LOCATE N,6,U: PRINT SPACE$(74)
3170 N = N + 1
3180 IF N <> 15 THEN 316U , .
°3190 RETURN : -
3200 IF N=14 THEN RETURN
3210 CTR3 '= CTR3+1
& 3220 LOCATE N,6,U: PRINT SPACEMM) / .
3230 LOCATE N,6,0: PRINT CTR3;": "3 GRID(CTR3,1); " #; GRID(CTR3,2);

3240 PRINT ¢ ", GRID(CTR3,3)

i ) 94 ‘ “
:
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)
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N =N+ 1: GOTO 3150° o L, .

'*************#***** SCROLL ye RITAZZIZZETFI R XS 2 R LR 2 R b 1 2k Lk S

/ln

CTRZ = CTRZ-9 -
IF CTR2 <1 THEN GTRZ =

"CTR3 = CTR2«1: N = 4 ™

IF (N = 14) THEN RETURN
IF CTR1<>CTR3 THEN 3380 ) cL -

FOR I = N TO 14

LOCATE I1,1,0: PRINT SPACE$(8C) - '
NEXT I ¥

RETURN *

CTR3 = CTR3 + 1 ,

LOCATE N,6,0: PRINT SPACE$(74) : . :
LOCATE N,6,0: PRINT CTR3;": "; GRID(CTR3,1); " "; GRID(CTR3,2);
PRINT " "; GRID(CTR3,3) , ‘

N =N+ 1: GOTO 3320 : / , -

1] b

.
UL g S ST ETEEE RS RS RS RS ET R RS SRS A E SRS R AR S S RS A R A A RS

L

CTkl = Uu: N = &

-

FLAG$ = "true"

WHILE FDAGS = "true"

CTRL = CTRLl + 1

LOCATE N,8,U: PRINT CTRL; ": ,
LOCATE N,10,0: INPUT X,Y,W @

IF ((X <> D) OR (Y < o) OR (W <> 6)) THEN 3550
FLAL$ = "false": CTR1 = CTRI .1

GOTO 3620 ]

GRID(CTRl,l) = X: GRID(CTR1,2) = Y: GRID(CTRL,3)
ROW = CSRLIN: N = ROW B

IF (N<12) THEN 3620 k

FOR N = 4 T0 15

LUCATE N,1,0: PRINT SPACES$(8G)

NEXT N s

N = 4 ‘ ' .
WEND —

RETURN 9

W

F T S S I 2222 XSS X ST SR RS RSS2SR S SRS S SRS R R R R AR LRSS
\J

CLS
END

%
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10 AR X SIS 2R L ST R SUSROUTINE HYBRID~************j************i*
20 ' . '

Ty 36 'Th13 subroutine is called from the-main program to determine the
40 ‘'estimated value oF a- point. Hybrid calls some other subroutjnes.
50 'After calculatlng the estimated values for all data“points,

60 ‘'control is transfered to the main progranm. .

70 ' '~ '

-80 '************************i**************j**************************
90 , ) :

100 'D = One dimentional array, distance detween two points on /////”
110 ¢ x=coordinate : .

120 'OX% = One dimentional array, distance'behween two points on
130 ° y=coordinate -

146 '"wDI = One dimentional artay, representing.distance welghtlng/
150 ‘CW = One dimentional array, representing cluster weighting
160 'TWD = One dimentional array, representing final weight

170 ! which is the product of distance and cluster weighting
180 'VALID s Two dimentional array, x, y and measured values (input)
190 'KVALID = Dummy array for valid . . ,
200 'P = Dummy array for valid . -
210 'GRID s Dummy artray for valid . .

220 'INDICATE
230 '
246

250 R XTI LTRSS R X E S E RS R I R R R R RIS R R R Y

260 '

Two dimentional dummy array for valid, used 1in
calculating Kendal's tau .

A

270 CLEAR,,SUU0

2806 DIM D(2),WDI(40),DX(2),CW(40), THD(40)

290 DIM P(1, 3) KVALID(l?O 10) VALID(l?U 10), INDICATE(7,7),GRID(170,10)
3GG6 OPEN "INFO.DAT" FOR INPUT ASES ,'Opening the data file

310 INPUT £5,
320 INPUT £5,
330,FOR I = 1
340 FOR J

DRIVES$,FILE$,DATS,0UTS o

CTR1 ‘Ma: imum no. of data
T0 CTR1 .

=170 3 )

350 INPUT £5, GRID(IL,J) 'Reading dat®
360 IF EOF(5) THEN 390 ,

37¢ NEXT 3

380 NEXT I
390 CLOSE £5

g

400 CLS: LOCATE 1G,B5,0:PRINT "runnlng pragram”

410 OFILES =

DRIVEY ¥ FILE$S + OUTS 'Open the output file .

420 'OPEN OFILE$'FOR OUTPUT AS £2 ¢ ¢ .

430 PRINT" 1~
440 PRINT" 2.
450 PRINT" 3.
460 PRINT" 4«
470 PRINTY 5.
480 PRINT" 6-
490 PRINT
SGU PRINT
510 PRINT

X coordinates (meters)"
Y Coordinates (meters)" -
Measured Values "

Estimated
Estimated Value + Two Standard Deviation?
Estimated Value - Two Standard Deviation™

©
"

AN

\
- - )
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N . - e bz o por Aol
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P

520
530
540
550
56U
570
580
590
6LL
610
620
63L
640
65U
660
670
680
690
700
716
720
730
740
750

* 760

770
780
730
800
810
820
830
840
850
g6l
870
880
896G

+ 900

910
920
930
940
95u
960
970
8L
990
10660
1010
1620
1030
lu40
1050

™ “ e N . & N - Q,éj)
X$=" . 1 2 3 4 5 5?

Y$=”llllllllllIllllll‘?.lll.Ill;lllllllllllllllllllllllllllllll.llllll‘ll

PRINT X: _

PRINT Y o ' " N
PRINT s I x g
PRINT ; ) . .
KTR1=CTR1 "Total no., of data lines in .the data file ~ o
PRINT CTR1 . £ o

T =1 - :

IF (T > KTR1) THEN 2560 * 'Checking for the end of data -

SUMSQ™ 0:SUMM = O 'Sum of square and sum of measured points

FOR K = 1 T0O KTR1 '

IF. (K >= T ) THEN=670 )

VALID(K,1)=GRID(K,1):VALID(K, 2) GRID(K, 2) VALID(K,3)=GRID(K,3) ‘'Transferin
SUMSQ = SUMSQ + YALID(K 3) 2:SUMM = SUMM + VALID(K 3):G0T0 71C 'sum of

IF >T) THEN 69L 'square and sum of measured values

P( )=GRID(K,1):P(1,2)=GRID(K,2):P(1,3)=GRID(K,3):G0T0 71U

VALIO(K-1,1)= GRID(K 1) VALID(K.1,2)= GRID(K 2): VALID(K 1,3)=GRID(K,3)

SUMSQ = SUMSQ +,VNLID(K-1,3)‘2:SUMM = SUMM + VALID(K-J,B)

NEXT K ’

a

CTR1=KTR1

SIGMA = SGR((SUMSY - (SUMM~2)/CTRL)/(CTR1-1))

COUNT = 6 'Estimatlng a p01nt 18 basled on 6 surrounding
FOR I=1 TO CTR1 'observations - ~

——

FOR J= 1 T0 2

D(J)=P(1,J)» VALID(I,J)

NEXT -J )
DISTANCE = SQR((D(1)+.05)"2 + (D(2)+3.6UGLULE~ DZ) 2) ‘'bastance
VALID(I,4) = DISTANCE 'between any two points

NEXT I . »
SORT = 4 ) .

NUM = 4 ~ .

GOsUB LU 'Sort the distances in an increasing order

GOTo 1090 . S

o

Vb 3K I SUBRUU&<NE SORT ¥ % HRRRRERAFRERRRERRRER XA RR
. Y

'This subroutine sorts the distance between any ‘plont and 6
'neighbouring podints in an increasing order. It also calculates
"the distance weighting for the above 6 points.
,’ '

)
! ****************\***************;I'*************l*l&***********!*Iv**

1 W) . ‘\ -~

J=U : ’ \

FOR I=1 TO CTR]l-« 2 ' ’
J=I+1 v
IF J> CTR1 » 1 THEN 167u 'Checking for end of data E

IF VALID(I,SORT)<VALID(J,SORT) THEN 1060 'Comparlng any 2 values

IF VALID(I SORT) > VALID(J SGRT) THEN 1030

R = RND .

IF R > .5 THEN 106U - . : . '
FOR K=1 TO NUM T ' ¢

SWAP VALID(I,K),VALID(J,K) 'Soréing in an increasing order
NEXT K .

.
9 . w
g
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GOTO 980 . T

J= J+1 :

NEXT 1 . ) L.
RETURN ) .

WTIOTAL = G "Total distance weightaing

FOR I= 1 TO COUNT

WDI(1) = VALID(1,4)"2/VALID(1,4)"2

WTIOTAL = WTOTAL + WBI(I)

NEXT 1

] -~

IR S EZ S E SRR R N B RS SUBRUUTINE CLUSTER (AR R E AR S EEEERE R B ENE RS ESS

"This «subroutine uses subroutines area, sort and search to
‘calculate cluster weighting.

'
IR T EETEE ST EERE RS SRS R EESZRR RS RSR R RS E R R RS SRR R RS LR R R E R R N R R R KR N R R KR,

COPT = 1/COUNT

CA=((1sCDPT)/.1)*100L

FUR H=1 TU COUNT

SORT = 5 :NUM=6

s05uUB8 137U '"Calculate the aresa

GO0suU8 940

SURT = 6 -

GOsUB 1540 )
SOnT = 4 .

GOSu8 9YLu 'Sort the distance ’ R -
NEXT H .
GOTU 1610 ‘Calculate Kendal's tau
t

“

IEX XTSRS R ERER RS EE SR B SUBROUTINE AREA -l;*l»l-***************If*l*&l*l-
1

'This slGbroutine calculates the ares of a circle. Center 1s at any
'point to be estimated. Radius 13 the distance between that point

"and any of 6 neighbouring points.

'**‘*il*l‘************il***i*******f*******************************}**

] ]

FOR I= 1 TQ CTK1
FOR J=1 10 2
DX(J) = VALID(H,J)-VALID(I,J)

14

NEXT 2
VALID(I,SORT)=SQR((DX(1)+.0L5)"2+(DX(2)+9.LLLUULE(2)"2) "Cal. racius 4
VALID(I,6) = 3.14 * VALID(I,SORT)"2 '"Area of circle

NEXT I :

RE TURN ,

- l @‘kpb’

I
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1510 ' 7 .
152“ IESEFIZIIE ST E R XL SUBROUTINE SEARCH L2222 SRS S S22 R R XSS 2 L X
1530 ! . 8 - - ,
1540 'The main calculation for cluster weightimg 1s done in this
1550 'subroutine. Cluster weighting is calcdfﬂtpd as ,the .ratio of the
15%60 'ideal distribution and sampling distribution where maximum

1570 'deviation occurs between the two distributions. ¥ -
1580 ' o

1590 N i********************************l*¥¥*l******%**********i*****}**ill****
1600 ' .

1610 I=1 ' 7

1620 IF (I > 12G) THEN 1660
le3U IF (VALID(I,SORT)< CA AND VALID{I+1,SURT) > CA) THEN 1650 ‘
1640 I1=1+1:G0T0 1620
1650 SLOPE ;= ((I+1)/COUNT - I/COUNT)/(VALID(I+1,SORT)aVALIV(I, SURT)) GUTO 167L
1660 Y VALID(I,SORT): GOTO 1680
le70 Y = (SLOPE.* CA + I/COUNT)
1680 MAX =ABS(1l= Y):TRUE = 1 'Di1ff. between 1deal and mecasured welght
1690 FOR L=1 7O |
L70L INITY =VALID(L,6)/10000L + 1/CUUNT
1710 INIT =ABS(CINITY.(L/COUNT))
1720 IF INIT< MAX THEN 1740 'Check for location where sbsolute value
. L7300 MAX = INIT:Y=L/COUNT: TRUE = VALID(L,6)/10000 'of max. deviation
« 1740 NEXT L : ‘occurs
1750 TRUE = TRUE + 1/CQUNT
176G CW(H)=TRUE/Y ‘Calculation of cluster weighting
@ 1770 RETURN :
1780
1790 "##%H X XHEXERXHLERERERE® KENDAL'S TAU LI EEESESE RIS EEEEE R R R SR ER NS
180G ' :
ls6lb 'The distance between every point and 6 neighbouring points are
1820 'sorted 1n an increasing order. The measured value of each paint
16306 '1s compared with each more distant vslue and a .1 or +1 score 1s
1840 'assigned depending on the direction of increase or decrease of
1450 'measured values. Kendal's tau 1s calculated from the following
1860 'equation:

l67U 'Kendal's tau = (algebraic sum of scores/total number of scores)

188y

12390 '**********i*{*******i*****.‘****************#**’**************}***
, 1900 ' ‘

1916 J=0 P

192G FOR I= & TU -CUUNT '"Maximum humber of data point

1930 J=1 '

- lya(G IF JI>COUNT THEN 2010 .
. 1950 IF VALID(i,3)> VALID(J,3) THEN 19uQ 'Comparlng measured value
** 1960 IF VALID(I.3) VALID(J,3) THEN 1990 'of each point with each

1970 INDICATE(I,J) =-1 : GUTO 200G 'more distant
) 1940 INDICATE(I,V) = 1 : GOTO 200U .
1590 INDICATE(I,J13z0 ’ ®
2000 J=3+1 : GOTO F940 . . :
201U NEXT I o
.'ZUZL. ASUM =U "Algebraic sum of scores .
' 2030 SUM=0 ‘Total number of' positive and negative scores \

2u4L FUR I=1 TU COUNT

- 99’ \' S 4

< x>

ol
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2050 FOR J= I TO COUNT -
2060 ASUM = ASUM + INDICATE(I,J)
26706 SUM = SUM + ABS(INDICATE(I 3)) .
2080 NEXT J 5 ..
2U9GC NEXT I i ¢ .
210U TAU = ASUM/SUM |, ‘Nonparametric test value . oL
2110 ' - ’ !
2120 "R E I N AN NN QUANTILE LA 2R AR Z R RS R AR SRR SRS R R
2130 ¢ ) N
2140 'Fo anY“u known point to be estimated, the ranked measured
2150 'values  of 6 surrounding points and their cumulative final weight
2160 'are plotted. Each calculated § on the Y-aX1s, corresponds to a
2170 'value on the X»ax1s, This is the estimated value for the unknowh
2180 'poant. ’
219[" "l'*****l***************i**{***************:}****‘l***********Ivi****
2200 - )
2210 SUM = U
2220 FOR I= 1 TO COUNT "Maximum number of data (
2236 TWD(I) = CW(I) * wWDI(I) 'Final weight
2240 SUM = SUM+ TWD(I)
2250 NEXT I
226G FOR I= 1 TO CGUNT )
2270 VALID(I,S)= TWD(I)/SUM '"Corrected final weight )
2280 NEXT 1
2230 FUR I= 1 TO COUNT
2300 NEXT 1
2310 Q@ = .5 + (TAU/2)*(WTOTALA1)/WTOTAL "Nonparametric test value
2320 SORT=3 ‘ .
23306 CTR1=CUOUNT : ,
234U GOSUB 9CL 'Sort the measured values ,

2350 VALID(1,6)=VALID(1,5)

236L FUR I= 2 TU COUNT

2370 VALIL(I,8)= VALID(I 5)+VALID(I-1,6)
2380 NEXT I

2390 1=l ‘
2400 IF (u<VALID(l 6)) THEN 2440 'Checking for the intervals of

2410 IF (Q>VALID(COUNT,6)) THEN 2490 'measured values 1in which § value

2420 IF (VALID(1,6)< Q AND VALID(I+1,6)>Q) THEN 2440 ‘'woulda fall in

2430 I=I+1 :.GOTO 2420

' 26446 DENOM = VALID(1+1,3) - VALID(I,3)

E” 2450 IF (DENOM = 0!) THEN 25060

: 2460 SLOPE=(VALID(I+1,6) « VALID(I,6))/ DENUM .

’ 24706 PINT = ( Q « VALID(IL1,6))/SLOPE + VALID(I,3)3G0OT0 25ULL
; 2480 PINT = VALID(I,3) :G60TO 2500 /.
» 243U PINT = VALID(COUNT,3) 'Estimated val\ye for the unknown point

[ 2500 Z2%=" ELEELE.EEE EEEE.LEEE EEEL.EEE EEEE.ELEEE . EEEE.ELEE ELEEE.LLELE"
; 251u SIGMALl = PINT + 2*SIGMA 'Estimated value + 2 standard deviation '
p 2520 SIGMA2 = PINT « 2*SIGMA 'Estimated value »~ 2 standard deviation

2530 PKINT USING Z3;P(1,1);P(1,2);P(1,3);PINT;SIGMAL;SIGMA2 'Pi}%&)ﬂg

2540 WRITE £2,P(1,1),P(1,2),P(1,3),PINT,SIGMA1,SIGMA2 'the res

2550 T= T+1:6G0T0 61U F

2560 CODE = 1 ’ = .
'@3 257L CHAIN "a:main" 'Chaining to the main program ‘

2580 END . )

: ‘ . 160
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2[J IEIEI TIPS IER ISR LR L SUBROUTINE OUTPUT ******************************
30 ! * 1

40 : This supfoutine prints:the results in a fogmated form. ‘
28 ' ****************************************I’********w**********‘**********t****
70 ) '
8u CLs-

90 DIM GRID(170,6)
100 LUCATE 5,2G,0U: PRINT "enter file (maximum 8 characters) =z>",
110 LOCATE 22,50,0: PRINT"current files:s ";FILEY

120 LGCATE 5,57,1:INPUT "™ ";FILES
130 DFILE$ = "a:" + FILE$ + ".out" -
135 OPEN "A:QUTPUT" FOR JUTPUT ASEZ2 :
140 OPEN DFILE$ FOR INPUT AS £l
156 PRINT®*£2, " 1. X coordinates (meters)" ’
160 PRINT £2, "™ 2. Y coordinates (meters)" (
1706 PRINT &2, ™ 3. Measured values of bulk density (g/cm3 )",
180 PRINT £2, " 4+ Hybrid estimates (g/cm3)"
, 19U PRINT &2, " 5» Estimated Value + Two Standard Deviation"
200 PRINT &2, " 6. Estimated Value + Two Standard Deviation" N
21L PRINT £2, " " ’ N

220 PRINT g£2, " /
23U Xy =" EEELL.EEE  EELEL.LEE ELELLE.£E88 LLELE.ELL  LLLLE.EEX  KLEEE.EEE"
240 Y§ =" - 1 2 30 4 5 6 "
250 ZB =" annasamsanansassasaaseananasasnaanaasaeassasataaacsaaaanarasasaanaan

) 260 PRINT £2, Yy ,
270 PRINT £2, Z$

T 280 C =0

294 IF EOF (1) THEN 33y

300 C = C +1

31U LINPUT £1,GRID(C,1),GRIL(C,2),GRID(C,3),GRID(C,4),GRID(C,5),GRIV(L,0)

3Q0 GOTO 29¢ ~ , ‘

33C PkINT"done" '

340~CLOSE £1

350 FUR 1=1 T0 C

36U PRINT £2, USING X$ ;GRID(I,1);GRID(1,2);GRID(I,3)5LRID(L,4);G68ID(L,5) 4RI,

370 NEXT I ‘

386 END

"

-

a~

101

. .
Boo o, ’ - - Lo '
e i i o gt S i — e —




3

Q

APPENDIX

EERECIEE T W

<
o
.\Lau,n?\m‘

..aw,ﬂ

4t o




- . - [, - e L wan eemeim 1 P, A SRR 7
B TS SR Y T ) T T ST S e T e e e L Hege R ’*s \2he % r:q’.m.,. Sk
. [ . ; RN : L R T N P vor e - “"'
LAy ' B r - g o~
A M * ] A #
. ) ) . . R . ﬂ.» L iugl;
-~ 1 1 o
4 , : P R
W
. . \ N . ' :
-~ - '

;

lo :

’ Please ente” drive omtaining data disk. ‘
(Enter A o B): _ ~

- )
~~ o -
§ ¢ T
First screen to specify the disk containing the data.
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Q‘eateaNewFile

Edit an Existirg File

: Rn Program using an Exastirg File
. Bat frm Pogranm
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Ente~ the name of the new flle (maximm 8 cderacters) =>  test
\
%  WARNDNG: Using a file rame that alveady exist will
. replace the data in the nld file,
. Qrrent File: |
; .
Option 1. Create a new file.
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Erter: X co-ordinate. Y o~crdinate. weight

2.2.1.16.3

N -
-J +)

W fnte  0,0.0 when all the data has been entered **

:* Raw data entry to a file.
{




PR

TR

IR

B

AR
v

N

N

o

-

o e
v

¢

- Rt | )
L R NI s T y . R

%

. Emer{ile (maximm 8 characters) ==> ? test.

“

Loading File test6...
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Erter: X oo-ordinate. Y oo-ordinate., Weight
1 M O ’“O 1.27
2: 0 ‘0 1% -
3: 0 & L4
4: 0 D 1.64
5: 0 W 1.6
6 0 0 1.
7: 0 6 1
) 8: 0 M 1.8
9: 0 & 1.8 .
V: 0 VO 161 '

{
¥ Fnter Esc when all the data has been entered ##*

Hit: U-~Seoll b D = Senll Drwn
IT-Insetaline O-Mmtaline C - Chage aline

p

A sample of a raw data file {(created by option 1l).

o
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Tuning an

+ X coordinates (meters) e

2~ Y Coordinates (meters)

3 Meamred Values .

4. Estingted

. S-Elst:itratedValue+MSta1da-dDeviat1m
. E-&mwvm-mmdnevmm'
- 1 2 3 4 5 6

2 :

120 ’

j ” N~

A sample of an output file with 120 pornts. Results are

) shown in the following pages.
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1~ X coordinates (metevs) , \

2-'Y coordinates (meters) ¢

3~ Measured values of bulk density (g/cm3) :
4~ Hybrid estimates (g/cm3) ° v ©
5- Estimated -Value + Two Standard Deviation ? v

6~ Estimated Value -~ Two Standard Deviation . :

1 2 3 - 5 6

' 0.000 0.000 1.270 1.266 1.647 0.584
0.000 10.000 1.550 °  1.338" 1.724 03952
0.000 20.000 1.400 . 1.623 2.007 1.238
0.000 30.000 1.640 1.599 1.984 1.213
0.000 40.000 1.610 1.598 - 1.983 1.212
0.000 50.000 1.390 1.547 1.931 1.163
0.000 60.000 1.000 1.466 1.838 1.095
0.000 70.000 1.620 1.558 1.944 1.173 \
0.000 80.000 1.620 1.607 1.993 1.222
0.000 90.000 1.610 1.521 1.907 1.135
0.000 100.000 1.530 1.518 ,1.903 1,132
10.000 0,000 . 1.240 1.566 1.946 1.185
10,000 10.000 1.660 - 1.647 " 2.032 S 1.262
10.000 20.000 1.760 1.453 1.837 1.069
10.000 30.000 1.590 1.608 1.994 - 1.222 )
10.000 40.000 1. 600 1.712 2.098 1.327 .
10.000 50.000 1.690 - 1.430 1.815 1.045
10.000 60.000 1. 490 1.515 1.901 1.130
10.000 70.000 1.560 1.593 1.979 1.208
10. 000 80.000 1.580 1,520 1.905 1.134
10.000 90.000 1.510 ¢ 1.593 1.979 1.208
10. 000 100,000 1.520 1,526 1.912 1.140
20.000 0.000 1.630 1,447 1.833 1.062 ,
20.000 10.000 1.560 - 1,465 1.851 1.079 |
20.000 20.000 1.470 1.681 2.066 . 1,295 !
20.000 30,000 1.610 1.598 1.984 1.212
20.000 ¢+ 40,000 1.740 1.274 1.659 . 0.690
20.000 50.000 1,210 1.6595 2.075 1.315
20.000 60.000 1.700 1.664 2.049 1.280
20.000 70.000 1.710 1.559 1.944 1.175
20.000 80,000 1.550 1.605 1.991 1.220
20.000 90.000 1. 600 1.593 1.978 1.207
20.000 100,000 1.600 1.523 1.909 1.138 =
30.000 10.000 1.460 . 1.580 1.965 1.195
30.000" 10.000 1.600 1.460 1.546 1.074 )
30.000 20,000 1. 700 1,460 1.845 1.075 k
30,000 30.000 1.600 1.540 1.926 1.154 e
30,000 40,000 1.540 1.602 1.988 1.217 ;
30.000 50,000 1.000 1.495 1.866 1.124 .
30 000 60.000 1.660 1.538 1.923 1.153 K
30.000 70.000 1.650 1.684 2,0700 ' 1.299
\ 30.000 80.000 1.610 1.656 . 2.042 1.271
- @ 30.000 90.000 1.700 1.435 - 1.820 1.050
- 30.000 100.000 1.550 1.435 1.820 1.049
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40,000 0.000 1.650 1.562 1.947 1.176
: 40,000 10.000 1.640 1.621 2.007 ,1.236
- 40,000 20.000 1.660 - 1.682 2.067 1.297
T 40.000 30.000 1.570 1.653 2.039 1.267
40,000 40.000 1.620 1.557 1.942~ 1,171
40.000 60.000 . 1.650 1.681. 2.066 1.295
40.000Q 70.000 1.690 1.681 2.065 1.296
40,000 80.000 1.640 1.350 1.735 0.965
40.000 90.000 1.350 1.67T 2.054 "1.287
40,000 100.000 1.640 1.686 2.072 1.301
50,000 0.000 1.470 1.637 2.023 1.252
50.000 10.000 1.670 1.611 1.996 1.225
50.000 20.000 1.740 1.663 2,047 1..78
50.000 30.G0C 1.£70 1.663 2.048 1.278
50.000 40.000 ° 1.640 1.615 2.000 1.229
50.000 50.000 1.610 1.529 1.914 1.143
50.000 60.000 1.620 1.603 1.G689 1.215
50.000 70.000 1.680 1.5%7 1.942 1.172
) 50.000C 20.000 1.580 1,683 v 2,056 1.296
50.000 90.000 1.690 1.683 2.068 1,298
50.000 100.000 1.720 1.590 1.6594 1.215
60.000 0.000 1.590 1.552 1.G37 1.166
60.000 10.000 1.580 1.532 1.91¢ Yo1.1u7
60.000 20.000 1.450 1.560 1.945- 1.175
60.000 . 30.000 1.530 « 1.605 1.¢60 1.219
60.000 ¢' 40.000 1.570 1.517 ¥.902 1.131
( 60.0C0 50.000 1.450 1.553 e 033 1.168
60.000 60.000 1.470 1.528 1.913 1,145
60.000 70.0C0 1.530 1.629 2,014 1,245
60.000 80.000 1.630 1.505 1.890 1.119
60.000 90.000 1.580 1.604 1.989 1,218
~ 60.000 100.000 1.460 1.608 1.993 1.223 &
7€.000 0.000 1.550 1.623 2.000 b est?
70.000 10.000 1.620 1.652 2.038 1.267
70.000 20.000 1.600 1.5G7- 1.982 1.211
70.000 30.000 1.650 1.620 2.00 1.234
70.0C0 40.000 1.620 1.597 1.933 1,212
- 70.000 50.000 1.660 1.665 2.050 1.279
- 70.000 60.000 1.670 1.630 2.015 1.245
. ‘ > 70.000 70.000 12820 1. 490 1.875 1.104
n 70.000 80.000 1.440 1.636 2.020 1.¢51
70.000 90.000 1.710 1.636 2.020 1.251
70.000 100.000 1.580 1.667 2.052 1.2 1
80.000 0.000 1.650 1.636° 2.022 1.251
- 80.000 10,000 1.720 1.565 1.650Q 1,101
, £0.000 20.000 1.570 1.635 2.021 1.250
. £0.000 3C.C00 1.800 1.514 1.967 1,231
' \ 80.000 40,000 1.320 1.642 2.025 1.256
: \ 80.000 50.000 1.710 1.503 1.8°93 1.119
., . 80.000 60.000 1.650 1.620 2.005 1.235
1 80.000 ©70.000 1.600 1.603 1.988 1.217
LY 80.000 80.000 1.570 1.548 1.934 1.168
‘E 80.000 - s 90.000 1.660 1.664 2.049 1.279
80.000 160.000, 1.670 1.532 1.917 1.147
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90.000 0.000 1.640 1.510 1.895 1.124 “
90.000 10.000 1.320 1.510 1.893 1.127
90.000 20.000 1.560 1.601 1.987 1.215
90.000 30.000 1.750 1.620 2.004 1.235
490,000 40.000 1.620 1.453 1.838 1.067
90.000 ' 50.000 1.500 . 1.648 2.034 1.263
90.000 60.009‘ 1,640 J.648 2.033 1.263
90.000 70.000 1.600 1.567 1.952 1.181
90.000 80.000 14560 . 1.567 1.652 1.181
90.000 90.000 1.640 1.520 - 1.905 1.135
90.000 100.000 1.530 1.635 2.020 1.249
100.000 0.000 1.640 1.635 2.020 1.249
: 1C0.000 10.0C0 1.640 1.590 1.975 1.205
100.000 20.000 1.610 1.584 1.969 1.198
100.000 30.000 1.600 1.624 2.009 1.238
100.000 40,000 1.630 1.626 2.011 1.240
100.000 50,000 1.670 1.602 1.987 1.217
100.000 60.000 1.600 1.624 2.009 1.238
100.000 70.000 1.570 1.590 1.975 1.204
100.000 80.000 1.570 1.560 1.946 1.174
100.000 90.000 1.560 1.58Y 1.970 1.199
100.000 100.000 , 1.620 1.520 1.906 1.o134
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