





1. Introduction

The develepment of the electrenic digital computer, and the
increased availability of such computers to research workers, have
atimulated the interest in mathematical models in many fields of
applied research., Wwhere, in the past, scientists have usually sought
physical and mechanical analogues as the basis of their conceptual
models, they are now willing to abstract the essential elements from
the practical problem and to express these elements in the symbolic forms
of mathematics. <Lven in fields of research which are traditionally
non-mathematical in orientation, e.g. plant and animal taxonomy, ecology,
psychology, sociclogy, etc., the use of mathematical models as the
basic conceptual models has become almost commonplace,

Despite this development of the use of mathematical models,
relatively 1little thought has so far been given to the optimum chtlce
of the strategy to be used in a particular investigation,

Most attention has so far been given, in practical applications
of mathematical models, to direot simulation of biological, physical,.
and chemical processes. oSuch direct models are built up from con-
sideration of the rates of change taking place in the component parts of
the process, and are frequently represented by sets of differential’
equations or transfer functions., The main aim of the model is to
describe the process as accurately as possible, although it is expected
that the description will lead to reasonsbly accurate predictions -
essential 1if the model is to be tested against reality. Mathematical
models of this kind may also be used in the making of deciaions, eigher
through the prediction of the outcome of variocus alternative courses of
action, or, directly, from the choice of pre-determined parameters.

The direct simulation of processes in this way virtually requires
a new model for every application, and the modelling process may '
itself, therefore, be laborious and time-consuming. There is relatively
little "spin-off" from one model to another, except in the experience
of the individuasl research worker, who is freguently able to avoid
unproductive approaches to the modelling of a new process. A further
disadvantage of direct simmlation is that the approach does not
necessarily lead to parsimony in the description of the process. The
complexity of the process may be such that the modeller is tempted
to include large numbers of parameters, all of which have to be estimated.
These parameters may reduce the value of the model in practioel work,
because of the difficulty of obtaining estimates in practical situations,
and hence may also reduce the range of applicability of the model.

An alternative approach is that of choosing mathematioal models
which have desiradle properties, even if thess models cannot be reganded
as direct simulations of the process. One advantage of this approach is
that it may be possible to choose models which cen be applied to a wide
- xznge of problems, so that, even if the efficiercy of the solution te

any one problem -is-not high, the overall effticiency is nevertheless
" considerably enhanced. Other advantages are that the mathematics *
involved in the modelling may be simplified, parsimony of the parameters
involved in the description may be achieved, emphasis can be placed on
the parameters which are abstratted, and probabilistic elements may he
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readily incorporated in the model. T[he approach may not, however,
appeal to those research workers who like dirsct analogues and who
are prepared to express physical and chemical ideas in mathematical
terms, but are not prepared to accept a conceptual model which is
entirely a mathematical artefact., Furthermore, essential elements
may be missed wore easily where the direct analogue is.not available,
and the mathematical formulation n#y introduce assumptions whlch
themselives limit the appllcatlon of “the model.

- Clearly, both approaches to the problem of finding methematical
models for practical problems are of value, and the choice between the
two approaches will depend partly on the krowledge and training of the
-~1nvest1gator and partly on the computing equipment end mathematical
advice which is available. As wWilliams and Lance, 1968, have pointed
out, it may be desirable, for important fields of research, to ‘use both
approaches, ag it will seldom be possible to tell in advance which of the
two methods is the most likely to produce the best working approximation
tc the real process,

-® ‘Az illustrations of the setond appreach, this paper considers,
first, some simple examples of useful mathemetical models, and then gives
a brief description of the application of a particular type of multi-
variate model to a complex problem of forest site classification.

-

2. Medels with Convenient Properties

One of the most frequently used models, although it is not always
recognised as such, is that invoked by the analysis of variance of
cbservations teken in a designed experiment. In the formal analysis of
this model, an equation is set up for ewery observation, expressing the
chservations as the sum of several components.. For example, in a
randomised block experiment, the equations have the general form -

Yige = F T Ta YAt Sige
where. g is a general average about which the
: observations fluctuates,

“T’is the sffect of the ith treatment applied,

~is the effect of the "block” - an
* gnvironmental effect,

¢ is a measure of the experimental ervor.

Subject to some fonnal constraints, such that the sum of" the
\_treatment effects is zero, and that the sum of the block effects is’

zero, .it is possible tc solve a set of such equatlons so as to be able to
test hypotheses ebout the treatment effects, or to estimate the confidence
limits which can be placed on these effects. Three major assumptions have
to be made, however., First, it is assumed that the treatment and block
effects are additive. Second, re51dual effects are assumed to be
independent from observatlon to obgbrvatlon, and to be distributed with
J26ro mean and the sage variance (-, . Third, for valid tests of significance
and the estimation of cornfidence limits, the residuals are assumed te
follow the normel distribution, (Cochran and Cox, 1950). . while these
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aasmpbions may not be exactly true, there are many situations
where the model is a useful approximetion, and the analysis of
variance is, therefore, widely applied. Iwo different versions of
this model are actually used in practice (Federer, 1956), although
very few roscnrch worksrs distincuish hoétween them:-

Model 4 in which it is assumed that the treatment effects
ere fixed, and that the eij are random variates

distributed around zero, with a commsn variance,

Model 2 in which it is zssumed that the treatment
effects, rss and the eij are random independent
variates distributed around zeroc, The variance

of the EN is gstimated as 52 and the variance of
the g, ., as 32 .
ij e
A second example of & mathematical model with desirable properties
is that used in multiple regression analysis, in which the values of
one variable, the dependent variable, ars estimated from the values
of two or more variables which are assumed to be independent. In
preactice, it is seldom the case thet the independent variables are
uneorrelated, and, as it is confusing to¢ talk about correlated,
independent variables, it is preferaile to adopt the terminology of
Kendall and Stuart, 1961, and to refer to these variables as the
regressor variables, Thus, in multiple regression analysis, a predicting
equation of the form -

¥y = bo + b1 x, + b2 Xy, + sneasnaanss bp xp + 8,
where the bo, b,. b2, sacsare b are coefficients estimated from the
data, is derive& frém sets of observations of the P regressor variables
and the dependent variable. In this model, certain assumptions are
made, ¥irst, it is assumed that the individuals are taken from a
population in which the variance is homogeneous, or, in other words, that
the variance of the values of the dependent variable about the regression
surface is the same for all combinations of the regressor variables.
If the variance is not homogeneous, it will usuzlly be necessary to use
some welghting procedure. The second assumption is that the deviations
of the dependent variazble from the regression surface ave independent
of each other, and that the size and direction of the error for one
individuel has no relationship to the size and direction of the error
for any other individual of the sample, except that all the individuals
are from the same population. A final requirement is that the values
of the regreéssor variables are to be measured with, sssentially, no
error. 1t should be noted that the fitting of the regression equation by
the method of least squares does not require that the values of the
dependent variables are normally distributed sbout the regression surface,
but that the commonly used proecedures for computing confidence limits and
making tests of significance (t and F tests) do formally assume normality.

The multiple regression model is widely used, often with little or
no regard to the hasic assumptions., \hen, howsver, it is used in
situations in which the assumptions arec at least approximately true, the
technique is valuable as a method of predicting the value of the dependent
variable which corresponds to given values of the regressor variables.
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It is also W1dely used as a method of exploring the relaflonﬁhlps
‘between. a dependent varlable and several other vAriables, few, if any,
of which will have been measured with any less dégree of error than
the dependent variable, and which usualiy displsy & high degree of
intercorrelation, The selecotion of the regressor variables to be
ineluded nay be guided by previously nominated hypotheses, and the
selection may include linesr, non-linear, and interaction terms. More
frequently, however, the comnputations are approached without any
. nominated hypothesis sbout the form of the relationships, and it is
confidently expected that the regression anslysis wili define the "best™”
relationship. :

‘he multiple regression model is multivarisble rather than multi-
variste, in that there is only one variate, the dependent variable, In
the mulkivariste medel, several varisbles are measured on each individual
included in the sample, within the total set of variables, no one variable
can be regarded as dependent on the other variables, and, in general,
none of the variebles will have been measured at predetermined levels, In
this situation, we may be moie concerned to discover the essential
"dimensionality" of the set of variables, and to identify the several
dimensions which have been isolated. Lo do this, it is customary to carry
out a principel component analysis of the matrix of coefficicnts of linear
_correlation between every pair of variables. Descrlptlons of the analysis
are given Wy Kendall, 1957, and Seal, 196h4.

In this enalysis, the orlglnal data are prrBSSed as & series of
 linear transformations such that each trensformation is orthogonal to
a1l the other transformetions, and that each transfomation accounts for
the maximum amount of the residual veriance. bSuch a model requires a
minimum number of assumptions. However, it is, expected that -

(a) all but 2 amall part of the total variability contained
by the set of variables con be expressed in some smpaller
nuzber of linear combinations or components; and

() these compénents can be interpreted as meaningful
expressions_of biclogical, chemical, or physical entities,

No assumptions are mede, in this analysis, awpout the normality of
the distribution of the population from which the observatlons are 4rawn,
but homogeneity of the variances and covarlanoes is assumed, It is also

" assumed that the basic variebles can be msanlngfully included in linear

‘combinations, and if the assessed variables refer to effects wnich are
multiplicative rather then additive, it will usually be necessary to
transform the original date to their logarithms. Experience in the use of
multivariste models of this kind suggests that these assumptions are
frequently justified. Apart from those assumptions, however, the model does
_have the very desirable propsrty of expressing the essential variebility of
the process in the smallest possible nuwber of dimensions, and hbnce achieves
a marked degree of parslrony of .description.

In more complex multiveriate situations, there may be s€veral sets of
.varlables, such that one or more of the sets may be regarded as dependent

on one or more of the other scts of variables, In this situation, a useful
strategy can be derived from the application of the principal component
analysis to each set of variablés, followed by the correlation of the
components that have been extrscted. By definition, the components from
any one set will be independent, but the correlations betwéen the components
in the separate sets will indicate the dimensionality of the total proklen,
and the degree of intercorrelation between the basic dimensions.
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3, A Problem of Forest Site Classification

As an illustration of the kind of problenm which can be explored by
means of the complex multivariate mclel described above, we may take the
classification of sites for the growth ¢ coamercizl timber. For example,
Corsican pine has besn widely planted over the last fifty years on sites
intended to produce large volumes of timber for pitwood, fencing, fibreboard,
chipboerd, pulpwood, znd selected materizl fer joirery., TIhe Foressry
Commission alune has about 50,000 meres of this species, planted during the
lasttwenty yesrs. The sites on which this species has been growm are
usually at low elevations, particularly cn sandy areas near the sea, on
light sandy scils and also on hoavy cleys in socubh and sast Bngland, but
relatively 1ittle is known about the reistionships betwesn the rate of
growth of the specics, as a crop, and the variables of climate, physiography,
8.1l physics, s0ll chemdstry, nuirient uptake, ete., at individeal sites,
fhe problem is complicated by the very lerge numbers of variables which
may possibly heve an effect on the growth of the trees,

A strategy which might be adopted for an investigation of this kind is
that of' & complex multivariate nodel, constructed to meet the following
objectivesi=

(a) understanding of the relaticunships between the various groups
: of variables that cenh be asscssed on individual sites;

(b) eliminetior of varisbles which contribute little or no extra
information from futurce investigations;

(c) selection of the useful varishles for prediction of growth rates;

(3) classification of forest sites in relation to their characteristic
properties.

& smell projeet, which wos carried out by the staff of the Boils Section
of the Forestry Commission Reseorch Division, in collaboretion with
Dr. D, G. ¥, Donald of Stellenbosch University, South afries, provided an
opportunity to test such a strategy, and data were collected from thirty
sites, representing a wide renge of tho leocalities and site types on which
Corsiean pine has been planted., Seventeer of the sites were permenent
semple plots, nine wuire experimentzl plots, and only four were specizl plcts
created in the forest for the rurposcs of the study. rhe fifty site and
crop variables determincd at eich site wers considered to fall into four
ETOUDS =

(1) elimate and physiography verizbles {15)
(ii) 801l physies-variablus - (13)
(idi) soil and foliage chemicel veriables (16)
{iv) tree growth veriabies ( 6)

There is some degrec of logical inconsistendy in the inclusion of the
chemical variables for the soil znd the foliege in the same group, in that
the fecliage variables represent, at least in part, a responsc to the soil
chemical variables, but the two scts of varizbles were included in the same
group with the idee of expressing soil fertility in. both, total and available
quantities,

4 multiveriete analysis was carried out on the data from this
investigetion, including principal component analyses of the four groups
of veriables, orthogonalised reprossicn of the tree growth variebles on the
other three groups, and cluster snalyscs of the sites within the wultivariate
space described by the principal components of the various groups. &
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detalled aceount of the results of these snalyses will be published
sepirately. In this paper, only sufficient infornaticn about the results
will be given to imiicate ths suecce-ses of the StTZGCéj in zchieving the
ok jectives defined. .

he Sumary of Results

. The components extracted frem the znalysis of the data are summarised
in Teble 1., +he entries under the hesding "interprotztion” are aerely
convenient nanes for the components, and their cxact interpretaticn sheowld
be verified by interested scientists from the mere detailed repcrt.

(a) Climate anl Physicgraphy

The first six couponents derived from the anelysis of the varistbles of
this greoup accounted for 97.2 por cent of the total varisbility described
by the fifteen varisbles of climzte and thysicgrarhy, and, of these,
only the first four, accounting for 90.) per, cent of the total variablility,
are of practical significance.

The first compcnent, sceounting for 50,0 per cent of the verisbility
deseribed by the variables, hes been inverpreted as a component of excess
energy, giving greatest weight to variables of evapo~transpiration and
growing scason temperatures. The second component, accounting for a
further Z8.9% per cent of the variability is a ccumponent of wean winter
nonthly temperature, 'The third component, accounting for e further 6,1
per cent, is alrost entirely sn ex:-ressica of the aspect of the site, and
the fourth ccmponent, accounting for o further 5.4 per cent of the
variability, is a meagure of the Penmin coefficient for the month of June,

The variables of climate and physiography, therefore, are deminated
by twoe major componcnts, together accounting for 78.9 per cent of the
vari=zbility, and which describe the excess energy and winter warmth of
the site, 4aspect 2nd the Penmen ccoefficient for Junc deseribe a further
11,5 per cent of the varisbility.

(b} Soil Physics

fhe first six components of the varisbles of this group 2ceccunteld for.. ..
91,8 »ner cent of the varisbility described by the scil physics verdiables.
Of these, the first five componsnts, nccounting for 86.6 per cent of the
variability, are of prfcthul significance,

The first couwponent, accounting for 31.0.pur cent of the variability,
has been interpreted ez availabls water copecity. ILhe second component,
accounting for a further 23.1 ver cent of the variability is a measure of
the stoniness and clayiness of tho soil, i.o, o stong/clay factor., The third
component, accounting for 12.8 per cont, iz =2 mull/mor hwrus factor. The
fourth end fifth components, accounting for 11,3 and 8.5 per cent, are
reasures of the accurwlation of corjgenic watter and the thickness of the surface
humus layers, resgsctively.

{e¢) Bboil and Foliage Chemisiry

The first six couponents derdved froo the variables of this group
asccounted for 82.7 per cent of the total varisbility described by the
original. sixteen varicbles, and 211 of these conponentq ars of practical
31gn1flc NCE,
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B The first companent, accounting for 29.7 per cent of the variebility,
is on index of the phosphate status of the soil., fhe second conzonent,
accounting for a further 19.0 per cent of the variability, is a measure of .
the nutrient status of the sai@le trees, 1,e, & neasure of nutrient uptake.
Fhe third component, accounting for 15.3 pur cent, is & measuru of the base
stotus of the scil, The fourth conponent, acecunting f'or 7.4 per cent,
hes bueen lﬂtbrprEtLd as "interfeorcuncse™, o contrast between the levels of
phosphate and potash in the foliage nnd vhe percentage of thosphate in the -
soil as a derived foctor, The fifth wnd sixth c¢omponcnts, accountving for 6.2
and 5.1 per cent, are reasurcs of total phosvhate =nd foliage oczloium,

. respectively.

(a) "ree Growth

Only two of the true growth conponents are of any proetical significance,
together accounting for 0.4 per cont of the total varisbility cuntained
by the .six original variables. Jhe first component, accounting for 64.2
per cent, is & gencral growth index, The second conponent; accounting for
a furthcr 26.2 per cent, ig an index of rccent holght growth.

The principel corponcnﬁ anciyscs of the four groups of ‘variables were
successful in providing o Jdeseriptica cf the indenendent scurces ot
veriebility of the datz co leLde in tadls stuldy. The persiacny of the
description cbtained is porheps west striiing for the climate and physiography
varizblies and for the tree QPOﬁth viriabics, where the numburs of independent
compenents are oniy onc third of the nwibers of the originsl wrisbles.
severtheless, the relotivel, stroigni-foruara intcrpretations of tho

cuponents are encouraging, not loeast becausc they c;nfina scue of the
reicticnships which were wiiuweted,

#5 an extension of the principusl ccmponcnt anslysis, the valucs of ecach
couponent can be calculatel for cach site, ond the correlaticns between :
thege traasformed vwalues cokeulzted, IF it cen be mssuzmed that the linear \
transformations of the original variables iuplicd by the compenents will
result in approximotely normnl Jistribotions; the significance of the
correlation coefficients can boe tosted in the usucl woy vo discover The
inter-relaticnships between the cuaponents of the four groups. For this
sxemple, these relaotionshins are suumaris.d in Figure 1., In this figure,
the lengths of the arrcows are of no significance, but the presence of an
errcw indicates a correlation of the si;n shown beside the arrow. The
compenents are shown in rolaticn to the senerel jrowth index and the index
of recent height growth, in on stteupt to LLluqtrntc the roesponse of
Corgican pine to the enviroment as well as tho intor-relationships betwoen
the fectors of the environment,

There are a nusber of intercsting Tentures of Figure 1, Tirst, it is
slightly surprising that the pedology of the site assunes so laport.nt 2
role in the relstionships. Of the six coarpenents divestly corielsted with
the general growth index, four of the components are concerned with tho
physicel and chemical propertics of the soil., DBirlier research workers have
usually tended to Ulnlmlbu the relotionships between tree growth snd seil
_bropevrties, possibly bueause of the complexity of the relationships between
the soil factors thomgelves. The diagram shows sumething of this complexity,
although the explenation which it gives of the zajor groups of factors seens
reasonablu. The Jack of any dixcey correlation between the growth index and
waber capacity is of rather spoeial interest, aznd, for obher speeics,
€.g. vitka spruce, quite different rolstionships might be expectod. a
detailed interprevation of Figurc 1, amd of % the ana 1yses which can be derived




from this figure, will be given in the more dovailed repert, but the
intention here is to show th. valuc of the nethenatical model in loading
t¢é the understanding of an extrenely coapleX biological, physical and
chemdecal preblom,

It is perhaps oppropriate to contion at this peint that there is an
alternative mcedel, thot of cononicsl ¢correlations, vwhich is specifically
intonded for the situation in which one group of verizbles 1s assumed to
b dependent on ancther group of variebl.s, cni this nodel is 2lsc
described by Kendnll, 1957, It would, thurefore, have been possible to
hove correlated the varicules of tree grewth directly with these of climate
end physiogrephy, scil physies on? scil and filiege chenistry. Exporience
with this tochnique, however, sugsests that the results are seldom readily
interpreted (Jelfers, 1967). . S -

The scennd objective of the study of the Corsican pine sitcs was the
elizinaticn of variablos wilch cuntribute little or ne cxtre inforrmation
fron future investigetions. [he prrsineny of the duscriptions achieved
in this cxemple certainly susgests that some at least of the original
variables could be dropper frow future investigaticns, In the clinate and
physicgraphy veriabies, for e¢xamplo, more thwn 90 per cent of the total
varicbility conteined bty the fiftoon original varisbles could be Jescribed
by nly four lincar conbinaticns, so thas c¢lsven of the criginal voriables
ar¢ noarly expressible in terns ¢f the cther fiur, There is livtle pcint,
in future invegti, aticns, of metsuring so nany closlly cerrcicted variables,
and examinstion of the weichits given to the criginel variables by the
principzl component annlysis proviles supggestions fer the irepping of
variables in future studics. 3Sinilor selcetions ean be unede fron the cther
groups of varizbles, snl future investigatiuns of the relationshins between
tree growth and envircnoental facters cnn be rade on only twenty varisbles
or less, unless the oppertunity is token o intreiuce variables nct so far
tested in the current investi sticns. The cooplex smltivariate nodcl used
in this investi _oticn, fonvrefore, iunds to the foruwlatics ¢f e conceptual
model which is dynawuic, in the sonse that scts of varisbles ein be serecncd
to zasess the total nwiter cof dinensions thot they roepresent, ont now
variables can be introduced in loteor investi ntions to zssess whother or nct
these varisbles increass the nusber of cesential Jimensions that are
described.

where the objective of the investigation is t. predict the growth of -
Cersican pine, rother then ¢o s ok on understaniing of the relsticnships
between the (roups of varisbles, soe interesting oxtonsions of the model
arc availetle, Inspectiva of Figurc 1 sw opests thot any efficient predictor
of gunural growth of Corsicrn pinc i)l roquire variakbles of wintor warmth,
depth of raw humus, mull/ror hupus, stone/cisy factor, soilphosphote status
and sample trec nutrient status, but the intercorrclations between these
groups indieate that a lrrge nwber of pessible regressicn equaticns could
‘be written which would have rpprocdootely siamilar predicting puower,

Of the six variables of tree growih, twe nay be regardeld as of particular
jmportance, i.e, the gencral yicld class and the loeal yield class. These
twe voriables are widely uscd as indices of the proluctive copacity of
sites, amnl as a means of cntering the Porestry Comadssicn linnogenent Tebles,
witich enable predictions 4o be nole of the 1likely future prowth of the stands
and their intermediste yiclds., It is possilile thet the general growth
index, derived from the comrenent cnelysis of the troe growth varisbles
would provide a better mecasurc of trec prowth, if cnly becruse this index
includes. the density of the stand ond the current top height, but the:special
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ioportance of yield class in forest renagesacnt mekes it desirsbhle
that the relaticnship of the genorel ond locel yvield cless to the
cavironmental factors should be given speeisl consideration,

In order to clarify relaticnships botween individusl depernie
veriables 2nd the veriasbles of groups of régresscr varisbles, the
regregsions of the dependent varisbics con be estculated on e e ©F the
compongnts extracted fronz fne other jroups of voriszbles, using =
vechnique of crthogoncliscd regression suggested by fendall, 1957.

Table 2 shows the components of the threc greups of regroessor varizbles
which make o sisnificant contribution to the vorish Lllfy of the zeneral
eid local yield class. These ortuogenal components of the regressicn of
general and local yield class give o feir dndicati n of the rolovive
inportance of the verious comnonents in prsiieting yield class, anl also
of the likely candilates = She quh*nhl verizbles as predicters of
7ield clzss. Beenuse the cougponunts z2ie orthoscnszl within any ke group
of veriatles, it is possiblc to cotizate the total contribution of any

one group, an¢ the estionvel cantrivuvicns of e¢limate nnd physicgrethy,

scil zhysies, and soil and folioge cheidstry sre 18.81 per cent, 59.28
ver cent and 71,98 per cont resnectively. It ig, of ecurse, nct possible

o aid together the contributions of the cooponents of tho three groups,
as these are not indenenient, lhe Jiasram of Figure 1 mokes this clear,
but soine combination of the varinblos caking = significent contribution
to the variability of general and loc:l yicld cless will certainly provide
efficient prclicting equativas, ~Ithcush in general it will nct be Lcssible
tc nominate any one squaticn as "best" in any realistice sense. Revertheless,
1t is felt that tiis anziysis is rovealing di thet it cxpresses, in

uantitative terns, tho predietive oLility of the besic carponents in

resycct of yisld elass,

The final objective set for :he complex multivariate nedel used in
chis exanmple wes the classificetiin of forust sites in relrtion to-their
characteristic preopertics., his objective may be achieved by a siople
extensicn of the principel compenent anzlysls, in wuieh clustor nnalyses
are carricd out on the couputed vilues of the coupconents onleuleted for
¢zen site, 8 on exam:lic, = l;;huly aoaified versioen of the mindium
spanning trec methed Jeseribed by Geower and Ross (1969) has been cpplied
to the values of the four conpononts ¢f the varisbles of clinste and
vhysicgraphy, and the resulting clessificaticn is given in Figure 2, For
furtnpr zage of interpretation, the “Jw531flﬁat10n can be maried sgainst
the projecticn of any two coug

The interpretation of the clussificntion is aided by the fact that,
by definition, the cunponents are independent, so thet, in nmathenatical
teros, the classificetion hes been constructed in buclidema speec,  The
cizgsificotion of the siftes vy clinnte and physiozraphy (‘iviics the sites
into thres wroad srouns, esch of wiiich is further suL-ulviied nco sub-
greups of two or more sitos, except in the last group where cne site is an
cutlier tc the grouz.
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Conclusions

fhe example of this paper gives a fair demcnstration of the value
of what may seem, on first sight, to be a relatively unlikely mathematical
model, The model which underlies principal component analysis, whether
applied to simple or complex problems, has little thecretical Jjustification.
The model does, however, have many useful properties, and experience in its
application tov a wide range of practical preblens suggests that, provided
that the investigetor remembers that he is employing the model as a
mathematical tool, valuable results cen be obtuained from its use., The
ability to handle large numbers of variables, in complicated arrangsments
of sets of regr.ssor and dependent vi-riables opens up research strategiecs
which have not been availeble in past rescarch, particularly in the search
for understznding of complex relationships, the eliminztion of variables
which contribute little or nothing from future investigations, the selection
of useful variables for prediction, and the classification of individuals
in relation to characterigtic properties,
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Table 1, Prinecipal Components of the Four Groups of Variables

Component Percent

Interpretation

Climate and Fhysiogrevhy

1 50.0 EXCEBS SNcrgy

z 28.9 winter woarath

3 6.1 Aspeet

i 5.4 Penmen coefficient for June
904y

Scil Physies

5 31.0 Available water capacity

6 23 .1 Stone/clay factor

7 12.8 Kull/mor humus

8 1.3 Accumulatizn of organic matter

9 8.5 Thickness of surface humus layers
86.7

Soil and Foliage LChemlstry

10 29,7
11 19,0
12 15.3
13 i Tl
14 6.2
15 5.1

82,7

Soil phosphate status

bample tree nutrient status
Bage status of soll
Interference

Total phosphate

Foliage calcium

Tree Growth

16 Blpol
17 26.2

904

General growth index

Recent height growth




Table 2, Significnnt Hegressicn of Gensral and Local Yield Class

on Compenents

Percentage of Varicbility

Variabie grcuz  Component Genoral Local 'Best ' Variable
¥icld Class ¥ield Clzss

Climate and Wean winter monthly
thysiography 2 18,84 19.38 minimum temperature
Solil Physiss & 21.92 19,32 Percentage clay in
netre sample.
7 37.36 42.52 Humus type
Soil and 10 L2 41 Li..27 Percent P in surface
alis sample
chemistry
11 20,71 18.18 licen needle weight of

foliage samples.

12 8,86 5.70 pH of surface sampls
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Pigure 2, Classificatio 1 besed on Climste and Fhysiography
Symbol
Punstall 236
0  Rendlesghan 150
- Rendlesham 37
8  Swaffhaa 137
Olleys 181
x  Brendon Top k27
Brendon Botton L27
v Dean Highmeadow 186 1
: [
Dean North 187 J
o Sherwood VI 601 —1
Sherwood VI 616
b e et
Alice Holt L30 —
-
+ Bramshill C73
. Bramshill C68
Bedgebury 215
Hogshade 288
_  Mogshade 290
fiarehan 25 iva
Ringwood C77
Morden Drax 406
fiarehan 25 ITV¥a
warehanm 25 IIIb [ —
YWarehan 25 IIle
warehan 26 Control ~————am]
*
wareham 26 1 %
Warehan 26 3
wWarehan 116
tareham 125
Ringwood G70b
Penbrey 153






