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ABSTRACT • , . 

• t 

Thé spàtiai var,iabili~y ~f Sail Physical Propertias 
. \ . 

(SPP) was 'lnvestigated by developing ~ computer progra'm. ,The 
,. J 

"p,rogl"am was basad on the Hybrid nonparametric statist'ical 

method. 

l " 
.. 0 S P P ( ,1 • e • b u l k den 5 1. t Y , s a t u rat e d h Y d r a u l l C 

(' 

conductivlty, avallable' watsl' and field capacity) were 

measured on two fields cultivated wlth grain corn on silty 

clay loam sail (Slte A) and sandy loam sOlI (Site B) , . 
respectlvely. Slte A was located on the west of IJrmstown, 

, Quebec, near th,.e- Chateaugay River. One hundred ~nd twenty 
\ ." 

one 5011 samplès were taken on a regular grlo of lLXlL 

meters. Site B was located in the Richelieu county, Quebec. 
~ 

One hundred and twenty, sail samples were teken on a regular 

gr1.d of 30X30 meters. 

, ./ 

The H.Ybr1r model was applied ~o estlmate t'he spat1.al 

variability of SPP on both fields. The accuracy. ana 

rellablll.ty of the Hybrid moQ.el was ver'ified by comparlng 

the est i mat e d 5 P P w i th the m e.a sur e d 5 PP. 1 t w as fou n d t ha t 
, 

the Hybrld methqd of estimatlon has thedPotentlal to be ë 

... 
good substitute fj)lr Kriging, a parametric eètimation method. 
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RESUME 

) ,. 

• ~ <: •• 

• 1 

la varlilbllité spatiale des pro'p~iètés physiques Q,u sol\' ", 
.. r r 

a ét é . e' )( ami n ée à l' a ide d' un pro g ra m m e bas é sur l a m é t h 0 d e 

statistique, "hybrl~ nonparametr lC ". 
"1 

Quelques proprlétés physiques du sol, 'densité, 

conductivité hydraulIques saturee, eau p,onaérale et capaclté . .. 
. .". .. 

de champs, ont ét~ mesur~es dans deux champs de mais: une 

Ioam limona argileux (Champs A) et un Ioam sableux (Champs 

B). ,Le chafllps /-4. etalt situe à l'ouest o''Urmstown, l./uebec, 

p r ès deI a ri v l ère Cha t eau 9 u a y. Tou t v l n g t, et un 

échautlllous furent recueullils à interval rég~llers sur une 

surface de 10 m par la m. Le champs 8 était sltuG dans le .. 
countG Richelieur. Uans ce cas, ou a recueuilli cent vIngt 

é cha n t i l Ion s sur une sur f ace qua d r i 1 l é e d e 3 a m par. } 0 m. 

t 
Lem 0 d é l e Il li Y b r id" a été u t i l i-s é pou r est l mer 1 a • 

variabilité spatiale des propriétée physiques du sol des 
~ b 

deux ~hamps. t.a compansan des valeur;\estimé-es et ~e~u~èes 
du-- cha mils a p e r mis d e v é r l fIe rIa pré c i 5 ion e t 1 a fi ab i l l' t é 

du modéle. " 
Uu peut établlr, sUite a cet'te comparison, que la 

méthode d'estimation 

Krig,in y ( ~st~atour 
~ Hybrjd" pourrait remplacer ·la méthode 

'14. 

pa rame t r lqUe) ,. 
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,,' Introduction 

The demand for accurat~ estimation o~ Soil'Physical' 

Properties-1SPP) ha's f~d ~ the development of many 

different ~eostatisticBl ~thodS. Theae methods~were 
, 0 

primarily developed ""' over the past 37 years to estimate ore 

reservea in mining industries where accurate estimation or 

the availaple resources ls necessary. 

Sail hydrologi~ts have recent1y st)rted ta use the 

Kriging method in the' estimatidn of, the fWa~ia 1 v!lr iabi 1 i ty 

of 5 P P (B ur 9 e nh and Web ste r, 19 S-J ; Vie ira et al., 1983 ; 

Naderpour and Prasher, 1985). The studies indicated that 

with proper aaSu01ptions, the Kriging method pr~ided the 

b es l: un b i as e des t i mat ion _ 0 f the utn k no W n soi 1 pro p e r t y. 

However, the ... assu!"ptions implicit in Kriging have t'ecent1y 

baen scrutinized. According to Henlay (1981) the 

assumptions ari rarely, if ever.'met in_n~ture. The v~lidity 
, , t 

of 'çonc1us!ons based on Kriging depends on the degree to 
\ 

W h i ~ h ~ h e a s s u m pO t ion $ are v i a 1 a t e d • Som tl 0 f the s e 
" \ 

a s ~ U ~ p t ion s, t h a t are exp 1 a i ne d m 0 r e i n eh a pte r 2. 2. 2 ,'8 r e 

as follow:. 

1) sta tlonar i ty 0 f dat a ' 
2). oormality of data 

3) additivity 

·4.) s~bjectivity associat,d with 
, . 

semivariograma 

" 

th" 

.' 

us è of 

p 

" • 1 . 

-."j 1",' c' 

<? 

. ; 

". , 

\ , " 

~ 

: 
\ _t 

,1 

, 
f 
" 
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Fortunat'ely, there are statistical techniques which do 

-" 
not require the above assumptions. These ~echniques are 

. referred ta as "distribution.free" or as "non-parametric" 

me th ad s. In the pas t, non par a met rie st a t i s tic s h a ven 0 t 

been seriously consldered. Recently, ho~ever, more emphasis 

has been placed on studies of geological data whid~ violats 1 
the abo v e assumptions. 

r 

Nonparametrlc geostatlstlcal methods can be useful for 

comparing non-normally dlstrlbuted data" multlvarlate data 

wlth mlssing values, and-data measured even on an ordlnal 

.... scale. There seems ta be only one basIc assumptl...on ln the. 

nonparamet~ic approach ~ that the spa~ial ,variation of the 

'true or ~asured values' lS everywhere continubus. 

ThIS thesis documents the fliat attempt ta ,.odel a 

powerful and less restrictive)echnique called Nonparametric 

Geostatistlcal Estimation Method (NGEM)· ta Inverstigate the 

spat.lal variability of SPP. An accurate estimat,ion of these 
. , 

variables can improve the design of drainage (~~ irrlgatio~) 

systems and can be achieved by applying the NGEM model. The 

application of this mo'de.l minimizes .the high cost of labol: 
~pQ) 

as weIl as the required time in estimating the var~ability 

of SPP. 

, 
R e p 0 rte d b Y He nIe y (l 9 8 l ), the H y b r i d non ~ a r Sc_m e tri c 

estimation method yields the lowest sum of absolute 

deviati~n8. Therefore, it was used ta canstr\lct a model 

2 

. " 

/ 
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.1 

W~iCh W'B.S appiied ta estimate the spat:al variability of 

soi l bu l k den s i.t y, s a t u rat e d h Y d ra u lie con duc t i v. i t y, 

a v ail ab l e w a ter and f i1'e Ide a p a c i t Y a t pre v i 0 u s l y me a a ure dot' 1 

unmeasured locations in tw·o ex~ental farma in Queb1ec. In . . 
faet, these propeJ;'ties would vary throughout any field with 

sail types, .sampling tas, sampling depth from ground 
·f 

surface and management practice. The estimations made wIth 

the NGEM method are compared with the Kriging method at the 

sa me locatlon~ 

1.1 Objectives 

~The objectIves of this st~dy are: 

1. Ta 
1 • 

Investlgate the spatial variabIlity of SPP uSlng a 

nonparametric geastatistical estimation method 
~ . 

2. Ta perfarm the required field measurements 

3. Ta develop a computer p"rogram on the ,. 
Computer to simulate the NGEM , 

~s 

IBM Personal 
• 

4. Ta estimate SPP at previously measured (or unmeasured) 

locations by applying the above program and to comp~e the 

estimated values with the -original data 

s. Ta comp a re 
~ . 

the t w a est i mat ion met h a d s (n 0 n par aJit e tri c 
() 

geastati.stical Hyqrid methad and parametric geoshatistical 

Kriging wethod of estimating spatial variability of SPP) 
~ 
\! 
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0 The concepts .of this the sis are organized as follows: 

1. o' art a t'i s tiC s 

' . , ... ' . \ 

Chapter 2. The the ory of ~a n d 

parametric/nonpdràmetric concepts.Adiscussion 
~ 

, 
of various nonparametric. tests. 

, 
Chapter 3. A detailed analysis of a se!ected nonparametric 

< 

test (Hybrld method) wlth the aid of a sample 

problem. The descrIptIon of the computer program 

used ta apply the Hybrid m~thud of estImatIon. 
j 

Cha p-t e r 4. 5 i tes pee l fic a t Ion lOt and the tee h nI que s for the 

meBsure.ments of sPP. 

Chapter 
1 

5. Tabulated results of bath the Hybrld and Krlglng 
• 

j methods inciuding experimental and estimated 

values. 

Chapter 6. Evaluation of the obtalned results and the 

r 1 
-summary of details followed by the authors 

recommendations. 

r 
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CHAPTER 2 

Literature Review 

The application of.nonparametric statist~~s in geology 

is termed as nonparametric geostatistics which is a 

relatively new field. To the author's best knowledge, there 

are no direct previous studies in sail hydrology in which 

this approach has been used. L~mlted applications of 

nonparametr~c techniques previously used w~ll' be discussed 

in brief and will be followed by the fundamentals of 

parametr~c and nonparametric geostatistics. 

Parametric and nonparametric geostatistics will be . 
.. e" ,c,pmpared and the latter will be explained in detail in this 

chapter. In chapter 3, the selected nonparametric method for 

,,~hlS study will be discussed in detail. 

/ 
2.1 Background o 

.. 
Loverlng (1962) applied the Kolmogorov-Smirnov-

nonparametric .tatistical test to examine whet~er copper 

dis tri b ul ion i n sam pIe s t a ken f rom t W 0 ~ 0 c le' t Y P e s are 

sig nif i c an+: l y di f fer e nt, and the 5 p e a r man l'a n k -c 0 r rel a t ion 

r method te test the significance of the relation b~tween 

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

.Nonparametric, or distribution free, stafiâtical tests 
. ~ 

h a v e b e en w ide l y use d iJi, P s y é h 0 log yan d Soc i 0 log y for 

• . 
.. iii. ~ ··:'''t "'r.i~ ~ ' .. ,' 

• III ,. 
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8ome,time, but thei·~ application to geo10g1ca1' prob1ems are 

re1ative,ly new (lovering, 1963). 

Mc eue n and J'a m e B ( l 972) a p pli e d non par am e tri c 

statistical methods to detect hydrologie change caused 

urbanization over a period of time. Parame,tric, statistieal 
\ , 

methods were not used in the sinee increase,in urbânization 

may alter the correspon~ing population distribution eausing 

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 inereased the annual peak flood serles but 

did nat sign~ficantly affect the dispersion of the series. 

Ghassemi and Prasher (1985) applieq nanparametric 
, 

geost~istics ta estimate the spatial variability of a 

soi1 physical property (i.e. saturated' hydraulic 

conductivity). They~sed the Hybrid estimation technique ta 

estimate saturated hydraulic conductivities at p~eviausly 

"" 

measurad lQcations. It was found that the nonparametric . . ~ 

approach )ga va comparable estimates to th,a se gi ven by . 
Kriging. 

/f 

~ 

Mineral • dis tri but i a n's such as 1ead are high l Y skewed in, 

rocks. To calculate the total quantity of the mineraI in a 

/1 a r ~ e vol ume 0 f r a c k , the a rit h met i c m e a n c a n b eus' e d. But 

if one la i~terested in eatim~ting the lead G4ntent of a 

6 
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randomly aelected sample, the median wou1d be more relevant 

( Hall, 1983). 

Rock (1986) compares the location (mediah)," dispersion 
\ 

(variance) and overal1 shape of two or more independent 
-, C~ 

groups af data using 5 nonparametric tests programmed in 

Fortran language. The five nonparametric tests used in the 
le 

c 0 m put e r p a c k age are: Kru s k a 1-W a 1 1 i s 't est, Man n-W h i t n e y 

test, Smirnov test, S'quared ranks test, and Vander Waerden 

test. 

2.2 Theory'Df Geostatistics 

The theory of regiona1ized variables was develo~ed by 

K rige (1951) and Matheron (1962) to overcome problems 
./ 

concerning ore reser~e estimation. A regionalized variaole 

ia a random variable that takes di fferant values depending. 

on its position within 'some region. Also a random variable 

is the variation measured between indi v idua 1 messurements. 

Journel and Huijbregts (1978) describe the regionalized 

val\iable by the correlation between neighbouring 

measurements. The theory. of regionalized variables .has been 

applied to a variety of subjects in the pasto Geostatistics 

makes use of this theory to construct a model which can 

estimate variables at locationa where no or few measurements 
\ 

were available. When estimating Sail Physical Properties 

(5PP), a given field is a region.-Any location within the 

field ~ 
~s random and 5PP are considered 8S, ,regionalized 

7 
î·,' ,,, 
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ovêr the entire region. 

) 1 

r~erehC8 Spp .81u88 vari'bl~8. The variable .t'a continuous 

The Kriging method, based on the theory of regionalized 

variables, proviCles th'e best unbiased èstimation o'f 

unmeaaured values with minimum varianc~. Thi~ method of 

interpolation uses the degree of dependency between 

neighboring samples ta estimst~ unknown falues within B 

m e as ure d reg ion ( Vie i r ij et al., 1 9 8 3 ) • 1 n -g e ost a t i s tic s , 

variables measured in a given reglon may be correlated. In 

this case, va l'ues a f one v ariab te can be es tima ted using the 

measured values from aIl other variables. These ~stimations 

are 'particularly ~seful in situations when one variable is 

more difficult to measure than the other variable. 

In aIl geostatistical techniques, Sampling Is preferred 

,at randomlY$ selected sites to provide a better view of the 

1 I;lature 0 f the popu 1 ation (Roy 1 e et al., 1.980). Samp les taken 

\ . 

. 
from one site ~an not be representive of the entire 

p~u18tion since ~ poor or a rich zone gives litt le 
l\ 

information on the nature of the popu lati~n. Sample's taken 

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

v e lue s , as. c 0 m par e d t 0 sam pie s t a ken. far a par t. T h i s 

indicates that there is a correlation between sample values 

whic~ ia a funct}on of distance between the samples. The 

degree of ~orrelation between sample valu~s ia usually 

measured by the semivari~gram function (Plewman, 1981). 

:, v~~~'<' _" ,. t" 1 
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" The 'first step. in uslng geostatistics ls to construct a 

semiv~riogram ~f sample values. The importance of th~s .tep 

" lies in a geostatistical procedure in which a theoretical 

model i8 fitted to the semivsrlogràm. Then, the selected 
, .. 

theoretical model ls used throughout the process of 

estimation affecting aIl results and conclusions. 

2.2.1 The Se.ivartogram 

A semivariogram is a measure of spatial dependence (or 

the degree of relationship) among neighbouring samples and 

expresses characteristica of the regionalized variables 

( Ole a" 1 9 77). A cal cul a te d sem i var i a 9 r am (0 r exp e r i men t a 1 

semivariogra'ln) ia a curve representing the structure of a 

deposit and 'the grad~ variation in mining. Consider 8 number 

of measureg sample values (2N) within a region of area S. 
1 

The experimental aemi,variogram ia calculated From the 

followiTlÇJ equation 

wh3re: \ 

{Ch) ia termed the semi~ariJgram 
N(h) ls the number of pairs seperated by the distance h 

Z(X i ) gnd. Z(X i + h) are a pair of values seperated by a 
distance h in a region of ares 5 

An ide~l semivari~gram la shawn in figure 2.1. A 

8emi~sriogram value is always positive and decre8ses ta zero 

J L. " • 
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as the distance h approa~hes ,z.ar..o.< 'I~ rea1ity, however as h 

approBchas zero, YCh) approaêhes s positiv~ value called ... 

the nugg'et effect, CO' As the distance h fnereases., the 

-semivâriogram reaches a maximum value called thè sille For a 

very large d!stance h, the aill value' ia equal ta 

(2.2) 

Range 'a' is the distance h . . \ at which the semlvarlogram 

curve levels off (or reaches maximum). Measurements . ' 

)separated bey and distance 'a"are nct corre1ated (Am&gee, 

1985).' A pure nugget affect exista wh en the range 'a' ia 
, 

smaller than t~e closest sampling distance. In this case, 
< '---

c1asaical statistica1 methods or, even better, 

nonparametric appraach can be used instead of a parametric 

approach. 

a , . ' 
h .. 

figure 2.1 ~deal semiva~iagram curve, after Amegee (1965) ... 
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1 n, fig" ure 2.1 , as the distance (h) between sample 
) , 

~oints increases, ~he corresponding spatial variabl1ity 

increases as weIl. 

Vie ira et aL (l 9 a 3) de fin e d a sem i,v a rio 9 r a mas a 
\ 

function of distances between sampl~ points as weIl as the 
~ , 

direction of calculation. Semlvariograms calculated for 

different directions are diffeuent. figure 2.2 represents 

semivariograms calculated in the east-west and north-south-

di r ect ions. The north-south semi var i ogr am 'agcends much mo ré 

sharply than the east-west semlvarlogram. 

figure 2.2 Semivariogram in two major.directions after 
.clark (1979). 

The above Figure would indicate thst there lS a greater 

continl1ity in the east .. wesl:: direction. To overcome the above 

sho'rtc~ming., which Is called anisotropy in parilmetric 

, - -
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neostatiatics, ei the!' the coordinàtes of the sem! ~ ariogram 
. 

are adjusted or different se~ivarlograma are flttetl for 
---

different directions. 

2.2.2 Assumptions Associated with the Kriging Method 
" , 

"j ~ 

1) Stationarity of data 

It was assumed that aIl semples no matter where they were 

t a ken (i n agi ven are a ) , cam e f rom sam e .p rob a b i 1 i t Y 

distribution. In other words, the statistics on the randem 

var i a'b 1 e Z ( X i + h) are the sam e for e ver y 1 a 9 h. The 

variable is celled statiena\-y af arder K, depending upon- the 

nu m ber - of K st a t i st i c sIm a men t' s th a t are con s t B nt s • 

G e n a r a Il y, the a s su m p t ion 0 f sec 0 n d -0 r der s t a t ion a rit Y 1 a . • 

sufficient to apply geostatiatical methods. This ~ssumption , 

imp Iles that bath the mean and the cov ar iance of the< randam 

var iab 1 e ex ist; tbe mean doea nat depend upon . the location 
t 

and the co v ar iance depe.nds on 1 y on the sepé ration dis tance. 

There ia another assumption in geoststi~e)referred ta 

as Intrlnsie 'hypotheéis or quasi-statior\arity. In this 

assumption, the distribution of the 'di fference in measured 

value between two 'samples is the same over, the entir~ 

reglon. The above distribution depends ,only on the • 
., 

orientation as weIl ss' the distance between the J?oints 

(Royle et a~., 1980). 
~~ / 

i'2 

" .. ~}"r .. :~~ '''4.'~'1 -<:~.;J! .. \ ... \(. ~ ~" " " q .... ,,; "l~~ ~ ~_ W"'~~~':' _.r, 
1 i~~ ... ~",~~~.;&'k;;}t\,';';',) '.'," ,,,Jé'i ... (,i._,,,, ,"1 ~ " •• '., '" \., , , 

./. 



c' • 
1 

o 

\ 
\ 

\ 
~), 

o 
,0 , 
( 

Il 

.' -
-' 1 

-. 
1 t i 8 as s ume d th a t the da t a are ~ 0' r malI Y dis tri ,b u t e d • 

However, in most cases the data fit no simple statistical 

diatr ibution (\.e'. no;ma l, lognormal or gamma distribution) • .. 

3) Ad dit i'v i t Y 

Additivity is an assumption associated with parametric 

geostatistics which is usually ignored in practice. In 
t 

geostatistica1 studies, variables must be capable of 

additive relation (Journel and Huijbregts, 1978). Thus, the 

Kriging, method in parametric geostatistiès can not be 

app1ied to SPP such a's po-rosity and permeability, since' 
~ 

these properties are not additive. In such a case, a 

trans formation i8 requi.ll-ed to convert thesa properties into 
, 

a standard form before Kriging. However, the application of 

the Kriging method on non-additive properties such as 
D • 

temperature, porosity and permeability is not recommended 

(Journal and Huijbregts, .1978). 

4) SUbj-ectivity 

The subjectivity associated with the use of a semivariogram\ 

( 

m a y bec 0 m put e d .F rom ~ h e da tas e ~ ~n der i n v est i 9 a t ion 0 r • _ 

", 

, 

J 

~. 

o 

\ . 

" . 

froM some other data set whic~ has a poatu~ated relationship 

w i th i t. The semivariogram wiil 
1 

quite often depart 

sig n. i fic a n t \..r f rom a Il 0 f the the 0 r e tic a 1 m 0 d e l.s , and 

skillful interpretation ~s required to fit one, or more' 
~ 

models to the empirica1 curve, which la éubjectiv~~ There ls 
,. . 

little justification Jor preferri~g one model to another. 
" 
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The other problem of semivariograms la th,at' they are 

9 e n e raI l yan i sot r 0 pic d e pen d i n 9 0 n- the -d.i-J;' e c W. 0 n 0 f 
of rJ A 

. calcu1atibon (i.e. the semivariogram calculated in north-. . 
,outh direction may 9iffer from the semivariogram calculated 

c 

in east-west. direction). 

." 

2.3 Nonpara.~tric Approach 

Statistical techniqu~s were developed primarily for 
4 

biological, medical and agricultural applications. These 

techniques works w~ll for the case where data are normally 
\, 

dc"stributed or have little deviation from a norma,l 
• Il 

'd stributian. For the case where data distribution departs 

signi ficantl y from a normal distribution, these techniques."; 

will provide misleading 'results. Nonparametric or 

"distribution-free" statistics can be applied ta many 
1 _ • 

practica 7 prob lems in gao! ogy or soi l hydro l ogy where data 

are nan.norma11y dtstributea(Hal1, 1983). 

Nonparametric geostatistic methods have been developed 
, . ~ 

r:eqently, aince mary existing "methods (i.e. Kriging) do not 

'" give satisfactory solutions ta many practical problem that 
1 

might, be encountered (Hen1ey, 1981). They provide an c, 

estimation tool with as great a range of va1idi~y as 

possible, wh,ile assuring a solution w~ich is optimum in the 

sense of minimizing absolute deviation~. As Henley (1981) 

exp l ained, the princip l es of these\' techniques are app llca~ l e 

ta a wide variety of subjects, inSlUdi\n g geophysica, 

14 
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meteorology~ eeology, geography and oee~nography. Actually, 
. 

nonparametric geostatistics can alsosbe applied to subJ~e~s 

wnereOKriging (paramatric) methods ca" be ua~d • 

\ l ,. 
Nonparametric me~hods . that rèquire mi"imum ass~mpbiohé 

are cal1ed 'distribution-free' statistics. Oistribution-free 

techniques need no detailed assumptions or knowledge of the -

form of the distributions. The anly aS,sumptian madt:t is that Co 

the spatial variation of the 'true or measured value' ia , 

everywhere cantinuous irre~pective of the 'true or measured 

value l distribution. 

10 the nanparametric approach, small sample sizes (or 

sm a Il nu m ber S 0 (, da ta) , a r'a p e r mis s i b 1 e , wh e r e as in the 

paramet.ric approach, large sample sizes (or large numbers of 

data) are required (McCuen and 1amea, 1972). Data measured 

in any of four scales ,(i.e. Nomin~rdinal, 1ntarval o~ 
Ratio) can be used in nonparametric methods. Sorne 

nbnparametric metha,ds are made -more pawrful by' tranaforming 

the data from numerieal scores to ranks or signae The 10ss 

of· in for mat ion" due t 0 suc h a t r ans for m s t ion i sIe 8 s 

signif\cant th an the addition,of false information eaused by 

using a parametric technique when the assumptions sre 

vialated. 

In genersl, nonparametric methads are easily understood 

and require aimple mathematical computation as compared,with 

parametrie methods. Multivnlate data are treated simp1y, 

variable by variable, 
, 

regardlea8 of datum di8tribut~-48 
\ 
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Lovering (1963) éxplained, \ computer programs are not' 

generally a"ai1able to apply' nonparametri"c methqds in 
\ 

geological estimations • 

.. 
One of the mainireasons for developing nonparametric 

geostatistical methods is to deàl wIth hig~ coefficients of 

varIation bf measured propertles (i.e. hydraullcs 
t. 

condué'tivlty). For less var'iant propertfss (i.e. water table 

elevation), experImental· variograms can be constructed from 
1 ~ 

avallable data ta represent the maIn feature of the subJect 

under study (Journel, 1983). \ 

In practIcal geastatlstIcs, two solutIons are avallable 

ta avercome problems concernlng hlghly variant propertles. 

1) DIscard the high-valued data. 

ThIS as nat acceptable for data carrying the most valuable 

lnformatlon / about a phenomenon., 

2) Smooth out the data by any smooth transformatlon. 

Data can be transformed ta a smaoth functIon by takIng thelr 

square roots, natural logarithms, or normal-score 

transforms. AlI smooth transforms are nonllnear and requlre 

nonlinear estimation techniques. 

To avold the prbblems assaciated with these methods. 
- '" 

L 
nonparametric distribution-fr~e techniques should be~used. 

Most bf the distribution-free techniques plot a uniform 
~ 

~istribution of raw data graphically by ranking the 
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• -observations into i&dreasing val.ue 'an-d work on the new .. 
14 nif br m dis t r'i but ion ( bec a use ra n k s are uni for ml y ., 
distributed irres!1l-ctive of the distribution of the sample 

,- -..J 

or oi th~ population). AlI the calculations are pa,rformed on 
o 

the ranks .-end n.ot""On the original observat.ions. In any 

ranking sys,tem 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 i8 considered as a 

property of the data set. 

The transformatlon of the observed dlstribution into a 
t 

~f uniform dlstrlbution lS called a flrst transformat.l,on. In 

some ~onparametr.lc tech~iques a second transformatlon lS 

, 
requ.lred to calculate the cumulative proportion of the 

dlstrlbutlon. Nonparametrlc techniques are nat concerned 
Q 

wlth the distrIbution 01' parameters of the population from 

wh .1 c h .8 sam pIe 1 s d r a w n • The r e for e , the y are r e fer r e d as t 0 
'f 

nonparametric statistics. The application of nonparametric 

statistical techniques in geology (or in sail and water) is 

~ermed as nonparametric geostatistiêal methods. 

2.4 Nonparametric Tests 
~ '-4. 

In order to choose an approprlate nonparametric test, 

the following factors should be considered: bias in 8 t,est-

or estimator, consistency of a test, eff.lciency (or power), 

and reluired measurement scale. Two classes of nonparametrlc 
~ 

statist~cal tests, including ,tests for randomness of a tlata 

set as weIl as tests of distribution, will be discussed 
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2.4.1 Test of Randoansss 

\ 
Te"sts of randomness are used ta verify whether a 

sequential set of data is randomly distributed. A~ong aIl 

tests for randomness, Mann's test and the Runs ere explained 

./ in more detai 1. 

2.4.1.1 The Runs Test 

Pt- run lS a set of slmilar adjacent observatîons. For 

numerical data the median i8 found and each observation IS 

1 
co m par e d t 0;, t~ e me d lB n • 1ft h e 0 b s e r vat Ion i shi 9 h e r th a n 

-
the median a (1) sign is assigned and If the observation is 

lower than or equal to the median a (0) i8 assigned. If the 

total number of observations is n, a run ia a set cf simllar 

adjacent observatio(ls with a maximum n of runs and a 

minimum of two runs (Siegel, 1956). Data sets' wlth an 
" 

extremef number - of runs (high or low number of runs) are 

expected ta be non-randomly distributed, whereas a more 
/ 

m 0 der a t e nu m ber 0 f r uns wou 1 d in die a t e a ra n d 0 ml 

dis tri but ion. l t i s po s si b le t 0 tas t for ra n d om ne s sua i n 9 

the critical region or probability approach in nonparametric 
1 

statistics. 

2.4.1.2 Hannls Test 
~ 

, 

This test lS used ta 'verify the ..existence of randomness 

.. 
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or trend in a dat~ aet. The Kendal coefficient 1s used to 
\ 

measure the degree of correlation between two variables • . 
Computation of Kenda1's tau ta exp1ained in 

tChapter 3.3. 

\ 

2.4.2 Test of Distribution 

mare detai 1 in 
r-

,.. 
Among severaI tests used ta me~sure the goodness of 

fit bat w e e n a th 8l) r e tic a 1 and an e m pi rie al dis tri but ion, ,t h a 
-

K 0 l m a 9 a r a v - 5 m (r nov tes t h a s a b e t t e t p li r for .m a n o.e and m ore 
. 

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

9 r 0 U P a d d a t a but i s n a t "r a lia b 1 e for s mal l sam pIe s i z e s 

(Henley, The Kolmogorov SmirnQv test i8 discussed in 

more detai! in Chapter 3.2. ) 

2.5 Nonpsra.etric Geoststistical Esti.ation Methode 

The r e are se v e ià les t i mati 0 n met h a d s suc h as' t·h e lin e a r , 

.J estima~ion method, the moving median method" the simple 

median method and the varying' quantile method. They aTe 

described briefly in the following pages. 

i 

2.5.1 The linear Estimation Method 

The simplest casa of a linear estimator can be shawn a.a 

r* WI W2 
. Wn .. = gl + \12 + • •• + gn (2. J )~ 

19 
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wh e r e T * i s the a rit h met i c me a n 0 f a Il b b ~ e r v st i 0 ~ s 9 i . '''~ ': 

(wher. l:l •••• n) .:\th .qual weight Wi far all abaerVatian.(jr! 
, / ' 

(a value of lin). Since r* ia an unbiaaed estimation of a 

,true ,value T, the estimation error 'would approach zero 

( C l a r k , l 9 7 9 ) • The a b 0 v e sim p I.e 1 i n e are s t i mat ion ma deI 
i, • 

minimizes the sum of squares of dey iation between measured 

and estimated values. 

2.5.2 The Moving Median Method 

The moving median methods is one of the simplest and , 

most widely used techniques in geo8tatlstical 

interpolations. For the estimation of an unknown point I.(P), 

a search area (circuler or square or rectangular) i8 

considered, centering at P. Observ.ation points close to P 

would have more probability (o~ weight) of representing the 

val u e a t l po i n t p th a n ob s e r vat ion po i n t s fur the r a.w a y. The 

weightings are a function of the distance of a given 
. 

observation point. This method i8 explained in Chapter 3.1. 

r 
2.5.3 The Si.ple Median Hethod 

Other techniques suco as simple median metheds make use 

of aIl 'observation points, in the searph area with equal 

we~ghtings. These techniques do nct lllinimize the sum ~f 

squared deviation and would result~ in poor estimation 

(Henley, 19~.1). ~ 
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2.S.4 The Vatying quan~ile Method 

" The varying quantile method ia very aimtlar tô the 

method uaed in the nonparametric estimation model (Hybr~d 

method'in chapter 3). In thia method, the 
'\ 

estimator ia very 

flexible and is used for an unbiased estimation of t~e true 

value at any given point. As Henley (1981) e~p1ained, t,his 
th 

method is les8 stable, resulting in aerioua problems in 
. 

'eatimating near maximum and minimum values, as compared with 
\, 

mean and median methoàs. A Hybri~ method was then proposed 

ta overcome the problems. This method wes used throughout 
• this study for the estimation of unknown SPP and is 

explained in more detai1 in Chapter 3. 

/' 
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Nonpara.etric Eàt~.ation Madel 

~In the nonparametric method, an o~ti~l solutfon of ~he 

e_st~mation problem ia reached by 'fnimizing"the-sum of 

absolute deviationa. An estimation problem will be 

approached, aa follaws: 

for each point to bl! estimated, every avai1ab1e observation 

ia aasigned a weight which reflects\'an inrerred prabability 
, 

that it is an independent member of a set of po-ints deflned 

as the local neighbourhood of the point ta be estlmated. 

Tllere are two strands ta the concept of 'independent 

membership': independent and membership. The probabili ty of 

membership may be related purely to distance "From the cent~r 
-v . 

of the set, and some type of distance wei\llhting can be 

sdopted (Henley, 1981). Equal weights are assigne? ta every 

observation within a set ta indicate the relative 

in de pen den c e 0 f e a cha b s e r vat ion .l'f rom B l lot he r 

observations. 

l n the p.r e sen t s t u d y , the h y b r i d non par a met rie 

estimation method ia applied to estimate the spatial 
• 

variability of saturated hydraulic conductivity, sôil bu1k 

density , available water and field capa~ity ainee it ia 

" reported by Henley (1981) to yield the lowest sum of 

absolute deviations. However, the steps invalved will be\ 

~emonstrated by app1ying this method first to a very simple 

est i mat i a n pro b lem as s h 0 w n i n fig ure J .1 ( G h a s sem i B.n d 

Prasher , 1985). 
• 
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FIgure 3.1 A two dimentlonaJ estImatIon problem, nfter 
Clark (1979). 

J.l Distance Weighting 

,~ _ Yl' • ..,.' 
> , 

\ 

DIstance weightlng i8 a syst,m of weights ln WhlCh 

every point (within the radius of search of a point P which 

has an unknown value) has sorne probability of belanging ta 

the neighbourhood of point P. {nside the radIus of search, a 

point closer ta the center has a greater probabillty ta 

r e p ;' e sen t the pOl n t P t h P. non e far the r a w a y. A n y pOl n t 

Outslrje the radiu5....JLf ~,=,arch has a zero probabil ity. 

l ri the pre 5 e n t B t u d y , w e are d e a 1 i n 9 w i t h a t w a 

23 
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dimensions1 case -(p l an v iew of the fie 1 d) and there fore 

weighting functiorr can be expressed\as: 

, 
Wd .$' ( dmin/d i ) 2 (3.1) 

where Wd 19 the weighting at the ith point, d min ia the 

distcance of the closest point ta P, di ie th,e distance of 

the ith point from the point P (flgure 3.1). The distance 

weights are shawn in Table 3.1. 

Table 3.1 Welghtlng for the estlmatlon problem of Flgure 3 • l 

Loc. D~s. Obs. D~s. Cluster FInal Correctcd 
from P value wt. wt. wt. wL 

(m) (W d ) ( ~~ c ) (l'Id * \~ ) c 

l 21.54 4LL l.lJUu 1.36b 1.36 br L. • .3S5 

2 30.00 280 0.516 1.992 1. 027 LJ.266 

3 31.62 48G U., 404 1.642 L.762 L.l:10 

4 50.00 380 0.186 i.642 0.3U5 O.[j7~ 

5 7U.00 32G lJ.U95 4.169 u.}'i5 lJ • lLd 

3.2 Cluster Weighting 

The probabillty of independence is related ta the 

spatIal clustering of the observat~ons, and the 

probabllities of their be10nging ta each other's local 

membership sets. 

24 
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For a'n y set 0 f 0 b 8 e r vat ion 8 a set o";i. n de pen den t O_t , " 

cluster .weights car:' be generated. A cluster of observa-tions 

grouped more closely than the average sampling density 

repressnts a devistion. The degree of aevlation of a sample 

From a theoretical distribution may be tested by Kolmogorov-

Sm~rnov teat. 

The problem ia to determine, for each observation 

point, the degree of deviation from an ideal random 

dis tri but ion in spa ce. T h-e c lus ter wei g h t 0 fan y 0 b se r vat i.o n 

point (Le. Wc(P» can be calculated if the dlstÎ3nces 

between that pOlnt and N surrounding point~ are known. 

,.,--. 
0.2 ) 

* where FO+ i8 the ideal dIstribution and F 0+ ia the sampling 

dIstribution. If there is no positive deviation from the 

* ideal line, then this maximum occura et 8el, F(a) = F (a) = 
liN and the ratio i9 thus one. The calculations for cluster 

weighting of point 4 is ahown in Figure 3.2 • Cluster 

weighting ia a function of cumulative area and the number of 

observation pointa \'tithin a given cumulative a~ea. For 

example, in Figure 3.2, the cumulative area at,point 4 ls 
\ . 

z e 10 .w h e r e a a the cu mu l'a t ive di s tri but i 0 ri i aIl 5 (0 r 1 I,~ ). 

Each observation point has an equal distribution weight. 

Diffe~ent circles (centered at point 4 ) with increasing 

radius were considered (or di fferent square or rectangu laI' 

araas) and the corrasponding cumulative arsas as wall a8 the 

25 
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number 'of points wi th!n each cumu lati ve eree' were .me.asured 

ta construct the Figure 3.2. The lest cumulative ares , 

contai, 5 points and the corresponding cumulative 
" .. 

distribution 18 5/5 (or N/N). 
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IdeaL (F)and observed(F*)distribution 
function for observation number 4 and every 
other observation. 

The idesl distribution line is drawn with an angle'of 

45 degree at point liN (i.e. 0.2) on Y-axis (·Henley, 1981). 

Cluster weight Wc(p) for point 4 was calculated:to be 1.64 . ' 

.. 

where the maximum dey iation occur between the measured and ./ 

the idea1 distribution line. Table 3.1 has cluster weightang 

for aIl observation points. 
1 
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The cluster weights have ~ne great advantage over 

Kriging wei~hts thèy are intended ta replace: that they need 

to be co~puted only once for the whole data set, and not 

separate1y at each point to be estimated (HenIey, 1981). 

Becauae the above two probabilities (distance ar:'d 

eluster weighting) are in faet independent, the 'resultant 

weighting is merely their product. This weighting 1s'a1so 

shown in table 3.1. .. 

3.J Co.putation of Kendal's tau 

This parameter estimates the degree of correlation of 
j 

two variablés or of the same variable pt two locations. The 

various steps involv~~ in the computa~ion are as follows: 

1) Order the data into a s~quence of increasing distance 

from P within the neighb~rho~d. 

2)Compare each variable X· at location i with each more 1 , 

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

-1 if X.> X~. The caldulations are shown in Table 3.2. J l 

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

Kenda1's tau as 

tau = (Algebraic sum) /((0.5n(n-l» (3. J) 

wheY'e n la number of pairs of (Xi' Xj ) considered within 

the neighborhood. 
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Kendal's tau can have' 'value -between +1 and -1. A value 

Of +1 indicates that aIl more distant values are lower th an 
~ -'!"~(. 4-l 
.(,,,,r' 

a 1 l c l 0 8 e r val u ë s. A v al u e 0 f ';'1 in d i c a tes t h El r e ver se.' A 

value ~f zero implies an absence of trend in values related 

ta distance from point P. 'l<enda 1 'a tau wes round t'a be 0.2 
. 

for the .test p,roblem. The'abova technique i9 used ta 

calculate Kendal's tau in Mann's test. 
~ 

9 
Table 3.2 Calculation of the Kendal's tau for the test 

prablem of figure 3.1 

1 
Distance Measured Obs. Indicators , 
From P value number 1 4 .3 Z 

( ft) 

21.54 400 l D' +1 -1 +1 +1 

JLJ.uO 2/J0 '4 Ci -1 -1 -1 

31.6J 450 J 0 +1 +1 

50.00 380 2 L +1 

70. OU 320 5 Û 

Kendal'e. tau ( T ) = ( actual score) / (maximum possible score) 

= u.2 

3.4 Co.putatian of Quantile 

1 The term quantile ia used in relation with the data 

that is reordered, inta asct;'nding value of X such tha,t for 
1 

every i, Xi <X i +1 then quantile refera ta ~ny point between 
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and including the maximum and minimum recrdered data values • 
. 

The val u e of qua n t i 1 e fie s a t ,s 0 m e val u e b e t w e e n z e r 0 and 
1 • 

one. In the hybrid method, the quantile, q, ié estimated 
C\ 

from 

q = 1.5 + (tau/Z) \~l 'fi di 
n 

- 1)/[: Wdi 
i=l 

(3.4) 

"For tfis test-problem, q, From the above formula, was found 

ta be 0.56. Once the quanti le is known. the estimate at P is 

computed as 

XCP) = quantile(F w (X) (3.5 ) 

where Fw is a weighted distribution function in which each 
o 

Xi value is ,assigned a weight Wi where Wi is the product of 

cluster weight and inverse distance weight for observation 

i., and ta ensure unbiassedness, 

n J' 

LW'- = l . l 1 
1.= 

(3.6 ) 

The function Fw la plotted in Figure 5. It ahould be noted 

that in plotting the Fw-function, va~ues are ranked first in 

the increasing ar~er. The estimated value for P is read-

from the Figure 3.3 as 386.1: 

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

value of 372.8 for the test problem. She used Kriging ta 

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

ta the J(riged' estimate. 
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FIgure 3.3 Graphleal d~monstratlon of the HybrId method of 
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3.5 Description of 'the Co~puter Progra. 

The computer program is written in Basic language. It 

runs on an IBM Personal Computer wlth 256K bytes memory. It , , 

w as de cid e d ta h a ve the -p r 0 9 ra min a co m p i l e d v e rIs ion as 

th i s • s pee d s ~ eut i an. Anf ven f a(~ ter ,e x ecu ti an 0 f the 

pragesm csn be schiev,e.d bY\ 'lfI;i the n087 Ch~P' 
\1 

G The 'tf r 0 'g r ami s su f f lei e n t 1 Y fIe x l b let a b e ye d for a 

~ndom or
l 

a fixed sampl1ng taken fr~ a fleld of any size. 
, 

For thls study, the pragram was used ta estlmate the 

f~llowlng sOlI physlcal pro p e r t 1, e s· : . ~ s'a l l hydraullC 

conductivlty. sOlI bulk density, fleld capaclty and 

avallable water. 
) '- ) The program conslsts - of a maln program and two 

, 
subroutlnes: Hybrld 'and Output. ~\ 

The mai n pro 9 r ami sus e d toc r e a t e / e dit a f 1'1 e. A use r 

i s pro m pte d toi np u t the ra w da t a ( x\ y, me a s ù r e d val u es) 

for any point (x, y stand for the spatial coordinates of the 

me as ure d v, a lue) • The s e d a t a a rI' col i e ete ci b Y the pro 9 r ami n 

a fil e. Th i s fil e i s the n r e a d b Y the su br o,y t icll e h y b r id. 

Another feature of the main program la the possibility of 

editing' data. The new data line replaces the old one. 

Throug:'out the program an extensive error checking routine 

18 conducted. At the end, control is tranQferred ta the 

subroutir,e hybride 

31 

Iii§t: ________ ::......-'-"--------'~ _~_ _..< (.. 

.. 



( { 

o 

" 
, ~,,~ ,'" .. - - 1 ~ l ~ ~~ '\!\~,' 

1 _ .... J 

S.ubroukHle Hybrid consista of several other 

subroutines, nsmely, Cluster, Sort, Ares and Se arch. 

Cluster This subroutine calculates cluster weighting for 
~ -

every obseÎ"'\'ation,_ This value explal.ns w~ther 
sampling i s p e r f o~d uni for m 1 y br c lus ter e d a t . 
certaIn locations. In the' latter case, the fin~l 

estl.mat1on will be affected by the nonun!rormity 

of samp 11ng. This subroutine uses subroutlnes 
1..'-. 

sort, area and search to ealeulate the f1nal 

we1ghtlng. 

Sort t 
Th18 subrout1ne 18 used ta 80rt the dlstance between 

any pOlnt and 6 other nelghbourlng pOlnts ln an 

l.nereasHlg order. It alsO-, calculates the distance 

weightl~q. 

Ares: ThIS subroutine calculates the area of a cIrele, by 

1""" 
using the values' from \ slJbrolJtine Sort as the radius 

/, 

\ and any given point as the center. 

Search The main calculation for} cluster weighting 1S done 
, 

'> in this subroutlne. The cluster welghtlng IS 

'-.. 
calculated as the ratio of the ldeal distrlbution 

to the sampling dis tri but ion wh e r e m'à ~ i m u m t 
- . 

deviation arc urs between the two distributions. 
\ 

~ ~ 

Kendal's tau and Quantile ( no~parametric terms) are 
1 
calculated as a part of the subrautine Hybri~ 

-
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Kendal·s tau It estimates the degree of correlation of a 

• 

variable at t~o locations. Data are sorted in 

~n increasing order of distance. The value at 
-t 

each location ia compared with the value from 

each more distant: location. Scores of -1 or 

+ l are, a s sig n e d due L.. t 0 d e 'c r e a 8 i n 9 a r 

increaslng of values. Kendal's tau 18 

calculated as the ratio of the algebrai~sum 
of the scares to'the total number of p08i~lve 

and negative sccrres. Thls value 1S used ta 

calculate the term quant11e. 

Quantile: The term quantlle refers ta any palnt between and 
1 

\ 

t 

~nclud~ng the maXlmum and mInImum recorded data 
~ 

values. The quantile value is used for the fInal 

step of the estImation technique an d 16 

calculated from the follawlng equation: 

Q = 0.5 + (tau/2~ (Wtotal - l)/(Wtatal~ 

Where Wtotal; is the total .distance weighting. for 
, 

every point and 6 neighbauring pOints, the ranked 

me as l\r e d val u e san d t 11 e ire u m u lat 1 Il e fin a l 

, weights are plotted. Each calculated Q on the y~ 

axis, corresponds ta a valuë oh th,e X-axis.\This 

i6 t~e estirnated value for the unknown point. 

Ihese results ere written to a file. This file has the 

same n6me as the data file 4xcept for its extension {.out in 
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this oase). The program now chaina to the main where an 

apportunity ia given ta the user to proceed with another 

data set. 
'/-

Svbroutine Output can be used to print the final 

results in a formatted forme 
~ 

A step by step execution of the program can be found in 

Appendix C. 

! 
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CHAPTER 4 

Field Measure.enta 

4.1 Field Sites 

The research was done on two experimenta1 farms, 

properties of Mr. Peter Fin1ayson (Slte A) and Mr. leandre 

Charbonneau (Si te B). 

4.1.1 Site A 

The experimental farm lS 10cated approxlmate1y three 
L ..... 

k l 1 0 met ers w est 0 fOr m s t 0 w n , Q' u e bec , par a l 1 e 1 t 0 the 

Chateaugay river. A 13.5 hectare experimental site lS 

cr 0 p p e d und erg r a i'n cor n. The top 0 g r a ph Y 0 f the fie Id i S 

re1ative1y fIat wTth an-average slope of 0.2 % toward <the 
\ 

Chateaugay river. A-~n~,,-s~rface drainage system was 

insla11ed in this field in 1983 due to b10ckage of the 

previous system which was installed in 1917. 

The sail type is classified as an Ormstown silty clay 

l.Jam. The soil profile consists of three layers as 

described by Baril and Mailloux (1950). The firat layer is 

up ta lZ."7"cm thick, consisting of light gray brown ailty 
-" 

clay loam. The second layer is whi,te ta light yellowish 

t'lay loam varying From 1.3 ta 5.0 cm of thickness. The .. 
thir 1 Gye r s t art s f rom und e r n e~ h the sec and l a y e r and 

consists of light gray brown silty clay loam. 

, 35 
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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 i5 relatively fIat 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 lS classified as a St. Samuel loamy sand 

soil consisting of three layers. The top layer i6 30 cm 

thick conslsting of a dark brown flne loamy sand. The second 
fi 

layer is 13..Q- cm thick with an olive pale medium sand. The 

third layer is ~onsidered as an impermeable layer wlth a 

clay soil starting from underneath the second layer. 

4.2 Collection of Undisturbed Soil Sa.pies 

Undisturbed soil samples were taken on a regular grid 
• • 

of 10xlO meters at 121 locations from site A (Figure 4.1) 

with the help of a core sampler (Figure 4.2). One hundred 
, 

and twenty soil samples were tak en from site B on a 

regular grid of 30x30 metel"s. These 80il samples were 

measured for SPP such as available water, field capacity and 

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

Charbonneau farm. 
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After digging the sail ta the required depth (25 cm), 

sail samples were obtained ès follows: core samples was used 

to drive an aluminium cylinder of 50 mm inside diameter and 

40 mm axial length into the sail. The cores were removed and 

the excess sail was trimmed off wlth a~ knife. Ta mlnlmize 

drylng and disturbance of the sail samples, the cores were 

placed in plast~c bags and carrled earefully ln a box ta the 

laboratory. These samples were stored ln a refrlgerated room 

ta prevent baeterlal growth. 

4.3 Measure.ents of Sail Physical Properties 

The core samples obtalned fram slte A were used ta 

measure the followlng saIl physlcal propertles : aV811able 

water, fleld capaclly and 9011 bulk denslty. One end of each 

core was fltted with a mesh cloth which was held on ta the 

cylinder by an elastic band. The mesh retalned the 5011 

durlng saturatIon and measurements. The cores were th en 

saturated in a plastic contal~er by addlng water ta a depth 

of 10 mm below the top of the cores. SaturatIon wes 

generally aecomplished ln one day. 

In arder ta measure the sail moisture retentlan curve 
t 

from which available water and fleld capaclty was 

calculated~ differ~nt devices were used for different ranges 

of mat rie potentlal. The Haines-Funnel wes used up ta 
'-;; 

pressure heads of 0.1 bar. Pressure plate was used for 

pressure heads in the range of 0.1 ta 10.0 bars • 

.. 
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4.3.1 Heasura.ant of Saturated Hydraulic Conductivity 

Saturated'hydraulic conductivities were measured at l2Ç 

locations on a regular grid of lOxlû meters in site B using 

the auger hole method. 

4.3.2 Available Water 

Available water ls the amount of water t,hat IS held ln 

the sail between field capacity and permanent wlltlng pOlnt. 

This amount of water whl.ch 15 available and can be used by 

plants for transpiratl.on depends on sail texture (MacKenzIe 

et al. 1983). for example, permanent wllting pOlnt for silty 

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

The avallabl~water 15 calculated as the dlfference 

between the volumetrie water- co;]n,t «(J) 

eapac1ty) and the permanent w1ltlng pOlnt 

5 i ft y clay loam sa i 1. 

4.3.3 Field Capacity 

• 

at 0.33 bar (fIeld 

at 10 bars for the 

Volumetrl.c wat~r content at field eapaclty lS deflned 

as the amount of water held in the sail two or three days 

after it was saturated by ralnfall. The two forces acting on 

a saturated sail are the capillary action (suetion) and the 

gravitatianal pull (MacKenzie at al, 1983). Theae two forces 

cause the water ta 'mave from the saturated te the drier 
~ 

soil. The water movement through the sail will eventually 

40 
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become very slow as the soi 1 reaches s' re lati v el y constanb 

moisture content (st 0.33 bar). The sail water content st 

this stage is called field capacity. 

4.3.4 "essure.ent of Soil Bulk Oenaity 

, 'f 

At the end of the experiment, the sail samples were 

oven-dried at l05ct. Soil bulk density was calculated uSlng, 

the following equation 

(4.1) 

where Ms 15 the mass of oven-drled SOlI and Vt 18 the total 

volume of sail samples. 

4.3.5 Haines-Funnel .. 
for a high matric potentlal range (0 to-O.l bar), the 

Haines funnel wes used (Figure 4.3). After saturation, the 

cores were transferred to the Haines suetion funnel and each 

one was pressed firmly on to the surface of a porous plate 
.., 

to establish good contact. Ta minimlze the evaporation rate, 

'the funnel was covered with a large rubber stopper fitted 

with a capillary tube this allowed e'qualization of pr'essure 

" with the atmosphere as suction was increased. Also, the top 

df the burette was cQ~ered. 

, . 
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fi~ure 4.3 Schematlc diagram of the Haines s~ction funnel. 
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• 
Sue tian was spp1ied ta,the bottom af the semples by 

mesns of lowering the water levei in the burrette and 

waiting until wster outflow ceased. Ta establish 
, 

dquilibrium, which took about 24 hours, the amount of water 

extracted From the sail was resd From the bux:rettes tl? 
, 

" ) .. ~ 

esleulate the volumetrie water content st each equilibrium ~ 

point. 

The moisture retention curve wes established after the 

last equilibrium was completed. )his was calculated by 

subtracting the saturated weight of the sail sample From the 

oven-dried weight to get a gravimetric water content, and 

the n cal cul a tin 9 t.h e vol ume tri c w a ter c: 0 n t e n t a tes ch 

-equilibrium point. The volumetrie weter content ( ()) can be 

calculated From following relation: 

/ " . (4.2) 

~ 
where b is soil bulk density, w is the density of water, " 

and W ia the gravimetrie water content calculated as 

followa: 

( 

(4.3) 

-
where Mw ia t~e mass of the water in the sail and Ms i8 the 

mess of oven-dried sail (Mehuys, 1983). 

4.3.6 Pressure Plate 

for low mstrie potentiel, presa~re plate extraetors 
o 
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. capable of a pressur~ ranging from 0.1 ta 15 bars, were ,._ 

used. These c~nsisted of several porous ceramic plates with 

different pressure capacit~es (Mehuys, 1983). 
~ 

The specifie<! capacity o'f 8ach plate wes taken to be 

that pressure at which air would just begin ta enter It, 

after the plate had been previously saturated with water. 
/ , 

These plates were alwaf~ kept saturated, while air pressure 

was app1ied during suctio~ testing. The BIr pressure was 
1 

supplied by a regulator and a compressed aIr cylinder and 
.) 

was measured by a manometer or a pressure gauge (FIgure 

4.4) • 

) 

FIgure 4.4 

J 

\ 

RUBBER BACK1.NG 

Pressure plate e\tractor for pressure ranging 
from 0.1 ta 15 bars. 
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Results snd Discussion .. 
~ 

The computer program developed ln the present study 18 

bas e don the non par am e tri c H y b r ide s t i m a t~o nI ma deI. The 
, /"' 

program descrlptlon and listlng are pretented ln Sectlon 3., 
and Appendlx B, respectively • The program w~s used to 

r--. 
estima te sOlI physical properties (i.e. bulk denslty, 

hydraullC conductivlty, fleld capaclty, and avallable water) 

at prevlously measured locations, one by one, to check Its 

a ecu r a c y. Est i mat la nr- f r am the H y b r l d m 0 d e l w e r e aIs 0v 
compared wlth the estlmations from the Krlglng method 

(Naderpour, 1986). 

? 
The results of estlmatlon method ar e 

co~ed with the 

Krlglng method was 

measured SPP from Slte s A and B. The 

only applled at Slte B. The result8 from 

Slte A will be dlscussed flrst followeQ, by the restults 

from Slte B. 

5.1 Soil Water- Ret/entian (Si te A) 

From a fleld of IUOXluO meters, one hundred and twenty 

one sOll samples were ta~en from Site A on a grid of lOXILJ 

mel:.er~. The w~etention curve of each sample was 

experl;T\entally determined. The Volumetrlc Water Contents 

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

values are shown ln Table A5.1 for suction pressu,res 

\ 
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.ranging fram 0 ,ta ":'10 bars. The wster retention curvee were 

used to"calculste the field capacity and the available 

water. 

5.2 Soil Bulk Denaity (Site A) 

, 
B u l k den s'i t i e s we r e cal cul a t e d for l 2 l soi l sam pIe s 

(Table A5'.2) as described in Section chapter 4.3.4. The 

Hybrid estimation method was ap.plied ta ~stimate bulk 
':li 

density at the locations From WhlCh the sail samples were 

ta ken. The se' est i mati 0 n s are 9 l ven in Ta b l e A 5.J. The 

measured values ranged From 1.21 g/cm 3 ta 1.80 g/cm 3 

i~dicatlng sorne variation of bulk densitles between 

locations. The estimatedo values ranged From 1.27 g/cm 3 ta 

1.69 g/cm 3 showlng lesser varIation than the measured 
( 

values. The big difference between the highest and the 

lowest ~easured bulk densIty is probably due ta changes in 

the sail texture throughout the field, sail compaction in 

parts of the field, large sampling intervals and the small 

size of the core samples. The estimated and measured values 

were 

were 

compared. It was found that 97% of the measured vilues 

in the ran~ of plus/minus two standard deviations of 

estimated values. 

5.3 Field Capacity (S\re A) 

Fie l d capacity is th e maximum soil moisture content .. 
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th'st csn be obtained under no~rmal agricultural 

It was estimated, for 121 sail samples (Table 
, 1 

1 

condi ~ ~<oh •• 

A5.2) f~om 
1 

the so~l water retentien cu~ve et 0.33 bar suction press~re. 
{: ';. 

The Hybrid method wes used ta estimate the field cspacity at ,. 
12 1 1 0 cet ion s • The me as ure dan des t i mat e d val u e sie r e slh 0 w n 

in Table A5.4. A comparison was made between the measured 

and estimated values. It was found that 99% of the measured 
,1" 

val~s were range of plus/minu& twe s~andard in the 

deviatlons of estimated values. The above comparison 

confirma the validity of the Hybrid estimation method. 

5.4 A~ailable Water (Site A) 

Sail water content between fIeld capacity (0.33 bar) 

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

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

factor in irrigation scheduling. 

The experimental1y determined available water values 

were calculated in volumetrie dimension as described in 

1 

5ectio\ 4.3.2. These results are shawn in Table A5.2. The 

Hybrid estimation methed was applied ta estimete the 

available water at the 121 locations from which the sail 

samples were taken. The measured and the estimated values of 

a v ail ab l e w a ter are 9 ive n i n T ab 1 e A 5. 5 • The m e a~s ure d val u e s 

range From 2.2 té 9.6 percent per volume. This shows 
.. 

relatively hig~ var\ation among measured values at different 

1 0 est ~ a ris. Th i s m a y s f f e c t the est i mat e d val u e Bat 0 r ne s r 
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high/low mea8u~ed values. Since fine textured sail hotds 

more water than coarse text,ured sail. variation among 

measured values ls due ta variation of sail texture 
.. 

throughout the field. The estimated values range from 2.95 

ta 8.17 percent per volume which vary lesa then the measured 

values. In arder ta check the accuracy of the estimations, 

the measure~ values were compared with the estimated values. 
-

It was found that 94~ of the measured values were in the 

range af plus/minus twa standard deviations of estimated 

values. 

5.5 Sail Bulk Density (Site B) 
, 

The Hybrid and Kriging estimation methods were applied 

ta the measured values of sail bulk dJ,Sity from Site B. 

Sail bulk density values and their corresponding estimations 

from two different techniques for 120 sail semples are shawn 

in Table A5.6. 

The measured sail bulk~density values were compared 

wHI1 the estimates obtained by the two estimation methods. 

The results show that in 45% of the cases, the Hybrid method 

provided a more eccurate estimate, as campared ta 55~ for 

the Kriging method. furthermore, the sum of the absolute 

values of devietions of the estimated values from the 

measured values were calculated. A value of 7.30 was found 

for the Hybrid method compared ta e value of 6.53 for the 
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Kriging method. From the two compa,isons, it can be 

concluded that the estimates From the Hybrid and Kriging 
'\ 

methods are not significantly different From the measured 

val u es. 1 t wa Bal s 0 fou n d th a t 100 % 0 f the m e( sur e d val u e B 

were ln the range of plus/minus two standard devlstions of 

estimated values for the Hybrid method. A value of 97.5';;' 

was obtalned for the Kriglng method. ThIS Indlcates that the 

KrlgIng method IS more sensitIve to high/low valued 

observatIons than the HybrId method. 

From the above comparlsons, one can conclude that the 

Hybnd method IS a valld method f~he estlmatlon of soli 

bulk density. 

.. 

5.6 Hydraulic Conductlvity (Site B) 

Both estImatIon methods (HybrId and KrlgIng) were 

applied to 12(, measured values of hydraullc canductlvlty. 

The~ated and measured values for bath methads are shown 

ln Table A5.7. 

The r e suI 't s s h 0 w t ha tin 4 3 • 5 % 0 f the cas e 5 , the H y b r l d 

method provided a more sccurate estimate, as campared ta 

56.5% for the KrlgIng methad. Furthermare the surns of the 

absolute val ues of the deviatlons of estimated val ues from 

the measured val ue s we r e cal cul a t e-d. A value of )7.11 was 

found for the Hybrid methed compared te a val ue of 50.36 for 
1 

the Kriqing method. Further, 1 t was found that lLG% of the 
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o measured values were in the range of plus/minus two standard 

•• 
deviations From t~e estimates obtained using tha Hybrid 

method. A value of 95% was obtained for the Kriglng method. 

Due to the h1gh variab~lity of hydraulic conductlvity 

throughout the fIeld, lt seems dlfficult ta predict a sIngle 

value for the entire field. ThIS 19 one of the biggest 

challenges for the sOlI hydrologlst in draInage design. The 

best drainage design should take into consideratlon the 

varlablilty of hydraullc conductlvity (K) by estlmatlng 

dlfferent values of K for dlfferent pa"rts of the fIeld. ThIS 

WIll result ln an effIcient draInage system wlth \.llfferent 

drain spaclng in dlfferent parts of the fleld. 
J 

( 
Slnce there IS no slgnlficant dlfference between elther 

of the estimations (Hybrld, Krlglng) and the measured 

values, It can be concluded that the Hybrld estImatIon 15 

valid ta esllmate spatial variabll1ty of saturated hydraullc 

conducti v i ty. 

5.7 Available Water (Si~ B) 

Hybrld and Krlglng estimatlon methods were applled ta 

1 Z 0 a v ail a b 1 e w a t B r val u es. The est l mat e d ·a n d m e a sur e d 

values for the two methods are shown ln Table A5.8. 

The estimated va~ues for both methods were compared tQ 

the measured values. The results show that i'n 49.S~'; of the 

cases, the Hybrid method provided a more accurate estimate, 

Su 
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as c o'm par e d. t 0 50.5 % for the' K r i gin 9 met h 0 d • The su m s 0 f the 

absolute values Of~ deviations of the estimated values 

from the measured values were calculated. A value of 157.80 

was found for the Hybrid method, as compared to a value of 

151.42 for the Kriging method. It is clear that the Hybrjd 

and Kriging estimates are very close to the measured values. 
~ 

There IS no significaht dlfference between the two estlmated 

values for available water. It was also found that 100% of 

the measured values were ln the range of plus/mlnus two 

standard deviatlons from the estimates obtalned uSlng the 

Hybrld method. A value of 97.5~o was obtalned for the Knglng 

method. 

From the above comparlsons, one can conclude that the 

Hybrid 15 a va11d method for the estImatIon of available 

water. 

5.8 Field Capacity (Site B) 

The Hybnd and Krlglng estimatIon methods were applled 

to 120 values of fIeld capacity. The values of field 

capacity and their correspond1ng estimatIons from the two 
.. 

estImation methods are shown in Table A5.9. 

Ta verIfy the accuracy of the Hybrid method, the 

measured and estimated values were compared to tho5e 

ob ta ln e c b y the K r 1 gin 9 met ho d • The r e sul t s 15 ho w th a t 1. n 

44.5% of the cases, the Hybrid method provided a more 
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accu rate estimate, as compared to 55.51'0 for the Kriging 

method. rurthe~more, the sums of the absolute values 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 Krlglng 

method. It was also found that lUG?.; of the measured values 

were ln the range of plus/mlnus two st~QdHrd devlatlons from 

the estima tes obtained uSlng the Hybrid method. A value of 

97.5% was obtalned for the Krlglng method. 

--
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o CHAPTER 6 
.. 

Su •• ary and Conclusions 

The Hybrid (nonparametric) and Kriging (parametric) 

estimation methods were applied to measure the spatial 

variability of soil bulk density, hydraullc conductivity, 

available water and field capacity. The Hybrid method was 

applied to two corn flelds (Sites A and B) whereas Kriging 

was applied only at Site B. 

In general, at locatlons 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 i8 intentionally deleted and a Hybrid estimate 

ia perFormed for that location using neighbouring 

observations. 

Ta 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 ~stimated valu~s 

when the Hybrid method was used. This value for the 

Krjging method varied From 95% ta 97.5% which shows that 

• 
somt" oF the estimat,ions are very far From the measured 

o values (i.e. outside the confidencë bounds). 
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The aums of the absolute values of deviations of the 

" eatimateti val uea from the measured, val uea were cal cu 1 a ted. 

This value can be used as an indicstor ta check the degree 

of bias between the two estimation methods. It was found 

that there ia no significant difference of blSS between the 

Hybrid and Kr,ging .stimation methods. ~(' 
Another comparison was made between the estimated 

values of two methods and the measured values. Krlglng 

estimates were slightly closer to the measured values than 

Hybrld estimates. 

From the overall comparlsons, It was found that the 

Hybrid estimates are comparable wIth KrlgIng estimates. ThIS 

Indicates the validIty and rellability of the Hybrld met~od 

for the estImation of the SPP. 

The following concluSlons are made based on thls study: 

1. The Hybrid method gave similar results to those obtalned 

by the KrigIng method. 

2. The Kriging method of estimatIon can not be applled to 

fewer than 50 observatIons whereas the Hybrid method 

can. 

3. The HybrId estImations can be useful to SOlI 

hydrologists to improve the design of subsurface 

drainage and irrIgatlon systems. 

4. Restric~}ons due ta assumptions vital to the Kriging 

method do not exist when applYlng the Hybrid method. 

(hese ,assumptions are pointed out in Chapter 2 (Section 

2.2). 
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Reco •• endations for future Research 

1. More samples with larger volu~e should be take~. 

2. For better visualization,the spatial variablllty of soil 

physical properties should be mapped. 

3. The Hybrid technique should be applied ta the black 

estimations as weIl. 

4. Other nonparametric methods should be used ln future for 

both point and block estimations and compared to 

estimatlons obtained uSlng the Hybrid and Kriglng 

methods. ~ 
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Table AS.l Volumetrie wate~ content (v.w.c.) st di fferent '.~ 

.pressure heads for Site A • '~ 

(%/volume) 
~, 

~~ 

'lJ Column l represents the location of sample 
(i.e. Al is at row A and column 1) • 

2 bulk density (g/cm3 ) 
:3 v.w.c. at saturation (~/volume) 
4 v.w.c. at 0.1 bar (%/volume) 
5 v.w.c. at 0.3 bar (%/volume) 
6 v.w.c. at l bar (%/volume) 
7 v.w.c. at 5 bars (%/volume) 
a v.w.c. at 10 bars (%/volume) 

1 
, 

1 2 3 4 5 6 7 6 

Al 1.27 60.0 38.8 37.5 36.0 34.1 32.5 
" AZ 1. 55 53.5 39.3 37.8 37.0 35.9 34.1 

AJ 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 

C AS 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 
AB 1.62 52. Z 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 
AILJ 1.61 53.3 42.1 40.7 39.2 37.4 35.9 
AlI 1.53 56.4 40.0 37.3 34.3 32.6 30.3 
BI 1. 24 57.7 39.0 37.5 36.1 34.9 33.6 
82 1.66 55.3 41.1 39.4 3 .1 6.5 34. 
B3 1. 76 51. 4 39.6 38.4 37.4 3 , 

• t:J/ . 
84 1.59 52.1 39.8 38.2 35.9 34.1 32.0 
85 1. 60 55.3 39.2 37.2 34.4 33.1 31. 4 
86 o 1.69 50.5 39.4 36.9 34.3 32.5 31.4 
87 1.49 55.0 313.5 36.1 34.3 31.9 30.1 
86 1.56 53.6 36.1 36.3 35.2 33.7 32.1 

~ 89 1. 5l:l 54.5 39. Ù 37.4 35.3 33.8 33.u 
• BIO 1.51 50.5 37.0 35.3 34.4 31.8 29.9 

Bll 1. 52 50.7 37.7 36.2 33. 7 -31.9 30.6 
Cl 1. 63 50.6 41.1 :3 9.1 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 JB .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 
C6 1. 21 6ti.LJ 43.7 4G.l 39.1 37. El 36.5 
C7 1.70 54.7 43.5 40.9 39.2 38.1 36.8 
C8 1.71 54.0 39.9 38.u 36.6 35.5 34.5 Ci) C9 1. 55 53.8 39.3 36.3 34.4 32.8 H.lJ 

é) 
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",_ Table A5.1 continued 

l 2 3 4 5 6 7 0 

CIO 1.60 54.5 40.7 38.2 36.5 35.3 34.2 
CIl 1.60 55.0 41.0 39.2 37.8 36.2 35.1 
Dl 1.46 54.6 40.8 39.0 37.1 35.9 35.3 
02 1.60 57.2 41.8 39.4 37.8 36.6 35.3 
03 1. 70 54.3 43.7 41.5 40.5 39.3 37.9 
D4 1.59 55.1 41.8 39.8 38.1 37.4 36. 7 
05 1. 54 57.8 40.7 35.9 30.9 28.4 27.6 
06 0.99 70.2 46.9 45.5 44.7 43.9 43.3 
D7 1. 66 55.4 43.2 40.5 35.0 35.u 35.0 
08 1. 65 47.2 37.9 36.2 34.5 33.6 32.4 
09 1. 61 55.9 41.4 38.1 35.6 34.9 34. G 
DIO 1. 70 50.2 40.5 39.0 , 37.1 35.6 34.9 
011 1. 55 59.1 42.5 36(.f 33.1 31.1 29.6 
El 1. 65 52.4 39.8 36 32.9 30.3 . 28.5 
E2 1. 64 46.G 38.9 371.7 36.5 35.5 33. li 
E3 1. 66 50.2 40.7 38.9 36.1 35.4 34.1 
E4 1. 57 51.6~ 40.6 37.9 36.U 32.G 31. 3 
E5 1. 62 46.0 39.4 38.1 ~ 36.4 35 34.U 
E6 1. 63 50.9 41.5 39.L 37.9 3 .2 31. 3 
E7 1. 65 57.1 43.2 39.2 35.1 2.9 32 ~ 

EI:l 1. 69 53. l 41.1 37.7 34.8 32.3 • 9 
E9 1.64 51.5 42.0 38.6 37.3 34.6 34.2 

0 EI0 1. Jo5 56.8 42.5 38.2 35.1 32.6 31.9 
E11 1.67 43.7 36.6 39.0 37.3 36.5 35.1 
F~ 1.47 56.2 43.9 40.5 36.lJ 32.0 31. 2 
F2 1.67 51.4 40.9 37.9 34.6 32.1 31. 6 
F3 1. 74 50.0 40.9 38.9 37.0 35.b 29.9 
F4 1.67 46.9 40.6 39<u 37.6 36.7 33.1 
f5 1. 64 56.6 43.8 39.7 37.ù 33.1 32.3 
F6 1.61 47.0 40.0 . 38.4 36.0 34.8 29.1 
F7 1. 62 56.0 45.4 41.4 39.2 35.G 31. 4 
F8 1.68 52.7 42.8 39.8 39.2 36.3 36.0 
F9 1. 58 56.0 45.6 41.3 37.1 34.6 33.3 
FIO 1.69 52.1 40.7 36.6 29.2 27.6 27.3 
FU 1. 72 49.0 38.1 35.2 33.2 30.1 2':1.4 
Gl 1. 59 47.7 40.1 37.9 34.8 34.1 30.U 
G2 1. 58 48.5 40.1 1 38.0 36.4 35.U 31. 6 
G3 1.45 46.3 36.3 34.1 3'0.7 29.~ 27.3 
G4 1. 53 49.4 39.7 55.3 32.4 31.4 24.3 

1. 57 50.2 39.4 36.0 33.8 32.1 JO.L 
G6 1.45 56.1 44.3 42.3 41.1 40.3 37.U 
G7 1.47 52.5 41.6 40.0 37.9 37.4 33.4 
Ga 1. 53 5u .u 42.V 4u.6 38.7 3a.u 34.5 

1.63 49.4 41.3 38.0 34.0 32.7 . 28.4 
GI0 1. 58 49.2 40.3 38.7 37.6, 37.L 34.6 
GU 1.46 51.5 40.6 31.0 35.5 34.6 30.U 
Hl 1. 55 51.6 4L.3 38~O 36.3 3S.u )2.6 

·0 J H2 1.62 47.3 40.0 ")7.9 36.3 ") S.l 32.1 
H3 1. 6(; 49.0 39.0 37.4 36.2 3S.lI 31.7 

" 
H4 1.65 57.4 42.5 40.0 37.6 35.7 33.9 

~ 
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Table AS.1 c-ontinued 

1 2 3 4 5 6 7 Ij 

H5 1.62 56.7 41.0 36.6 34.2 29.7 28.7 
H6 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 JO.3 29.8 
H8 1.62 52.6 41.3 38.1 35.4 32.1 31.5 
H9 1.44 54.4 39.6 34.3 28.6 25.L 24.lJ 
HIa 1.71 47.9 42.0 40.3 38.3 37.4 34.6 
Hll f 1. 58 45.4 37.0 36.0 34.4 33.0 32.2 
Il 1.65 52.3 40.6 37.4 33. 7 30.5 2~.1 

12 1. 72 53.1 45.3 41.3 trI 36.4 34.3 
13 1. 57 52.7 41.3 39.0 3 .4 34.6 33.3 
14 1. 8U 51. 7 44.3 40.6 8.7 36.5 35.lJ 
15 1. 32 60.0 45.5 40.8 38.7 37. U 35.8 
16 1.71 50.6 41.2 37.5 35.1 31. 6 3L.4 
17 1. 65 56.1 43.6 39.1 38.1 36.5 36.5 
18 1. 6G b.O 41. b 3 tj • 7 36.4 34.5 33.2 
19 1. 57 .0 41. a 36.4 32.9 29.7 2b.7 
110 1. 66 5~. 45. l 41. 7 39.7 37.6 36.3 
III 1. 67 54.lJ 43.9 41. 0 39.8 37.8 37.1 
JI 1. 64 6u.0 44.9 41. 8 40.5 38.5 37.1 
J2 1. 32 63.4 50.5 46.5 44.4 42.4 41.2 
J3 1. 56 63.3 .2 49.8 45.4 43.1 41. 5 
J4 1. 75 52.0 4 .2 40.0 36.3 35.U 33.0 , J5 1. 62 55.1 43 .6 40.0 39.1 37.1 37. L 
J6 1. 51 55.5 4 .0 l2.5 38.9 36.8 35.4 
J7 1. 64 53.9 41. S 38.5 34.b 32.5 31.L 
J8 1. 60 56.6 45.3 41.5 40.0 38.4 37.u 
J9 1. 56 57.2 43.2 39.lJ 37.5 35.L 33.tl 
JI0 1. 64 55.5 40.8 38.1 36.8 34.6 33.6 
JII 1.52 57.5 41. 2 39.2 36.8 34.9 33.2 ... 
KI 1.64 56.0 44.4 40.1 37.8 36.7 33.4 
K2 1.64 51. 2 42. Sr 40.6 38.6 36.5 36.1 
K3 1.61 51.0 41.0 37.5 33.1 30.1 29.4 ~ 

~ : K4 1.6U 56.1 44.1 6 39.5 38.1 36.3 36.lJ 
1 ..,.. 

KS 1.63 53.1 43.6 ;40.0 39.0 36.9 35.2 
K6 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 

1 K8 1. 57 55.1 41. 8 j9.9 36.4 35.2 33.4 ' .. 
K9 1.57 53.2 40.0 38.0 36.9 35.2 33.4 
KIO 1. 56 57.7 42.2 3 fj • 0 36.5 34.2 32.6 
Kll 1.62 52.6 41.7 39.0 36.7 34.8 34. U 
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.,0 Table AS.2 Calculated values of Bulk denaity (g/cm 3 ), 
Field capacity and Available water expressed~as 

" (%/volume) for Slte A 

1· X coordinates (metera) 
2· Y coordinates (met~rs) 
3 • Bu1k density (g/cm ) 
4. Field capacity (~/volume) 
5. Available wate f, (%/volume) 

1 2 3 1 4 5 

\ • 
\ 0.0 0.0 1. 27 35.00 5.00 

0.0 1U.u 1. 55 36.5CJ 3.7U 
0.0 20.0 1.40 41.60 5.2u 
0.0 3C.U 1. 64 37.10 6.30 
0.0 40.0 1. 61 34.50 6.9(; 
0.0 50.U 1. 39 39.3G 7.18 
0.0 60.0 1.00 41.40 4.7U 
U.U 70.0 1. 62 34.70 7.10 
0.0 80.0 1. 62 36.00 4.80 
U.O 9u.O 1. 61 38.38 4.bL 
0.0 100.0 1. 53 33.8U 7. OU 

lU.O G.O 1. 24 1 37.5U 3.9L 

J 10.0 10.0 1. 66 39.40 4.8U 
1L.0 2C.u 1. 76 38.40 5.6u 
10.0 30.0 1. 59 38.20 6.2u 
10.0 40.U 1. 60 37.2G 5.!:l0 
10.0 50.0 1. 69 36.90 5.50 
lu.O 60.0 1. 49 36.10 6.0U 
10.0 70.0 1.56 36.30 4.20 
10.0 bU.O 1. 58 37.4L 4.4U 
10.0 90.0 1. 51 35.30 5.4U 
10.0 lLU.U 1. 52 36.2G 5.6u 
20.0 O.U 1.63 39.10 2.70 
20.U 10.U 1. 56 37.6u 2.9u 
ZO.U , 20.0 1.47 '36.10 3.5U 
20.0 3G.u 1. 61 37.70 3.6u 
20.0 40.0 1. 74 38.40 4.8CJ 
2iJ.0 5U.0 1. 21 4U.10 3.6u 
ZO.O 60.0 1. 70 40.90 4.J.0 
ZO.O 70.0 1. 71 38.0CJ 3.5U 
ZO.O 80.0 1. 55 36.30 5.30 
Zu.ü 90.0 1. 60 38.20 4.00 
ZO.O 100.0 1 .. 60 39.20 4.1u" 
30.0 U.O 1. 46 39.LCJ 3.7u 
30.0 10.0 1. 60 39.40 4.1u 
3C.(, 20.0 41.5U 3.6U 
30.0 30.U 39.80 3.10 

e 3G.0 4L.U 35 ... tJ 0 8.30 
30.0 50.0 45.50 2.20 

~ 

64 
,) -; 

' '~ , ", 
I:.f;~, ' " t ' ~~ ~ l 



, 
,,< 

Table A5.2 continued 
C 

Il;' 

~ 
" t 

1 2 J 5 : 

30.0 60.0 1.66 40.00 5.50 
30.0 70.0 1.65 36.20 3.BO 
30.G 80.0 1.61 JB.10 4.10 
30.0 90.0 1.70 39.00 4.10 
}O.G 100.0 1.55 36.50 6.90 
40.0 0.0 1.65 36.30 7.80 
40.(; 10.0 1.64 37.70 ~ 4.70 
40.0 20.0 1.66 38.90 4.80 

.r 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 
40.0 70.0 1. 69 37.70 S.8u 
40.0 60.0 1. 64 38.60 4.40 
4C.G 90.0 1. 35 38.2L 6.3G 
40.0 100.0 1.64 39.00 3.9CJ 
5(; • U O.u 1. 47 4(,.50 9.30 
50. Q 10.0 1.67 37.90 6.30 
50.0 20.G 1.74 38.90 9.DL 
50.0 30.0 1.67 39.20 6.10 
50.0 40.0 1. 64 39.70 ., 7.4L 
50.0 50.0 1. 61 38.40 9.3L , 50.0 60.0 1. 62 41.40 L.UL 
50.0 70.0 1.68 39.80 3.80 
50. Cs 80.0 1. 58 41. 3U 6.00 
50.0 90.0 1.69 36.60 9.30 
50. li 100.0 1.72 35.20 5.Bu 
60.0 0.0 1.59 37.90 7.90 
60.0 10.0 1.58 38.oà 6.4lJ 
60.0 20.0 1.45 34.10 6.80 
6u.0 30.0 1. 53 35.30 1. ~l; 
60.0 40.0 1.57 36.03 6.00 
60.0 50.0 1.45 42.30 J.30 
60.0 60.0 1.47 40.00 6.60 
60.0 7u.0 1. 53 40.60 6.1U 
60.0 80.0 1.63 38-. 00 9.6(; 
60.0 90.0 1. 58 38.7u 4.10 
60.0 100.0 1.46 37.00 7.00 
7U.0 0.0 'L55 38.0U 5.4(; 
70.0 " 

10.0 1.62 37.90 5.80 
70.0 20.0 1. 60 37.40 . 5.10 
70.0 30.0 1.65 40.00 6.10 
70.0 4U.O 1. 62 36.60 7.9G 
70.0 50.0 1.66 39.20 5. tHJ 
JO.lI éO.O 1. 67 36. tH,; 7.Lu 
70.0 70. a 1.62 38.10 6.6L 
70.U tlO • li 1.44 J4.30 0.3U 

~ 
70.d 90.0 1. 71 40.30 5.7U 
70.0 100.0 1. 58 36.00 3.BO 
80.0 0.0 1.65 37.40 8.3U 
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e ~5.2 continued 

1 2 3 3 3 

SO.U 1U.0 1. 72 41. 3lJ 7.0lJ 
80.0 20.0 1.57 39.00 5.78 

:, 
i 

80.U 30.0 1. 80 4G.6û 5.6L 
clO.O 40.0 1. 32 40.80 5.00 
8L.0 50.0 1. 71 37.5L 7.IG 
80.0 60.0 1. 65 39.10 2.60 
SO.u 70.0 1. 60 3b.70 5.50 
tlO.U 80.0 1. 5 7 36.40 7.7u 
80.0 9u. G 1. 66 41. 70 5.4U 
80.0 100.0 1.67 41.00 3.9(; 
9C.O 0.0 1.64 41. tlU ,~ 4. 7U 

90.0~ 10.0 1. 32 46.50 5.30 
90.0 (20.0 1. 56 49.tiO 8.3G 
90.0 . " 30: 0 1. 75 40.00 7.U(J 
9G.u 40.0 1. 62 4-(; • (j 0 3.00 
90.0 50.0 1.50 42.50 1.1U 
90.L 6L. II 1. 64 3t3.5u 7.5L 
90.0 70.0 1. 60 41.50 4.5U 
90.0 8LJ • G 1. 56 39.1.;0 5.~ 
90.0 90.0 j 1.64 38.10 4. Su . 
90.u lULJ.O 1. 52 59.20 6.0u 

100.0 0.0 1.64 40.10 6. 70 

0 luO.O 10.0 1. 64 40.60 4.SLJ 
100.0 20.0 1. 61 37.50 8.10 
IIJO.U 30.0 1. 60 39.5(; 3.5L ., 
100.0 40.0 1. 63 40.00 4.8u 
100.U 50.0 1. 67 37.50 6.llL 
100.0 60.0 1.60 39.60 7.30 

,100.0 70. (J 1. 57 39.10 5. 70 
100.0 80.0 1. 57 38.00 4.60 
lUO.O ~'.o 1. 56 38.80 6.2u 
100.0 .0 1. 62 39.00 5.0u 

fi 
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Table AS.3 Bu1k density for Hybrid (nonp·srametr ie) 
estimstion ~etho~ (Site~) 

_Cg/cm ) •. ,\ 

1- X coordina~es (meters) 
2· y coordinates (metersl 
3. Measured values Cg/cm ~ 
4. Hybrid estimates (g/cm ) 
5. Estimated values + two standard deviation 

.1 

6. Estlmated values· two standard deviation 

1 

0.0 
0.0 
0.0 
D.u 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.0 
10.0 
10.(; 
10.0 
10.0 
10.0 
10.0 
10.0 
10.ü 
10.0 
ID.u 
20.0 
20.0 
20.0 
20.u 
20.0 

\,20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
30.0 
30.0 
30.U 
30.0 
30.0 
30.0 

, ! ~ -, 

2 

0.0 
10.0 
20.0 
3u.0 
40.0 
SG.O 
60.0-
70.u 
80.0 
90.0 

100.0 
0.0 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
0.0 

10.0 
20.0 

./ 30.û 
40.0 
50.u 
60.0 
70.0 
80.0 
90.0 

100.0 
u.u 

10.0 
20.0 
30.0 
40.0 
50.0 

.., 

3 

1.27 
1. 55 
1.-40 
1. 64 
1. 61 
1. 39 
1.0U 
1. 62 
1. 62 
1. 61 
1. 53 
1. 24 
1.66 
1. 76 
1. 59 
1. 60 
1.69 
1.49' 
1. 56 
1.58 
1.51 
1. 52 
1.63 
1. S6 
,1.47 
1. 61 
1 .. 74 
1.21 
1.70 
1. 71 
1.55 
1. 60 
1.60 
1.46 
1.60 
1.10 
1.60 
1.54 

1.00 

4 

1. 21 
1. 34 
1. 62 
1. 60 
1. 60 
1. 55 
1.41 
1. 56 
1. 61 
1. 52 
1. 52 
1. 57 
1.65 
1.45 
1.61 
1. 71 
1.43 
1.52 
1.59 
1.52 
1.59 
1.53 
1.45 
1.41 
1.68 
1.60 
1.2-7 
1.10 
1.66 
1.56 
1.61 
1.59 
1.52 
1.58 
1.46 
1.46 

--{.54 
1\60 

1.50 

67 

5 

1.65 
1. 72 
2.01 
1. 9& 
1. 98 
1. 93 
1.84 
1. 94 
1.99 
1. 91 
1.90 . 
1. 95 
2.03 
1.84 
1. 99 
2.1LJ 
1.82 
1. 90 
1.9H 
1. 91 
1. 98 
1. 91 
1.83 
1. BS 
2.07 
1. 98 
1.66 
2.U8 
2.05 
1.94 
1. 99 
1. 96 
1.91 
1. 97 
1.85 
1.85 
1.93 
1.99 
1.87 

, ,,/,," ,~ ! ~I 

b 

0.B8 
ü.95 
1. 24 
1. 21 
1. 21 
1.16 
1.1U 
1.17 
1. 22 
1.14 
1.13 
1.19 
1. 26 
1. (; 7 
1. 22 
1. 33 
1.05 
1.13 
1. 21 
1.13 
1. 21 
1.14 
1.06 
1. Lü 
1. 30 
1. 21 
0.89 
1. 32 
1. 28 
1.18 
1.22 
1.21 
1.14 
1.2u 
1.u7 
1.08 
1.15 
1.22 
1.12 
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Table A'.3 cantinued 

1 2 

30.0 
30.0 
3u.0 
30.0 
30.0 
40.0 
40.0 
40.0 
4U.0 
40.0 
4(j.0 
40.0 
40.L 
40.0 
40.0 
40.0 
50. U 
50.0 
5lJ.G 
50.0 
50.G 
50.0 
50.0 
50.0 
50.0 
50.0 
50.(; 
60.0 
6lJ.0 
60.0 
60.0 
60.0 
6lJ.0 
60.0 
6U.0 
60.0 
~û.(;, 

60.0 
7U.G 
70.0 
7U.0 
70.0 

~ 70.0 
l 70.0 
~O.O 

70.0 
70.0 
70.0 
70.0 

60.0~ 

70.0 
80.0 " 
90.0 

100.0 
0.0 

10.0 
20.0 
3tl.0 
40.0 
50.ù 
60.0 
70.D 
80.U 
:10.0 

100.0 
U.U 

10.0 
20.0 
30.0 
4lJ.0 
50.0 
6Ù.0 
70.d 
80.0 -. 
90.(} 

100.0 
0.0 

10.0 
20.0 
30.0 
40.0 
)G.O 
60.0 
70.0 
80.0 
:JU.G 

100.0 
(j.u 

10.0 
2G.0 
30.0 
4U.0 
50.0 
60.0 
70.0 

,IW.Cl 
90.0 

IGO.O 

, " 

3 

1.66 À 

1.65 
1.61 
\.1.70 
1. 55 
1'.65 
1. 64 
1.66 
1. 57 
1.62 
1. 63 
1. 65 
1.69 
1.64 
1.,)5 
1. 64 
1. 47 
1.67 
1. 74 
1. 67 
1. 61f 
1.61 
1. 62 
1.68 
1. 58 
1.69 
1. 72 
1.59 
1.58 
1.45 
1. 53 
1. 57 
1.45 
1.47 
1.53 
1.63 
1.58 
1.46 
1.55 
1. 62 
1.6lJ 
1.65 
1. 62 
1.6.6 
1. 67 
1.62 
1. 44 
1. 71 
1. 58 

4 

1.54 
1.68 
1.66 
1.44 
1.44 
1.56 
1. 62 
1. 68 
1. 6S 
1. 56 
1. 60 
1. 68 
1. 68 
1. 35 
1. 47 
1. 69 
1. 64 
1. 61 
1.66 
1. 66 
1. 62 
1.53 
1. 6lJ 
1. 56 
1. 68 
1.68 
1. 50 
1.55'\ 
1. 53 
1.56 
1. 61 
1. 52 
1. SS 
1.53 
1.63 
1.51 
l .60 
1.61 
1.62 
1.65 
1.60 
1.62 
1.60 
1.67 
1.63 
1.49 
1.64 
1.64 
1.67 

68 

5 

1.92 
2.07 
2.04 
1.82 
1. 82 
1.~5 
2.G1 
2. U7 
2.04 
1. 94 
1. 98 
2.07 
2.07 
1.74 
2.. lJ 5 
2.07 
Z ~lJ 2 
Z.tto 
Z. L5 
2.05 
2.UU 
1.91 
1. 99 
1.94 
2.07 
2.07 
1. 98 
1.94 
1.92 
1. 95 
1. 99 
1. 90 
1. 94 
1:91 
2.01 
1.89 
1. 99 
1.99 
2.01 
2.04 
1.9ti' 

'2.01 
1.98 
2.U5 
2.G2 
1.88 
2.u2 
2.02 
2.05 

6 

1.15 
1.':W 
1. 27 
1.05 
1.05 
1.1tj 
1. 24 
1. 3LJ 
1. 27 
1.17 
1. 22 
1. 38 
1. 3lJ 
0.97 
1. 2':1 
1. 3lJ 
1. 25 
1. 23 
1. 28 
1.28 
1. 23 
1.14 
1. 22 
1.17 
1. 3fJ 
1. 38 
1. 22 
1.17 
1.15 
1.1H 
1. 22 
1.13 
1.17 
1.14 
1. 24 
1.12 
1. 22 
1.22 
1. 24 
1.27 
1. 21 
1.24 
1. 21 
1.28 
1.21+ 
1.10 
1. 25 
1.25 
1. 2a 

1 

" 

.. "1 

" , 
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Table AS.J eontinued 

1 2 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.u 
80.0" 
8U.O 
80.0 
80.0 

. 90.0 
90.0 
90.0 
90.0 
90.0 
90.u 
90.0 
9lJ.0 
90.0 
9G.û 
90.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.u 
100.0 
100.0 
100.0 
100.0 

0.0 
10.0 
20.0 
JO.O 
4ù.O 
50.0 
60.0 
70.0 
dO.O 
90.0 

100.0 
0.0 

10.0 
20.0 
30.U 
40.0 
50. u 
60.0 
70. U 
80.0' 
90. U 

100.0 
0.0 

10.0 
20.0 
JO.O 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0· 

100.0 

lOf ~ ~ ... ~t~~\;:. ,,1.:",'I,j:;t~I,,' . ' ... ';- " .... - ~ 
v' 

3 

1.65 
1.72 
1.57 
1.80 
1.32 
1.71 
1.65 
~ 
1. 57 
1.66 
1. 67 
1. 64 
1. 32 
1. 56 
1. 75 
1.62 
1. 5U 
1. 64 
1. 60 
1.56 
1.64 
1. 52 J-
1. 64 
1. 64 
1. 61 
1.60 
1.63 . 
1.67 
1. 60 
1.57 
1. 57 
1.56 
1. 62 

'~t " , -
t c,. _ ~ "t' ,r 

1.64 
1.S7! 
1.64 "'\; 
1.61 
1.64 
1.50 
1.62 
1.60 
1.55 
1.66 
1.53 
1.51 
1.51 
1.60 
1.62 
1.45 
1.65 
1.65 
1. 5 7 
1.57 
1. 52 
1.64 
1.64 
1.59 
1.58 
1.62 
1.63 
1.60 
1.62 
1.59 
1.56 
1.58 
1. 52 

69 

.' 

. :'f<\ '-. ~ ~_::. ,":,.":'<tii:tIT :~":::~j~~\,,::, l"~ ':'" 

, f 

5 

2.0~ 
1.95 
2.02 
2.00 
2.03 
1.89 
2.01 
1.99 
1. 93 
2.05 
1.92 
1.90 
1. 89 
1.99 
Z.UO 
l.84 
2.u3 
2.03 
1. 95 
1. 95 
1. 91 
2.02 
2.02 
1.98 
1.97 
2 .• 01 
2.Gl 
1.99 
2.01 
1.98 
1. 95 
1.97 
1.91 

'i' , 

6 

1,.25 
1.18 
1.25 
1.23 
1.26 
1.12 
1. 24 
1.22 
1.16 
1.28 
1.15 
1.12 
1.13 
1. 22 
1. 24 
1. 07 
1. 26 
1. 26 
LIb 
1.lt:1 
1.14 
1. 25 
1.25 
1. 21 
1. 2u 
1.24 
1. 24 
1. 22 
1.24 
1. ZU 
1.17 
1.20 
1.13 
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rabl e A5.4 F le 1 d capacity for Hybrid", (nonparametr,ic) 
4;; 

0 estimation methd'd (Si te ~A) 
;-~} 

(%/v,olume) '. li> : 

1. X coordinates (meters) 
2. y çoordinates (meters) 
3. Measured valuea ,(%lvolume) 
4. Estimated valués (%/volume) 
5. Estimated values + two standard devistion 
6. Estimated value's .• two Eiltandard devlation 

l-
ii 

1 2 3 4 5 6 ., 
~ 

0.0 0.0 35.00 36.66 45.09 28.23 
O.L 10.0 36.50 39.46 47;;,90 31. ul 
0.0 20. a ' 41.60 37.28 ,45.71 28.65 
0.0 30.0 37.10 " 36.80 45.25 2u.35 
0.0 40.0 34.50 37.15 45.57 28.73 
O.U 50.0 39. J'LI 37.07 45.52 2H.62 
0.0 60.0 41.40 35.73 44.16 27.3u 
0.0 70.0 34.70 36.10 44.53 27.68 
0.0 ao.o' 36.00 37.69 4

1
6.13 29.24 

o 0.0 10.0 38.,30 33.80 4:2.25 25.35 
0.0 100.0 33.80 36.16 44.57 27.75 

0 10.0 0.0 . 37.50 36.38 46.86 ?9.93 
10.0 10.0 39.40 37.52 45.97 29.07 

.: 10.0 20.0 38.40 38.9> f 47.40 3lJ.49 
10.0 30.0 38.20 37.44 .45.89 28i98 
IG.O 40.0 37.20 35.56 44.Gl 27.11 "'-10.0 '50.0 36.90 36.43 44.87 27.98 

/ 10.0 60.0 36.10 39.63 ~a .07 31.19 
10.0 70.0 36.30 37.p3 5.47 28.59 
10.0 ~o ~ 0 37.40 35.30 'J 43. 75 26.U5 
10.0 90.0 35.30 37.81 46.25 29.3H 
10.0 100.0 36.20 35.10 43.55 26.66 
20.0 0.0 39.10 37.60 46.05 29.15 
20.0 10.0 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.U 50.0 40.10 40.85 49.30 32.41 
20.0 60.0 40.90 38.6l 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 30.58 
20.0 100.0 39.20 36.17 44.62 27.72 

• J 

3G.0 0.0 39.00 57 0 79 46.24 29.34 
30.0 10.0 39.40 38. ~9 47.43 30,.54 
30.0 20.G 41.50 39.3~ 47.77 30.90 
30.0 30.0 39.80 36.51 A4.96 28.06, 

. ' 
0 30.0 40.u 35.90J" 38.63 46.97" 3lJ.Lë 

1 
'l'. 

,"':l. 

" ') .. 
,~ 

" " 70 -'\~ 

.' 
l' .~ 
~c...' ~. ,~~ ": ·,~t··~,i,~:~'~J,; ~~~~j~"i &11' .... 

" ~hf 
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~ Table A5.4 continued 

l 2 3 4 5 6 

30.U 50.0 45.5lJ 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 39.00 36.5G . 44.95 28.05 
30.0 100.'0 36.50 39.11 47.56 30.67 
40.0 0.0 36.30 3b.5.3 46.97 3U.08 
40.0 10.0 .3 7. 70 37.58 46.03 29.13 
40.0 20.0 38.90 37.86 46.31 29.41 
40.0 30.0 37.90 39.09 47.54 30.64 
4U.1J 40.0 38.10 37.90 46.35 29.45 
40.0 50.0 ) 9.00 38.75 47.20 30.30 
40.0 60.0 39.2u 40.27 48. 72 31.1:l2· 
40.0 70.0 37.70 38.78 47.23 30.33 
40.0 80.0 38.60 3&.17 46.62 29.72 
40.0 90.0 38.20 38.17 46.62 29.72 
40.0 luO.O 39.00 35.33 43. 78 26.Sb 
50.0 0 • .0 40 • .50 37. 72 46.16 29.28 
.50.u 10.0 37.90 38.21::l 46. 73 29.82 
50.0 20.0 38.90 38.35 46.80 29.9U 
5U.G 30.G 39.20 38.01 46.46 29.55 

( 
50.0 40.0 39. 70 37.16 45.61 28. 71 
50.u 50.0 38.40 4U.95 49.41 32.5u 
50.0 60.0 41.40 " 39.85 48.28 31. 42 
50.0 70.0 39. tW 4U.85 49.3lJ 32.4lJ 
50.0 ~ 80.0 41.30 37.29 45.72 28.85 
50.0 90.ù 36.60 37.1H 45.62 2U.73 

/ 50.0 100.0 35.20 38.46 46.90 30.03 
6U • 0 0.0 37.90 38.54 46.99 3U.G9 
60.0 10.0 3B.00 .3 7.47 45.92 29.02 
60.0 2lJ.U 34.10 35.55 43.97 L 7.13 
60.0 30.0 35.30 36.42 44.85 27.98 
60.0 4U.0 36.U3 39.48 47.92 31. lJ4 
60.0 50.0 42.30 38.74 47.16 30.32 
6lJ.lJ G 60.0 4U.ulJ 39.87 48.31 31. 42 

0- 60.0 70.0 40.60 37.66 46.10 29.21 

J. 60.0 ~O.LJ 3b.00 40.UO 4b.45 31.55 
60.0 90.0 36.70 36.58 47.03 30.13 
60.0 luO.O 37.UO 35.31 43.7; 26.86 
70.0 0.0 38.00 37.81 46.26 29 .. 36 
7U.0 10.U 37.90 37.81 46.26 29.36 
70.0 20.0 37.40 38.75 47.20 30.0U 

.70.0 3ù.0 40.00 36. ~9 45.43 2ti • .54 
70.0 40.0 36.60 38.68 47.13 30.23 

~ 7U. I.J 5u.0 39.2U 36.77 45.22 20.32 

~ 70.0 60.0 36.80 38.61 47.06 30.17 
7 (; • 0 70.u 38.1u 36. 71 45.17 28.26 

( 70.0 80.0 34.JO 37.80 46.22 29.38 
~ 70. G 90.0 4U.JL 38.16 46.6LJ 2 ~. 71 

70.0 100.0 36.UU 40.26 48.70 31.82 

1 J 

71 
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Table A5.4 co~inued r 
0 

1 2 
1 

3 4 5 6 

80.0 0.0 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 32.61 
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 
8U.0 80.0 36.40 38.86 47.31 30.42 
80.0 90.0 41. 70 40.50 48.93 32.07 
80.0 100.0, 41. GO 38.64 47.07 30.2(; 
90.0 0.0 41. 80 38.81 47.23 30.3e 
90.0 10.U 46.50 41. 68 5G.GO 33.36 
90.0 20.0 49.80 38.63 46.81 30.45 

, 

9LJ.lJ 3U.0 4u.uu 39.75 4~.2U 31. 31 \ 
90.0 40.0 40.00 41. 79 50.24 33.34 
90.0 5U.0 42.5U 41.79 5u.21 33.)7 
90.0 60.0 38.50 41.4~ 49.94 33.U4 
90.0 70.u 41.5u 3~.0 47.51 3L.64 
90.0 80.0 39.00 37.45 45.90 29.UU 
98 • Cl 9(;.(; 38.10 37.45 45.9LJ 2'J.UL 
90.0 100.0 39.20 38.96 47.41 30.51 

~I- 100.0 Ù.U 4ù.10 4U.56 49.00 32.11 
100.0 10.0 40.60 39.73 48.17 31. 2~ 
100. U ZU.u 37. SU 40.36 4b.b1 31. ~1 
100.0 3.0.0 39.50 40.36 48.81 31.91 
100.0 40.ù 4U.O(; 38.60 47.u5 JO.15 (J 

100.0 50.0 37.50 38.60 47.05 30.15 
lulJ.O 60.0 39.6u 38.57 47.02 3u.13 
100.0 70.0 . 39.10 39.23 47.68 30.7 e 
1(;0.0 O(;.u 38.lJu 31:1.71:1 47.23 3lJ.33 
100.0 90.0 38.80 38.06 46.51 29.68 
1 UU • G lLu.U .39.lJ8 38.66 47.11 3LJ.21 
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Table A5.5 Available water for Hybrid (nonparametric) 
estimation method (Site A) 

(%/volume) 

1. X coordinates (meters) 
2. y coordinates (meters) 
~. Measured values (%/volume) 
4. Estimated values (%/volume) 
5. Esti~ated values + two standard deviatlon 
6. Estlmated values· two standard deviatlon 

1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

IG.O 
10.0 
10.0 
10.0 
10.0 
10.0 
IG.O 
10.0 
lu.L 
10.0 
lU.O 
20.0 
ZU.O 
20.0 
20.0 
20.0 
ZU.U 
ZO.O 
z.u. a 
20.0 

,2U.u 
2U.0 
)u.u 
30.0 
JO.O 
30.0 
30.0 

. , 

J 2 

0.0 
10.0 
20.0 
3G.lJ 
40.0 
50.0 
60.0 
70. U 
80.0 
90.0 

100.0 
O.G 

10.0 
2G.O 
30.0 
40.0 
50.0 
60 • lJ 
70.0 
80. Û 

90.0 
lUù.O 

0.0 
10.0 
20.0 
30.0 
40.0 
5u • U 
60.0 
70.0 
80.0 
90. (j 

100.0 
O.G 

10.0 
Zu.U 
30.0 
40.0 

1"" ,"", 

3 

5.00 
3.7U 
5.20 
6.30 
6.90 
7.1ù 
4. 70 
7.10 
4.80 
4.80 
7. 00 
3.90 
4.80 
5.6U 
6.~ 
5. SU 
5.50 

~ 6. Lu 
4.20 
4.4U 
5.40 
5.6û 
2.70 
2.9U 
.3.50 
.3.60 \ 
4.80) 
3.60 
4.10 
3.50 
5.30 
4.UO 
4.10 
3.70 
4.10 
3.6LJ 
3.10 
8.30 

4 

3.50 
4.86 
5.0B 
5.86 
6.41 
4.75 
4. 75, 
4.49 
4.64 
6.18 
5.48 
3.23 
3.69 
4.77 
5.40 
5.39 
5.92 
4.15 
5.23 
5.36 
4.48 
4.bH 
3.Z5 
3.30 
3.47 
3.44 
4.81 
2.58 
3.65 
4.13 
3.86 
3.86 
5.68 
3.&9 
3.63 
3.43 
5.29 
2.95' 

73 

5 

7.19 
8.52 
8.76 
9.55 

10.09 
8.43 
8.43 
B.16 
8.32 
9.86 
9.15 
6.9l.J 
71.37 
8.45 
9.08 
9.L8 
9.61 
7.1:l3 
8.90 
9.04 
8.16 
a.56 
6.90 
6.95 

. 7.14 
7.1G 
8.49 
6.24 
7.33 
7.79 
7.54' 
7.53 
9.35 
7.5j 
7.30 
7'.10 
8.95 
6.60 

6 

-0.18 
1.19 
1.40 
2.18 
2.74 
1. Gd 
l.u 7 
lJ.81 
U.96 
2.5u 
1. bO 

·U.44 
O. Ul 
1. La 
1. 72 
1. 71 
2.24 
u. 47 
1. 56 
1. 68 
0.79 
1. 2u 

-o. 3 ~ 
-u.35, 
• 0 .19 
• U. 22 
1.13 

·l.lJ9 
-0.02 
u.46t1 
0.18 
L.19 
2.01 
1l.22 

.0.U4 
·0.23 
1.64 

-o. 71 

", 1 ~,' .. ", ~ .. Vf:~ 

"",'1 ')~ 
u ~:~ 

~ 





, '" ",~,;.f"''''J11 
-, ' ~. ' • J ',.~t1 

, " 'J,[U:~ 
k/~ 
'~~i ,. ;\~~ 
,'i ., 

Table A5.5 continued " 

0 
1 2 3 4 5 oS 

80.0 U.o "8.30 5.33 B.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 3.1J2 
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 
8U.O 60.U 2.60 7.04 IL.68 3.40 
80.0 70.0 5.50 4.96 8.64 1. 28 
80.0 SO.u 7. 70 5.32 8. 9~ 1. 65 
80.0 90.0 5.40 4.4~ 8.13 0.76 
80.Cl 100.0 3.90 5.3.1: 8.98 1. 64 
90.0 O.U 4.70 5.28 8.96 1. 60 
90.0 10.0 5.3U 5.56 9.24 1. 87 
90.0 20.0 8.30 7.25 10.91 3.6u 
90.0 30.0 7.UU 3,27 6.95 .0.40 
90.0 40.0 3.00 4.98 8.63 1. 33 
9G.O 51J.L 7.10 7.26 10.94 3.59 
90.0 60.0 7.50 5.90 9.57 2.23 
90.0 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.U 4.50 6.15 9.83 2.47 
90.0 100.0 6.00 4.66 8.34 0.97 

C lUO.O 0.0 6.70 4.50 8.18 u.82 
100.0 10.0 4.50 7.02 10. 70 3.35 
IGO.û 20.U t3.10 4.36 6.U2 (j.71 
100.0 30.0 3.50 5.68 9.35 Z.U2 
100.0 40.0 4. tHJ 3.12 6.80 ·U.56 
lOtl.O 50.0 6.00 7.15 10 .~3 3.47 
100.0 60.U 7.31J 5.95 9. 2 2.27 
100.0 70.0 5.70 4.54 8.23 0.86 
10(;.0 8û.0 4.6U 5.ô4 9.52 2.16 
100.0 90.0 6.20 4.55 8.23 0.el7 
1(;(;.(; 100.0 5.00 5. 7 b 9.46 2.1L 
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Table AS.6 Bulk density for Hybrid (nonparBmetri~) and 
Kriging (parametric) e~timat~~ methods (Site B) 

,(g/cm) 

1. X coardinates (metera) 
2. y caordinates (metersj 
3. Meaaured values (g/cm ~ 
4· Hybrid eatimates (g/cm ) 
5. Kriged estimatesl~ (g/cm3 ) 

1 2 "\ 3 

0.0 u.LJ 1. 55 
10.0 0.0 1. 51 
2L.G 0.0 1. 52 
30.0 0.0 1.45 
4u.u O.U 1. 59 
50.0 0.0 1.45 
6U • 0 L.U 1. 37 
70.0 0.0 1. 4 5 
8U • 0 G.U 1. 39 
90.U 0.0 1. 4 7 

O.U lL.O 1. 55 
10.0 10.0 1.54 
20.e 111.0 1. 65 
30.0 10.0 . 1.50 
40.0 10.Ci ~ 1.49 
50.0 10.0 1.50 
6U.0 lu.O 1. 48 
70.0 10.0 1.19 
80.0 lu.u 1. 35 
90.0 10.0 1.41 
0.0 2u.U 1. 52 

10.0 20.0 1. 41 
2LJ.0 20.0 1. 49 
30.0 20.0 1.45 
40.0 20.0 1. 35 
50.0 20.0 1. 55 
60.0 20.0 1. 45 
70.0 20.0 1.52 
80.0 20.0 1.46 
90.0 20.0 1.43 
u.O 30.0 1. 59 

10.0 30.0 1.55 
ZU.u 30.0 1.52 
30.0 30.0 1.53 
40.0 30.0 1.49 
50.0 30.0 1.53 
60.0 3u.u 1.42 
70.0 30.0 1.48 
tlO. U )lJ.O 1.36 

r-
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1. 54 1. 53 
1. 55 1. 53 
1. 51 1. 52 
1. 52 1. 51 
1.45 1. 47 
1.48 1.47 
1. 4b 1. 45 
1. 26 1. 41 
1. 43 1. 42 
1. 3 7 1. 4Z 
1. S2 1. 53 
1. 52 1. 52 
1. 52 1. 5C 
1.46 1. 50 
1.46 1.4b 
1. 53 1.46 
1. 22 1. 43 
1.47 1.44 
1. 39 1. 42 
1.41 1. 43 
1. 41 1. 54 
1.41 1. 54 
1.44 1. 52 
1.44 1. 50 
1.49 1. Su 
1.47 1.46 
1. 48 1. 45 
1.46 1. 42 
1. 37 1. 42 
1.43 1.43 
1. 55 1. 54 
1.46 1. 53 
1.56 1. 52 
1.50 1.49 
1.48 1.46 
1.48 1.46 

.1.44 1.45 
1.43 1.43 
1.45 1.45 

, 
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G Table A5.6 continued 
-, 

l 2 3 4 5 
) 

9U.U 3L.U 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 
30.0 4G.0 1.52 1.46 1.49 
40.0 40.0 1.40 1.47 1.47 
50.0 4U.0 1.48 1. 42 1. 45 
60.0 40.0 1. 36 1. 43 1.45 
70.0 40.u 1. 43 1. 43 1. 44 
80.0 40.0 1. 36 1. 51 1. 4 7 
90.(; 40.G 1. 51 1. 40 1. 46 

0.0 50.0 1. 63 1. 56 1. 54 
10.L 5L .. 0 1. 46 1. 54 1. 54 
20.0 50.0 1. 58 1. 43 1. 4~ 
3u.G 50. l.J 1. 49 1. 52 1. 4b 
40.0 50.0 1. 41 1. 41 1.45 
5u.e 5U.G 1. 48 1. 45 1. 43 
60.0 50.0 1. 43 1. 38 1. 43 
70.L 50.0 1. 44 1. 38 1. 45 
80.0 50.0 1.57 1. 50 1.46 
9l.J.u 5(j.U 1. 49 1. 58 1. 4~ 

0.0 60.0 1. 60 1. 58 1. 53 

( lU.O 60.0 1. 52 1. 49 1.52 
20.0 60.0 1. 38 1. 42 1. SU 

30.U 6U • L 1. 46 1. 47 1.47 
40.0 60.0 1.39 1.45 1. 45 
50.0 60.0 1. 45 1.39 1. 43 

'J 
60.0 60.0 1.38 1.37 1. 44 
70.0 6(J • 0 1.4U 1. 37 1.46 
80.0 60.0 1. 52 1..5 7 1.48 
9LJ.O 60. G 1. 59 1. 44 1. 4tl 

0.0 70.0 1.52 1. 44 1. 53 
10.0 70.0 1.54 l~,. 44 1. 51 
20.0 70.0 1.40 1. 51 1. 50 
3 u • 0' 70.0 1. 5U 1. 51 1.46 
40.0 70.0 1.46 1.41 1.45 

J 5u. 0 7U.U 1.'41 1. 46 1.44 
60.0 70.0 1.29 1.43 1.45 
70.0 70.0 1.44 1.54 1.46 
80.0 70.0 1.56 1.43 1.48 
90.lJ 70.0 1.42 1. ~4 l' 1. 51 
0.0 80.0 1.52 1.52 1.54 

lû.O 80.LJ 1.46 1.52 1.52 
20.0 80.0 1.51 1.48 1. 50 
30.0 80.0 1.53 1.45 1.47 
40.0 80.0 1.43 1.52 1. 47 
50.lI 60.L 1.53 1.40 1. "4 

0 60.0 80.0 1.48 1.44 1.44 
.' 70.0 80.u 1. 5-5 1.53 1.46 

, 
80.0 80.0 1.52 1.51 1.48 

',. 
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Table ·A5.7 H~draulic Canduct1vity for Hybrid (nonparametric) 
and Kriging (parametric) methods (Site B) 

(rn/ day) 

1· X coardinates (meters) 
2· y coordinates (meters) 
3· Measured values (m/day) 
4· H Y b r id' est i mat e s (rn / d a ,y ) 
5. Kriged estimates (rn/day) 

~/) c 
~ 

l 2 
~ 

4 5 

0.0 0.0 0.47 1.17 1.1 Z 
10.0 0.0 0.81 1.17 U.82 
20.0 {j.0 1.17 G.81 (J.u6 
30.0 0.0 0.72 0.74 1. 26 
40.0 0.0 G.69 1.95 1. bd 
50.0 0.0 4.38 0.72 1. 25 
6u • 0 O.U 1. 00' 1. 7u 1. b2 
70.0 0.0 0.91 0.81 1. 22 
80.0 O.U 1.12 0.45 U.7B 
90.0 0.0 0.47 0.84 0.90 

U.O lû.O 1. 29 U.57 LJ.83 
10.0 10.0 0.47 0.57 0.88 
ZO.G 10.0 1.07 0.59 0.84 
30.0 10.0 0.75 1.07 1. 21 
40.0 10.Ü' ..... 2.15 1. Ul 1.44 
50.0 10.0 « 1. 57 2.21 1. 92 
6U. U 10.0 1. 96 0.97 1. 44 
70.0 10.0 0.54 0.84 1.16 
tw • {j lLJ.u U.43 LJ.b4 L.ti4 
90.0 10.0 0.84 0.44 u.73 
(j.0 Zu.u 1. 32 0.60 U.bU 

10.0 20.0 0.81 0.48 G.81 
20. G lu.O 8.62 0.96 G.94 
30.0 20.0 0.86 0.98 1:21 
40.0 20.0 1.28 2.19 1. 59 
50.0 20. U 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 2u. U 0.71 O. 74 t.;.H2 
90.0 20.0 0.71 O. BZ 0.81 
G.u 30.0 0.58 0.94 0.95 

10.0 30.0 ,0.40 0.96 O.9b 
20.0 ~ 30.L 1. 01 O.6f.J U.95 
JO.O 30.0 1.34 U.99 1. 21 
40.0 JO.u 2.19 1.32 1.3~ 

50.0 30.0 1.36 2.07 1.67 
60.0 JlJ.u 1.30 1.22 1. 47 
10.0 <''''0.0 1.64 0.88 1.07 
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0 Table A5.1 continued 

l 2 3 4 ' 5 
, , 

90.0 30.0 0.88 U.7B 0.86 , 
~ 

0.0 40.0 1).93 0.55 0.85 " 

10.0 40.0 1. 66 1. 20 0.H6 
20.0 40.0 1.11 1.01 1.09 
30.0 41.1.0 0.99 1.11 1.27 
40.0 40.0 1.07 1. 36 1.58 
50.0 40.0 1. 79 1. 24 1.6tl 
60.{J 40.0 1.18 1.41 1.7L 
70.u 40.(j U.79 0.54 1. 35 
80.0 40.0 0.80 1.13 1. 06 
90.0 4u.O 0.79 0.76 u.97 
0.0 50.0 0.25 0.74 0.94 

10.0 50.U 1. 43 1. OU G.b>' 
20.0 50.0 1.13 1. 32 1. 07 
30.U ~ 5L. Cl 1.14 0.99 1. 22 
40.0 50.0 1. 31 1.14 1.54 
5U.0 5G.(j 2.23 2.28 1. fi 2 
60.0 50.0 3.59 1. 01 1.58 
7U.0 5u.O (j.52 1. 21 1.71 
80.0 50.0 1.13 0.77 1. 25 
9U • a 5U.0 0.76 1. (j 5 1.24 
0.0 60.0 0.34 0.36 O. tH.J 

0 lu.U ... 60.0 0.95 1.12 G.b5 
20.0 60.0 LIB 0.90 0.93 

1 3U.0 6U.U 0.98 1.14 1.12 
40.0 60.0 1.13 1.10 1. 44 
5U.O 6LJ.u 2.2b 2. Oû 1. 76 
60.0 60.0 2.17 2.11 1.97 
70.0 60.0 1. 44 1. 9ll 1. b3 
80.0 60.0 2.18 1. 58 1.49 
90.0 60.U 1. 68 1. 34 1. 33 
0.0 70.0 0.47 0.79 U.75 

10.0 7u.u 1. 09 G.69 G.7l 
20.0 70.0 0.64 0.76 0.B3 
30.0 7U.U 0.8& lJ. 73 G.1;12 
40.0 70.0 0.77 1. 04 1. 2 tl 
50.0 7u.U 1. 89 1. bÛ 1. 57 
60.0 70.0 2.24 1. 81 1.79 
7CJ .0 70.0 1. 84 1. 43 1,.~0 

60.0 70.0 2.14 1.50 1. 62 
9Û.O 7U.U 1.44 1. 67 1. 61 
0.0 80.0 0.75 0.44 0.64 

10.0 !::lU.O 0.94 0.74 lJ.66 
20.0 8il.O 0.70 0.62 ,O. 71 
3u.0 tiU.(J lJ.71 U.U2 li.bl 

40.0 80.0 0.83 0.71 1. li U 
SU .1.1 SU.U 1. 35 1..3 7 1.4 tj 

«) 60.0 SO.O 1. 54 1. 95 1. 75 
70.0 aO.lJ 0.94 1.42 1. ti6 
80.0 80.0 1.38 1.82 1. 72 
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0 Table Â5.7 continued 

l 2 
, 

3 4 5' 
, 

9û.0 80.0 1.64 1.21 li~4B . " 
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 0.73 0.40 0.80 
40.0 90.0 0.67 1.29 1.15 
5U.0 90.0 1. 27 2.27 1. 54 
60.0 90.0 2.26 1.66 1. 63 
7U. a 90.0 :w. 76 1.17 1.69 
80.0 90.0 2.37 1.33 1.45 
90.0 90.0 1.21 1.7G 1. 55 
0.0 1,00.0 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.ü 100.0 0.40 1. 24 1. G4 
40.0 100.0 1.33 0.99 1. 24 
50.0 lOO.LJ 2.51 1. 21 1. 4 t) 
60.0 100.0 1.86 2.61 1. 86 
7u .0 lüQ.O 0.92 1. 77 1. 9U 
80.0 100.0 1.28 1.02 1.54 
90.0 100.0 1. 52 1.13 1. 26 
0.0 110.0 0.45 0.52 0.72 , lU.O 11U.0 0.83 [;.5U U.71 

20.0 110.0 0.60 0.80 0.94 
3G.O 110.0 0.92 G.btl 1. G6 
40.0 110.0 1.78 0.68 1. 25 
50.0 110.u G.73 2.24 1. 98 
60.0 110.0 2.87 1. 75 1. 66 
70.0 110.0 2.65 1. 24 1.59 
80.Îl 110.0 1.10 0.88 1. 57 
9U.0 110.0 0.69 1. 3C 1. 51 

\ 
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0 Table A5.S Available water for Hybrid (nonparametric) and -
Kriging (parametric) estimation methods (Site a) 

,_. ", "'l(%/volume) -
'. 
" 

(meters) 
,.., 

t x coordinates 
y coordinates (meter,s) 

, 
ii'. 

Measur"ed values (%/volume). 
4. Hybrid estimates (%/vo1ume) " 

5. Kriged estimates (~/vo1ume) 
d', ... 

1 2 3 4 5 

0.0 0.0 2.01 1.38 3.71 
30.0 0.0 3.99 1.25 3.34 
60.0 0.0 2.62 2.75 3.1:l9 
90.0 0.0 2.75 2.62 4.33 

ft'tI. a 0.0 2.tl6 5.89 S.uu 
150.0 0.0 6.04 5.40 5.53 
180.0 0.0 7.25 5.85 b.17 
210.0 0.0 6.31 8.48 6.62 
240.0 G.O 8.94 5.66 5.79 
270.0 0.0 8.70 2.65 5.46 

0.0 3U.0 1. 38 4.9G 3.91 - 30.0 30.0 4.29 1 1.92 3.67 
60.0 30.0 4.00 3.96 4.07 

V 
90.0 30.0 3.81 3.96 4.52 

120.0 30.0 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. 7u 
210.0 30.0 8.40 6.00 6.13 
240.0 30.0 2.23 5.32 

, 
0.37 

270.0 30.0 2.70 5.49 5.93 
0.0 6U.0 6.44 2.08 3.2B 

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 
21..0.0 60.0 6.77 7.57 6.35 
240.û 60.0 6.25 3.20 5.19 
270.0 60.0 4.93 2.25 4.59 

O.U 90. L ,·3.10 4.08 4.UO 
30\.0 90.0 Ir .17 5.02 4.49 
60.U 90.u 4.99 ".48 4.9B 
90.0 90.0 5.20 5.07 5.36 \ -" 

120.0 9u.0 4.28 4.26 6.û6 
150.0 90.0 7.81 7.79 6.45 -

0 180.0 90.0 8.04 7.69 6.l39 
210.0 90.0 8.76 6.93 6.05 
240.0 90.0 2.77 1.66 5.55 
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Tablè AS.S continued 

1 1 2 

270.0 
0.0 

30.0 
60.0 
90.0 

120.0 
150.0 
180.0 
210.0 
240.0 
270.0 

0.0 
30.0 
60.0 
90. U 

, 120.0 
150. U 
180.0 
210.0 
240.0 
270.0 

0.0 
30.0 
60.0 
9(;.0 

120.0 
150.0 
180.0 
210.0 
240.0 
270.0 

, • 1 

240.0 
270.0 
270.0 
270.0 
270.0 
270.0 
270.0 
270.0 
270.0 
270.0 
270.1J 
300.0 
300.0 
300.0 
30u.0 
300.0 
3LO.0 
300.0 
300.u 
300.0 
300.0 
330.0 
33lJ.O 
330.0 
330.0 
330.0 
.530.0 
330.0 
33U.0 
330.0 
33LJ.O 

tt;;~,kL, . .J.~".n __ ""\':.!... __ ~_'!'_'-'t·" lJ"~ _l.-J.,.!.~lJ,<_~.§J~ .. ~P "-_ l, 

, ' 

J 

5.28 
1.60 
4.41 
6.53 
5.69 
6.46 
3.30 
6.24 
6.45 
2.76 

, 
• 

4. 96r') 
O • .s?' j 
4.75 
4.19 ! 
5.51 
3.51 1 

8.12 
6.30 
6.,1.2 
6.07 
5.51 
1.34 
6.46 
4.63 
6.28 
4.83 
6.02 
6.35 
4.71 
6.42, 
4.52 
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4. 73 
0.93 
4.51 
4.39 
6.23 
3.42 
6.80 
6.18 
6.09 
5.05 
5.32 
1.38 
4.80 
4.63 
5.61 
5.07 
5.07 
6.33 
4.71 
6.15 
4.44 
4.91 
2.62 
6.29 
4.63 
5.84 
6.33 
4.71 
6.39 
4.52 
6.UU 

(il ..... 

, . 

~:,- ~~~;t:~" ,d~ïf'}"·~·'.$--.~~~:'~f~rl ~,:~~ 

5'.40 -. 
2.93 " 
3.62 
4.67 
5.38 
5_35 
5.95 
5.UO 
5.60 
5.75 
5.31 
3.46 
3.81J 
4.93 
S.2u 
5.62 
5.4LJ 
5.89 
5.67 
5.34 
5.1~ 
3.80 
3.62 
5.00 
5.u7 
,.61 
5.77 
5.79 
,5.97 
5.38 
5.62 
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Table A5.9 Field capacity for Hybrid (nonparametric) and 
Kr i gin 9 (p a ra met rî c )e s t i mat ion met h 0 d s( 5 i te B') 

(%/volume) 

1. X coordinates (meters) 
2· y coordinates (meters) 
3. Measured values (%/volume) 
4· Hybrid, estimates (%/vo1ume) 
S. K r l 9 e des t i mat e s (% / v 0 1 ume' ) 

1 2 3 

0.0 0.0 .H.J.72 
30.0 0.0 15.50 
60.LJ U.O 14.00 
90.0 0.0 13.59 

12(;.0 U.U 19.44 
150.0 U.O 29.31 
!tH.J. U U.l; 26.Ul 
210.0 0.0 19.37 
241J.U U.O 26.30 
27U.0 0.0 27.92 

O.U 3U.lJ 29.87 
30.0 30.0 14.49 
6U.(; 3u.(; 28.19 
90.0 30.0 12.68 

12U.0 3(;.0 25.25 
150.0 30.0 20.28 
180.0 JO.O 27.74 
210.0 30.U }0.23 

1 24lJ.0 3U.0 2!:l.2u 
270.0 ·30.0 29.63 

U.U \ 6(;.U 2lJ.76 
30.0 60.0 15.18 
6U.O 6(;.0 15.53 
90.0 60.0 13.88 

12U.0 60.U 22.tlti 
15U.0 60.0 22.76 
Id1l.0 6U.0 }U.71 
21U.0 60.0 18.26 
240.U 6lJ.U 19.49 
270.0 60.0 15.81 

0.0 9U.U }U.92 
30.0 90.0 22.55 
60.ù 9U.U 17.1U 
90.0 90.0 18.15 

120.0 9u.U 15.39 
150.0 90.0 21. 33 
Ibu.U 9LJ.U 23.54 
210.0 90.0 27.17 
240.0 9Û.O 25. 5~ 
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4 5 

22.64 2U.6U 
14.38 21.47 
14.61 19.93 
13.57 2U.09 
25.28 21.57 
20.23 22.45 
19.37 24.24 
26.29 25.7U 
22.94 25.2U 
28.50 24.84 
17.14 21 .2U 
15.49 21.21 
13.97 17.6'7 
13.87 19.5b 
19.99 2 U .12 
26.14 23.46 
29.52 24.2L 
18.88 24.61 
27 • 68 ' 24.U5 
18.92 24. 7U 
29.U5 23.15 
18. Dl 21.34 
14.62 19 • .3LJ 
17.29 19.27 
19. 72 19.92 
23.10 22.59 
23.lJ5 2.3 .55 
28.37 25. 73 
15.til 2').49 
29.47 26.56 
27. 72 22.44 
19.27 21.46 
19.54 19. 'iL 

Y 15.99 19.16 
15.82 2L.68 
23. 74 22.22 
22.34 23.96 ,. 
25.70 44.54 
28.69 25. lu 

, .. , 
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Table A5.9 continued ..... 

l 2 J 4 5 
/ 

270.0 90.0 , 34.U6 25.61 23.68 
0.0 120.0 30.65 16.42 23.16 

, , 
30.0 120,.0 20.UO 29.12 22.81 
60.0 r 120.0 21.93 20.16 20.61 
90.0 120.L 25.06 15.05 19.3~ 

120.0 120.0 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 24.4U 
240.0 120.0 26.96 27.44 24. EH 
270.0 120. a 25.84 26.74 24.50 

0.0 150.0 16.42 '" 30.71 26.09 
30.0 1 ~O. 0 27.23 16.42 22.71 
60.0 150.0 20.39 23.36 21.57 
9u.0 150.U 14.73 17.71 20.97 

120.0 150.0 20.16 19.37 20.94 
15G.u 15û. U 2b.74 24.70 21. 86 
180.0 150.0 26.03 22.ti7 23.33 
210.1.; 151.;.0 21. 55 26.20 24.3b 
240.0 150.0 33.17 19.19 22.65 
27u.O 150.u 18.99 24.30 23.99 ,;-

0.0 180.0 32.25 19.27 24.50 

C 30.0 180.0 2u.96 25.58 24.38 
60.0 180.0 2~~ 20.47 21.64 
90.u 180.0 14.78 17.21 21. 3 b 

120.0 180.0 19.74 21. 97 21.13 
15u.O 18û.0 24.62 24.67 22.2(; 
180.0 180.0 24.84 22.76 2Z.!:HI 
Hu.u 180.0 20.29 21. 57 23.22 
240.0 180.0 19.64 19.64 22.54 
27U.O 161;.0 21.48 17.84 21. 4L 

0.0 210.0 31.J6 31.26 25.26 
30.0 210.0 23.11 26.04 24.47 
60.0 210.0 26.31 ' .. 19.86 21. 7 7 
9U. U 21û.û 19.u7 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. J 7 
210. U 210.U 21. 71 20.16 21. 96 
240.0 210.0 16.75 17.20 21. Zl 
2 7U. 0 21G.O -17.24 18.56 20.47 

0.0 240.0 31.23 28.76 25.42 
)(J.O 24L.U 21.48 2u.Bl 24.5~ 

60.0 .240.0 20.38 20.90 22.30' 
90. U 24lJ.U ~ 9.U~ 19.21 21.12 

120.0 240.0 15.67 20.32 21. 36 ( 
150.0 240.0 14. ul 15~27 22.15 

',G' 
IBO.O 240.0 30.8) 21.20 2{J.8~ 

210.0 24U.O 23.72 27.9û 21.43 
240.0 240.0 19.31 16.88 20. 'li 

',-
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~7~\':' ":":;~::'~ ~~ ;<l /??~;, l ,', " 

lu ' 
20 '******'t"*'******* HU.S 15 THE MAIN PROGRAM *************J*iI'***** 
30 1 

40 OPTION BASE l':' 
50 CLEAR" 5000 . 
6G DIM GRID(17CJ,10) 

~ 70 If CODE = 1 THEN 230 
Bu KEY OfF 
90 CLS 
lLu Cf LAG $ = "fa Ise" 
110 Gf$ = SPACE$(I) 
12U FIL~$ = SPACE~(1) 
13L LOCATE 8,IB,~: PRINT "Please enter drive containing data d~sk." 
140 LOCATi: 10,2~,,0: PRINT ,,( Enter A or B): " 
1 5 0 A ~ = 1 N K El' $: 1 F A :li = " " THE N 1 5 L . 
160 IF A$ = "A" OR A$I= "a" THEN" GOTO 190 
17(; IF A!I> = "B" OR)A$ = "b" THEN GOlO 2uL 
180 BEEP: GOTO 150 
1~0 DHIVE$ -, "a:" 
2UO DliIVE$ = "b:" 
21G ~S 
220 ' 

GUIO 21u 

\ 

23lJ '*******t************ MAIN MENU ****************************~****~* 

240 ' / 

25lJ CLS --.. 

.. 

0, 
26lJ LI.JCATE 22,~CJ,G: PRINT "eurrent Flle:' "; FILE!\I 
270 LOCATE 5,36,0: PRINT "MAIN ~ENU" 
2dL LOCATE 7,25,lJ: PRINT "1 Crea te ~ew Flle ll 

Edit an Ex~sting Flle" 290 LOCATE 8,25,0: PRINT "2 
3uu LOCATE 9,25,0: PRINT "3 ... Run Program uSlng an EXlst~ng 

Exit from Program" 31~ LOCATE Il,25,0: PHINT "Esc 
32U LOCAlE 16,27~u: PRINT "Enter 
3 30 A $ = 1 N~ E Y $ 

Choice ==>" 

~4lJ IF A$ = "" THEN' 3Jû 
.15Q If A$ = "1" THEN 410 
361.J IF A$ = "2" THEN 830 
370 IF A$ = "3" THEN GOTO 1280 ,/ 
3tlG IF ASC{A$) = 27 THEN 3670 
39U BEEP: GOlO 33lJ 
4(}O ' 

Flle" 

410 '**********************************************************~************** 
420 ' '\ 
4~U CLS 
440 LOCATE 5,8,0 

) 45u PRINI "Enter t-he name of the new file (maximum B chsrs'cters) ==>" 

o 

460 LOCAlE 10,12,0: PRINI "WARNING: Us~ng a file name that a1ready eXlst will" 
47L LOCAlE 11,21,0: PHINT "replace the data in the old file." ... 
48lJ LOCATE 22,5ù,U: PRINT "Current File: "; FILE$ 
49L LOCATE 5,67,u: INPUT".,." ,FIlE$ 
500 1 FFI LE $ = "'I THE N 490 
51,(} If LE N ( F ILE $) < = 8 THE N 6 L 0 
520'BEEP:BEEP:BEEP:BEEP 
53G LOCAlE 15,17,0 

• 

540 PRINT "*** Error: The file name i8 more than tj characters *** .. 
,J " 

· f 89 
,-

." ,~: " 
" t;!v~;~,"~4~ ~~.'..\ ~~ !l\!{ ,,·l ..... 11~,~!~,~!l.~,_~{'~~ii:~~l~ 

, ,}~ 



" 

-4} ,< 

11. 5'0' FùR 1 = !' Ta 250D: 'NEXT l 
~ 560 LOCAT~ 15.17,0: PR~T SPACE$(60) 

510 LOCATE 5,67,0: PRINT SPACE$(14) 
560 ,L 0,& AT E 6, l , 0: ,P R 1 N T 5 P ACE $ ( a 0) , 
59U Gu70 4911 
60L LOCAlE 22,63,0: PRINT SPACE$(18) 
610 LOCAlE 22,50,0: PRINT "Cutrent file: "; FILE$ 
620 fOR l = 1 TO 2ùuO: NEXT 1 
630 CTRl = 0 
640 GOSUB l74fJ 
650 GOSUB 1950 
66G GOSUB 3440 
67G ClS: LOCATE 12,30,0: PRINT "Saying Flle ";FILE$;" ••• "; 
680 fOR l = l Ta 2000: NEXT l 
69 u 1 F C TRI <> a T H,E N 73 u 
700 PRINT " NOT SAVED" 

. 710 FOrt l = l TD 25UO: NEXT 1 
720 GOTO 250 
73ù [)FILE~ : DRIVE$ + FILE$ + OAT~ , 
740 OPEN DFILE$ FOR OUTPUT AS il 
75L FUk 1 = l TD eTHl 
76L l'tHITE .il, GRIO(I,l), fkID(I,Z), tiRlù(I,3) 
770 NEXT 1 ; . ' 
7tJL PRINT "Dane" 
790 fOR 1 = 1 Ta 1500: NEXT l 

C
' 8Gu CLOSE il 

610 GOlO 250 
.. 82lJ ' 

1 

'. 

~3û '*****************************************************~*.************* 
640 ' 
850 GOSUB 1420 
660 GOSUB 1740 
ti 7û 4,0 S UB 1840 
HaO GOSUB 1990 
890 IF CFlAG$ = "false" THEN 1260 
9ÙÙ CL.S 
''J 1 li- LOC AT E 24 , 5lJ , 0 : P R l f\j T Il C u r r e n t Fil e: "; F I.L E $ 
920 LOCAT~ 8,15,0: PRINT "Would you like ta replace the updated data lnta" 
9 30 L OC A T E; 9, 15' , 0: P R 1 NT" a n e w fil e (i. e. l e a v e", the 0 1 d flle u n, C h il n 9 e d ) " 
940 LOCAlE 10,35,1: PRINT "(YIN) ==)" ~. . 

'950 Ai = INKEY$: lF A$ = "" THEN 95L 
960 IF A$ ="Y" OR A$ ="y" THEN 990 
97fJ IF A$ = "N" OH A$ = lin" THEN 1140 
980 8EEP: -1iD.lO '9 50 ~ 
99u LOCATE 15,~,0 
lLûO INPUT "Enter name of new file (max ~ characters) ==) "; rILE~ 
, l 0 lb 1 FFI lE $ = "" THE N ''} U 0 0 
lLZL IF LEN(FrLE$) <= ti THEN 1100 

; 1030 BEEP:8EEP:BEEP:6EEP 
lu40 l~CATE lu,13,0 
~~'O PRINT "*** Errar: The file name IS more than a characte~s ***" 

O 1060 fOR 1 = 1 TO 2500: NEXT 1 
lu7U LOCAlE lti,13,O: PRINT SPACE$(60) 
1080 LOCAlE 15,54,0: PRINT SPACE$(26) 

~ 

!l ( r 
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, - , 

\ 

1090 GOT,U 990 
11 0 (J 0 F 1 L'€ $ = "b':" + F' 1 L E ~ '''',''. 0 AT" • 
1110 LOCATE 15,8,0: PRINT'SPACE$(7J) . 
11~ü,'tOCAT~ .22,63,Ù: PRINT SPACE$(18) 
1130 LOCAT"E 22,50,0: PRINT "Cu'rrerrl File.: "; F'ILE$ 
114t:J LOCATE-- 15,::scr;O: PRINT "Saving Fïlè- "; fILE$; " ••• "; 
1150 If eTRl <> 0 THEN 1180 
1160 PRINT "NOT SAVED" 
1170 GOTO 1240 
lltiC OPEN DfILE$ FOR OUTPUT AS .El 
1190 FOR 1 = 1 Ta CTR1 
12CJLJ WRITE il, GHID(I,l),' GRIO(I,Z), GRID(I,3) 
1210 NEXT l ' 
122LJ PR l~ T "Done" 
1230 CLOSE ~1 ~ 
1240 FOR ~I = 1 T\O 1500: NEXT 1 \ 

126(; GOTO If' 
1250 CfL~= "fàlse" ' 

1270 ' . , ~ 
12tiU '*********************~***********************************~**** 
1290 ' 
13UO GOSUt3 1420 
131LJ OPEN "1 NFUi11A T," F OR OU T PU T ASi5 
i320 OUT$ = ". OUT" 
13~t:J WRITE .E5, DRIVE$,FILE$,DAT$,OUT$ 
1340 PRINT .E5,\ C.TRI 
13 5 0 FOR -1 = l TOC TRI 'Maximum number of data 
1360 FOR J = 1 TD 3 

1 

137ü PRINT .E5, GRID(I,J) 'Writing the data> into a file 
1380 NEXT J 
1390 NEXT 1 
1400 ,CLOSE .E5 i 

141U CHAIN "a:hybrid" . 'Chaining to the subroutine hybrid 
142Q. '*****************~*****************~*******.*********" *'***'** '* *** 
14Ju CLS 
144LJ LOC A TE 5, 2 (J , G: P R 1 ~ T " E n ter Fil e (m a x l mu fil a ch' a ra ete r s) : = > " 
1450 LOCATE 22,50,0: PRINT "eurrent File: "; FILE$ 
1460 LOGATE 5,57,1: INPUT n n; F$ 
1470 IF F$ = "" THEN 1460 
1480 IF LEN(F$) <= 8 THEN 156u 
1490 BEEP: BEE.P-: BEE P: BEEP 
ISLO LOCAT~ 12,16,0 
151G PRIr~T n*** Error: The flle name is more than b characters ***" 
1520 fOR 1 = 1 TO 2500: NEXT l, 
15Jt:J LOCATk J2,16,U: PRINT SPACE,(60) 
1540 LOCATE 5,57,0: PRINT 5PACE$(24) 
155u GOrD 146u 
1560 IF F$ = FILE$ THEN 1720 
1570 fILE$ = f$ 
15BL LOCATE 12,Jl,U: PkINT "Loadiflg Flle "; FlLE-tl; " ••• n; 
1590 PAU = ".DAT" ; 
16uQ.OfILE$ = DRIVf.$ + fILE$~+ DAT$ 
1610 OPEN OFILE$'FUR I~PUT AS fI 
162tJ· eTHl = 0 ï 

1. 
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, , t~ 0': 163ù IF EOF (1) ,THEN' 1670 
1640 CTRI = CTRI + 1 ' l, > 

1650 INPUT fI, GRIO(CTR1,l). GRIO(CTR1,2), GR1D(ClRl,3) 
1660 GOTO 1630 1 

1670 PR IN T "Done" -" \1' 
168U LOCAlE 22,63,0: PRINT SP~kE$(18) 
1690 LOCAT,E 22,50,0: PRINT "Cu~rent· file': "; f'ILE$ 
17uO fOR 1 = 1 TO 1~500: NEXT I\~ 
171~ CLOSE fI ~ 
1720 'RETURN 

" 

" 

" 

/ 

1730 ' 
174ù '***********************************************************************. , , 
1750 ' . . 

1,S,u: PHINl "Enter: X co.ordina.\:e, Y co·ordlnate, Wel.ght" 
2,5,0: PRINT It •••••••••••••••••••••••••••••• i ••••••••••••• , ••••••• • 

2,57,(;: PRI~T If ..................... " " 

16,5,0: PRINT n .................................................... . 

16,56,~: PRINT " ••••••••••••••••••••• " 

1760 ClS 
177L LOCATE 
17t30 LOCATE 
179u LOCATE 
1800 LOCAlE 
16llJ LOCA TE 
1820 RETURN 
1uJü ' # 
184U '****************************************************************** 
1850 • 
Itlbu LUCATE Ib,6,O 
IBn PRINT "*** Enter Esc when aIl the data has been enterea ,***" 
IB80 LOCAlE 20,6,0: PRINT "H~t: U· Ser,oll Up 0 • Seroll Dawn" 

( Ib90 LOCAlE 21,6,0: PRINT " 1 -<Jnsert a Llne U • Umlt a LIne" 
1900 LOCATE 21,5S,Ô: PiHNT"C • Change a line" 
191G RE TURN 
1920 ' 
19J1J '**************************************************************** 
1940 ' 
1~5U LOCATE 18,6,0 
1960 PRINT ".** Enter 
1970 RETURN 
198U ' 

Il 

, 
O,L,U when aIl the data has been entered ***" 

199u ,**************************************************.************* 
2000 ' 
2ulO N:4: CTR2:1: CTR3=ü 
2020 If CTRJ = C'TRI OR N = 14 THEN 2080 
2LJO CTR3 = ClR3 + l 
21.:,40 LOCAlE N,6,O: PRINT CTR3j": ";GRID(CTR3,1);" "jGRIO(CTR3,2);" "; 
2059 PRINl GRID{CTRJ,3) 
ZubU N = N + l 
2070 GOTO 2020 
2lJijO A$ : INKEY$: IF Ai = "" TH EN 
2090 IF A$ = HU" OR A$ HU" THEN 

U If A$ =' "Ù" OR A~ = "d" ,lHEN 
2 10 IF,A$ = "1" OR A$ : "i"~THEN 

2Lé!u 
2260 
2190 
2330 
2510 
2710 

',0· h ,..', , . 

12u if A$ = "U" OR A!j, = "0" TliEN 
2130 IF A$' = "C" OR A$ = "C" lHEN 
Z14Ù IF ASC(A$) : 27 lHEN RET~RN 
2150 BEEP~ GOTO 2Q80 \ • 

" ,. 
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a 2170 ,***************'** .. *** DaWN SCREEN *************.************** 
_,2-180 ' , 

2190 If eTR3 <> CTRl THÉN 2210 
220U BEEp,: bOTO 2080 
2216 Gosua 3140 

\ 2220 GOTO 2080 1 
2230 ' ~ • ' \ .s, 
22'40 .; ********************.*, UP SCR EEN ***************.Jl.* * ** * ** **** * JHI, 

2250 ' 
2260 IF CTRL <> 1 THEN 22CO 
2270 BEEP: GOTO 20aq 
2260 GOStJ8 3270 
2290 GOTO 2080 
23CJO ' 
231u '************.********* I~SERT ******************************* 
2320 t ~ 

Z33Ù FOR l = 18 TD 22 
2340 LOCATE 1,1,0: PRINT SPACE$(80} 
235(; NEXT 1 
236U LOCAlE l.8,HJ,U: INPUT "Enter Ilne number ta Insert after: "; L 
2 3 7 U 1 F « L. > C TlU) 0 R (L < (j» l H E N 2.4 3 li 
~2Jbu GOSU8 3UJL 
2 3 ., u LOC A T E Z U , 5 , (; ; 1 Nil UT" E n ter X, Y , WeI 9 h t : "; X, Y , w 
2400 GOSUB 2920 
L41U L = La! 
2420 GOSU8 3030 o 2430 FUR 1 = )8 TO 22 
2440 LOCATE 1,1,0: PRINT SPACE$(BO) 

\ 

Cl 

2450 NEX T 1 
2460 GOSU8 1860 
247L GOrD 2UbO 
2°480 ' 
2490 '********************** OElETE ********~********************** 

" 2500 ' 
2510 FOR 1 = 18 TO 22--
2520 LOCATE 1,1,0: PRINr SPACE$(80) 
2530 NEXT 1 
2540 LOCAlE 18,lu,0: INPUT "Enter the ll,ne number ta delete: "i L 
2550 If (L < 1) OR CL > CTRl» THEN 2630 

~2560 FOR 1 ::: L TD CTRI 

, ' 

\ 

• 

Z57û GRID(I,l) = GRID(I+l,l): GRID(I,2) = GHID(I+~,2): GRID(I,3) = GHIU(I+l,J) 
2580 NEXT l 
2590 CTHl = CTRi • 1 
2600 CFlAG$ = "true" 
261U L = L • 1 
2620'GOSUB )I}JO 
2630 FOR 1 = lb TO 22 
2640 LOCATEoI.l,U: PRINT SPACE$(80) 
26511 NtXT l 
2660 GOSUe 186u, 
267L GùTO'ZUüu' 

'10 2680 ' 
2690 '*********************** 
2700 f 

,\ 

C,HANGE 
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1ft} 2 7 111 FOR l ::' 18 ' Ta 2 Z . , . , 
W 2720 LOCATE I~1.0: PRI.SPACE${BO}, 

. 2140 LOCATE lli,lO,Û: INP "Enter ~ilie number ta b.a- changed: If; L 2730 NEXT l ~ " 

27.5 0 1 f' « L < 1) OR (L > CRI» T H E~ 284 U 
2760 GOSU8 JOJO -
2770 FOR l :: 19 TO 22 
27tiC lOCAtE 1,1,0: PRINT SPACE$(~O) 
2790 NEXT l' . 
2 tj 0 Ü LOC A T E 2 0 , 5 , 0 : l NP U T. " En ter X, Y , Wei 9 h t : ";. x , y , IV 
2810 GRID(L,l) = X: GRID(L,2) = Y: GRrD(l,3} = W 
2aZU CfLAGi = "true" 
2830 GOSUB 3030 
ZU4û fOR 1 = 18 TU 22 
2856 LOCATE 1,1,0: PRINT SPACE$(80) 
2d60 NEXT 1 
2870 GOSUB 1860 
288G GOrD 2G8.0 

l 
2890 ' 
~~u~ '******************* INSEkT INTO ARRAY ********************* •• 
2910 ' 
2~2U ~OUNT = L + 1 
2930 fOR 1 = CTRI TO COUNT STEP ·1 
2~4u GRIU(I+l,'l) :: GRIO(I,l) 
2950 GRID(I+1,Z) = GRID(I,Z) 

C 
2960 liRID(I+l,~= GRID(I,3) 
2970 NEXT 1 
29Uu GHID(COUNT,l)': X: liHIU(COUNT,2) = Y': GRID(COUNT,3) - W 
2990, CTRl = CTRI + 1 Q 

3000 CfLAG$ :: "true" 
3010 RETURN 

"~3U20 ' 
3u30 ,*************-****** POSITION SCREEN ************************* 
3040 ' 
JU50 ~IF (L<> al) THEN -3lJ&O 

, .3060 CTR2 = 9 
3U71.J GOTO 3U90 
30ij~TR2 = l + 9 
309u üOSUB 329G 
3100 RETURN 

t . 

311u ' 
3120 '********* *.*****t,.*** 5 CRuL l DO~~N ***** ** *** * ******4t ** *" * * * *!\!-* If-

3130 ' 
- 3140 CTH2 = CTR3.3: CTR3 = CTR2·1: N=4 

3150 If' C,TRJ <> CTRI THEN 3200 . 
316L LOCAlE N,6,~: P~INT SPACE$(74) 
3170 N = N + 1 
3180 If N <> 15 THEN 3160 

"J19U RETURN 
J2uu IF ~=14 THEN RETURN 
3210 CTR3 ': CTR3+1 

O 3220 LOCAlE N,6,u: PRINT SPACE$(74) . /. 
3230 LOCATE N,6,0: PRINT CTRJ;": "; GRID(.CTRJ,l);" ; GRID(CTRJ',Z); 
3240 PRINT " "; GHIU(CTHJ;J) 
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3250 N :'N + 1: GOTO Jl~O 
3260 ' 

• 
.. 

32.70 ,********-*****tf***** Sc;JOLL, UP l**********~************ .**** Mo** . 
3260' ~ l' 
3290 CTRl = CTR2·9 ~ 
3300 If CTR2 <: l THEN CTh2 = l 
3310 ÇTR3 = CTR2.1: N = 4 " 
3320 If (N = 14) THEN RETURN 
3330 IF CTRl<>CTR3 THEN 3380 
3340 fOR 1 = N TO 14 
3350 LOCATË 1,1,0: PRINT SPACE$(BO) 
3360 NEXT' 1 
337U RETU'RN • 
3380 CTR3 = CTR3 + 1 

1 
1 • 

3390 LOCAlE N,6,O: PRINT SPACE$(74) 
3400 lOCATE N,6,0: PRINT CTR3;": "; GRID(CTR3,1); " "; GRID(CTR3,2)f 
3410 PRINT " "; GRID(CTH3,3) 
3420 N = 'N + 1: GOTO 3320 ( 
343L ' . 
3440 '******~********************************************************* 
3450 ' 
346L CTkl = U: N = 4 
3470 fLAG$ "true" 
34jlr(J ~~HILE ~G$ = "true" 
3490 CTRI = CTRI + 1 
35LO LOCATE N,6,~: PRINT CTRI; ": " 
3510 LOCATE N,lO,O: INPUT X,Y,W 
3520 IF «X <> G) OR (y <> ü) OR (W <> G» THEN 3550 
3530 FLAG$ = "false": CTRI = CTRl • l .. 
354(; GOTO 3620 
3550 GRID(CTRl,l) = X: GRID(CiHl,2) = Y: GRID(CTRl,3) = W 
3560 ROW = CSRLI~: N c ROW 
3,7U IF (N(12) THEN 3620 
35au FOR N ~ 4 TO 15 
359(; LUCATE N,I;O: P~INT SPACE$(BG) 
3600 NEXT N 
361u N = 4 
3620 WEND 
3630 RETURN' 

, 

364~ , 
365~ '**************************************************************** 
366U ' 
3670 CLS 
3660 END 

" 
, " 
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IG t**********,********* SU~ROUTIN( HYBRID-***********~*************** 
20 , 

. ~ 30 'ThlS s'Ubroutine is called From the cmain program to détermine thé 
40 'estimated value of a- point. Hybrid calls sorne other, subro,uti!1es. 
50 'A fter calculatihg the estimated values for aIl data'·poin.ts, 
60 'control is tranBfere~to the main program. . - \ 
70 " 

-80 '************************.*~************j************************** 
90 '. 
100 '0 = One dimentional arrey, distance detween two points on 
110' x-coordinate ~ 
120 'D~ = One dimentional array, diBtance'be~ween two palnts on , 
130 ' y-coordinate 
140 'WO! = One dimentianal artay,"representing .distance weightin~ 
150 'CW = One dimentiona1 array, representing cluste~ we'ghting 
160 • TWD = One dimentiooal array, 'representing final weight 
170 ' which i9 the product of distance and cluster weighting 
ISO 'VALlO = Two dimentional array, x, y and measured values (~nput) 
190 'KVALID = Dummy array for valid 
200 tp = D~mmy ar~ay for valid 
210 'GRID = Dummy array for valid 
220 'lNDICATE = Two dimentional dummy array for valid, used ln 
230 ' calculating Kendal's tau 

/ 

f 

.240 · . "">. -'\ 

2 50 '* * * *' * * * * *' *' * * * * * * * * .. *-* * *' * * * * * * * * * ** * * * * * * * * * * * * ;* *' * *' * * *,,* * *' * * *-.. * * if- *' * * * *' * * * 'if 
. 26"0 ' 
270 CLEAij" 5(;00 
280 DIM D(2),WOI(40),DX(2),CW(40),TWD(40) 
290 DIM P(I,J),KVAlID(170,10),VAlIO(l70,10),INDICATE(7,7),GRIO(170,lO) 
JOO OPEN "INrO.DAT" fOR INPUT ASts ,'Opening the datâ file 
310 INPUT t5, ORIVE$,flLE$,OAT$,OUT$ ~ 
320 INPUT t5, CTRl' 'Ma: imum no. of data 
330,fOR I. = J Ta CTRI \ 
340 fOR J = 1 TO 3 
35L INPUT f5, GRIO{I,J) 'Reading da~ 
360 If EOF(5) THEN 390 
3711 NEXT J 
380 NEXT,l) " ~ 

4Qû C~S: LOCATE 10, ~,O:PRINT "running program" 
390 CLOSE t5 ~/% 

410 OfILE$ = DRIVE il fILE$ + OUT$ 'Open .the' output file, 
42ù'ùPEN OFILE$eFO OUTPUT AS i2 
4JO PRINT" 1- X coordinatea (metera)" 
440 PRINT" 2. Y Coordinates (meters)" 

ri 
450 PRINT" 3- Measured Values " 
460 PRINT" 4· Estimated 
470 PRINT,t 5- Estimated Value + Two Standard Deviation" 
4tiû PRINT" 6- Estimated Value ~ Two Standard Deviation h 
490 PRINT ""-, 
5üu PRINT '~ 
510 PRINT 

1 
\ ~ • 
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O 5-2{j X:h=" , 1 2 3 4 .5 6" 
5JO Y$=" •••••••••••••••••• ~ •••••••• ~ •••••••••••••••••••••• ••••••••••••• ~ ••••• h 

54lJ PRINT X$ 
550 PRINT Y$ 
56U PIHNT . 
570 PRINT 

o • . . , . 

5 tj 0 K T R <1 = (;T R 1 
590 PRINT CTRI 
6LlJ T = 1 

'Tat'sl na. of data lines in "the data file 

61U IF 1 (T > KTR!) T}iEN 2'560 
620 SUMSQ~ O:SUMM = "0 
63L FOR K = 1 TO KTRl 

1 0 

'Checking far the end of data'~ 
'Sum of square and sum of measured points 

640 IF, (K >= T ) THE~67Ô 1 • 

65U VALID(K,1)=GRID(K,1):VALIO(K,2)=G~lO(K,2):VALIO(K,3)=GRIO(K,3) 'Transferln 
660 SUMSQ = SUMSQ + VAl1D(K,3)-2:SUMM = SUMM + VALID(K,3):GOrO 710 'sum of 
670 IF .. U<>T) IHEN 69L ,,'square and sum of measured values ., 
680 P(~)=GRIO(K,1):P(1,2)=GRID(K,2l:P(1,3)=GRID(K,3):GOTO 71~ 
690 VALIO(K-l,1)=GRID(K,1):VALID(K.l,2)=GRID(K,2):VAllD(K.1,3)=GRID(K,3) 
700 SUMSQ = SUMSQ +, VA1ID(K-l,3)"2:SUMM = 5UMM + VALIO(K •• l,3) 
710 NEXT K 
720 CTRl=KTRI 
73L SIGNA = SUrl«SUMS~ • 
740 COUNT = 6 
150.FOR 1=1 TO eTRl 

c.;# 760 FOR J= 1 TO 2 

(SUMN~2)/CT~I)/(CTRl·1» \ 
'Estimating a paipt IS bas~d on 6 surround~ng 
'observations' ) 

. 770 D(J)=P(l,J). VALID(I,J) e 780 NEXT·J . 
790 OIS TANCE = SQH«D(1)+.G5)A2 + (O(2)+9.0lJOuOlE.u2)A2) 'u~stance 
800 VALID(I,4) = DISTANCE 'between any two pOlnts 
BIO NEXT 1 
620 SORT = 4 
830 NUM =- 4 
840 GOSUB 9lJlJ 
850 GOlO 1090 
86(., , 

"-
'Sart the distances iri an increasing ortlir 

. 87 Û • ****;.**********~*** SU8ROU\I ~E SOR T ********* ************* * *** * * 
li8D ' .\ 
890' 'This subrautine sorts the distance between any"plant and b 

900 'neighbauring'po~nts in an increasing arder. lt also calcula tes 
91lJ 'the distance weigh!~ng for the above 6 points. 
920 !. , 

93lJ ' ****************~**************~*************************~**~*** 
940 ' '\ 

- 95lJ J=U c \ 

96G FOR 1=1 TO CTRI·2 
970 J=I+l -

'" 9UL IF J> CTR~ • l THEN lû7u 'Checking fbr end of data 
990 IF VALID(1,SORT1<VALID~J,SORT) THE"N 1060 'Comparing an)' 2 values 
10UO IF VALID(I,SORT) > VAL-ID(J,SORT) THEN 1030 9 ' 

1010 R = RND 
lU2u If H > • 5 THE~ l061.J -, 

_ 1030 FOR K:l TO NUM -, , 
, .. 11.J40 SWAP VALID(I,K),VALID(J,K) 'Sorting in an increas,ing arder 

1050 NEXT K 

97 
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1G60 J= J+l : GOTO 9~O 
1070 NEXT 1 
tUBa RETURN 
1U90 WTOTAL = 
1100 fO"R 1= 1 
1110 \~DI(I) = 
1120 WTOTAL = 

·1130 NEXT 1 
1140 ' 

li, 'Total distance welghtlng 
TO COUNT 
VALID(1,4)A2/VALiD(I,4)A2 
WTOTAl + WDJ(I) 

, 
, , 

115U '**************** SUBRUUTINE CLUSTER *******************.**** •• 
1Î60 ' 
II7l! 'ThIS \subroutlne uses subroutlnes area, sort and searC~l ta 
1180 'calculate c1uster welghtlng. 
119U ' . 
12UlJ '***************************************************************** 
1210 ' 
1Z2U COPT = l/COUNT 
1230 CA=«l.CDPT)/.l)*lOOL 
124LJ FUH H=l Tù CUUNT 
1250 SORT = 5 :NUM=6 
126U GOSUB 1371.J 
1270 GOSUB 900 
lltlU SuRT = 6 
1290 GOSUB 1540 
13ULJ SOKT = 4 
131U GOSUtl ~LLJ 

. 13 20 N-E X T H 

'Calculate the 

'Sort the dIstance 

area 

133(; GOTU uhu 
1340 ' 

. Caiculate Kendal' s tau 

135(; '******************* SUBROUTINE AREA 
1360 ' 

, 

. 
********************.,******* 

1.370 'ThIS sGbroutlne calculates the area of a cl.rcle. Center 1.S Qt éJny 
1380 'polnt te be e8tlmated. RadIUS 18 the dlstance b~tween that pOInt 
139lJ 'and any of 6 nelghbeurlng pOInts. 
14-00 ' 
141LJ '*~******************************,********************************** 
t42U ' ' 
1430 
1440 
14SlJ 
1460 
147(; 
1480 
1490 
1500 

.', 

FOR 1= 1 TO CTkl 
FOR J= 1 TO 2 
DX(J) = VALID(H,J).VALID(I,J) 
NEX T J 
VALIU(I,SOkT)=SQR((DX(1)+.L5)~2+(DX(L)+9.uLUUUIE·02)~') 
VAlID(I,6) : 3.14 * VALID(I,50IH)A2 'Area of circle 
NEXT 1 
Rf;TURN 

9ti 
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.. 1511J ' 
~ 152U '*~**************** SU~ROUTINE SEARCH *********************.*********** 

1530 ' _ ~-
1540 'The main calculation for clust·er weighti~ l:S done in this 
1550 'sub rout i ne. Cl us ter weight ing is ca1cu"i-s~d as. the. r..at io of th e 
15~U 'idesl distribution and sampling distributlon where maXlmu~ • 
1570 'deviation occurs between the two distributions. ~w • 

1580 ' 
1591J ,************************************************************************ 
1600 ' 
1610 1:1 
Ib20 If (.I > 12(;) TH EN 166ù 
1 b 3 U 1 f (V A L 1'0 ( 1 , SOR T ) < C A AND V A L ID { 1 + 1 , S ù R T) > CA) THE N 1650 
1640 I=I+1:GOTO 1620 
1650 SLOPE~= «I+l)/CUUNT .. I/COUNT)/(VALID(I+l,SOr{T).VALIU(l,~ORT)):GUTO 167L 
1660 Y = VALID(I,SORT): GOTO 1680 
Ib7U y = (SLOPE. * CA + I/COUNT) 
16tiO ~IAX =ABS(l. Y): TRUE = 1 
1690 FOR L=l TO 1 

'Olff. 

17LL INITY =VALIO(L,6)/1LUUL + l/CUUNT 
1710 INIT =ABS(INITY.(L/COUNT») 

between Ideal and mcasured wClght 

172(; IF I~IT< MAX THEN 1740 'Check for locatIon where abso1ute value 
173U MAX = INIT:Y=L/CüUNT: TRUE = VALID(L,6)/lLOUO 'of max. dev~atlDn 

'fi 174u' NEX T L accu rs 
1750 fRUE = TRUE + 1/COUNT 
176u Cw(H)=TRuE/Y 'Calculatlon of cluster welghtlng o 1770 RETURN 
1780 ' 
17~L '********************* KENOAL'S TAU *************************** 
1800 ' 
Ib1L 'The dIstance between every pOInt and 6 nel~hbourlng pOInts are 
Id20 'sorted ln an lncreasIng arder. The meaaured value of each point 
lti3L 'lS compared wlth each more dlstant value and a ·1 or +1 score IS 
1840 'asslgned depending on the dIrectIon of increase or decr~ase of 
11:15 U ' me a au r e d val u es. Ken d al' s tau l S cal cul B t e d fOr 0 m the f 0 11 0 >'Il n 9 
186U 'equation: 
Ib7LJ 'Kendal's tau = (alqebralc sum of acores/total number of scores) 
188U ' 
1b90 '**************************~***************~***************.*t*** 
1900 ' 
191L J:ü 
19 2 ü· FOR l = .1. TU. C ù..u N T 
1930 J:I 

'MaXlmum ~umber of data pOInt 

1~4L IF J>COUNT THEN ZLIL 
lY50 IF VALID(I,3» VALID(J,3) THEN 19bO 
1960 IF VALID(I.3) = VALID(J,3) THEN 1990 
197U INDICATE(I,J) =·1 GUTO 2Luu 
19~0 INDICATE(I,:) : l : GOTO 200LJ 
1~9u INDICArE(I,J~O 
2ùUO J :J+1 : GO TO ... 94(; 

'Comparlng meBsured vatue 
'of ~ach point with eaéh 
'more dlstant 

2L1lJ NEXT l 
A' 2lJ21.. ASUM =u 
., 2030 SUM=O 

2lJ4L flJH 1=1 

'Algebralc sum of scores 
'Total number ofÎpositlve and negatlve scores 

TU COUNT 
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205u fO~ J= 1 TO CDUNT 
206D ASUM = ASUM + INOICATE(I,J) 
2G711 SU~1 = SUM + A8S(INOICAT.ECI,J)) 
2080 NEXT J 
2u-9G NEXT 1 
21ûlJ TAU = ASUM/SUM . 'Nonparametrlc t~st value 
2110 • 1 d 

212Û '********************.** QUANTILE ******~********************* 

2130 • , 
21411 'fof an~~known pOlnt ta be estimated, the ranked measured 
2150 'v-alues- a't 6 surrounding pOInts and thelr cumulative flnal welg"ht 
216U 'are plotted. Each calculated Q on the Y.a~ls, corresponds ta a 
2170 'value on the X-axIs. This i5 the estlmated value for the unknowh 
2J.bL 'poInt. 
219lJ '**************************************************************** 
2200 ' 
221U SU~I = LJ 
222L FOR 1= l TO CDUNT 'MaxImum number of data 
2230 TWO(I) = CW(I) * WOI(I) 'Flnal welght 
2240 SUM = 5UM+ YWD(I) 
2250 NEXT 1 

COUrU 2Z6L fOR 1: 1 TO 
227U VALID(I,S): HID ( 1 ) / s U ~I 'CGrrected fInal welght 
2280 NEXT 1 
2210 fUR 1= 1 TO CDUNT 
2300 NEX T 1 

1-

2)lu Q = .5 + (TAU/Z)*(WTUTAL·l)/WTDTAL 
2320 SORT:3 
233lJ ~TR1=CüUNT 

'NonparametrIc test value 

234ü GOSUB 90L '50rt the measured values 
2350 VALID(1,6)=VALIO(l,S) 
2J6L fUH 1= 2 TU CDUNT 
2370 VALI~(I,6)= VALID(I,S)+VALID(I.I,6) 
23ljL NEXT 1 
2390 1=1 . 
24LJu if (U<VALID(1,6» THEN 24bL '~hecklng for the Intervals of 
2410 If (Q>VALIO(COUNT,6)) THEN 2490 'measured values ln Whlch ~ value 
242U If (VALID(1,6)< Q AND VALID(I+l,6»Q) THEN 2440 'would fall ln 
2430 1 = 1 + 1 : e~ 0 T 0 2420 
244L DENOM = ~ALID(1+1,3) • VALID(I,)) 
2450 If (OENOM = 01) THEN 2500 
2460 SLOPE=(VALID(I+l,6) • VALID(I,b»/ DEN~H 
2470 PIN T = ( Q • V ALLO (I , 6 ) ) / S L OPE + V ALI D (I , 3 )'j0' GOT 0 2 5 L L 
24tiL PINT = VALID( 1,3) :GUTO 2suu ~ . .....-

'" .,. 

249u PINT = VALID(COU~T,3) 'Estlmated va~e for the unknown pOInt 
25.00 Z $= Il f.f.f.f.. U:'i. f.f.i.f.. I.I.I. f.f.I.I.. I.I.I. I.I.I.I.. I.I.I.I.. iif.f.. I.U:f. f.f.f.f.. itf.i" 
25lU SIGNAI = PINT + 2*SIGMA 'Estlmated value + 2 standard devlatlon 
252U SIGMA2 = PINT • 2*SIGMA 'Estimated value a 2 standard devlatlon 
Z,3u Pt"<lNT USING l$;P(I,1);'P(1,2);P(1,3);PINT;SIG~IAI;SIGNA2 'Prln~g 
2540 WRITE f.2,PO,1),P(I,2),P(I,3),PINT,SIGMAI,SIGMA2 'the resuKts-
2550 T= T+l:GùTu 6lL r 
2560 CODE = 1 
257L CHAIN "a:maln" 'Chaining ta the main program 
-25SU END 
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2(; '*********************** SUBROUTINE OUTPUT ***~*************************~ 
30 ' , 
40 ' This sup/outine prints·the results in a fOfmated f~rm. 
50 ' ~ 
60 '****************************************!*****************************.**** 
70 ' 
Su CLS' 
9ù DiM G~ID(17ù,6) 
10U LUCATE 5,2ù,ln PrUNT "enter fl.le (maxlmum ti characters) ==>", 
110 LOCATE 22,50,0: PRINPcûrrent file: n;fILE:tJ 
12U LOCATE 5,57,1:1NPUT " ";fILE$ 
130 DFILE$ = lia:" + fILE$ + ".out" 
135 OPEN "A:OUTPt.JT" FOH ùUTPUT ASf.2 
140 OPEN DfILE$ fOR INPUT AS il 
15û PRINT· f.2," 1· X coordl.nates (meters)" 
160 PRINT f.2," 2. Y coordinates (meters)" 
17L PRINT f,2," 3. Measured values of bulk denslty (g/cm3)" 
180 PRINT f,2," 4_ Hybrid estlmates (g/cm3)" 
19u PHINT t2," 5· Estlmated Valu·e + fwo StandaI'-d Devlotion" 
200 PRINT f.2," 6· Estimated Value + Two Standard Deviatlon" 
21L PHINT f.2, " " ~ 
220 PRINT f.2, Il Il 1 

23~ X, _II f,f,itl.f.ff. ff,f.tl.ftt f.[f.ff.if,f llf.ff.fff ffllf..lfl lttff.if.t" 
240 "'Y $ =" 1 2 3 4 5 ç Il, 

2 5 (J Z $ = Il • • • • .. • • • • • .. • • • • • .. • • • .. .. .. .. • • ,a .. .. .. • .. • .. .. • .. • .. .. .. .. • .. .. .. .. .. • • .... '.. .. • .. .. .. • .. .. ......... ft • 260 PRINT f,2, Y~ 

27U PRINT f,2, ~ 
280 C =0 
2~~ If EOf(l) lHEN )30 
300 C = C +1 
3Iu INPuT fl,GHID(C,1),GRlu(C,2),GKID(C,3),GHID(C,4),GRIU(C,)),GRIU(L,o) 
3~O GOTO 29G ~ 
33G PldNT"done" 
340~CL05E f.l 
35LJ fuR 1=1 TO C 
36L PRINr' i2, USING X~ jGRID(I,1)jGRID(l,2)jG,HID(I,3);GtUfJ(I,4)jG:dO\l,5)i4.H1li 
370 NEXT l ' " 
3(iLJ END 
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Flrst sere en ta spec1fy th~ dlSk cantalnlng the data. 
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<reate a New File 
Edit -!iI1 Existing File 
It.n ~an usirg éI1 f.la.st~ File 

EItt:e- Oniœ => 

: 

S~nd screen wlth the m81n menu. 
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Ent:.e-" the raœ nf the new flle (rrEXinun 8 dlr?"écte"s) => test 
\ 

WAAlIDG: lls~ a file rare that al.""eëdy exist will 
""epl.é:o: the data in the nld file. 

<1r-ent File: 

Gptlon 1. Create a new flle. 
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" 

Ent.e>- : X CDoC"dinate. Y (l).('rdinate. Wei!?i1t 

1 :? 2.2.1.16.3 
2 :? 

) 

, l ~, "",11" 

" 

*H Ehte" O. O. 0 vie1 ail the data has œen ente'"e:t *** 

Raw data entry ta a flle. 
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Lœ:iing File test6 •.. 
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o 
C1.Jr-ent File: 

Option 2. Edlt an exist~ng file. 
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Eht.e": X ~te. Y oo.crdinate. Weiglt 

1 : o , 0 
" 

1.27 
2 : 0 110 1.55 
3 : 0 aJ 1.4 
4 : a J) 1.64 
5 : 0 1.0 1.61 
6 : 0 5) 1.39 
7 : 0 fjJ 1 
8 : a 70 1.62 
9 : 0 00 1.62 
la : a ~ 1.61 

Hit: U - ~ll LP 
l - Inset a Une 

D - Sc!'nll frwl 
() - Oni. t a Lire . 

• 

C - O1a1ge a ~ 

A semple of a raw data file (created by optlon 1). 
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Eht.e-" File (l1BXimJn 8 à'la"'acte""s) => ? test6 
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I.ca1ing File test6 ... D-ne 

t 

OptIon 3. Huning an eXlsting flle. 
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120 

A sample of an output fl ... le' wi,th 129 pol'nts. Ilesults are 
shawn in' the following pages. 
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0 1 .. X coo"'dinates (mete"'s) \ 
2 .. ''f coo"'d,inates (mete!"s) + 
3 .. Measu"'ed values of bulk denslty (g/cm3) 
4- Hyb~id estimates ( g/cm3) '\ è.'~ . "'" 5 .. Estimated ·Value + Twn Standard Deviation ,1 

6- Estimated Value .. Two Standard Deviation 
: , 
,~ .. 

. ~. 
1 2 3 4 ,5 6 

\ , 
--~~~~-~-~--~---~-~--~-----~-~~-~~-~~~~--~--~~-~~-~~--~~~~~----~~~--~ , o. 000 0.000 1.270 '1.266 1.647 0.884 

0.000 10. 000 1.550 1. 338 ' 1. 724 0-; 952 
0.000 20.000 1.400 . 1.623 2.00-7 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. 833 ,1.095 
0.000 70.000 1.620 1. 558 1. 944 1. 173 \ 
0.000 80.000 1.620 1 .60-7 1. 993 1.222 
0.000 90.000 1.610 1.521 1.901 1.135 

0 

0.000 100.000 1. 530 1. 518 \ 1. 903 1. 132 
la. 000 0.000 1.240 1. 566 1.946 1. 185 
10.000 10.000 1.660 1.647 2.032 1.2G2 
la. 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.boo 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 
la. 000 80. 000 1.580 

il. 
1. 520 1.905 1 • 1 34 

10.000 90.000 1. 510 1.593 1. 979 1. 208 
10.000 100.000 '.520 1.526 1. 912 , • 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. 2~5 
20.000 30.000 1. 610 1. 598 1. 984 1. 212 
20.000 , 40.000 1. 740 1.~4 1.659 0.690 
20. 000 50.000 1. 210 1. 5 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 1.346 1. 074 
30.000 20.000 1.700 1,460 1. 845 1.075 ..! 

30.000 30.000 1. 600 1.540 1. 926 1. 154 " 

30.000 40.000 1.540 1.602 1.988 1.,217 
30.000 50.000 1.000 1.495 1.856 1. ~ 24 

~'i~ 

3Ü'.000 60.000 1. 660 1. 538 1. 923 1. 153 
30.000 70. 000 1.650 1.684 2.070' 1.299 

-'e 30.000 80. 000 1.610 1.656 2.042 1 •. 271 'i' 
n.r~ 

30.000 90.000 1.700 1.435 1.8?O 1.050 ' :\~ 

F 30.000 100.000 1.550 1.435 1.820 1. 049 
, , 
;-t 
c' 111 , 
" 

.. l, 
--, 

-- r_" :L.f....:=....' ~-.." 



" 
' ' ~ ~" , " --0; 'l' 

""",' ," ~",,-, ",-..,< ~-''f\if': "~:\",(j:"I:<;:::"''l'',,,<.''~·;"{J~'i..~~-I'î}~~ 
,'. ',' , ." ',' " .' ':','" ':,<: .' ;"~ 

• "' l , ;.\)'1 

o ' , ' ,'~ 

f 
# • ' , 

'1'-'" 

1 0 
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'-' 1 ... 40.000 0.000 1.650 1.562 1. 947 1. 176 
40.000 10.000 1.640 1 • 62 'L 2.007 ' 1. 236_ 
40.000 20.000 1.660 1.682 2.067 1. 297 
40.00b 30.000 1.570 1. 653 2.039 1. 267 
40.000 40.000 1.620 1. 5v7 1.942' ·1 • 171 

'. 40.000 60.000 
~J 

1.650 1.681. 2.066 1.295 
40.000 70.000 1.690 1. 681 2.065 1.296 
40.000 ~O.OOO 1. 640 1.350 1.735 0.965 
40.000 90.000 1. 350 1.67'" 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 1.2fj2 

50.000 10.000 1. 670 1 • 6 1 1 1. 996 1.225 
50.000 20.000 1.740 1. 563 ':.0 117 1.C:78 
50.000 30.000 1. C 70 1. 663 2.048 1 .270 • 
50.000 40.000 1.640 1. 615 2.000 1 .229 
50.000 50.000 1. 61 0 1.529 1. 91 4 1 . 143 
50. 000 60 • .e a 0 1. 620 1.60,) 1. Gsq 1.21,S 

50.000 70.000 1. 680 1.5'37 1. 942 1.172 
50.000 JO.OOO 1.580 1" 633 2. o~ 9 1 .29 b 
50.000 90.000 1.690 1. 683 2.068 1 . 296 J>M.. 

50.000 100.000 1. 720 1.5<)c) 1 . t; ~' 4 1 .215 
60.000 0.000 1. 590 1. 552 1. 937 1.166 
60. 000 10.000 1. 580 1.532 1 . () 1 l' 1 . 147 
60.000 20.000 1. 450 1.560 1.945· 1 . 175 
60.00a 

" 
30.000 1.530 1. 605 1 .9 q Cl 1. 219 

60.000 (J 40.000 1.570 1.517 1. 902 1 . 1 31 

C 60.000 50.000 1. 450 1 .553 \:03;1 1 . 163 
60.000 60.000 1. 470 1.528 1 .91 3 1 • 1 43" 
60.000 10.000 1.530 1.629 2.U14 1 ~4-:; "4-• c: .J 

60.000 80.000 1. 630 1.50.5 1.890 1 • 1 19 
60. 000 90. 000 1.580 1.604 1 .9 r, 9 1. i 1 ë 

/60.000 100.000 1. 460 1.60S 1.993 1 • 223 1~ 

7-e. 000 0.000 1.550 1. 623 2.00~ J 1 • c. .;? 
70.000 10.000 1.620' 1. 652 2.038 1 • 267 
70.000 20.000 1.600 1. 59-z.,. 1.9(12 1 • 21.1 

70.000 30.000 1. 650 1.620 2.0C5 1 .234 
70.000 40.000 1.620 1 . SCJ7 1. 9b 3 1.212 

70.000 50.000 1.660 1.665 2.050 1. 279 

t, . 70.000 60.000 1~70 1. 630 :::.015 1 . ;; 4 5 

70.000 70.000 1 20 1.490 1 .875 1 • 104 

70.000 80.000 1. 440 1.f.36 2.020 1 • c: 51 

70.000 90.000 1.710 1.636 2.020 1 • 251 
78.000 100.000 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 1.950 1. lE 1 
80.000 20.000 1. 5 70 l.fi35 2.021 1.250 
80.000 30.COO 1.800 1 .514 1 • ~ S 7 1.é.31 

, . sa. 000 40.000 1.320 1.642 2.025 1.259 
\ 80.000 50.000 1.710. 1.l)CJ) 1.f:-i3 1 • 11 9 
\ 

., 80.000 60.DOO 1. 650 1.620 2.005 1 .235 
80.000 . 70.000 1.600 1 .pO 3 1.98& l.d17 

C' 
80.000 80.000 , 1. 570 1. 548 1. 934 1. 1 &3 
80.000 . 1 90.000 1.660 1 .664 2.049 1.279 

80.000 100.000. 1.670 1.532 1 .917 1 • 1 47 
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0 90. 000 0.000 1.640 1. 51 0 1.895 1 • '124 90.000 10.000 1.320 1. 510 1.893 1. 127 
,l'S 90. 000 20.000 1. 560 1.601 1. 987 1.215 90.000 30.000 1.750 1. 620 2.004 1.236 ..-gO. 000 40.000 1. 620 1.453 1.33/1 1.067 90.000 50.000 1. 500 ' 1.648 2.034 1.263 90. 000 60.000 1. 640 J .648 2.033 . 

1. 263 90.000 70.000- 1.600 1.567 1.952 1 • 181 
~ 90. 000 80.000 1,1560 1.567 1 .952 1 • 1 81 "" 90.(f()0 90.000 1. 640 1.520 1 • 905 1 • 1 35 90.000 100.000 -1.5ao 1. 635 2.020 1 .249 100.000 0.000 1.640 1. 635 2.020 1. 249 100.000 10.000 1.64 a 1.590 1 .975 1 .205 100.000 20.000 1. 61 0 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. &00 1.624 2. 009 1 .238 100.000 70.000 1.570 1 .590 1. n5 1 . ~ ,) 4 100.000 80.000 1.570 1 .560 1. 946 1 • 17 4 100.000 90.000 1.560 1. 584 1 .970 1 . 1 99 100.000 100. 000 • 1.620 1 .520 1 • 906 1 . 134 
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