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ABSTRACT ?

A parametric model is one of the most widely used
methods ‘in land use evaluation. However, there are two key
drawbacks in parametric methods. One is that they fail to
accaunt for inferactiqns among factors. The ather is the
subjectiveness af eqpluating values of phyéical factors.
The farmer has been salved by kak (1979, kok & Phipps, 1961)
when the LAéTAN model --- bAnd SuiTability ANalysis model
-—- was.establ%shed. - The latter still appears even in this

EASTAN maodel.

The hASTgN/;;;el combines two elements: site conditions
(Site vector) and land use, requifements (Use matrix).
Through a series of simple applications of matrix algebra
and matrix transformations, the performance indices of site
suit;bility for a specific land use type can be calculated;
It incorporates”;at only the méin effects of soil factors

but also two-way interactions between coexisting states into

performance indices. However, the Use matrix is generated

on the basis of evaluations of pedologists and agrbnomists.-

It lends itself to the easy criticism of being lacking

objectivity.

- ii -
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.
A computer pragram COUSMAT (COmputed USe  MATrix) is
used to calculate the Use matrix defined in the bLASTAN

model. The COUSMAT géaqram is mathematical and;. therefare,

it is less subject to inclination. This program takes the:

aperations of the BASTAN model into cons@ﬂgratioﬁ, ana gaes
through a series of converse operations of the LASTAN model
to generate a computedl dge .Tatrixf "~ The test of soil
conditions in Fhe Peace River'harea'For growing barley and
wheat dehcnétrates. that the COUSMAT program is a
mathematical program which meets the purﬁoses of developing
a mathematical method to generate the Use matrix in order to

avoid the critdcism of subjﬁagéyenéss to the LASTAN madel.

&.
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Les modéles naramétrinues sont narmi les nlus larcement

utilisfs mnour 1'&valuation de _iiﬁt*lisatinﬂ u anl.,

,
——

Cenendant, il existe deux fncomvenients 3 ces mithodes. Le
nremiAr est au'ils ne considérent nas J]'interaction entre
les facteurs. L'autre est la suhtectivitd do 1'9V31uat1nn
. .

en c¢A aui concerne la valeur de ces facteurs mhveinues. T.e
nremier fut rfAsolun par Lo* (1"7°, Lot et Phinns, 1°31)
lorsaue le modéle LASTAY —-= LAnd SuiTak{lity AMalveis mndel
--- fut Atakli.  Le

elixtdme annarait toudmirs, méms Aang

e

le rndale TASTAT,

Ce mod2le comhine deux &lAments: les conditinans Au %ite
{vacteur site) et les exirences de 1'utilisation du sol

{matrice d'utilisation du snld, . Par une suite .de simnlas

annlications d'aleaghre matriciel et de transformation  de

matrices, les indices de la nossihilitd du site nour le tvne
sofcifinue d'utilisation du sol neuvent etre calcul?s,
Ceci tient compnte nnnlseu1cment les eFﬁftq nrincinauy du sol
S;ais augsi des interactinns hinaires entré les Ft;tq en
coeﬁéﬂonce. Cenendant, 11 matrice  d'uti]1qat1nn est

nroduite sur la hase d'evaluations faites nar des nidolneues

- v -



et des apronomes. - n  neut toudfours la susnecter de non-

ohiectivita,

'n prorramma d'ordinafeur £ALSYAT  (TPmnuted TCp W\Tr*x\
a Atd réalisd nour calculer une matrice h'utiliqatﬁon telle
qu'elle a &étd dAfinie dans le mnddle TACTA', Le nroarawma
C6PQ“AT est un nrooranme-m1th5ﬂ§tinué.- donc, 11 -Awvite unn

. : 3
tron grande suhjecti 5. 7 Ce mnddle utilise le néne
fonctionne—ent aue cdlui du nndﬁlé ﬁﬁcTA“ mais d'unn manidre

inversfe afin de eAnfrer ume matrice d'utilisacinn  astimfe,

Une annlication emniricue 3ux coanditions de <ol dans 1la

réeion de la riviere de la ™aix nour la culture de 1'oree

>

et du blA nous démontre daite le nrorramme CNTSYMAT  nermet.

d'atteindre les ohiectifs de ce travail: le AAvelnnnement

d'une mé thode mathfmatione rrodudsant ure matrice

dfutilisation afin d'Aviter la critinue de quh*ncgixitF

oopnsie anx modéles nmaranftrinues,

e
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Chapter 1

IN¥RODUCTION

1.1 OVERVIEW

hénd, mother of all creatures, is a limited resource.
It is expected to satisfy an ever-increasing range and
volume demand for qoods, services and amenities. The
increasing population needs more and more land for housing,.
education, transportation, business and recreation. Rapid
business expansion and ufbanizatinn in the last two decades
have EGmpeted with agriculture for the use of land. Tt will
continue ta be pressured by competing uses. More and more
farmland has been conéerted to non-agricultural use. In the
United States, between 1967 and 1975, approximately 9.1
million hectares were converted from cropland to urban and
water uses. One third of thesé, about 3.2 million hectares,
were prime farmland (Schﬁude.19?7). In Canada, each year,
Canadian urban areas cumulatively consume a land area equal
in size to Hamiltom, Ontario. Not only is the quantity of
land consumed of seriogs concern, but mare importantly the
irreplaceable quality of that‘ land. 0f those lands

converted 6% percent were of high agricultural capability

{Neimanis, 1980). In many other countries, the situation of
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land use being converted from prime farmland to non-

agricultural use is the same as, or more serious than that

of the United Stétes or Canada. = This change indicates the

.great ~ importance of land use planning directed to

conservatioh,; proper allacation and wuse of the limited

resource more wisgly. \nowledge of the physical

_characteristics of land is fundamental to rational land use

~ planning (Dumanski, et. al. 1978). In this view, go0il

suitability evaluation plays a significant role in land use

planning.

Soil suitability, as defined by Vink (1975), is the

physical capability of soil’ and climate te produce a

~specific crop or group of crops. Accarding ta' this

definition, the valuation of socio-economic factors is not
explicitly éonsidered within the area examined. The same
definitio; holds for defined uses other than agricultural
uses. ' Agricultural scientists working on seil evaluation
around the world try t;luse many difFefent methods to assess
or calculate the performance indiées of gsaoil on crop growth.
Fach of such methads, such as capability classification
(thig allows the soil survey interpreter to synthesize or
integrate field conditions and crop requirements, weighing

the pasitive or negstive effects of each soil characteristic

in isolation and in combination with other scil factors to
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arrive at a capability rating) (Goodchild, 1976); or the
anélogug syétem {in which, thé physical input/output data
necesséfy for evaluation are extrapolated from experimental
sites to éﬁalngous areas defined by land .or so;l
classification) (Nix, 1968), has its own strengths as-well
as its weaknesses. Two' otﬁer methods are: site factor
method (this _a££empts to relate certain measured soil
properties to known crop yield in a multiple regression
equation, which is used to define the relationship between
soil factors and productivity) (Vink, 1975), and the
Parametric model (in which, attention is concentrated on the
quantiFicatianch éhose land attributes that are cansidered
significant fo the particular land use) (Stewart 1968). The
parametfic model, however, might be ane of the mast widely
used. This * does not_ imply that the parametric model i;
perfect for land'suitability evaluation, but in comparison
with  other méthcdg its advantages outweigh  its

disadvantuges.

1.2 THE PROBLEM

Parametric methods, defined and reviewed by Riguier
(1974), consist of

»

1. separately evaluating the different properties of

sails and gqiving them separate numerical valuations



according to their importance within ahd betweeh each .

ather,

2.  combining these factors (numericel values) accordinﬁ
to a mathematical law taking into consideration the
relationships and the interactions between the
factors to produce a final index of performsnce,

3. which in turn is-used to rank soils in order of their

¢
(agricultural) value.

There are various approaches to combine ° the influence

t i 1 . .
: of factors on crops productivity, such as (1) additive, (2)
additive and subtractive (3) multiplicative, (4) more

complex equation, ete.. For example:

Pz FX 4+ F'Y + "2 vevenceesnonsnall)
Pz fX 4 F'Y = F'72 teniennneneen..(2)
B e (FX) X (FIY) * (F10D) cennnnenn(®)
P = a(l-(X-b)*(Y+c)*(Z-d)) ........(4)
where P is the performance index;
X,Y,Z are soil Factor§: such ss slape, texture,
drainage, soil subgroup and so on; <f
f,f',f"" are the mathematical functions apprapriate
to the individual factors; and

! a,b,c,d are constants. {Riquier, 1974)
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No matter whét appréach is adopted, _ each facter has its own
influence on the final®indices. . Some authors have agreed
that the interactions bet;een factors play a significant

part to any abproach of parametric models.

The principal adventages of paranetfic'mudeis.are that
these systems are quantitative and are particularly adap?ed'
for comﬁuter applications Qith large data banks. When the
mathematical models are programmed, and dinput data of
selected parameters are stored in a data base, a
guantitative evaluation of the pétential of a particular
crap in the ' defined area could.be immediately derived.
However, ‘£he most critical element of parametric models is
that the values of physical facteors and interactions among
those factors which have an effect on crop production are
difficult to calculate mathematically. Usually these
values are estimated by researchers whenever they are
needed. In  short, parametric methods are somewhat
subjective in appraising values of - soil factors and their
interactions. In additian, the - contributibns af
interactions among factors on crop productivity are

frequently neglected. None of the four approaches

mentioned =zbave takes interactions between factors into

consideration in a satisfactory manner.
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The latter has been solved by Lok (1979, bkok & Phipps,

1981), when the EASTAN model, hkand 'Suitabiiity Analyéis-

mndel,- was established. Through a Seriés of - simple
applications of matrix aigeb?a in the LAST&N modél,' the
pefformance indices aof site suitability for a defined land
use can be calculated, which incorporate fha main effects of

parameters and two-way interactions.

~

Althaugh a test of the results provides a crude
evaluation of the success aof the madel (Lok; 1979),
unfortunately the elaboration of the Use matrix, which
allows for the calculation 'oF performance - indices in the
LASTAN model, remains sdbject}ve. The‘ré%earchgr must
establish an ordinal rating system which defines the degrée
of isolated contribution of gach land factor state. A set

of interaction values must be established in order to

evaluate the degree of interacting contribution of each land

factor state with the others. Twu.reseafchers with either
the same or diFFerent.backgruund and study experience would
do different appraisals, and thus produce two different Use
maérices. NObviously, this would result in various
consequences in the performance indices. It 1is obvious

that ane of the key problems in the interpretation of soil

suitability by parametric madels, i.e., the effects af

interactions among land facters on erops productivity, may

~
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be solved using the LASTAN model. - If the other'problem,

the' way of assessing values o? cﬁefficients. of the _Use

matrix could be replabed by a mathematical model, the

parametric methad wauld be considerably improved.

The objective of this thesis is to attempt to establish.
a mathematical model to calculate those values of
interactions as defined in the Use matrix ‘in order.to reduce
the inadequacies of parametric methods. The goal of this
s£udy is essentially of a‘mathodnlogical nature. The wark
cansists in finding an ariginal sﬁlutinn to the Spgcifié
methodological problem mentionea above: how to determine a
Use matrié in a way which would avoid the arbitrary séttinq ,
up of the.coeFficienfs, that 1s, in a way.whicg\\qou&ﬁ
imprave the abjectivity of the parametric methods. A second
goal of this work is to 'demonstféte_how the mathematical
model established may be put intoc operation, using a set of

actual dapa.

1.3 METHODOMOGY
The LASTAN -model combines twa key elements: Site
vectar, representing soil or climate conditions of &

+

particular area, and a Use matrix, representing land use

requirements. Through a series of cperations of the LASTAN
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model , He performance i;Jex of site suitability for a

fined land use can be calculated. The Use matrix.plays

an important role inAEhe hASTAN madel. Howgver, due tdjthe

Fact that it is geﬁérated'by evaluation, it causes this

madel to be cfiticized as being 'non-éghective'. Thig study

¥ _attempts to find = mathemafical Fethod‘to genérata the Use
| matrix on the basis of empirical data, :be’JLrop yield, in

order to calculate site suitability for a specific land use

by adopting the bLASTAN model.

1.3.1 Developing a mathemaﬁical madel

Y
\,

The bASTAN model is a mathematical model which could be

represented by mathematical aduation as:

[
i

R = £(5, U) \Q ’ /

The Site vector and the. Use matrix are independent variables
and the result af the LASTAN model --- th%,performance index
--- is the dependent variable in this equation. The Use
_—matrix is the variable term which is to be calculatéd in
;his study. Mathematically, when the two va;iable terms,
‘the Site vector and the perfofﬁance index, are known, the
Use matrix can be calculated via the inverse operations of

the EASTAN model. ‘ The equation becomes:

= f(5, R)
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The development of the mathematical model illustrated above

is the highlight of this study.

.1.3.2 Selecting the phyaical factors

s r
The .physical and chemical properties of soil affect
crop production to various degrees. Including additional

soil factors into the analysis may heighten the precision of

results obtained. However, in order to ‘demonstrate they a

-

applicability of a mathematical methed, - it is not necessary
[

to take all sail factors into considerAtidg. in gddition,

somet imes the data evai
s

Therefore, selection of th

ble includgs onlyla few factors.

icrul factors for this study

should be on the basis of the data available.

1.3.3 Selecting sempling sites

Usually the population of a sample space contains a '
larqge amount of observations, but not all the observations
will be used in an analysis. Some sampling techniques are
thus adopted in order to expect: that reasonable
generalizations can be achievéd. In this study, the random
sampling teéhnique is used which means that any site within

the sample space had an equal and independent chance of
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 being selected. However, those sites in‘ which soil

éonditioﬁs are out af the fixed atafés of soil factors will.

be dascardad. . In addition, mean yaeld of long run

abgervat ion is Punf representatlve than that oF short term-

observation for a spacaflc soil condition. Howevgr, due to

the dlfflculty of obtalnlng data, the data of shart term

l
cbservat ian used does not 1mpaar the value of this work as a

Y

methodological, demonstratlon which was  actually the main

objective of this study.

1.4  ASSUMPVIONS

The number of factors influencing crop production Ls
tremendous.  All probable influentiel factors are dlfflcult
to consider together in an experimental mudel. Same

factors had to be adsumed under control at a significant

level. It is necessary to make these kinds of assumptions-

in this stFity/’

According t

economists, in agriculture, the four main

factors off productiorf could be classified into two parts:

physical influehge, (land); and human influence, (lsbour,
.
LY .

capital and entrepreneurial  skills). Also, the

-environmental factors such as climate and cultural

cﬁ.
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influences - such as 8ocdal and econamic factors, are '

- 11

significent to crop praduction. ' '

1.

Physical influence : kand characferisticé vary
infinitély and continuously. Some  vardiations are
gross and conspicuouéﬁand have radical and'obyiups
effects upoh crap productioh. Due to the fact gﬁat
data being used in this study is obtained from the
database in band Resource Research Institute (LRRI),
and only part of important factors are included, the
other unemployed ﬁiéturs such aé drainage, pH Qaer,
stoniness etc., which are absent from the data list

obtained from LRRI, must be assumed at an average

Ievel and their effects on this study would be

constant.

Human inflwence : Any agricultural production needs
human  inputs in the form of labour, capital and
management or entrepreneuri;l- skills.  Apparently

those inputs have a considerable influence on the

-level of out put. In this study, however, only land

characteristics  are emphatically considered as
analytical factors. Although this human influence
{socioeconomic) data could be introduced into the
LASTAN model. {kok, Phipps, 1981), it is better to
assume an average level of management, which includes
timely tillage, fertilization, weed control and ather

cultivat ion technigues.
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,Enviruﬁmentél- influence : Climatie factors have
pafamount effects upen crop grwoth,’ esﬁedially in
this‘studvlarea. “The climatic data dbtaindd include
mean daily temperature, mean precipitation, ~ goil

s

temperature and soil moisture. Data of mean daily
temperature and mean precipit;tion was obtained from
Crop Production Divisien of Agricu1£ure Canada. As
data'u% crop yield and soil canditions, dincluding
soil temperature and sail moisture, is recorded in
: -
tabular form, this data is difficult to accurately
superimpose upon meps of mean daily .temperature and

mean precipitation. Ihus, mean daily temperature and

mean precipifation 'dat? has to be foregqaone. Only

soil ‘temperature and. soil moisture are taken into

.account as climatic Facﬁnr in this study.

Cultural influence : Social, ecanomic and cultural
factors are not considered. ‘These factors include
'transportation facility, location,’ intensity of land.

use, tilling technique, habit of cultivation, ete..
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1.5 STUDY AREA

All mathematical model>‘ for land evaluation must be
tested by field data to ensure that these models are

applicable. . Hence, this study requires field data to test

o
its applicability. Data of the Peace River area in British

Columbia has thus been selected for this purpose.

1.5.1 bhocation

The Peace River. area is located in the northeastern
pért of British Columbiz, and comprises part of the Peace
River drainage basin lying west of Alberts (Farstad et. al.
1965). It includeé the intermountain valleys of the Pinme,
Peace and Halfway rivers. The total area, which lies partly
in the Rocky mountain foothills and partly in the high
plains, is abaout 1,745,242 hectares (see figure 1). Surface’
and soil drainage varies greatly throughout the area. The
most satisfactory dreinage conditions, from the viewpoint of
agriculture, are found on long, gentle slopes in the Peace
River basin. Cereal grains, such as wheat, oats and
barley, are grown in the greater part of the cultivated land
which centres mainly on the hroad plaéform or basin that

borders the Peace river.
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1.5.2  Soil

Soil contains the organiclmaterial on the surface of
the land which is capable of supporting plant gppwth. Soil
types are grouped according to the way in which they are
Formed,‘ and 'each group¥$§ aséﬁéiated with a Pparticular

environmént (Farley, 1979). According to the Canadian

'System af Soil Classificafion, -there are several kinds of

soils represented in the Peace River area. Table 1 shows
the 5 arders, 9 great groups, and 16 sub-groups of soils in

this study area (see table 1).
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Figure 1 : Location Map of the Peace River Area
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TABLE 1

Soils ¢f Peace River area -

Soloid Black Solod

i T Tt S +
] . ]
: Order Great Group Sub-Graoup E
{ :
| o e e e i et i e e e e e P Y b T A S A A R A 1
i !
| Brunisolic Eutric Brunisel Orthic Eutric Brunisol :
I ]
E Eluviated Eutric Brunisol i
1 . . g
! Chernozemic  Dark Brown Eluviated Dark Brown '
] ' ]
! Black Rego Black E
l .

: Eluviated Black i
1

| |
! Soiozetzic Black '
! s ] . I
| Gleysolic Humic Gleysol Orthic Humic Gleysol i
I

i Gleysol - Fera Gleysol E
1 ) 1
' ‘huvic Gleysol Urthic tuvie Gleysol :
I §
| Luvisolic Gray Luvisol Orthic Gray Luvisol |
1 ' I
: Dark Gray Luvisol i
1

1 |
! Brunisolic Gray bLuvisol |
| 1
| Solonetzi¢ Gray Luvisol i
| !
: Gleyed Solonetzic Gray Luvisoli
]

1 1
! Solonetzie  Solonetz Black Solonetz !
: §
1 ]
I |
1 1
+ +

T A = v B i b

Source: Canazdian System of Soil Classification, 1976 revised.
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1.5.3 Climate

The study area is characterized by a moderate,
cantinental climate, moderately warm  in summer  and
relatively cold in winter. The température ranges from a
mean daily minimum - of -16.7 in January to a mean daily
maximum of 15,6 degree Celsius in July at Fort St John,
The mean annual temperature appears to be about 1.7 degree
Celsius in this area. The annual precipit;£ion varies from
16 ta 18 inches. About 40 to 50 percent of this falls
during the growing season by the way of local thunderstorms.

June and July are the wettest months (Farley, 1979).

In sum, the study area is a predominantly rural zone.
Agriculture and related processing - industries are important
econamic activities of this area. Thus, this region lends

itself well far the research undertaken in this study.



Chapter 11

VHE MASTAN MODEM

2.1 QOVERVIEW ‘ . A

A major problem of numerical methods of ldetermininq
land suitability was their inability to clarify interactiens
amang land characteristies (bok andA?hippsz 1981). This
interaction is defined as the difference between the effect
that two coexisting factors have, and the effect generated
by each factor in isolation an the contribution to "soil
suitability. The aim of improving this inaccuracy af
igﬁoring interactions for land suitability stimulated the
development of the computerized kASTAN model.  This model
is based on the assumption that interactions may be posifive
(synergistics), neutral (no effect ar iﬁteracticn) or

negative (limiting), depending upon their contribution to

land use.  Through a series of matrix algebra calculations;

including a "matrix transposition, those effects were
incorporated. The final output generated by the LASTAN
model is a series of performaﬁce indices ¥8présenting the
soil suitability of each site for a particular -land use

type.

- 18 -
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The follawing sections of this chaptef will describe

the elements, implementgtion and characteristics of the
LASTAN model, Its advantages and defects: will then’ be

discussed. : }

2.2 STRUCTURE OF THE MASTAN MODER

2.2,1 Site Vector

The Site vectar, 1(S)m, represents a single site or

/pamugeugggg land area. It records properties of land

! factors within this unit, and particularly those Faqtofs

whiqh are pertinent to the land use, (i.e. stoniness, soil
texture, pH value, topography and so an). Eachffacfor
sectionl is further subdivided into individual entries of
this vectar. Each entry repreéents a state of a factor.
A set of binary values (Q or 1) is employed on the Site
vector. In other wards, when the value of an entry is 1,
it indicates that this particular land factor state is
present; when this value is (0, it indicates that the

particular factor's state is absent;

A:cofding to the scaliﬁﬁ system, the data representing
the physical condition or state of soil, may wusually be

&
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classified as @ nominal measurement 1ev§l, which is employed
when things are distinguished only on ‘the basis of

qualitative considerations without any implication of a

~ quantitative relationship (Robinson, et. al. 1978).

Althuuéh some factors ar variables could be guantitatively
defined, | for example, pH valﬁe, slope class, etc.,
frequently they are substituted for the hierarchy type
(qualitative states) of classification in.soil suitability
evaluation in order to correspond with those nominal
variables. Therefore, all variables {factors) used in this
study are divided intao states. Each state indicates a
physical situation within a variable in reaiity: Slope
class (SLOP) far instance, was divided into three states in
this study. = State 1 of variable SLOP indicates the surface

slope ranging frem 0 to 2 %, State 2 from 2 to 5 %, and

‘State 3 from 5 to 9 % (see subsection 3.3.1).  When a site

is identified, only one state is significant per variable.
For example, if only faur variables are considered, onhly
four binary values may equal 1; one 'l' value for each
variable.. These '1' values represent those states which
are present at these sites. The ;Emaining values must
equal zero, and these zero values represent those states
which are absent at this site. For example: if only four
physical factors : Var 1 (sloee), Var 2 (soil texture), Var
% (drainage) and Var 4 {pH value) are considered, and Var 1

is divided into three states whereas the others are divided

1

~



AN
21

into foﬁr states e;éh, alsa sugﬁaée that the physical
situaéions of a hypothetical Site are that state 'p' of
slope, state 'a' of soil texture, . state 'd’ of dfainaqe and
~ state 'b' of pH value, then, 'the hypothetical Site vector

-

" could be presented as shown in fiqure 2.

-

Figure 2: A hypothetical Site vector

Factors --- Var 1 Var 2 Var 3 Var 4

States --- abc &#bcd abed abed
Site X --- Q1€ 100C 0001 C100¢

2.2.2 Use matrix

The Use matrix, m{(U)m, represents the land requirements
of a single land use type. It consists of two parts, thé
factor ratings, representing the degree of contributions of
each possible land factors state, aznd the interactions pF
these states to the suitability of the lahd use type. The

Fébtorlratings, indicating the 'm' states, 1lies on the 'm’
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.Entries making upjthé diagonal of the lse matrig, The
interactions are defined here as thé dif ference bétween the -
rated effect that twu'poexisting vériable states have, and
the effect Qenerated by each vafiable state in isolation
“(assuming 'othef"vd}iable séates are “constant), upon a
cantribution to soil suitability (kak, 1979). These
gffeéts may be positive, neutral or‘nééative. Thus, . the
; ) :

interactions between pairwise variables <can form a

submatrix. The total submatrices, (v*(v-1)/2, where V is

~ the number of variables), build up the second part of the

Use matrix positioned Below the diaganal. {he other
entries of the Use matrix, including those entriés to the
right of the diagonal and those entries lying between the °
diagonal and the adjacent submatrices below it, are equal to
0.  Thus, the Use matrix is a lower triangular matrix. For
example, the factors and states being considered lhere are
the same as the situations discussed before in tﬁe example
of hypothetical Site vector, four factors are Var 1 (slope),
Var 2 (soil téxture), Var 3 {drainage), Var 4 (pH valué),
and each factor is divided into four states except Var 1
(slope) which is divided into three states. A hypathetical

Use matrix can be seen in figure 7.
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Figure *: A hypothetical Use matrix

Factors --- Var 1 Var 2 Var 3 Var &

States --- a b ¢ a b c d a b e d a b e d

. . W T T W W T W ey e e ek it e /S (o i el A LS L A A W

vl b C 2 0 C@€CCOCCCOOOQRCO0 O

b.l1-1-1C3C2C0O0O0CODOTC O

.
~
ot
[
€2
[ae]
[on]
]
[aie ]
o
o)
[}
)
[3=]
[a=]
(o]

Var 3 ¢ -3-1-1-1-1-2-2 CC2¢0C¢CO0ZCC

Var 4 c -1 1-2-12 1-1 4 2 12 ¢ 2 3 C
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2.2.3 ¥he operstions of the MASTAN model

From‘thé operations of the bASTAN mbdal,f as qascribéqu

by hkok (1979), fhe :iﬁdices of land suitabiiity .ar;
..calculated ih two steps. . Firsfly, according ta the laws of \\\

matrix algebra, “the doE praduct of a Site vector, 1(S)m, and

n the Usé ﬁatrix, ‘m(U)m;, is calculated. Then, & new row

vector 1(I)m is generated, which has the same orders as the

Site vector.
' 1(S)m * m(Um = 1(I)m

Before the second operation starts, the new generated row
vector 1(I)m has to be transposed becoming a column vector
Hﬁkl.&)l. The.scalar product of the hultiplipation between -
the Site vector 1(S)m and the transposed new columnp vector
m(l.t)l, is the index of land suitability {(R) ;F the site
represented by Site vector for the land use represented by

the Use matrix.
1(S)m * m{I.t)1 = {])

Therefore, (R) is an arbitrary evaluation of the land site

<

suitability which will then be classified according to a set

of suitability classes. | '
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" When the mediate row vector 1(I)m is generated, values

contained in its 'm' entries are ratings, interactions and
. t .

combinations of these twa. When the Site vector %55)6 is

multiplied with the transposed column vector m(I.t}l, its

i

scalar product (]), incorporates those corresponding ratings
and interactions. The QASTAN model is favéured'bver ather
approaches beEause it accountslfor interactions betweenlsoil
characterisﬁics and then psés fhese interactions to derive
the indiu%\. ' 'Suppaose the same hypothé%ical Site discussed
before is exemplified here ag%in,.the physical situations of
this site are : state 'b’ an Facfor 1 (slopgi, state 'a' on

Factor 2 (soil texture), state 'd" on Factor 3 (drainage)

and state 'b' on Factor 4 (pH value). Then, the result of

-the LASTAN model’ for this hypothetical site can be obtained

from the following equatiaon.

R = Elp + E2a + BE3d + Ed4b

+-11b2a + 1ib3d + T1lb4b
,——"“\ f

' ’ v
-+ 12a3d + 12a6b + 13d4b  ...... (Eg.1)

where R is the performance index of LASTAN model for a
hypathetical site;
: (.3

Elb, EZ2a, £3d, E4b are effects of each state, which

are present -at’ this hypothetical site; and

11b2a, 1lb3d, Ilbéb, 12a%d, 12akb, I3d4b are k

pairwise interactions between coexisting states.
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From the above, equation (Eq.1), the BASTAN model is an.

additive parametric. model. However, the - distinctdon is

that not only are the effects'of each factor's sfates, which .

- qdnt£ibute to soil suitability of a.specific land use typé

considered in the LASTAN madel, but also the 2-way

interactions between states are incorporated.'

»

.~

2.3  GENERAM CHARACTERISTICS

- 2.3.1 Advantages

. The conventional additive parametric model postulateé
that each. factor operates without mutual interference.
Although the LASTAN model is an additive parametric model,
this method overcaomes- the principal flaw of conventional

additive techniques which ignored the interactions among

factors. In addition, there are several other advantages

"which are as fgllows:

1. It is a computerized model. When the data .of
evaluating sites are collected and coded, they can be
manipuléted quickly and precisely by computer. If

\_ allows rapid assessmént of large geographicel areas

compased of many land units simultaneously.



2. The technique is simple and inexpensive. = Once the
inpuf‘data, including site conditions and land use

requirements is established, various land use types

can be evaluated for a site.

3, To improve the precision of this model, the Use.
matrix could be expanded'easily to - incorporate many
additional variables, such as climatic and ecohamic

factors (bok, 1979).

2.3.2 Disadvantages

-

Although the LASTAN model has many advantages as
described  abave for land suitability evaluation, it

obviously has some drawbacks as well.

1. The principal problem perceived in using this model
lies in the difficulty of accurately assessing the
numerical value of interactions. They rely upon thé
expertise of pedologists and agraonomists to assess
the effects of isolated states and pairwise

interactions.

2. Even though the effects and interactions are
| estimated by experts in this field, agronomisfs and
pedologists, this model may easily be criticized as
being lacking objectivity awing ta the absence of

experimental support.
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Chapter III )
- THE GENERA¥ION OF THE COMPU¥ED USE MATRIX

3.1  OVERVIEW

Mathematically; when an équation is estabfished, the

independent variables (factors being considered) ‘must  be

.. known, then, the dependent variable (result of this
\__ﬂf,,-_z//;quation).can be calculated. In the bASTAN mbdeﬁ‘-For
"~ instance,, theg operatibns of this - model are that first,
calculating the dot product of a Site vector 1(S)m
(independent variable) and the Use matrix m(U)m (independent

variable), and secondiy, transposing the dot product from

row vector 1{I)m to columﬁ vector m(I.t)l, then the scalar

praduct of the multiplication between the Site véctor and

the transposed column vector is the result of £he LASTAN

model. By equations, these operations can be expressed as
1Sm * m(Um = L(Dm .eunn. (M-1)
1(S)m * m(1.t)1 = (R) ...... {M-2)

The independent variables (1(S)m and m{U)m) must be known,
then the dependent variable (R) may be computed.

; Unfortunately, the Use matrix m(U)m is unknown, if it has

.

- 28 -
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not already been gstimhted. In this case, if the other two -
of the three dependent and independent variables ((R) and
1{S)m) are known, through a series of converse mathematical
operations, the unknown variable m(l)m could be‘calculatad

as well.

N

‘The aim of this chapter is to illustrate how the Use
matrix, m(l)m, is calculated. The various steps are

described in detail in the following sectians.

3.2 THE PERFORMANCE INDICES

As shown in the shove equations, {M-1) and (M-2), there

are three variables: 1(S)m, the Site vector; m(U)m, the Use

matrix; and {R), the result of performance index of a
specific site. In reality, only the Site vector could be
deduced from soil surveys. The others are unknown.  The

Use matrix, m{U)m, is the term which is to be solved in this
study. The result or performance index (R} is abtained
through the operations of the LASTAN madel. Due to the
fact that one of the independent variables, the Use matrix
m(lU My dis uﬁknown, it seems impossible to produce the scalar

result (R) via the LASTAN model. As mentinned in the prior

section, if and only if those two of the three varizbles in
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the chmbined equations of the BASTAN model are known, the
unknown variéble can  be solved. through a series of
mathemat ical operations. To calculate the résult, (R), is

the first praoblem faced in this study.

. The result of the LASTAN madel is the performance index
of land suitability of a site for a particular crop
productian or land use type. All crops will not grow
equally well on any given soil. The highest index
specifies the soil most suited to that crop yielding the
highest production. In other words, the performance index
in the LASTAN model is the integrated contribution’ éflthe
isolated effects of each lahd factor and the interactions
between coexisting states. The crop yield is the result aof
these contributions. Performance index and crop yield play
the same rales on land eQaluation. Owing to the fact that
the performance index does not exist beFore. the operations

of the LASTAN model, the homogeneocus data which may be

obtained directly from soil survey and investigations is the
crop yield. Therefore, - crop production is to be wused
instead of the performance index (R), in calculating the Use

matrix.
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However, 'crop ‘yield results from ali, passible
contribut ions combined together. In this study, only parts .
of significant physical characteristics are considered.
Therefore, the crop yields éould not replace the results ar
performance indices of the LASTAN model directly. Also, due
to the fact that the performance indices are used to
calculate the 2-way -interactions, the joint contributions of
each coupled coexisting factors on crap productinﬁ must be

calculated in advance in order ta determine to what degree

-these pairwise factors affect the crop yield. The

magnitudes oFI those strengths may be calculated by a
descriptive statistic, ETA équare, in the ANOVA subprogram
of SPSS (Nie et. al., 1975).  The technique of computing
the ETA square will be illustrated in the follawing section.
The scalar product of multiplying the crop yields by the ETA
square values 4is used to replace the result or the
performance indices (R) of the LASTAN model. Thus, the

result (R) is identified in this study.

3.3 CAKCUBLATION OF FACVOR RATINGS

The Use matrix is composed of two important parts.
One is the Factdr ratings, the other is the interacgions.
The factor ratings, which occupy the diagonal entries af the

lUse matrix, represent the degree of isolated contributions
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of land factor states. In bok's case study, each varisble,
considered in the LASTAN model was divided inteo five classes
which construct the rating -system;

standing for

each integral point
a corresponding hierarchy

level. Far
instance, a state of '5' stands for excellent, '4' for good,

'3' for mediocre, '2' for poor and 'l' for unsuitability for -
a particular land use type.

Those rating points are
assigned to

fill the entries of the diagonal to frame the

factor ratings according ta thz experience of specialists in
this field.

In this section, a method

of computing factor ratings
will be described, and its computed factor ratings will be

»

used to replace the rating system in the LASTAN model.

3.3.1 Variable selection

Selection of the independent

on the data

variables should be based

availability as well as

suitability. The
‘physical and chemical soil attributes may contribute to crop

production, either in isolation or in combination with each
other. Hawever, due to the lack of data available,

it is
difficult to combine all the physicsl and chemical factors
together into a model for analysis.

Only some of momentous
soil characteristics were selected for this study.

The
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data, which were cbtained from kand Resource Research
Institute, include information on five significant soil/land
factors. These factors are slope'class, surface texture,
soil order, soil subgroup and cliﬁate area. Due to the fact
that soil order and soil subgroup are levels af soil
classification in Canada, the infermation centained in soil
order; levels is camprised in that infarmation contained in
soil%subgroup levels. Hence, the soil order was dropped ,
leaving only four factors or variables which are considered

in this study. - ' -

<

3.3.1.1 Slope class

According to the Manual for Describing Soil in the
Field, the slope qgradient is divided into ten classes {see
table 2). However, there is no sampling site an which
slope is steeper than 9%.. There are only three sampling
s¥tes belonging ta class 1 {0 - 0.5%). For the sake af
simplicity and avoiding erroneous <generalizations, class 1
(¢ - 8.5%) and class 2 (C.5 - 2%) were ﬁérged into one class
(0 .- 2%). Therefore, there are anly three states of slape

class in this study (see table 3).



TABLE 2

T

Slope classification

Class ._Slope %) Approximate Description

1 ]
1 ]
] 1
N = degrees E
l |
B T it tiebt b btdetelebtdeb ittt '
i |
b ¢ - 0.5 Y level %= :
) 1 . ) '
V2. 0.5 - 2 0.3 - 1.5 nearly level "
1 . 1
{ 3 2 -5 1,5 -3 very gently sloping |
| . 1
i 4 5«9 3.5 -5 gently sloping ' E
I _ : ‘ |
' 5 9 - 16 & - 6.5 moderately sloping !
1 |
| 6 le - 30 9 - 16.5 strongly sloping * E
|
1 |
K | 7 0 - 45 17 - 24 very strongly sloping |
1 1
! 8 45 - 70 25 - 35 extremely sloping ]
! ' ]
| Q 71 - 1C8 16 - 45 steeply sloping ‘:
I : 1
] 1
b1 > 100 > 45 very steeply sloping :
i I
et tm e s ae e —m e ——————— e el e — .. ——m e ——————————— +
Source : Manual for describing soils in the field, 1976 rev15°d.
3.3.1.2 Surface texture
Textural classes are estimated in terms of size and the [
distribution of primary particles. Although more than
twenty five field textures have been jefined in Canada, only
( _hine textures appear in the Peace River area. Within these

nine, some soil textures such as organic and sand have site
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Eamplés less than ten frequenéies in thé papulation of éhe
‘sample space (totally 1,246 sites for barley). " For the
sake of avoiding zero samples and erroneous gene;alizations,
only the top five textures in ofder of tﬁeir gsampled sites:
Loam (622), Sandy loam (257), Clay loam (96), Silt loam (82)
and hkoamy sand (?B); are selected as ‘states of this
variable. Hence, this variable is further divided i?to five

states {see table 3).

3.3.i.3. Soil subgroup ' i

Soil subgroup is theJtbird level of soil classification

in the Canadian system. Subgroups are Form?d\ by
subdivisions of each great group. 'They not only.carry the

differentiating criteria of the order level and great group
level, but also of the -subgroup itself, which are
differentiated on the basis of the type and arrangement of
horizons (Canadian system of spil classification, 1978

revised). Within the sixteen subgroups which exist in the

.Peace River area as delineated in Table 1, anly five of them

have & frequency of site samples aver one hundred. So,
those five ‘subgroups are. adopted as class states of this

factor (see table 3).
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_3.3.1.4 Climate area

The climate described here does not include mean
precipitation or mean deily temperature for growing crops,
but rather‘the‘ soil temperature ’d soil meoisture. There
are five soil temperature classes : 1. Arctic, 2. Subaretic,
3. Cryoboreal, 4. Boreal, 5.: Mesic in Canada, and mare than
ten groups of soil moisture. Their'combinat;on farms the
criteria of climate areg of this study. ' The ' soil
temperature of the Mesic class is mild to moderately warm.
It seems illogical to have the soil temperature of this
elass in the Peace River érea. However, from the soil
survey, investigated in conjunction by the kand Resource
Research Tnstitute and British Columbia Ministry . of
Agriculture at the Péace River area, it éhows that there are
only 5 sampleé belonging to thg Boreal class, and:h& to the
Mesic class of the soil temperature in the total sample of
1,246 sites for barley. Therefore, the Boreal class af the
soil temperature is diécarded and five climate area groups

are defined. They are, thus, the states of this variable

(see table 3).
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TABLE 3

Variables, states ani deiFriptipns used in this study

e :
1 : !
| Variable States Description '
| - ;
et T D Dl L L e T U i
L - :
! Slope 0 - 2% level to nearly level !
i1 (SL0P) 2 - 5% very gently sloping i
i S - 9% gently sloping 5
: Texture Loam ' |
1 (TXTR), Sandy loam :
I 8 Clay loam :
i Sllt loan |
; boamy sand '
1 . !
: Subgroup . GL-D Dark Gray Luvisol H
+ (SBGP) L6-0 Orthic Luvic Gleysol ;
: . BL-E Eluvisted Black !
! GL-0 __Orthic Gray Luvisol 1
H HG-0) Orthic Humic Gleysol '
] . ]
| Climste  10»» Arctic  Subaguic :
I (CLIM)  2GF Subarctic GF '
! 3GF Crysboreal GF l
| SGF _ HMesic GF |
' SF Mesic Subhumid !
; |
e e e e e e e e oo +
** 1. arctic : extremely cold;

2. subarctic : very cold;

3. cryobereal : cold to moderately cold;

3. mesic : mild to moderately warm;

L. subaquic : eoil ssturated for short periods;-

F. subhumid : doil dry in some parts when soil temperature

is > 5 degree C in some years, water deficits 6.4 to
< 12.7 om;
G. semizrid : soil dry in some parts when soil temperature
is > 5 degree C in most years, water deficits 12.7 to
/’ 19,1 cm; .
GF. dominantly semiarid to subhumid.
NUTE : As mentionsd un page 36, the present of class 5 in the
Peace River ares is illugical. 1% has been left for computation
becauss it is incluied in the dataalist obftaine .
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- 3.3.2 Weights
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The ccnyentiénal additive parametric .technique is
adopted to calculate the contributions of individual factors
to crcp-productiun.’ The bASTAN model, in addition, summed
up thase iﬁdgvidugl ccntributiéns andlz—way.interacﬁions to
gene;?te indices of sites for a specific land uée.. " When
&rOp yields‘are used instead of the performance indices, the
factor ratings must yield iﬁformation concerning these crop
yields in order to cope: with the results of the LASTAN
model. Hence, the extent of effect of gach.Factor is to be
measured and used as a weight in computing factor ratings.

In the ANOVA subprogram of SPSS (Analysis of Variance), a

descriptive statistic, ETA square, is used to measure the

stréngth of effects of independent variables (physical

factors) on dEpéndent or criterion variable (crop yield).
This technique, therefore; is to be employed here to

calculate the weight of each factor contributing to the crop

productiaon.

The basis of analysis of variance is the decomposition
of variation or sums of squares corrected for the mean (Kim
et. al. 1975). Suppose enly one factor (drainage) is taken

into account and that this factor is further divided into



[

: Thdé, Ei could be present as :

-

-l
-

- o | 39
éeveral-groups or states. The structual model, * sometimes !
called a linear model, for each observation or site

(production) can be written as :

Pij = GM + Ei + Rij .veeae.. (1)
where Pij is the dependent variable (prcdyction)
P J %of the jth site in group 1i;
GM éténds for grand or(ﬁ&erall.mean of_qll sites;
S Ei‘is the effect of being in group i
(effect of the igdépendent variable); and
Rij is the eFFeét on this observation of.

all othex:variables (residual);

The deviation of a group mean fram the grand mean is taken
to represent the effect on each observation from bélonging

to that particular group Ei (Iversen and Norpoth 1978).

Eiz Pi-P..ienvenn. {2)
where - Pi is the mean that appear in
group” i, (group mean);

P is the grand or averall mean;
1

Anh the deviation of an observation from its gqroup mean is
taken to rEpresenf the effect on that obéervation of ;il
variables ather than the group variable (drainage) (Iversen
and Norpoth 1978). Rij can alsp be presented as :

Rij = Pij = Pi ceeevnen (3)

1 A 2
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By. replacing the terms GM, Ei, Rij in (1) by P, (Pi - P),
(Pij - 'P}) respectively, the structual‘:mdﬁel can be

rewritten as :
Pij = P+ (Pi - P) + (Pij - Pi) ..... (4)
c===z=> (PAJ - P)= (Pi - P) + (Pij - Pi) ..... (5)

The sum of a group of squared deviation scares makes a
variation or. sum of 'sduares (Schmidt - 1979). In ANOVA,
three sum of squares are computed by squaring both sides of
> the equation above.
L Z(Pij - PR = nk (Pi - P)2 + §i:z:(Pij - Pi)z..... (6)
l l i J .

J
or denating as :

-

SStotal = SSbetween + SSwithin

The first term, the total variation of _individual scores

“around the grand mean,. is equal to the' éuﬁ of two

compenents, the 'between groups sum of squares' and the

'within groups sum of squareé'. The second term,

SSbetween, - is called the 'between grouﬁs sum of square',

because it contains the deviation of each group mean aroun?

the grand mean, aﬁd represents how extensive the effect of

’/f)' _ the independent variable (drainage) is on the dépendeﬁt
variable (production).  And the third term, SSwithin, is
cal%gd the 'within groups sum of squarés’, because it

™~

_cohtains the deviation of ‘each score in = group around the
. \‘ b ]
group mean and shows the exteat.ef the effect, of all other
’ i

variables upon the dependent variable.
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~In the ANOVA subprogram, a descriptive statistic, ETA

square, is the ratic of the sum “-of the squares of the

_explénatory' (independent) variable .to - the total sum of

squares.
- SSbetween —— E(“l - P)2
R T R e i — )
. ~ SStotal = --- EZ(P!LJ - P)
1

It represents haw much of the variation ih the dependent
variable is explained by the explanatory variable. In this
study, this value is used as the weight of the independent

variable (physical factor) -~on the dependent variable

N

:

{production).

3.3.3 Factor ratings

~

The_Factor ratings represent the strength of isolated
‘contributions of land factor states. Although the
magnitude. of ETA square for each factor indicgting the
proportion of  variation in the dppendent variablé
(production) explained by each factor canh be CulCUldted the
contribution of ‘state level cannot. The differences

@

between states influencing the crop production could be

displayed an the mean yields based on the statistics of
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states level. AHencé, the multiplication of .mean yield. of
Vd . .. N ’
each state and the factor weight which the state belongs to

frames the factor ratings.

3.4 COMPUTARION ‘OF INFJERACTIONS

When all _the necessary data, including Site vectors

n{S)m, results or'erop yields (R), and factor ratings in the

Use matrix are coﬁpleted, then the principal part of this
study, computing the interactions to generate the Use matrix
m(U)ﬁ, will be presented. Fallowing the converse

operations of LASTAN model it is not difficult to calculate

values of interaﬁions in the Use matrix. For example, there.

are three physical factors being considered as main
variables which have significant influences on a particular

~crop production. ”  They are named Factor A, . B and C.

Factor A and C are divided into two states respectively,-

whereas Factor B. is divided jinto three states.” Then, a

hypothetical Site vector 1(5)7 would be present as :

where the first two entries 51, S2 indicate the site

_condition about Factor A; t®e next three entries §3, 5S4, 55

- o

N



illustrate Factor B; the last two entries, S6 and 57
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represent Factor C. The Use matrix 7(U57,',can'be divided
into two components, the factor ratings and submatrices of

interactions. The factor ratings are denoted as :

- - — -

which dceupied the entries of diagonal of the Use matrix.
They are computed by multiplying the mean yield based on the

statistics'of gach state with factor weight which the state-

belangs to.  This method was illustrated in the above

section.

. / *
Owing to the fact that only three physical factors,

Factor A, B, C are considered, theré are three submatrices
of interactiaons (V*(v-1)/2, where V, ‘the number .of
considered factors, is three) in the hybofﬁetical Use
matrix. Submatrix - X stands & for the  submatrix of
interactions bétween Factor A and B. There are 2 states in
Factor A and 3 states in Factor B, so,--six interactions (2
by 3) Xl; 2, X3, X4, -XS, X6 are in this submatrix X.
Submatrix Y, the submatrix of interactioﬁs between Factor A

and €, contains four interactions (each factor consists of

. two states) Y1, Y2, Y3 and Y4. And Submatrix Z, the
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submatrix of interactions between Factor B and C, comprises
six interactions (3 by 2) 71, 72, Z3, 24, 25, 26. = Thus,

the hypothetical Use matrix 7(U)7 is denoted as follows .:

- A -

X1 X2BlL 00 0 O
3 X 0B2 0 8 O
X5X%6 0 0B3 ¢ O
Y1Y2212223Cl ¢

Y3 Y4 24 25 26 0 C2

From the operations of the LASTAN model, the steps of

computing performance index of this hypothetical site are :
() 1®)T *7W)T = 1(1)T7

The operations of this step, thus, are composed of

S1*AL + S3*X1 + S4*X3 + 55%X5 + S6*Y1 + S7T#Y3 = (1)1
S2¥AZ + S3*X2 + SA*X4 + S5*X6 + S6%Y2 + ST*Y4 = (1)2
S3*BLl + S6*Z1 + S7T*Za = (1)3
S4%82 |+ S6*22 + STHZS = (1)4

{ S5*B3 + S6*%723 + 57%76 = (I1)5
S6*C1 = (1)6
S7*C2 = (1)7
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This step combines” the isolated contribution of each state

and all of the possible interactions with respect- to this
state into entries of a new generated row vector separately.
Before the second step starts, the new row vector 1(I)7, has
to be transposed becoming column vector 7(I.t)1, and then
~ the Site vector 1(5)7 multiplied with this transposed column

vector 7(1.t)1 to generate the result index.
(2) 27 * 7(1.t)1 = )

S1 % 1(1.t) + 52 * 2(I.t) + S3 * 3(I.t) + 54 * 4(I.t)

+ 55 * 5(1.t) + S6 * 6(I.t) + 57.f 7(1.t) = (R)

This step incorporates those corresponding . ratings and
interactians into its scalar product (R), the performance
index of the LASTAN model. To extend this equation, an

equation for computing performance index of LASTAN modeL\QQQ

be cbtained.

SI*¥SI*AL + SI®S3I*X] + SI*SL*XT 4 SI*G5*XS

+

+

SI*SE*Y1 + S1*S7#Y3 4+ S2#52%A2 4+ S2*SIxX2

+

+

SZ2¥SL*X4 + S2*G5%X6 4+ S2*SE*Y2 4 S2*GTwYyY4

+

SI*GI*P] 4 SIGE*Z] 4+ SIGTH74

+
+

S4*54+B2

+ -

SA*56*72 + S4*ST*Z5 4+ S5*S55#B3 4+ G5*56%73

+

+ -

SO*ST*Z6 + S6*S56*CL + ST*ST*C2 = (R) ....... (EQ.3-1)

There are no unknown variables within those terms, S1*S1*Al,
SZ*SZ¥AZ, S3I#SINBY S4*SLUEZ, S5*S5*BR,  S6*56*CL, ST7*ST*C2

in equation {EQ.3-1), Let
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R = (R) - SI*SI*AT - S2¥52#A2 - SI*SIB) - SL¥S4#BR
- SS*S5¥BT . SE¥GEACL ~ STAGTHCD

Then the above equation (EQ.3-1) can be rewritten as :

+

SI®GIXXL + S2¥GIX2 + SI*GA¥XI 4+ SOHSLRKL

+

S1*S5*X5 + SZ¥S5¥X6 + S1¥SEwy) + S2%56%*Y2

+ SI*ST7*Y3 + SZ*ST¥YL 4 S3IRGE7) 4 54*56*22

+ .

SS¥SE*IX + STHSTHZL + SU¥STHIS + SS*ST*Z6

SR seveeinenao(EQ.3-2)

4 y g

There are sixteen unknown variables (X1, X2, X3 X4, X5, X6,
Y1, Y2, Y3, Y4, 71, 72, 23, Z4) in equatiuntf%0.3¢2). It
needs sixteen homogeneous equations to establish a set of

linear equations to get the solution of this combined linear

equations. When those variables are solved, the Use matrix

7(U)7, is then cbtained.

3.5 CASE STUDY | °
x
To further clarify how the model of computing a Use
matrix in the LASTAN model Qofks, the set of real data'
gathered in the Peace River area has been tested. it
includes the three most important cereal creps, barley,

wheat and oat in this study area. For example, 150 sites

of banley,' or about one eighth of the total investigated
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sites, have been selected as input data for computing
statistical values ihcldding'o&erall mean, - ETA squares and
S0 {dn.. The steﬁé of generating the Use matrix are

illLst;aéed as follow:

(1) Deciding the physical Factors'anq states of each }actor
is the commencement of this computation. Bue to,'the
limitatioﬁ of data dbtained, ‘only paft of the acquired soil
attributes, as mentioned En subsection 3.3.1, are taﬁgn into
account. fhey are slope class (ShDP); surface texture

L) \ .
(TX¥R), soil subgroup (SBGP) and climate area (CLIM).

" These factors and their states are described in table 3.

Hawever, the sites.having been selected shawed that none of

them appears at state HG-0 (Orthic Humic Gleysal) in Factor

soil subgroup, and states 1C & 5F in Factor climate area:
Therefore, these three states were dropped in computing the
Use matrix for barley, but were retained for célculating the

Use matrices for other crops.

(2) when thé factors and states are decided, the data is
transformed into metric (for yield) and non-metric {for
states) data in order to be put into an ANOVA subprogram for
computing ETA squares which'reﬁresent the magnitude of
strength of each factor contributing to crop production.
The formulations and processes of compyting ETA squares are
illustrated in subsection 3.3.2.‘ The autput of this

analysis is showed in. table 4.
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TABLE 4
Weight of each factor for barley

L B T T TR t
| |
| Factors ShOP TXTR SBGP CLIM TODTAL(%) !
: '5_-_.‘!‘.4. |
I e e cccmcmmcm———a Hewamm——————— |
1 . |
i - . M
! Weights 2.89 1.00 8.41 6.25 15.5 :
I ]
o e e e e e e e e e o N

In this study, although four soil factors or. characteristics

are taken into account, they do not play the equivalent

- roles on agricultural production. As shown in table 4, the

weights of soil subgroup and climate area are higher than
that of slope class and sérface texture. This is bec;use
that infarmstion, including soil 'subgroup and climagé area
which has significant contribution on crop ﬁroducfion, is

much more important than that of slope class and surface

 texture. For instance, the climste area information

cantains éoil tgmparature and soil moisture; in the soil
aubgfcup, it contains properties of pedaons, thé effects qf
dominant, soil-farming 'procésses, the properties tha;
reflect differences in the strengths of daminant processes;

the arrangement of horizons, and so on (The Canadiarn System
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of Soil Classification). However, information 1n-slope
class and surface texture is singular. The variety of

infoermation contained in each factor results in  their

dif ference on weights.

The statistical mean yield of each state is also calculated

and shown in taﬁle 5.

TABLE 5

Statistical mean yieldoéf barley

T T T T T T T T T T T e e T T
1 ' ' ]
! state 1 ‘state 2 state 3 stote & state 5 |
! ' l
| T T T T e e e T T T T T T T T e 1
: [
| St LL.SF.  46.62  46.00 E
I . “ 1
TR 46.12  45.3%  46.06  47.29  44.92 ;
1 ]
| SBG? 47.87  4L.69 45,38 46.31 1
1 N
i CLIN L6.65 43,35 45,67 !
. \
trmm e —mda—— e rmmcrrmmee s meeerr—m e ————————— +

*#* tynit : Bushel

To multiply these mezns with their weights rESpéctively, the
fsctor ratings, therefore, are generated as shown in Table

6.
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TABLE 6-
.The factor ratings for barley
Rl el i i el T T T S — +
! . . =
' . . .
J state 1 state 2  state 3 state.s state S |
b o I
A |
| sipP 1.2869  1.37% 1,329 :
]
. . [}
E TXTR 0.4612  0.4533  0.4608  0.47AS  0.4492 ;
1 v |
| 'SBGP 4.0200  3.741e  Y.BL65 3,894 :
1 : c
i CLIM  ~ 2.9156 2.7094%  2.6544 E
1
S S Iy

(3) The Site vectors and result indices have torcorreSpnnd
with leacH other, Dbecause they repfé;ent_ the physical
condition of a particulser site and its crop vyield
réspectively.‘ In this study, only two-way or two-state
interactions are expected to be calculated. In other
wofds, each state ?s matcﬁed into pairs with each state of
other factors =and the interactions between these pairwise
states are to be calculated.  The Site vector and its resulf
index have to cope with the pairwise states they represent.
In this case, fifteen states are taken into account totally,
eighty three pairs of states are thus generated, _which

repregent the pairwise interactions between coexisting

states and are divided into six submatrices, 15 (3 by 5) in

“»
Fa
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-submatrix SKOP-TX¥R, 12 (3 by 4) in submatrix ShOP-SBGP, 9 .

(3 by 3) in submatrix ShOP-CAIM, 20 (5 by 4) in submatrix
TXIR-SBGP, 15 (5 by 3) in submatrix-TXTR-CLIM, and 12 (4 by
3) in submatrix SBGP-ChIM. 'Thérefore: there are;eighty;

three unknown variables (interactions} in the Use matrix,

 which require eighty-three Site vectars 83(5)15, and their

carresponding result indices (R)83 to.solve those unknowns.
7 .

Parts of the Site vectors are diéplayed in fiqure 4.

Although the factor ratings in the Use matrix and the Site
vectors are acquired, without the resultant indices the
interactions in the Use matrix could still not be generated.
Jhe method of computing result indices for this study wes
described in section 3.2.  In this case, it needs eighty—
three result indices corresponding with the eighty-three
unknown variable$"in the Use _matrix and the Site vectars.
The first fifteen indices, in accordance with the fifteen
unknown variables {(interactions) in submatrix ShOP-TXTR,

represent the result of joint contributions between factor

‘SkOP and ~ TXIR. They are computed by multiplying-

statistical mean‘yields of each coupled coexisting state
with the joint effect (weight) of these two factors. These
indices are shown in figure 5. The athers can be computed

in the same way.
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; “~\
- . ‘ Figure 4: Parts of Site vectors of barley

e e e e e e +

. P
! Factors SLOP  TXTR  SBGP  CLIM ;
[} ]
: States 1231234512341 27% !
| l
| emcr e e e e e e e e 1
I A
| Site 1 loecioegaoocQceoD ;
i |
| 2 i1co00102900000000 !
] |
i : 3 lecoeeoicaagconocoe i
1 ' 1
| 4 1ceo00108¢c0C0C2Q :
] N |
, ] 5 ircoeeeocl1ceoo0co H
] 1
L E 6 plrolc0CcEOQCCQ]O E

1 '

N 7  ‘olocioecoC0QCCo Lo

H 1
! 8 pi1ecCcrlogQoogcCceoD !
1 ]
|
E 9 cilgcool1000c2000 !
1 ]
; 1C 2100C0010000¢CQ0 i
] , t
! 11 Co11000000000002 i

] |
1 ]
! 12 cel1Cc10Q000QC2CC03 1
| : ' I
| 13 polocelecceaagaen !
I 1
! 14 celeccolococcogoc ;
] 1

E 15 pel1oeocloCcOoCCeoQ E'
] 1
i 16 1e000000210C002000 :
] . 1
i 17 iceCc2200010020¢0C0 '
i i
: E 18 10¢220cpceolccae E
. ] [
¥ 19. - 1g00¢e2¢0022cCC)YC00 :
] ]
i 200 gl1o0cpgoRicooogQn E
| ' 1
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e mdam e acsmresam M Eee—me e e e mi—eam e e m—— e m——————— +
- . . }
s Lo E
4 |
0-2%2-5% 5-9% ‘ ;
' i - I
_________________________ |
toam 1.7429 1.6293  Jps022

T Sandy-Loam 1.7983 1.7679 1.798%
- X Clay-Loam 1.6380 1.833C 1.7550

T Silt-boam  1.6380 1.8599 1,798%

——— o ——— . —_— — o o — —
[t -
- .

% Lloamy-Sand 1.7811 1.7421 -1.716C o

’ Thfée of these indices (Sandy—koaﬁ:G-Z, Sandy-Loam:5-9;
Silt-Loam:ééq) in figure 5 are reblacgd by the mediate valué
which is »calculated by the multiplication of overall mean
with the joint effect of these two coexisting factors, due -

to the fact that there ared no such soil conditions of thase b

caexisting states in sampling sites.

o

The variables Site vectors B3(SJ15,_§EFtur rafings (D)15 and
result inJRces (R)B? are obtained, through the ope;ation‘of ‘ T

= computer program, CROUSMAT (COmputing USe MATrix) (see Y .

BPAN]

d
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- appendix A), those unknawn interactions are solved; and the

- Use matrix 15(U)15, is, thus, acQuireQ and shown in figure -
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Figure 6 : The computed Use matrix for bariey by cdnsidering

four factors

 SLOPE CLASS SURFAGE TEXTURE )
0-27 2-57 5-97 Loam Sandy-L.-Clay-L ~ Silt-L  L-Sand
1.2869 0 o o 0- 0 0 0
0 1.3473 o 0 0 0 0 0
0 0 1.3206 ¢ 0 0 0 0
-0.0052 0.0108 0.0116 0.4612 g 0 0 .0
0.0581 -0.0327 0.0156 O 0.4533 ¢ 0 0.
~0.1097  0,0249 -0.0352 O 0 0.4608 0 _ g
-0.1218  0.0397 -0.6040 O 0 0 0.4729 g
0.0452 -0.0542 ~-0.0624 0 0 0 0 0.4450
. -2.6969 ~0.9§73' -1.1869  0.5618 0.6227 0.2335 0.3026  0.8350
- -1.0217 -1.0902 -1.0210 - 0.4283 0.6005 0.5930 '0.5808  0.3854
-0.6934 -1.1435 -0.9960 0.5178 - 0.2542 0.5182 0.5061 0.8305
~0.96%6 -1.0759 -1.0841 0.4073 0.4475 1.3645 0.5506  0.1543
-0.1651 0,135 -0.1442 0.0731 -0.0389 ' D.2089 0.1109 -0.0420
~0.6347 -0.1222 -0.0788 0,1098 0.2495 —-0.7232 0.2298 0.2538
-0.3133 " 0.0663 -0.2238 0.0640 0.1045 . 0.0970

0.0849

§.1088
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The computed Use matrix for barley by conaidering .

Figure 6 -
. ) four factors (continued)
< . . i
‘Y «  SOIL SUB-GROUP | " CLIMATE AREA
’ LD 160 BLE  6L-0 20 3GF . . 56F
[ 0 0 0 0. - 0 0
0 0 0 0 "0 0 0
0 0 0 0 0 0 0
0 0 o o 0: 0 , 0
0 0 0 0 k\ﬂwpﬂ 0 0
0 0 0 o 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 |
4.0200 0 0 0 n 0 0
0 3.7416 0 0 n 0 0
d "0 3.8165 O 0 | 0 0
0 0 0 3.8947 0 0 0
~0.6533 ~0.8922 -0.8845 -0.8337 2,015 0 g N\ \
~1.2933 -0.8550 -0.5776 -0.6700 . 2.7094 0
~0.9262 -0.7046 -0.7226 -0.8009 0@ 0 2.8544
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Chapter IV , *

5’ j
DISCUSSICN
4,1 OVERVIEW

; As mentioned before, ‘tﬁe pgrposé of this studybwas to
a£tempt to find & mathematical method to calculate the Use.
matrix defined in the LASTAN medel, in order to avoid
subjective intgrprefation. The,computef prqgram-CUUSﬁAT is
a mathematical model which meets this objgctkve. ‘The method
used in CdDSMAT was illustrated  in the first chapter. Its

result, the computed Use matrix, was shown in figure 6.

Mathemat ically, the COUSMAT program‘ can‘achievé the
purpose af computing the lUse matrix which was defined in the
LASTAN model.;"PMWevér, further discussiocn is necessary to
clarify those representations of the result showed in the

1
computed Use matrix and their significance in reality.

The Use matrix represents the contribution of the
variables to the production of @ spedified crop. Thus, the

essential soil and climate requirements for successfully

- 57 -7
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grnwinj'ﬁprley need to be feyieéad briéfly; A,fhe compiled
data also affects _tﬁe résult of the computed Use matrix
qr;atly. In addition,l the Use matrix is compased of two

key componenté: " factar ratings and submatrices of

interactions. - The compiled data and components aof the Use

matrix will be reviewed separately in this section.

Y
.

Barley has a rather weak root systgh and since it has,a
short growth period, it gro@s best on ﬁporous ‘soils;
particularly fertile, well drained soil in which the plant
nUtrien£slaré available in easiiy assimilated form. Jhus,
Fertiia, well drainéd,' loam and élay losm produce the
higheét_grade barley (Rayen, 1954). Cold, acidic, heavy

clay and sandy soils as well as organic soils are generally

unsuitable for barley production.

4.2 DATA REVIEW

Data collectiﬁn plays an important role in a scientific
analysis. Its precision gfeatly influences the results of
the analysig.' As the emphasis of this study has been placed
on methadolagical demonstration, incomplete data would not
impair the value of this work. Obviously, however, the

further demonstration aof the. vaiidity of results obtained
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through the application of this model should require the

collection of appropriate and accurate data. Some

shortcomings of the data used will be disscussed to aid in -

future applications of this model.

4,2.1 Data adoption ) s

Data adopted for scientific analysis‘must'be data which
was ;btained under general or fair conditions. In
agriculture, crop yield is afFectéd by many uncontrpliable
physical, ecological and social factors, e.g., a étarm may
cause the destruction of an entire crop. In general, mean
yield of long run observation in agriculture ‘is more
representative than that of sﬁort term abservation for a
specific soil condition. Most studies in agriculture have
addpted mean yieldé of loﬁg term observations as input data
for analysis. Unfortunately, since such long term mean
yields were not available, the data of crop éield adopted in
this study is _from one year's observation. Although

nathing showed that the data is grossly incorrect, it is

-nonetheless dangerous to take the crop vyield of one year to

be a general repfesentation of averade crop yields. Nate,
this does not  impair the value of this waork as &
methodological demonstration which 'actually was &Ce main

\‘.

objective of this thesis.
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' The input data was

60
4.2.2* Data sampling -
As declared . earlier, the data uaedl included

approximately twelve hundred sites for barley, within which

"only ane hundred and fifty sites were sampled for this -

analysis. The randém sampling technigue was used, meaning
that any site within the sample space had an equal ?nd'
independent chaﬁce qF being selected. In fact, thdse sites
used were selected one by one from the top of the data list,
e#cluding those 'sites in which soil conditions were cut of

the fixed states of sail Factors;/,, This caused the result

of zero samples in some.cglls of coexisting statgé: The
: 4

grand mean yield of barley was thus'used to compute the

indices replacing those cells, in order to calculate their

interactions. Of course, this influences the correctness

of the computed Use matrix.

4,2.3 Data distribution

selected by random sampling.
However, the sampling Fréquencies of sgtates are not equal.
Some states like State Sandy-koam and Loamy-Sand in Factor
surface texture (TXTR), State Bk-E in Factor soil subgroup
(SBGP), and State 5GF in climate area (ChIM), have

frequencies of less than ten sampling sites individually.

"
N

9
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Several - samples: are required to avoid erroneous
generalisations which may affeet results adversely. . GOne-

.cbnapicuoua example is that there is only ape samplinﬁ\eite

in the soil conditions of coexisting states between State -
0-2% in varisble SLOP and State Gh-D in varisble SBCP.

Also, ‘tha investigated yield of this h;ite is véry low, 29

bushels per acre only. This causes thgxinteractiun between
theée two coexisting states to have Ehe lowest value -
1—2.6969) in  the computed Use matrix. Such low
interaction, therefore, resﬁlts in the comparatively lowe£
indices of those sites 'which contain thé caexisting soil
conditions 0-2% in slope class and GBTD in soil subgroup.
Table 7 shows so0il conditions of those comparatively lower
indices af sites and their performance indices which are
affected by the exception méhtioned aﬁove. There are still
several similar exceptions appearing in the computed Use

matTix.



62
TABLE 7

[}

Canparativgly lowér indices of sites : their soil.conditions

B

'E SLOP

i Site 12 31
1
S
3

E 1 1001
! 2 1o¢01
i 1 1001
§ 4 1000
i 5 10¢c¢
I 6 10038
i 7 10002
E 8 1002
i 9. 1000
i 1 1000
{ 1 100¢
I 12 1030
é 13 100¢
i 1 1coo0
i 15 1¢¢0
e

** The grandmean

T e W T 0 . - —— -

and performance indices

__________________________________________ +
TXTR SBGP CLIM
2345123612%  Index
0CCCL1C00100C S5.6017
peoal 0C201C 4.5
0C001C02C01  5.3067
160C1CCC120  5.506C
1002100C01C 4,775
1000100C0C001  5.4635
01001000100  5.5043
cleclcCCO0lC  3.2478
tggl colecacal  4.9065

ad2101¢001C20 5.4754
J U_i crecalCle 4.275C
cdicl1cocCcacdl 4,9636
cocecl1icecalroc 5./9980
gcgci1i1cecole 4,9744

62011003021 5.6629

+-____-_-_-____-____-_______-_____________f__—_-;-__-_-________

of performance index is 6.8655,
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4.3  FACTOR REVIEﬂ

Facter ratings are the degree aof contribuﬁiohs of
states in isolation. - Generally speaking, 'within a Factﬁr
Qariable, the higher rating indicates the more,suitable soil
coqdition for barley production. However: the randum
sampling technique usea in this study sometimes causes
unequal frequencies fdar states of-Factﬂrs which could result

in unexpected consequences in- interpretation. Twa factor

variables and thedir ratings are reviewed in the following

. examples.

" The surface texture Qas divided into five states ---
boam, Sandy-koam, Clay-koam, Silt-hoam and boamy-Sand ---
according to the size and distribution of primary particles.’
For example, Loam is a soil material that contains 7-27%

clay, 28-50% silt, and less than 52% sand. Clay-Laoam,

-then, contains 20-35% clay, less than 26% silt and 45% or

more sand. Barley tends to need 1loam & clay-loam soil,
which caontains average percentage of clay and sand such as
koam, Clay-bkoam and Silt-hoam, .for optimum conditions of

production. Figure 7 shows the isolated contributions of

-states within factor surface texture (TXTR), which Ffamed

parts of diagonal entries of the Use matrix. It represents



.
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: tﬁat Silt-Loam'texture contributes the ‘highest effect on
bariay production witﬁin these five soil textures. ' The
_fulidwing order is. Loam and then, Clay-koam and Sandy-boam.
In cﬁmpariaon withl the other four soil textures statéd"
above, Loamy-Sand cuniributes‘the least to the growth of .
barley. Thié result demonstrates that the ranking of
factor ratings in this study is consistent with the

‘-_.\_ .
requirements of ‘growing barley..

ﬂk Figure 7: Contributions of soil textures
. 0.4729 . '
+ a0
0.4612 o/ \
. [+]
0.4508

| 4¢aa-¢—“'° 0.4533
o .

0.4490
, ' —_— & * oo &
( _ L-Sand Sandy-L Loam Sile-L Clay-L
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The propértiés of Featureé:contained in the lower level
of the soil classi%icétion system are inclusive of
characteristics spécified in higher‘pevels from which they
‘ard defivéd. Thé Four‘states-'in_ factor soil subgroup
(SBGP) are shawn in.tﬁree arder levels, Chernazemic (Bh-E),
Gleysolic (LG-0) and buvisolic (Gh-D & Gb-0).  The features
of'soil dfﬂﬁleysulic order indicate that sails in thié order
are pumparatively=ﬂnsuitable for growing barley, due to the-
fact that producing barley requires well—drained .soils.
However, Gleyéolic soilsare usually associated with either
) high gfound water=utable at some period of the vyear or
temporary saturation abave a‘relatively impermeable layer.
The isolated effect of State LQ-G (Orthic kuvic Gleysol) in
factor soiirnsubgrnup‘tSBGP) which inherits features from
Gleysolie order, is therefofe, the laowest in comparison with
othgr states in this factor. In general, the organic
mgterial cavered in the Black soil is higher than in Gray
Luvisﬁl sail. This results in fhe characteristics of
Eluviated Black éoil: h;éher soil temperatures, fertility
and betier drainage, all of which are éondﬁcive to barley
growth.  Therefore, the expected rating arder of states in
factor soil subgroup i&' order of their contribution ‘to
barley production should.be: BL-E (Eluviated Black) > GL-D
(Dark Gray Luvisol) > Gh-P (Ufthic Gfay kuvisol) > LG-0
(drthic Luvic Gleysel). .The statistical yield means and
frequencies calculated on the basis ofllthe populétion

observations {1,246 sites) for barley have demanstrated this

-
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expected arder. However, based on the sampled observations
(15C sites), the order becomes: Gk-D > Gt—0_>‘8h-E > bG-0.

In other words, state Gh-D " ranks smong others; state Gh-0

-fdllowsi state Bk-E becomes the second lowést and state A0

is the lowest. That is because there are only &4 sampling-
sites for state Bb-E while the .other three states haﬁe mox e
than 40 sampling sites indivddually. '\Eiss samples may
result in.erroneous generalizations. The‘statistical yield
means on the basis of samplea observations are hdopted to

calculate féctor ratings as the isolated contributions of

states. This is to maintain data consistency and because '

_incomplete data will not affect the value of this study as a

methodological demonstration. .Figure 8 Aindicates the
dif ferential contributions of states in factor soil subgroup
on barley which were calculated. on the basis of sampled

observat ions.
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,-negat ive. ‘Nore . of them ' is exactly neutral. v This

Figure.8: Contributions of soil subgroup

4.0200° T ' o

i

/0. 3.8947
/° 3.8165 :

L) . i o.
. " f3.7416
o ) ‘ .
- S Y — S - : -
GL-D LG-0 BL-E GL-0 .
3 4
4.4, " INTERACTIONS REVIEW s,

’

’

The  interzctions betwken  coexisting states may ‘be

positive, neutral or negative.  The compUted -Uss matrix

Teveals that, the interactions” .arg either positive. or

-

demonstrates that intersctions are ¢ significant in the
Parametric  method. However, interactions in  some

submaﬁrices of the comppteﬁ.Use matrix,f such as subﬁatrii

between slope class and soil subgroup, ;ere -all negative.

Although the land factor inté?actions are'frecogniz9d,' the

*

\ a .

e ¥
o
>
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te date. The phenomena of alllﬁé@atiVe interactions in a

« Submatrix mby be .not expgcted, . this possibly results from

that the‘data_ué;d are one year's observation; ar the random
'sémpling technique adopted 4is easy to -result in zero
R ~ samples. . Both of these cause the‘punsequence'of erreneaus

- . -

generalizations. -

. .
LEN

~

Génefélly speaking, the magnitude of interactions are

irrequiar. However, there haVe.-_;he -tendency. that
[ - ' . interactions between a spetific state and states in another
— . factor are consistent with’ratings of that “factor: - The

highest “ interaction .cprpespuﬁds with ' the. highest FacEE?”f'

- . rating. When the contributions -of states in a ‘specific
factor are liqed in ascendihg ,order,” the interactions

- ' .bétween states of this factar and a state of another factor

1

- . . ‘ :
) ere lined in ‘the same drder. ket us take states in soil

subgroup for instance: as shawn in figure 9, the state bG-0

. R contributes the lowest eﬁFeqt an barley. . The “rating of

state BL-E is & little bit higher than that of state hG-.

X - _ . -
State GL-0 takes rank.of state BLb-E, and state GL-D ranks

o 'amohg-these four states. Either the ascending order of
interactions between state 2-5%3n varisble slopa;éigss, ar

( © state 26F .in factor climate area and the states in factor
C o N
a - - » - subgroup indicate the same order.

LI

a‘-' S g _— o '( o
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[N "+ «knowledge of their nature_and'effecfs is far from complete

.1. ‘.J



_Figure 9 ! Trends of contributions of factor ratings and

interactions based on soll subproup

factor ratings'ih
soil subgroup

interactibns between 2GF of Climate area
& states of soil subgroup

interactions between 2-57 of Slope Class

& states of soil subgroup . . -

@

5

3.8947.
o]
fﬂf/ff”&P 3.8165
N - Lt -
3.7416
—_GLzD__ LGz0 BLZE GLzO —
-0.6533 .
oL, o
N .
~. —rsor= O
S gy 0 - -0.8337

-0.9978 -0.8922 ° °*
°...

U, -l.0902 0 e

"o-..#,__‘."_"o___..-—-"‘.'" ° a1.0759

~1.1435
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Another example is shawﬁ'in‘fiéure iB.-V}It iiiustrétas ’

the same  tendency mentioned in foregaing: example.
According to the magnitudes of factar fhtings, the ranked

order of states in-variable slope class is illustrated as

follaws :

ratings --- 1,2869 < 1.%294 < 1.3473

. . 4

states --- 0-2% 5-9% 2-5%

The interactions between either state hoam in factor surface

texture or state 2GF_in factor climate area and these three

states in factor slope class pointed out the carrespon :ng

order.

.magnitudes of ‘ ‘
interactions -0.0052 < 0.0108 < (0.0ll6
between Loam & (0-2%) (2-5%) (5-9%)

‘magnitudes of ' .
interactions . -C.1651 < -0.1442 < -0.1%49
between 2GF &  (0-2%) (5-9%) - (2-5%)

L
-

This trend also represented dimplicitly in an evaluated

i
Use matrix of the RASTAN model in kok's case study/

/
{

a | \\
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~ Figure 10.: Trends of contributions of factor ratings and

‘Interactions based on slope\class

- factor ratings in
slope class

1nferactions between Loam of Texture
& states of slgpe class

1nteractions‘between 2GF ¢f Climate area
& states of slope class i

1.3473
o] \ ‘
91,3294
[o]
1.2869
0.0108
0-27 O e o 0.0116
— o o £ < e m—ne
A 5-97
of
i -0N.1349
on. T
- /. . ."'-.,-
o © ~0.1442
'/'.
,
[ o]
~0.1651 )

(I8



4.5

COMPUTED INDICES

‘Using this cumputéq Use matrix for barley to re-iﬁsfall

in the bASTAN model to substitute the evaluated Use matrix, .

| -and then through operations of the BASTAN model; a series of

performance indices can be generated. Each index indicates
the: land suitability fpr barley under a possible soil

condition when only four of the.aforementioned factors are

taken - into account. Figure 11 displays' parts of this

series of performance indices. The highest index (8.2331)
specifies the soil most suited to barley. 0On the contrary,
tﬁe lbwest index (3.2478) indicates its unsuitability to
growing barley. Thé following twa Site vectors (Site H and

Site k) - represent the highest and lowest indicés in this

study.

Factars SLOP  TXIR SBGP  ChIM

States 123123451234123  Index
SiteH . 0100010000010QC1  8.2331 .
Site L 1000010C1C00010  3.2478

In compariscn with the soil conditions of these two sites,

although the state of soil subgroup occupied by Site b {Gk-

D) has much mare contribut ion or effect on barley than that

: S

72
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of being accupied by Site:H (6h-0Y) and theggeil texture are
thg same taifg-koam), the dif%erence of pomputed indiees
between these twd. gites ié very high, | aqual.fo 4,9853,
Again, it proves the significant gcontributions of

interactions on soil gsuitaebility evaluation.
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Figure 11‘: Parts of performance .ﬁidict-.svcalculate'd b.y_
‘ * LASTAN model installing the computed Use matrix
Slope Class Surface Texture Soil Subgroup: ClimEte Area
2GF 3GF  5GF
GL-D 5.8017 4.5190 5.30647
LG-0  6.8261 6.2206 6.7916
Loam
BL-E 7.2839 6.9907 7.2663
GL-0 7.0688 6.5898 6.8795
GL-D 5.8060 4.7750 5,4635
4 69417 6.5879 7.0597
Sandy Loam BL-E 6.9637 6.9222 7,0986 -
GL~0 7.0534 6.8251 7.0156
GL-D | 5.5043 3.2478 4.9065,
: LG-0 7.0217 5.4424 6.8844
0 - 27 - Clay Loam )
BL-E 7.3152 6.0482 7,1948
GL~0 - 8.0569 6.6041 7.7648
CL-D 5.4754 4,2750 4.9635
LG-0 . 6.9116 6.3884 6.8602
* 511t Loam BL-E 7.2051 6.9942 7.1706
GL-0 7.1450 6.7483  6.9388
GL-D 5.9980 4.9744 5.6629
. LG-0 6.7063 6.3599 6.8317
Loamy Sand ) :
. BL-E 7.5197 7.4856 7.6620
GL-0.  6.7389 -6.5190 6.7095
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Chapter V

) > " CONCAUSIONS
5.1 QVERVIEW

Basically this thesis is cbncerned with -lessening the

drawbacks of parametric methods. Two major critical

drawbacks in these methods are that:

1. interactions among. Factoré are not taken into
consideration; and -

2. the valueé-'cf physicgl factors’ are generated by
evaluation. Cw . , -

»
The first drawback, not taking linteractians. into

account, " was salved when the LASTAN model was established.
In the LASTAN model, there are two important components: the
Site vector which represents the sail or climate conditions
in a sﬁecific area; and the Use méftiﬁ which represents thé

land use requirements. Values assigned to the cells of

- this Use matrix are not only the - cantributions of physical

factors, but also the twa-way interactions among factors.

fhrough a sgeries of operations of the LASTAN model, the
»

- 76 - “\\
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performance index of site suitability for'aldefined 1é;d use

‘can be calculated, which incorporétea those per@inént'main

=
|

effects of paramsters and tka-yay interactions. |-

- - |
|

However, the Use matrix is generated'on the basis of

evaluation. That is, -the method of géheratingA:the Use
matrix is somewhat subjective. . The objective of " this

thesis is to develop a mathematical method \té Qeﬁarate the

RJ

Use matrix defined in the BASTAN model in order to avoid the‘

«f

arbitrary setting up dF the coéfficients. L p ' .

. 4

From fhe equations of the openatioﬁs of the EASTAN

_model, there are three variable terms: the Site vector, the

Use matrix and the performence index. Mathematically, "if
two of these three variable termé_are known, then the third

one can be calculated. In this case, the Site vector,

répresenting the soil conditions, could be obtained from

soil surveys; the Use matrix is the variable to be

. . .
calculated, and the performance index is unknown befare the

operations of the LASTAN model. - However, crop yields,
which could be obtained from soil surveys as well, were used

instead of the performan;e[indices. Thus, the Site vector

and the' result (R) are known and the Use matrix can be -

L3

calculated. "It has been proven that the cpmputér.prodram'

CNUSMAT is a program which achieves this objective.
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5.2 COMMEN¥S

% As previously stated, the goal of this study is
essentially of a methodelogical nature. The work consists

in finding an original solutian to determine a Use matrix in

a way which would avoid the arbitrary setting up of the

coefficients. The computer program COUSMAT was thus

developed in accordance with the inverse operations of the

LASTAN model. It‘iis therefore mathematical and  less

subjective. Alfhough a test with field data in the Peace

River area provides a crude evaluation of the success of
I3 . . ' *

this model, some unexpected conseguences occured in this

case study. Thase exceptions age resulted from the

ineligible data compilatiop. As discussed.in section 4.3.,

far instance, state Bt-E (Eluviated Black) in variable soil

wsubgroup becomes the éﬁﬁcnd lowest contribution on barley -

growth 'due to the fact that limited sampled sites {4 sites

“only) in  this state  results in the -erroneous

] .
generalizat ions. Alsa, as discussed in 4.2.3., one
. . .

exceptional site sample caused an . extremely ‘negative

interaction value (-2.6969) _amaong state 0—2%\:in vafiable
. . N '
slope class and state Gk-D in variable soil subgrBup; In
. l\
short, it has been proven that this methodplogical

demonstration is applicable. However, the validity 6f this

model rests greatly on the validity of défa.compilation.
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5,3  APPAICAVION OF COUSMAY PROGRAM

0bv1ously, whan a large number of n0ﬁ9atr1c Factors are

' taken into account, not only the two-way 1ntaract10n8 but

" also three-way, four-way and hmgher way interactions among

factors Eﬁuld be generated. 'However; in the MASTAN model,
attention is placed on main effects of soil conditions
(factor rafings) and two-way ipteractions. The others,
sucﬁ_as thraé-way and higher-way interactions are ignared.
Mathematically, thg technique ﬁsed ip the COUSMAT ﬁrﬁgram is
not suitable for computing three- or higher-fay interactions
due to features inherent in thq LASTAN model. In the
LASTAN model,. the Site vector is a dualized .veqtof. it
means thaf the vald:g in entries of this vector are binary

values, either 1 or C. 1 COUSMAT{ a homogéneous matrix is

"used  to solve the linear equations in order to gain/

solutions of two-way intefactians;. Within these aperations;
its invefse matrix has ta be calculated. Assuming that
three-way interactioné are to be.pa}culated, such matrix can
'easily.become a single mafrix which does not have inverse
magfix.' Thus, no solution can be obtainéd. Therefaore, if
the thrge-way' or higher-ﬁay interactions are required, a -
more complicated program must - be designed ins#ead of- the

COUSMAT program. . Generally speaking, as described by'Kim,
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the interprefation of higher-order iﬁteractiop effects may

)

became problehetic or may be of little: interest (Kim, 1975),
* o '
because whien the orders increase their weights decrease.

In conclusion, when the aforementioned defects of data
processing have been corrected, the COUSMAT pragram, is just
the mathematical mafhcd needed to. calculate two-way

interactions for the LASTAN model.
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Annendix A"

CALSMAT PRACMAYY

PRAARAM COUSMAT (TNPUT OUTPIT)

(* procram of peneratine the Use matrix

CMIST

M o= 15: (* number of toral states *)

A= T3

B = 5: (% nurher of states
O= 4

= 3

T o= 47

Foa 17

N = 83:

QLATHT = N A280. (* weiaht
TITR'™T = N,N101: (% welcht
SRAPET = N N841: (* weienht
CLIMIT = N NA?S: (* weieht
STHT =" N, N39:; (% waieht of
ST = N, N9N: (* weicht of
TSWT = N,1N4: (* weirht of
SOUT = A NR]: (% yeioht of
NCIIT = N, 120 (% yeieht of
TOWT = N, N74: (% weight of

OPANYEAN = 46,11

v
1

v

{(* numher of states in factor slone clase ¥
In factor .«urface texture *)
t (* numher of states in factor sefl -suyhernun *Y

* (* numher nf states {n factor climate araan *)

(* nu~her of total interactions #)

nf factor =lmane ¢lage *)
af factnr surface texture *)

of factor snil

gukeoroun *)

of factor c¢limate area *)

interactinns
interactions
interactions
intaractions
interactions
interactions

(* overall mean vield

TYPL )
AAA = ARRAY (1..A) OF RTAT:.
BBR = ARRAY (1,.R) NF NFAL:
“CCC = ARRAY (1,.n) NF RFAL-
DT = ARRAY (1,.D) NF MTAT,:
RAYONE = ARRAV (1..)) NT RFAL:
RAYTHN = ATRAY (1,.¥) NF RFAT: .
SPT = APPAY (1..A,1..B) AT MFAL:
SPS = ARRAY (1..A,1..0) OF RFAL:
TRS = ARRAY (I1,.3,1..7) NF TFAL: A
SPC = ARRAV (1,.A,1..D) NT REAL:
TRC = ARRAY (1..3,1..D) NF RFAL:
SRC = APRAV (1,.M,1..D) NT RFAL:
ALPTIA = ARRAYV (1..¥,1..,%) N7 INTEGER:
BETA = ARRAY (1,.9,1..¥) NF¥ RFAL:
A4 = ARRAY (1.,77,1,.¥) N7 BEAL;

- R3 -

——— CTNT
-—— o1,
——— TYTR
—~m QTAD
——— cmnp
-—= TYTM

% TYTR
L% CRAP
g CROD
& PT,TM
L CuT
& eTT

nf harlev *)

ir the TACTAYM podel

*)
*)
*)
%)
)
#*)
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VAR .

SLNP : AAA}

TXTR : BER: v ’

SBGP : CCC:

CLIM ::hDN;

SLOPTXTR : SPT: .

SILOPSBRP : SPS.

TXTRSRAP : TRS:

SLOPCLIM : SPC;

SBGP LI™ : GFP
TXTRCLIM : TRC

SMAT -: ALETA; .
CUMAT, UMAT @ BLTA:
_RMAT, WMAT, MIMV ; QAMA: ‘ B
™I+ RAYNXNFE: ‘ :

DR, R, ¥ : RAVTWN:

I, J, X, L, M : INTENER:
SUM : REAL:

**********************************************************************

® *
¥ SMAT : the hvnothetical site matrix ok
* UMAT : the hvnothetical use matrix K
* CIMAT @ the comnuted use matrix ‘ *
% RMAT : the result matrix of the LASTAY model ' *
* *™MAT : the mediate matrix for comnutine interactions: o
* MINV  : inverse matrix of AT *
* Ny - diaronal arrav of the use matrix or factor ratines *
* gqq! t array comnuted hy dd4aesnil of SHAT X TMAT ' *
* R : the mediate arrav for comnutiae intaractinn matrix *
* DR : diaronal of result arrav or per¥ormance indices *
* v i the comnuted interaction arrav *
14 . * .
* The operations of the LASTAYN moidel: *
*
SMAT * UMAT = TWAT %
SHAT & THMAT! = TUAT *
. ‘ * .
‘The method of comnuting interaction arrav: x
: *
NAAT AV = DR - ST = B *
mem> Y o= VTV & R ' #
*

- B - B - 2

*****ﬁ******ﬁ#**************#*******ﬁ**t**f***ﬁ*ﬁ***ﬁ*ﬁﬁ***%*ﬁ***ﬁ*#**

(* procedure of calculatine multinlication of tvo matrixes *)

PRNCIDURE “IILTIMATRIX(VAR TMES:RAVTIN:  NNT:OAMA: ML :RAVT™™M) ¢
VAR ' \

I, J, K : INTFRER;

SITS + TFAL:
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" mEATT - S B ' - -
FAR I := 1 TN X D1 . ’
RTATN : : -
SUM = 0,0 - ‘ .

FORJ :=1TOXDN
. SUM sm SUM 4 ART(I,TY *"OL(J):
"RES(T) :='SUM:
Em:i(* for 1 = 1 to n *)
“END: (* procedure multiratrix *)

(* procedure of comnutine inverse matrix *)
PRACTTILRE VﬁﬂTfV(VAQ MATS:OAMA . SIATIOANAY .

CANST )
N = 16A: .

TYPE :

DBARPAY = ARRAY (1..%,1..DY) NF PFAL:

VAR ) N 3 .
CYAT @ DBARPAV: ‘ ' ’
I't, TP1, IST, T, J : TVTFAFR:
C1l : RTAL:

(* nrocedure of estahlighine fatermadia matrix *)
PRACEDTRE MOUBLERTAN(VAR  ZMAT:MIMAPDAV:  THMATAAMAY .

VAR .
T, J : INTFRER:

BFAIM :
FOR I := 1'TA v NN
BEATY
FOR J = 1 TN DV BN
BFATY

IF (J<= ¥) TUF
IMAT(T,T) = 1.0
FLSE
TAT(T,T) =001
EMD:(* for { := 1 to dn *)
BNi(* for 1 := 1 to x *)
FND: (* nrocedure doubleread *)

(% main proeram of forinv #) .

BENTM
DNIBLERFAN (CAT, SMATY ¢
FAR IP := 1 TO ¥ NN

RENTN '
™ := IP-



sregegar c

S

IST = IV 4 1
FOR T tm IST TH ¥ DD
RENTY

. IM = T ,
END:(* for { := ist to x *) .
IF (I <> IN) TITXN
FOR J := IP TN ™ DA
BEATN . : s
CL = CMAT(IP, ) T
CAAT(TP,T) = CMAT(T!,D):
CMATIIM,T) = CL;
FXD:(* for § = in to dn A
Ny, =" PN.A'T‘('U‘J ‘[D)
CMAT(TP,TP) :w 1.0:
FAR J := IST TO DN nn

CMAT(TP, 1) = CMABLTP,T) / CL:
FAR T := 1 Tn ¥ 3h .
IF (1 < M) /TUrY S

- PTPT“
TDl tm TP 4 1.5
CL = CMAT(T,TP) -
CMAT(T,T®) == N N
<\ FAR T = TPI TA DX NN

CHMAT(T,T) = MAAT(I,T) = (T, * P"A*(TD n:

bale W (* 1f {1 < in ®)
EM:(* for 4n 1= 1 to x *) -
FAR I := 1 70 ¥ A L
PLOI™ , :
FAR J = 1 TN X NN
“QTQ(T J) = P"\T(I RESA T
TAD (X For i = 1 *)-
FND: (* nrocedure forinv *) -

LY

(* main nrogram of COTSVAT *)

BEGIN -
(* read in site matrix *)
FAR T :=1TH Y No
REGIN
FOR J := 1 TN X nn
READ(SMAT(T,0)) 5, o . 7w
"PEADLN: T T
PN (* for 1 := ¥ to x %)
(* read in data to comnute factor ratian *Y
PM I := ] TN A DN
REAIV
REAN(SLAP(TY)
DU(TY := SLAP(TY * syAnuT,
M
RLANLM

e

e

IF (ARS(CMAT(TM, I“))'<AB9(”"&*f? TPY)) TOFW

Tl



PR 1 te 1 TN B nn i

" BEGIN -
REND(TXTR(I)) -
DIT(A+I) := TYTR(I) * TvTR“T:
FND
“PEADLN;

FAR I :=1THC nn
BFRIN
READ (SRAP(T)) 5. :
DU(A+R+T) := SBAP(I) * SHEAPTIT:
™m: :
READLY":
FO" I := 1 TN D DN,
‘nrﬁtw
READ (CLIM(T)) :
DUA+BHCHT) :m CLTW(T) * CLIwT:
FND:
RFADLNM: »
(* read in data to compute nerfarmance indices *\
¥ o= 1:
FORI :=1T0 A DN
BERIN -
FAR J =1 TN B Nn
BFRIN ,
READ (SLAPTYTR(T, N :
IF (SLOPTXTR(T,I). = N) TREw
SLNPTXTR(T,J) := GRANMEAN:
DREK) := SLOPTYTR(T,I) * CTUT:
F =X + 1: '
END:
READT.M:
END:(* glontxtr *)
FOR I := 1 TN A DN
RENIN ) ,
FOR J := 1 T0 C DN ) .
BEGIN
RFAN (SLAPSRAP(T, 1)) :
I¥ (SLAPSBAP(T,.T) = 1) TUTN ,
SLOPSRAP(T,.7) := APATTAN.
nR(X) := anvSPﬂ"(T T) % genrr,
K := X 4+ 1t
B ;
READLN:
EMM:f* glonshgn *)
FORTI := 1 TN A DN
BEGIM
FOR J := 1 TO.D Hn
BEGIN -
REAn(anvCLI"(I MK
JIP (SLOPCLIM(T,.T) = n) Turw
SthnLIv(T,J) Im AMANRIEAN,
DR(IT) = SLOPCLTYW(T,TY * Qowr,
F o= X +1;
END: ' A

8y
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nr«nu'- : :
EXD;(* slonclim '#®) :
FOR 7. := 1 TN B nq //’
RFLIN : ) _ a
FOR J := 1 T0 C DN k\“v ' AR
BERIN : : o

"REAM{TXTRSHAT (T, M),
TF (TYTRSROP(T,T) = ) THEW
TYTRERAP(T,T) = ARAYMFAN:
DR(\\ = TVTQQRF“(T 3) & Terr
K o:m R +1-
END: | :
READLN: . ‘ . ‘
DD (X TXTRSRAD &) : )

FA2,. 1T :t= 1 TORDA . ’
S i R o :
Y FAR T e 1 TN D O . ' .

o BEGIN. ,
© RFAD(TNTROLTM(T,.T)):
T® (TYTRALTM(T, ) = N) Turw
TYXTPOLTM(T,.T) = ARAMEANM:
NRK) = TTTOALTM(T, 1) #* Tt
K ot= B 4+ 1: .
m™m: '
RFANLY:
FAD: (* txtrelim *)
FAR I := 1 TN C N
BFATH
FOR J 1= 1 TO D D)
" BEATN
REAW(QR”“CTI‘(T,J))
“IF (SRAPCLTH(T,J) = 1) Tur:
SBEDCLTH(I,j) tm ADANMTANM .
DR(K) := SRAPCLTV(T,T) * ACVT:
c K= ¥4 1
ENG: -
REATL':
M {*ehoaelim®)

(* computine mediate arrav for caleulatine interaction *)

TAR' I :=1 TH ¥ NN
RTATY
ST 1m NN
AR J ¢«= 1 T9 1 DN
TIM = SIN 4 CHAT(T, T & SAT(T T) # RIMANE
R(TY := DR(T) - Sirf-
s

88 -
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nuting med{ate matrix and 1its 1ffve

AR T := 1 TO X DN
BFATY o
L o= 1:

FOAR ¥ = (A+1) N
FOT T n A TN
REATY ‘ A
MAT(I,L) = SMAT(1,7) * OAT(T 1) '
"L =L 4+ -
e

FOR X := (A+R+1) TN N DA
FAR J := (A41) TN (A+3) DN

BREAT™

CPIAT(T LY sm SYAT(T 1) % QAT(T 7Y
L =L 4+ 1;

It I

TOR K = (AP4C41Y TN Y N
FOR J = (A+B41) TO (A+R40) DN

RLATY N : ‘ .
AT (T, T) tm @AT(L,T) * SATLT vy
L =L 4+ 1: : .

™.

FXMi{* far { = 1 teo x %)
TORT IR COTNV, Y MATY ¢

(* nrintout the comnuted use matrix *)

YRITFIN: L

TMITTT THE CMVDERTED TIAT CATRTY TN RARLFY TV TAl'M TArTAne '),
TMITRLM S : :
WPITRA' 'R 'QIADPE ATACCST T T2 'RfIRTANT TRVIME Y .
WRITELI(' ':20,'QATYL QUR-ANAI™' T Vo6 "N TVATE ATTA'Y -
WRITELN: : :
FRITL(T0-277:%,72-57" 13, 75-07 710 'TAAMT 1 tepanet 7Y
WRTTE(' CLAVLOAY STITLOAMT L-8aA'M!' 'AL-D' «r 1a_nt .0y,
YRITELN('BL-E':7,'AL=N":7,’2AF" ;0 '3nTT:q 'gaAp'.a). ,
WRITELM: -

MULTTMATRIN (V ,MINV,R) :
K= 1:
L = 1:
o= 1 ‘ -
FOR. I =1 TN W NN
BFAIN
FAR J 3= 1 ™1 ¥ PN
BEATN
TF TeJ THRM -
CIMAT(T,J) := NNM(T)
FLCF,
RERIN

- 89
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IF (T>A) AND (J<-n) THPY - . oo
RPATY '

CINMAT(T,T) = TIR): o e
R oi= ¥ + 1 k )
M :
p TI1.SE .
: CIMAT(I,T) := N.N:
™mh: '
A ((I>(A+EH AN (J>M AMT (T<-(A+BH) ™Y
REATY
CIPAT(T,T) = V(¥-F4L):
T, 1= L+ 1:
- FND:
IF ((Y>(A+0)) A‘“) (I>(A+P)) AND (T<-(*\+ﬂ+r"))\ TNEN
BrﬂTV

UMAT(T,1) = ¥(¥=430)
‘1 tm M 41
™n: oo, . ;
TRYTE(CIMATIT, T) 1P 4Y . r
CHN(* for 4 = 1 to n *Y -

VMITELN: o
FIM (* for 1 = 1.to n #)

'F\m P . i

/
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