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1, Introdnc‘bion R FEA TR e A

. imhere ds & ra,nge of, ecological options ‘for the use of amr areo.. A

tract of upland might, for:example, be used most wisely .as grazing land
under existing or newly-domesticated herbivores (staff.of the Rowett
Research Institute and the former Nature Conservency have: demonzbra.ted
that Scottish Red ‘deer are not. to be despised as.meat producers.on coarse
West Highland ranges); as land most likely to be productive under trees;
as land whose productivity .of grasses palatable. to..stock ¢an be imprwed
as land remarksble for its biologicel features and.aoccordingly meriting
eonservation for wild life or public enjoyment; -as land likely. to-erode
and deteriorate still further if changed in arny wa,y, or as land so . ..

_ run down by mismanagement as to need a century or so under natural woodland
“vor herbage for its sodls to recover; or some combination of: these and -

other uses might. be fea.sible. ' Suuh options can be s‘t‘.a.ted _by eaolosigts;
(ITE Repor'b 1974). _ . <

The obvioua limitation on the possible uses of land by i'.ha physical
and biological characteristics of the land: itself cregtes. the nesd to
i vdtfferentiate ‘and classify segments of. the land surface: with reference.. - i
to sueh characteristics, so that land use planning and-manggement can G
proceed on a basis of ecologlcal understanding as well as taking into
account tealmological,  economle, and social issues, It . 1s also desirable’:
that we should be able. to predict the nature and extent .of the effects /-
of different land use policies on.soils, -vegetation, and wildlife.. v =
Trees, agriculturel craps, water; .and wildlife are renswable resources .. '
that derive from the land, and they interact., = The productivity of -

any of thege resources, the ngture of the interactions, as well as . - L.
the aesthetic and recreationsl potential of land, variles.in space and
time, depénding on beth the oharacteristies of the land itself and '
on man's influenee. SR '

There are mahy possible approaches to land classifica.tion, these are I

discussed Ii-Sestien 2 a.s classifications of land per #e and as classifioations

for specifié purposes., “Most of the latter require. detailed: information
(e 8. on seils) which is not evailable for most upland areas of- E‘ng]:and
and Wales, ‘Where the in‘terest is in classification for agricilture - o
or forestry, an al'ternative ‘approach 1s to identify the current forms

of land -usé, . For most upland areas, such ‘information is’ more resdily '=':
obtained than is information on-the soils. Munro (1974) considered
that inadequate sttention had been paid to surveying the potential . 0 il
of the-nil¥s 'end uplands of the United Kingdom, The last’ publ‘ished Tl
suvey of the hill: graaslands “of. England and Wales was carried -out™ W
by Sb&p‘ledon and Davies (19%0), while Scotland has never:Heen adequately
coveréd, #iIn 1965, the. seaond Lend Utilisation Survey (K:Lngs Callege
London} mapped some’ aspec‘hs of natural vegetation in the uplands of -
England arld Wales, Publica.tion of the Second Land Utilisstion- SItWey»
maps has Peen only’ ﬁa.rtially ccmplatad, ‘and the results:-aEnd :melioa.‘bions
for plarning have begn_discpqsed by Coleman (1976). " D thet survey,
land that is not imprqveii Tarmland is mainly in the categories Woddland:
or Heath, Moorland, andRough 1and

The Second Land Utilj,aat;,on Survey also made a survey ozf' vege'hat—ién ~
in 29 cla-sse&, -éach .of whigh .18 °a Vegetation community ‘and ‘msy-be reélated
to land ‘use potenj;ial. ... The objeet was. to produce a Wildsdépe Atlas '
of Englaril-and’ W' es; Wiicifacé.pe‘ 1s. n«mnt&in and mdurland, heath




and coast, bog and fen, ,.... In this country they (the areas) are

more often semi-natural than natural, but- nervertkmless they are the -
closest to nature of all British landscapes” (Coleman, 1970). Uni‘o‘z'tm':a:bely,
financialiconstraints have. pmantod the publication of all but a sample

page for Wensleydale. Y

Land use m of'bem been deseribed 1n terms or the a.ppearance of 1t.s
vegetative cover. Thus, the term. grasslazad has ‘been used rather
t.han encloaed and managed %raz:lng langd', . and heg.thla.nd rather than
'lapd used as rough grazing' or 'to provide fooed for game'. 1In the. -
widest sense, :.land use alse includes the wey in which the land is held
mithe slze of units; the structures erectqd upcn it (Ccappock, 19?‘0)

Land. uae da.t.a can - only be evaluated, cer't.ainly &8s potential or capabil:lay
measures, in respect of some defined purpose, and should be given with
stated levels of accuracy. Accuracy can be thought of in two senses,

the quality of the information recorded, 1,e. whether ‘1t is a correct
description-of the land using activity, and correct location (Coppock,
1970)i; ~Date aan.be evaluated from what is known about the methed -

by which they were collected; -they-can be analysed for in‘bemsl consistem
they can be subjected t.o field checks,

ey
Coppock (197 0) stated that none of the British gources of land use: :
data is wholly satisfactory, and there sare notable gaps in the a.vaila.biliw
of information, - Most detailed data relate only to the area under ST
different uses, reoords of  inputs and outputs are available only on -

a much brosder scale and information on structures and tenure is quite:
inadequate and 1is often seriously out of date:. - With the exception

of the two privately-organized land use surveys directed respectively

by Sir Dudley Stamp and Miss A, Coleman, the scurces are partial and

rarely compatible, Probably the most sccurate records are those of
State forests kept by the Forestry Commission., Except in so far as

. .-, information on woodlands is shown on Ordnence Survey maps and on those - '

of the two. land use swrveys, all of which have been recorded over a -
period of years, dats.en private woodland are much less. sa‘bisfactory. C
It is particularly true that uplands are very jnadequa‘be:iy differantiated
on land use surveys, . . B , ‘ e

A National La.nd Use Classification was published 1n 1975 by H.M.8.0,

The classification consists of four tiers. of 1and use names ra.nging :
from the Order at the top down through Group and Sub~Group to the Class

at the bottom, The naltes in the Order tier are very gemeral terms .
which are. developed in greater detail at each successively lower level. . - .

For example, Agriculture and Fisheries form Order AG, non-cul:bivatad

places form Group 08 which is divided into Sub-Group A (grazing places)
and Sub-Group B (forestry places), Grazing places are sub-divided -~
into Class A (permanent pasture) and Class B (rough grazing), while -
there. are six Classes for forestry, The classificabtion does not appear
to have been sccompanied by & survey. . : : Lo A

Current jend use is influenced by external pressures as well as by
the capability of the area. -As Ball (1964) pointed out, the vast
post-war. change of land use from grass to arable on the chalk lands
would hardly have been predicted from a land~use map, but might well
be suggested by considerations of soil distribution. However, the
land~use map existed and the soll map did not, and for the greater
part of England and Wales still does not, exist.
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tham {1972) made a study of the North York Moors. In this area,
iﬁi predénga%tly Aary but exposed climatic conditions allow & greater
flexibility for cnoppins ‘and oultivation, . ineluding arsble, than in other
British'uplatds,. -  For the purposes of his study; Statham divided land
use activities into three main groups- ' ' , ,

1. Primary activitles fcr whlch lsnd is primarily managed.

2. Seconﬂarw* Tsub51diary activities in.a multi-use system where 1and is -
R 'managed primarily for anoﬂher activitya e e s

3 Terti&ry}~ “unlike primary and secondary aativities, which are resource

based, these activities are the social and cultural exprassinns

of human exploitation of the resources reflected in the population
"’a-dietrlbution, 1 e.,‘e.g. settlemenx, services, employment.

; *thrﬂa*stage proeess was . inVOlyed: ,51 §”. ;f;d

1,?501assi£ieation of the study area 1nto grades fcr each main seotor of
activities; . For .ease of comparison five main grades were used with
a few sub-divisions.q- : H - . S T

2, Compilatidn\of composite;maps to examine the possible patterns of optimum
dpds afider e mange of welghtlngs and to. identify confliet and opportunity
Vo A APREE, L . P .

3. A more detailed analysié'Bf‘ﬁhe maiﬁuéonflicf éfeasQ

The adoption of criteria for classiflcation and evaluation depended

partly on the information avallable and partly on professional advice

and judgement. Where possible, evaluations were made in an objective

and quantified form, but it usually proved necessary to resort to subjective
Judgements. - The process was, however, systematlc throughout, and since
only relative comparisons were being made, simple subjective assessments
were thought to be sufficient.

Statham (1972) drew attention to the marked dichotomy in land management

in uplands and lowlands., Lowland is typified by intensive husbandry

with careful attention to soll maintenance and enhancement, whilst upland

is characterised by extensive pasturalism without soil conserwvatiocn.

Although some might argue that soll maintenance in lowlands has not been

as careful as it might have been, the contrast peointed out by Statham )
certainly exists., _ ' *

Upland cultivation was once more extensive than 1t is today, and abandoned
farmland is now widely distributed in the foothills of British uplands
(Parry, 1976). Evidence for such abandonment 1s often reported incidentally
in ecologlcal and historical studies, but there has been no comprehensive
swvey of abandoned farmland in Britaln. The distribution of former

tillage now lying under rough pasture masy well delimit hill land that

would rewsrd reclamation in the future, thus giving some idea of the
potential for improvement, Parry (1976) outlined a method for the

mapping of abandoned farmland, illustrated by reference to former cultivation
in the Lammermuir Hills in south-east Scotland, ' About 21% of present
moorland in those hills was once improved, but has since reverted, %

being sbandoned before 1860 and 125 during the last century., . In another
aree, Nidderdasle (west Yorkshire, between Malham and Ripon), Tinsley

(1975) stated that the contraction in upland farms has continued into

this century, Many deserted farmsteads near the limit of 1mproved

land testify to a formerly more intensive use of the meors,



In the past, land use patterns in uplands evolved not only in response
to:the kimitations of the:environment, but also to changes in soclal
organisetion end economic and other forces imposed from ocutside. (see,
for example, Chapman, 1976), The land. use patterns which result from
such an Interplay of factors may lead to deterioration of some areas
or the improvement of others at quite a high price (Pritchard, 1969).
The impact of land use on the land and landscepe is discussed in Section
6. - The future of the uplands is inevitably comnected with overall
developments in the rest of the country end the resulting pressures,
An effective use of upland resources requires s rational base for planning,
Q*ésting o sound 'fachual knowledge of the physieal characteristics and

) ec“ology o‘f these a:rea.s. :

4

’I‘he ”present paper reviews methods for cla,asifyine: land (as land per

se end in terms of:possible uses), for capturing and handling the necessary
data, and for interpreting the largely eccological data against the background
of oontrolling factors, chiefly economic and political, : The methods

40 be used in a particular study will depend on the oblectives and .scape
of that study. The aim of this review.is to outline the advantages

and disadvantages ¢f the methods which have been used, and to suggest
methods which might prove useful but which have received little attention,
-4#5 the hope that it will help researchers .to decide which methods' are

most suitable for their purpose,  .The level of.detall needed will .depend
upon the purpose of the study. - More detail is required for the management
of resources than for general planning purposes. .
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2e Land classificatiqn

There are many alternative approaches to land classification, they have
been discussed by, among others, Stewart (1968} and Vink (1975), Breedly,
the approaches may be divided into those which classify the land per

se and those which classify it with respect to its sultabllity for some
defined purpose. The former concentrate on the physical eharacte?istics
of the land, and include the various geomorphological approaches, terrain
snalysis' - a term used when the characteristics of the land are studied
for military or engineering purposes -~ and classifications based on geology
or distributions of soil types. Existing classifications in terms

of suitabilities for specified uses are mostly agricultural, notably

the agricultural soil capability classifications of the United States
Department of Agriculture (U,S.D.A.) and the Soil Survey of England

and Wales, and the Agricultural Tand Classification of the Ministry of
Agriculture, Fisheries and Food (M,A.F.F,). Also included are classifications
for forestry, recreation and wildlife.

Most of these classifications are of the 'traditional’ type. More
recent nunerical approaches which may be useful are discussed later,

It is worth noting that land inventories have been developed for planning
purposes in the U,S,A, and Canada, They do not usually contain sufficient
informaetion to be used for mansgement of specifiec areas.

2.1 (Classification of land per se

Most of the biophysical land classification schemes now in existence

have their methodological bases in the attempts of early 20th century
geographers, concerned with broad divisions of the earth's surface on

a continental scale, to identify regions of physical similarity or uniqueness,
Most are based on a genetic approach which seeks to underline the caussl,
developmental factors in arriving at the identification of distinet units

of the earth's rurface (Moss, 1575). Moss reviewed schemes that have

been generally applied in various parts of the world. Many existing

land classification systems have been developed for large continental

land masses with large areas of uniform types (e.g. King, 1974).

Wright (1972) reviewed geomorphological approaches to land classification,
He drew attention to the problem of deciding what is a taxonomic individual
In landform studies, In quantitative analysis, the 'unit area' approach
is commonly adopted, samples being taken within the framework of a uniforn,
arbltrarily-located, grid, Although there is much to recommend this
approach, 1t has limitations for surveys of all but small tracts of
country, because land character and regional boundaries will be generaligzed
unless & fine grid is used, The problem of scale is a recurring one

in lend classification.

It 1s falrly evident that different upland areas differ in their general
appearance, For example, the general relief characteristics of the
Lake District and Snowdenia appear to be broadly similar, and they differ
from, say, the Pennines and the North York Moors. Linton (1968)
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- e ”_,. 1:7;__F:
attempted a. direot olessiflcation of Soottish 1andform landsoapes

based on,ebsolute and relative relief l.e. the altitudinal dlfference
between the hlghest and lowest points in a mepping unit, = Six main
categories were distinguished: (1) Lowland, generally below, but sometimes
above, 500 feet. May be.smooth and gently rolling or strongly. aocented- :
(2) Hill ceuntry, sumuit:altitudes may range from as little as 600~

800 feet up to 1600-1800 feet; but the relative relief is less than..: . ...
1000 feet; (3) Bold hills, hill Zroups with ‘steep slopes and. strongerr
relative relief - usually in excess of 1200 feet - yet lacking the.
sttributes of ‘mountains; (%) Mountains,: relative relief exceeding 2000 .
feet, 1sblated:; (5) Plateau uplands, high areas of low relative relief

- generally 300 feet or less; (©) Low uplands, areas below 1000 feet .
with low.relative relief but, Whlch are morphologioally upland‘ o

These categories oan be g;ven subjective welghting in terms of soenio g
interest .. . This approach was used in a gbudy of oountryside recreation-

in Lanarkshire (Duffield and Owen, 1970) and-in a landscape analysis -

of Caernarvonshlre (ccrD, undated), which is jllustrated dilsgrammatically.

in Fig, 2. 1,1. _ The olass boundariee in the Figure should,net be. interpreted
too rigidly, RIS : o N S A

The. problem is to express such differences quantitatively. Teohniques
for morphometrio enelysis of - landforms, with special referenoe to. maps,
are discussed in Slaymaker (1966) . Of particular interest in thet .-
publication is a paper by Carson which examined the use of statlstiqal
teohniques and. the. problems encountered by geomOrphologists in trying
to relate. geomorphologloal features to a range of variables. However,
none of the pepers classifled landforms. Various methods for examining
1andforma are disoussed in King (1966), and. Wright (1972) S
Perhaps the most widely'known scheme is the land systems approach, developed
by the Division of Land Research and Regional Survey of the Ausiralian .
Commonwealtl Scnentific end Industrial Research Organisation (C,S8,I,R.O, )
Somewhet latér, the' Oxford - MEXE (Military Engineering Experimental Establishment)
group started wlth the need to store and collate information on terrain
to guide the plannlng of engineering construction and military operations,
These two groupa and the National Institute for Road,Besearoh of ¢,.58,1,R,0,
in South Africa worked independently and yet evolved gimilar teohniques.

The 0xférd = MEKE group.. LBeckett and Webster 1965a, 5 o) produeed
a system of terrain analysis which relies heavily upon air photo 1nterpretation.

The oetegorles used were feoet - the largest pqrtion of terraln that
can be conveniently treated as. one" block for purposes of moderately
extensive land use or construction, facets may be delimited on air
photographs at scales from 1:10 000 to 1:80 000 and should centain
not more than one soil family or higher soil category (Brink et al,
1966); land elements, such as individual slope elements, make up the ..
facets, and the facels in tuin are grouped to make up land systems Fieoa
recognlzable i oartographic form at scales from 1-250 OOO to T sl 000 :
000
(Webster. and Beckett, 1970) Land systems are grouped into land regions,
which are of the order of size: that may ‘be portrayed on maps af soale
1:1000°000 to 1 5 000 OOO. ‘ S

A major problem in the classification of land form is the questieon .. -
of scele., Ball {pers. comm, ) commented that using the units of Brink
et al (1966), all of the western highland Britain is a land region,
and land systems are probably distinguishsble, However, there 1is
a very great drop in area of the category at the facet level,  Facets




the patterns of veriation.“ The problems oaused by the differences

would be very small, although repeated across ‘the landscape, and in
most upland areas it would be difficUlt to see a facet as different
from .an ¢lement, Incets can be of dimensions of tens of metres or
tens of kilomet"ea. CIn practice,'one can ‘recognize units such as
valley floors, concave valley sides, convex. upper slopes, hill crests,
but these often fall between the land system and facet as defined

L ';‘:'-: BV T Y - - .‘.‘ . ~“.;,f;‘

with- spoeial referenne to er081onal situations. Variables used to
characterize land form elements were slope griadient, rate of change

of slope gradient, conbour curvature, ‘and unit catchment area. For

a test area of 3.7 sg km values of these varlables were obtained from
1:2400 scale maps with contour interval 1.52 m, The investigation:
was confined t¢ the mapping of formalized versions of a few commordy=
sccepted types of landform element that are distinguishable on.the.
basis .of form alone, in such -a way that no polnt eilther failed to be ,
aseigned to an element-or ‘was assigned to more than one element, end,
that a reasonably comprehensive and consistent description of the total -
landscape was achleved. The study showed that, on a given set of
definitions, mapping may proceed in a self-consistent way that allows - .
of no embiguity and permits the quantitative comparison of landscapes
from place to place, - - . , N

However; linear patterns appear to oocur at 8- finer scale in “the landseepe
than do areal patterns and may offer more chance of discrimination

betweeq land systems. Therefore, Speight also examined the following |,
properties of land systems- ridginess, ridge reticulation, and ridge
vector magnitude and orieptation, These properties were assessed

ip. sample areas. of 4 x 10° sq ft, ‘and maps were prepared to display ......»

r‘ N

in scale of these two approaohes .geem to need further investigation.

"lereysukh 1967) described a. computer-oriented technique for. identlfyin@

6 classes of landform by the distribution .of slope vecters around a

. point. = From each point of xnown-X; ¥, Z co~ordinates, lines were

arawn.conneqting 1t to 8 Ping of adjacent points. The pattern assuned
by a diegram of slope versus azimuth was then taken as diagnostic,
Experimental results were not. given, but it seems clear that problems .

;of.scele.also arise. in thie method

These sorcalled. parametric descriptions, like the parametric approach:
to agricultural lend capability, seek to pubt ‘quantitative values on )
classes which have ‘been preV1ously regogniged in a non-gquantitetive .

or semi*quantitative WEY . Whether this is a useful approach, or whether -
the quantitative data would be more usefully handled by multivariate
methods (see below) to give.entirely new insights into the data, is

a matter which merits further consideratio . ' ‘

b ‘L....'.L'.. -

Wright (1972) conoluded that quantitative differentiation in terms

of _specific terraln properties.is hest. -suited to:;intensive surveys - ...~
Of“BmExi'EﬁEEE. .In classifications of larger areas, the. special—feature
method needs reinforcing by some system of land units compourided from
aresl 'individuals' rether than simply point data, and built up on

the ground rather than according to preconceived terrain types. This
would enable reglonal contrasts to be dastinguished with greater precision
than would otherwiae be possible. e e D vl

A < P




9

2.1.1 Relationships between soils and landfeorm units.

Alp, photography has been found to be’ useful in examining relationships
between. soils'and landform wnits, but. there, is more scope for work in
this. fleld The value of air: photography lles in the recurrenoe, usually
“in characteristic patterns, @f-the photographic images. ~ Patterns. of
landform,. dralnage, Vegetation,“énd soll surface characteristics are
i almqst universal. ‘ Most ‘atr photo 1nterpreters, whetner soil scientists,
v gnlogists, “or écologists, make use of patterns and résolye them into
the recurrent components. Then, in order to find out what the soil
rock, or .vegetation is like, they" inspect a few examples of .each class,
of camponent on. the.ground In this way, time can be’ saved because o
not all the land need.be. visited As the. area R} be surveyed is increased
(withln certain llmlts), anw given pattern is more likely to. be repeated .
and ‘hence g gneater area -galh. be mapped from alr photqgraphy with limited .
field work than is possible- u31ng the same resources in normal field '
survey (Webster, 1969)

Iandform or, landseape units may have a predlctable relatlonship with
the associated. soils (e.g. Huggett, 1975), although, perhaps,. only at
a fairly general level, ‘Toleman - (in M.ALEF, 19?4) noted that. ‘in NoW.
Seotland it was found that landfqrm units had regularly-occurring patterns
.. of soil complexes, and | suqh units. could also be recognized for forest
" management purposes, ‘Rudeforth and Webster (19T3) and Rudeforth (1975)
gave e;amples of ‘alr photp units recognized Ln Wales that are applicahle
to land classiflcation. L - o G s
The teqhnique of using 1and facets as a‘predictive tool 1n ﬁoil mapping
was tested.by Arecla (1974) on ‘2 number of‘sites in Montgomeryshire ‘
(now. part of Péwys) Waled, . Soil .properiies were extripolated from
land Tagets ' (1nterpreted from ‘aerigl photographs), and statistical techniques
(coeffieient of veriation, analysis of veriance, discriminarit analysis)
were Used .in testing.the varjation of soil properties within and between
facets., The results. Showed that the land facets possessed a eonsidsrable
degree. of hpmogenelty in important ‘soil proPertles such\as particle D
size distribution, colour, stone ‘content, pH, and frée iron oxjde, although
they yere hiéhly varlable in the distribution of exchangeable cations' )
: ‘The. 3im11ar1ty between snalogous facets based . .
on_lndiv;dual soil properties was nat’ very great, espec;ally with reference
"to ground drainage and parent ‘material . lithology. ﬁowever, when all
the propertiea were ‘considered together; the 51m11arity between analogous
facets,was greater than that based on the indlvlduai pr0perties.

How far land unlts, whether derlved from physlcal maps or alr photographs,
are usefu; ‘in predicting the. potentlal for specifled,land uses in British,
Uplands is & matter requirmng,further 1nve$t1gat10n._‘_w ‘ o

2.2 Glassification Qf 1ahd for spaclfia purposes .
2,25 Agriculture';""h"7 R R I I

Vink {1960) examined various interpretative s0ll groupings, the main

ongs being soll quality classification’ and soil suitability clgssificationu
The f'ormér has no economic bias, wheress the latter always has. ~wWink '
noted that in making a classification, certain assumptions are made,

even though they are often not fully recognized by the authors themselves,
and he cited as an example the Capability Classification of the U,8.D.A.
S01l Conservation Service,




1o

Olson (1g74%) and Boyer (1974) reviewed respectively interpretative land
clasgification systems in English-speaking and French-speeking countries,

and it appears. that.- the. approasches are broadly similar, In English-
speaking ‘countries, the land capability classifiocation of. the U,S, Department
of Agriculture has perhaps been the most widely used and adapted.

The land.use:gapability classification of the Soil Survey of England

and Wales is basically an adaptation and revision of the U.S5,D..A. claeeifioation,
modified to fit condifions in Britain,

Alvers. et al (1975a) made & comparative study of some west European land
classifioation systems. The Duteh and English -systems are descriptive
-and..are based.on the exclusion of land from the better classes because
of the presence of certain limiting faetors. The French and German
systems, .and - the, s¥stem of Sys and Verheye (developed for arid and ‘semi~
erid regions) are . parametric’ {see. section 4,3).

Albers et el criticized the Dutch system because the limiting factors
(excess water, . local trafficability, droughtiness, friability .of the.

plow layer, . slaking hazard, slope, and the possibilities for growing
certain arops) are introduced into ‘the classification in a way that is .
1nexaet and based -mainly on cartographic end agricultural experience.5,~,y
Becauge-of a lack of definitions, the system becomes regional and subjective.
Some fagtops which are capable of precise definitien {e.gz.. organic matter
content, steniness) are lacking, . They criticized the English system . -
(that of the Soil Survey, see below) because certain limiting factors - .
(e.g. susceptibility to erosion) are vaguely defined; factors like organic
matter and nature:of parent material are.lacking; the difference between -
north- and south- faeing slopes has not been made; the criteria for S
artificigl drainage are dlsputable, Neither the Dutch nor the English -

- gystens give an absolute productilen level for the different clasees..

Albers et al (lg?ﬁb) compared the shove five systems for land suitability
classification with the more detailed standards based wpon discusslons
during the Expert. COnsultation on- Lend. Evaluation for Rural Purposes
‘held in Wageningen in Qctober 1972 .(Brinkman and Smyth, 1973). .. They ..
concluded that; (&) four of the land suitability classification systems~
(the German system excluded) hardly pay any attention to the land utilisation
type; (b) a considerable number of mejor land qualities and characteristics
have not been considered in the French and Dutch systems.and in the S
system of .Sys and Verheye, probably because they were not considered - = -
important locally., The German and English systems consider many mere,-..-:
but not all, of the major land qualities and characteristics; (c) none
of the five systems quantifies the influence. of land characteristies-. ..
or, major lend qualities on crop productivity or management requirements. -
They outlined the steps which need to be taken to arpive at a land suitability
olassification system applicable to arable farming in western Europe.

In particular, there 1s a neged to establigh classrdetermining limits-
for the major land qualities influencing crep preductivity and management
practices. . et

The Soil Survey of England and Weles (hereafter referred to as the Soil'
SUTVGY) Glasaification (Blbby and Meckney, 1969) makes certain aSSUmptiens.
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1, The elassificaxion ig primarily for agricultural PUIpOSES,

2, Land is assessed on its capability under a moderately high*level--
of management and not necessarily on its present use,

.3, Land which suffers from limlﬁatlons whieh can be removed or reduced
.. ilgtiadeeptably cost. isigraded on the severity of remaining limitations.

4, The capabllity classification may be changed by major reclamation
projects which permanently alter the previous limitations to use.
Minor changes, e.g. mole drainage liable to regress in time, will
not change the classification.

5. Within capability classes, soils. mey. differ in management and. fertilizer
- pequirements and detalled cropping, and are only grouped because .
they have similar degrees of limitations affecting adaptability,
The classification, however, is not necessarily a grouping of soils
according to the most profitable use to be made of the land,

6,  Within specific sub-classes are solls which suffer from the same
degree and kind of limitation but which may differ in managemerit -~
requirements; for example, in sub-class 3w the wetness may result .-
from slow infiltration or from the effects of rising ground water .
- each of these conditions will require separate treatment, "

7. The system ls based not on chemical but on physical limitations,
for in general these are more permanent and difficult to vectify;
severly llmiting chemical properties, however, can be recognised ...
as g soil limitstion.

8. Distance to markets, types of roads, and farm structure, do not -
influence the grading, although these factors will affect decisions
ebout land use.

9., The interpretations try to express current knoWledse, and as new
- experience is acquired, a new interpretation will be necessary.

10, The system is not a seil suitability classification for specific
crops or use, e.&. for petatoes er forestry. Interpretations
of soll maps for suech purposes may require different groupings
of the mapping units to express the concept of land eapability
uged in the system,

Factors important in assessing agricultural land capability are given

in Table 2.2.1.1, Land 1s allocated to one of seven main classes acdording
to the degree to which its wuse 1z limited by (1) wetness; (ii) seodl- ~.=
properties - shallowness, stoniness, structure, texture, fertility;

(1ii) gradient; (iv) liability to erosion; (v) climate, Class 1l land

has very minor or no physical limitations to use, while class 7 land

has extremely severe limitations that camnot be rectified, The limitations
imposed by gradient and climate are outlined in Tables 2,2,1,2 end 2,2.1,3,
Some of the background to land capability classificetion is given in

papers in M,A,F.F, (1974), end papers on soil type and land capability

are given in Mackney (1974), Rudeforth and Bradley (1972) presented

this classification in the form of a decision tree, which can be used

to allocate any land unit to a class, although this was drawn up for
Pembrokeshire and may need modification for use elsewhere,
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Factors: impertant In agrieultural 1and capability _ _
(Rudeforth and Bradley, 1972. Rud.eforth and . Webster, 1973*; Rudeforth, 1975)
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Table 2,2,1.2

Limitations on agricultural practices caused by gradient (Bibby end Mackvey,
1969}.

3°JT° may cause problems with some gapping machines or mechanised

weeders, precision seeders, and sémglroqt_cnop harv§ste?sLL

©.159. . ‘pestrict the use of a combine harvester . . .. denendins
"?“llo two~way ploughing encounters difficulties on the configuration
of the ground
oy
L . IR e S - o H -~ 1
i 15° loading on trailers dlfficult
these slopes tend to remain under grass for 1ong periods
“ro0%., Aiffieult to plough, lime, and fertilize

\ ;

"L25°. - gsome soll movement oceurs; . formation of paths across slcpes
by animals beglins; no mechanlcal operations possip;q‘withput
specialised machinery.
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Table 2. 2.1, 2

Climatic limitations on egricultural practices {Bibby and Mackney, 1969)}.

1!

R
T

average rainfall (mm)
average potential transpiration (mm)

- i

P E Y ong term &verage of mean daily maxisum temperature

Three ugeful climatic groups have been defined:

I R-'PI' ml:‘: A 100 . m &Ild T ‘1500 . ‘_::.!‘al;- St osn e B o r -
iimitations on crop growth slight or absent

IT R-PP =300 mm and T e 149 (but excluding group I)
'moderately unifavourable climate restricting choice of crops
III R-PT =300 mm or T +.14%
mddératély severe to extremely severe climate which restricts choiee of
s -:V'VGI'OpS N L e .
In general

(1) land over zZ000 ft is generally sbove the tree line and provides
rough grazing ‘ ‘ ‘ '

(2) land between 1000 and 2000 ft with more than 60 in, annual rainfall
provides rough grazing but pasture improvement is usually not feasible

(3) land between 600 and 1000 ft with more than 50 in, annuel rainfall allows
pasture improvement but is not suitable for erable crops

(4) lend between 400 and 600 £t with more than 40 in. annual rainfall (45 in,
P vester Britain) is’ mainly sultable for grass and limited arable

cr*oppins.

More knowledge of the relationships between weather and crop growth is needed,
but it is clear that differences in mecroclimate influence land capability,
and that this is reflected in the present land use pattern. Any useful
categorisation of climate must correspond to the realities of existing

land use, e.g. it must be able to differentiste between the dominantly
pastural areas of western, and the dominantly arable areas of eastern,
Britain; between the restricted choice of crops available in Calthness

and the wider choice of eastern England.




LY RortiRe' purp03é of" 1ooking at upland areas in detail bOth %he Soil: Survey

.7 of the solls Has been much influenced by the climate, which is; in'gensral,

" urider-utilization of the’ herbage, with an ever-increasing dilution:of:
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Tn the M,AF.F, Agricultural Lend Classifioation, land is allocated

to one of five main grades according to the degree to which 1ts use

is limited by climate, relief, and soil. Maps of England and Wales

have been published at a ‘scale of 1:63 360,  The emphasis 1s on flexibility
for crop production; and Gilg (lgTSa) pointed out that the surveying -
method adopted in the-production-of ‘the maps “tefids to underrate the
extent of good land; 1f land is grade 1 for potatoes but grade > for

all othHer“crops, it is-mepped-as grade 3. Furthermore, the width- ofir-;
the five grades is not consistent Gilg-also peointed out that the
‘scale of mapping was the same as the final publloation scale, and the -
minimum unit evaluated was 200 acres (80.94 ha)  Hence, the maps’ are
not“suitable for detailed work. ; ' = : P

Jeffers {1976a) commented that although this classificatien is thought

to be based on physical criteria alone, the various physical factors

do not act independently. The evaluation may thus be regarded as an
intuitive multiple regression technique, with crdp-yields (amounts,"_ ¥
reliaBility, ease of achievement) compounded together as the dependent:” " :
variabie, ‘and the physical ‘eriteria as the ' 1ndependent variables,

In preotice, however, ‘the process must inevitably have rested on the
identificdation of- ‘dertain-combinations which possess the minimum balanced
requlrements for-a’ csrtain type of agricultural ‘use, the equivalent of

8 orﬂde‘biovassey.‘ - :

and the M,A.F.F. classifications gre of limited value, © ‘Most uplahds

fall into the three poorest classes of the former and the two poorest

- grades 9f the” latter “For effleient“nse of upland arees, a more detailed
lffclaseification seeme Yo be requlred. ;f ; - f'

- M.A, . F., prompted by £he’ fact ‘thit “the Ministry 51 existiﬁg Agrloultural
. Land 013351fioation of England and Waies” maps; while useful for-general
plannihg; have- 1nadequato detatl for studies on a more: local’ ‘scdle, e
plus the: facdt that the existina ola331fication gives né- indication of <"
the improvement ‘potential of unimproved land (Grade 5) are developing
SR IEoTe detailed method of ‘elassification for the areas- ourrently in-
“Grades % and 5,7 -'Pilot surveys have Geen undertaken (eJg. the parigh:

of Bainbridge ‘for the North Riding Pennine Study), but so far, rio detailb
of the claBsmfication have been published.

Newbould (1974 1975) reviewed the curpent state of’ teohniques for the
improvement of ‘hill pastures for agrioulture. "He noted that .the most
importantsingle factor which-influences animal owtput from the hills

is nutrition; dnd the key to zn improved nutrition cyele for the grazing
animal lies in pasture improvement, Hill solls are generally acid,
short of phosphorus, and have poor physical structure., The nature

cold, windy, and wet. The climate, theé nature of the soil, and the

effects of man's activities have resulted in a‘wide ‘Spectrum of:hill-

plant commmities, Indigenous hill pastures produce small (by lowland
standards) yields of dry matter, mostly of low digestibility, ‘althéugh
sone~pasture-types yield- dry* matter of quite’ high nutritive valle, the
highest values ceeurring for only a short-tine, e.g. late May to early
_ June.  Moreover, traditional systems of hill farming result in marked
pasture quality’ season by season. ‘Clearly, areas most suited for improvement
could be selected more efficiently if improved soil and vegetation information
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~ was available. ‘ Newbould ‘suggested that ‘the sort of information required

-might be obtained if the principles of the M,A.F.F. hills and uplands
system. were linked with informgfion fronm regional climatic maps, and

that on access,. possible fence lines, and water supply. o

Bende10w and Hartnup (at press) discussed the assessment of climatic
limitations in relation to.the land use capability classification of

the Soil Jurvey.  As the ehief agricultural use of uplands is for’ grazins,
climatlc classiiication could be useful and realistic, since “the growth

of grass shows a good relationehip t6 temperature and moisture balance. N

2.2,2 . 'Forestli‘-y

The production of wood (cellulose) is peﬁhaps less dependent on soil

fertility than is the production of proteins and carbohydrates in food

crops and. 1livestock, - The chief demand in commerclal forestry is for

quantity .of, timber, and hence for large volume-produeing trees whidgh

giyve the best ylelds and financial returns, Classification of land

for forestry inevitably includes a consideration of yield. Various

workers have attempted to. .exXpress in equations the relationships between

site factors . and forast height—age relationships (site index), this. c e

15 .sometimes known as the factorial approach. The philosophy of classification
for forestry in Cenada was discussed by Rowe (1962).

In. Britaln, Statham (1972) in his study of the North.York Moors, devised

& classification which was based on ecologicel and known economic constraints
of a widelyroccurring and restrictive hature. Several assumptions

were made: Ll) Relative priorities of food and timber production in the
foreseeable “Puture rule out extensive afforeltation of grades 1-3 agricultural
land; (2) existing investment 1# agriculture (buildings, stock, fences,
walls) .lowers potential for forestry development even where the biologleal
potentisl is high; (3) a corollary of (2) is that land at present managed

for forestry generally has a higher potential for forestry than non-forested
land, except in areas of very fertlle seoils, where clearance to agricuiture
would be more profitable: (4) the existence of common land 1z & shopt~
term but. not a long-term constraint; (5) as with agriculture, sogio-
economic factors such as land prices, location, access, distance to

markets, ownership factors, are not taken into account; (6) amenity, _
recreational, and conservation factors are pot considered; (7) the present
balernce of subsidies eto, .between foréstry and sgriculture is assumed,

but net necesaarily the actual rates. . The grading system evolved'by
Statham was_.as follows: : ) o

Gradeqlz land withovariable but generally poor soils with Llow economic constraint
© 7 1" to forestry development (these areas include most of the
| existing forests).. T ‘ )

s

Gra&e*é;;nlagd w1th poor to very poor soils with low to moderate economic
'_7 ,constraints to forestry dévelopment., Subclass 2a Common land
. (coincides with unenclosed moorlanoa) e _
Grade'ﬁ: :land with poor soils end moderate tc'severe eqonomic constralnts to
forestry development (These areas are ‘the poorer agricultural
land). : ' e e -
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Grade 4: land with moderate or good soils but severe economic constraints to
... Torestry development except for sporting amenity, L

Grad§i5;. land with severe ecologlcal constraints to the successful growth
. ... of trees.. . . e

The‘mixlng of. ecological and economic eriteria.in this. classification e

is questionable. ... Economic con31derations can change very. rapidly in. . .
present-day Britainc and 1t seems better to prodice an ecological elassificatlon
upon which real or. hypothetlcal economic considerations can be superimposed

"Consideration of yield classes and regional differences has probably B
been the main reason.why a classification of land for forestry capability.
..~has not. yet been. published in Britain, - In Canada, where the. ecological
"situation with regard to forestry is rather different, all mineral and .
organic- scils can be put into one of seven classes based on.an 1nherent_
ability to grow commerc1al timber, Associated with each capability '
"fhe best speeies or groug of specles adapted to the site at or near -
rotation age. As in the agricultural land capability classification,
the classes represent increasingly severe restrictions on use, and the
subclasses indicate the nature of the restricting factor(s) (McCormack,

19785

HoweverQhKMmar (1977) questioned whether the Canada Land Inventory

q‘(CLJ) ig really _applicable to Csnadian forests. The wood productivity

' seale is based on the mean annual - 1ncrement of the best . species for
"normal stands' or 'fully stocked stands' under ' good management',

‘but the CLIL. does net. define these terms, Kumar questioned . .the-use.

of the term "normal stands s he noted that there is no- crltericn o ..+

define a 'fully.stocked stand', and that what constitutes 'good management'
in Canada is an. elus1ve factor. If management objectlves differ: frem-
prqvince to provinece and forest to forest, forest productivity Will..

also vary. . Furthermore, the concept of forest capability ratings reinfonces
the false assumption that the present-day, first-class forests of Canads-
can be replaced., Degeneration of ecosystems and costs -of regeneration
Seem to have been. 1gnored : o . .

In Britain, difficuliies have been experienced when attemﬁts have been-
made to evrlve a general site capability classification for- -Torestry. :
These areﬁdue to the fact that: (1) the site factors which directly: 1nfluence
production of -the major commercial species are not well understood'-‘

(2) the effects of -changing alterable site limltations (by drainage,-
cultivation, fertilisation) are difficult to quantify; (3) a-tree orop

has a greater effect on the site itself than have agricultural crops;

(4) the exten51ve use of non-indiginous species has inereased the .extent
of unknown relationships between species, yield, and site. factors which
would be naturally wide due to Britain's elimatie, phy31ographic, and
lithological variation; (5) much of the earlier work on site classification
was based on vegetation description, and although the natural vegetation

of the site, as modified by anthropogenic factors, did reflect site
limitatiwns, only empirical correlation could be made when making decisions
on the selection of specles for planting, The Forestry Commission has
generally taken the view that it would pursue regional classification

which improved the efficiency of forest mansgers in the exercise of

theilr funetions (Toleman, in M.A.F,F, 1974).
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Examples of regional classifications are given by Toleman and Pyatt

(1974) and by Pyatt et al (1969) Busby (1974) gave forest site yield
guides to upland Britain on a regional basis, * I assessing the economics
of forestry in a glven situation, in particular when comparihg the economics
of different forms of land use, 1t 1s necessary to consider not only
estimated yields, but also’ the costs of estéblishing the forest. For
current Forestry Commission planting, somcthing’ 1ike three*quarters

7 of the total area will roquire some kind of fertiliser, This is mostly

- phosphorus, although on the poorer peats a phosphorus and potassium

mixture 1s appllied at planting or a few years later, At present, nitrogen
fertlllsing is confined t6 check ¢rops in“the pre—thicket stage and

to some slow-growing seml-matLre ereps on very poor mineral soils.” -
Nitrogen is often applied in combination’ with phosphorus in these - situations
(Toleman and Pyatt, 1974; Everard, 1974; Binms, 1975), Also, some

form of site preparablon may be necessary (Ealin, Y96%} Taylor, 1970)

It is worth noting that some site factors which are limiting fer’ agriculture
are not limiting to forestry, e, 2. (Tolemanb 1n Mq A F F, 19?4) -

1) 'slopes up to 35 ' are ac ceptable

2} stoniness or boulder content or bouldery surfaces have little effect
on forest utilisation unless very high frequency is encountered

3) 'organic and organo-mineral ‘'soils do not represent as severe 11m1tations
for forestry as for 1nunnsive agrieultural use. ) .

In contrast, some llmitationsfsuch'as wetness associated with clay textures
.and low or zero potential water deficit can be a sericus limitation

in 'forestry or on stability grounds, and can affect production much

more seriously than An° agrlculture.' Also, ‘shallow 'soil over limestone

is a serious 11m1ta+ion ‘for many -coriifer tree species but can be" utilieed

'*:qaite productively by intolligent agrlcultural practice. Climatio

and topogrephic factors probably play a greater part in: classification e
for forestry. Paterson (1956) produced an index for estimating ‘the
potential productivity of tres stem weod using only climatic factors”
{see section 4 3) o

In a classificatlon of uplard areaa, classification of land for forestry
'“fcapability might be based simply on whether-or not “trees will grow at

a given minimu yield class, The economics of forestry in that area
could then be considsred separately, especially in the light of changing
economic eircumstances and Government priorities.. ;.j:

Such a classificatién has besn’ produced for us by R, Tolemqn ‘and' B,
G. Pyatt (Forestry Commission), and is given in Tables 2'2 2 1 and 2 2,2.2.

v oe D

L~




Table 2.2.2.1 General classification of land ' |
for Forestry Capsbility. NORTHERN PENNINES AND SCOTTISH BORDER
{ R, TOLEMAN )
Elevation Topex ' Brown earth Podzol ) Gleys Flushed and Hill peat
Ironpan soils Peaty/nan peaty Molinia bogs Unflushed bogs
Peaty 1ronpan soil
1 2 3. 4 5
NS 83 SP CP IF |NS S8 SP CP IP JL NS SS SP CP LP JL | SS IP (90%) Lp (90%) Feasibility of producing
JL EL DF Other |[Some other conif, O EL Several olher crops:-
conif, O Bi Ald |Bi Ald few other ) conif. O Bi Ald
’ 30 . Other B,L, (90n)[B.L., (90:) _ Several other B,L, >10mht
' : (50%) >GYC 5
EL (>507) : NS Bi Ald (>50%) |88 (350%) - in each site type
< Zon -
{750") : 5P (K50) NS Bi Ald (<50%) STRONG PROBABILITY (90%)
PROBABLE (»50%)
S8 8P LP JL 55 LP (90%) S8 LP Few other S8 1P {9%%) P (o08) :
Other B, L. conil (90F) POSSIBLE (<50%) .
(90%) E . .
< 30 ' Fertilization 1s
NS CP EL O Bi [NS SP JL Bi {(»50%) NS SP JL Bi Ald 88 (>50%) normally capried out
>50%) (>sz) ey
: in site groups
. . . ! ‘ 4 and 5 whieh ensures -
Ald (<50%) CP AlL (<50%) EL 0 (<5 ) 121559&5)31 Ald thet both IP and 38 \q
O achieved(dYCH
NS 38 SP LP 58 SP LP {90n) 88 LP (907} S5 LP (90%) ILP (90%) "Other Broad leaves' means
(905) : : . : BL species not named in that
box.
> 30 JL Bi Ald {>50%)|NS (>50%) : NS SP Bi Alu (>50%)] 88 (>50%)
230 m EL 0 {<50%) JL BL Ald (K50%) JL (<506) HS SP B Ald Similarly with conifers.
to : (<50%)
%00 m \ _ -
(750" -1300") J 55 LP (90%) 88 LP (90%) _ S8 LP {90%) SS LP (9C%) LP {908)
< 30 ' | . .- |ss eso)
NS $P JL Bi SP (x50%) JL (<508) .
(<508
_ S8 LP (>50%) S8 LP {(>50%) S8 LP (>50%) 85 LP (>50%)
: > 30 L ' :
> hoo m . SP Bi (<50%) SP (<50%) _ ' . _ 58 LP {<50%)
( 1300") : _
88 LP (»502) 88 LP (>508) 88 LP (>50%) 88 LP (>50%)
30
5P (<50%) : 55 LF (<508}
NS Norway spruce 3P Secots pine : ILP Lodgepole pine ‘EL European larch 0 Oak Ald Alder 0YC Growth yleld class
83 Sitka spruce CP (Corsican pine ©  JL Japanese larch DF Douglas. fir Bi Birech B.L. Broad-~leaved specles : :




Table 2.2,2,2

Geperul classification of land
for Foreatry Capability. :

NORTH AND MID-WALES
({ D, G, Pyatt }

Elevation Topex Brown earths Ironpan soils and Gleys including Flushed and Calluna, Sphagnum
‘Integrades peaty gleys Molinia peats and Eriophorum
. . peats
1 2 3 4 5
88 NS JL EL SS NS JL SP CP LP 88 NS JL EL SP CP S8 Ng JL SP LP IP (90K) Feasibility o¢f producing
SPCPLP O Bi Ald (90%) 1P 0 Bi Ald (90%) Ald Bi (90F) : crops:= : _
Bl Ald {90%) : o i
> 30 310 m ht
Many other Several other conif. Several other conif. |Seversl other JL SP 85 (>50%) >GYC 5
conif. several |[(DPS0%) (>50%) conif, (D50%) )
other B.L, (508 - in each site type
Eggjggo'? O a few other B.L. EL | Several other B.L. |0 Several other | NS EL & few other |STRONG PROBABILITY (90%)
{€50%) («50%) B.L. {<50%)CP EL| conif, Bi Ald (€50%)|FROBABLE (50%) :
. POSSIBIE (€50L)
88 JL sp LP |ss TP (90%) ss LP (90%) 55 LP {9K) LP (90%)
(905) . ’ : . Fertilization is _normally :
NS EL CP Bi JL SF D5 NS JL SP a few N3 JL SP & few | 85 (»50%) carried out in site groups
(>50%) other conif, Bi Other conif. 4 and 5 which ensures that
£ 30 Ald (»504) (>50%) both IP and 85 achieve GYCH
0 Ald & few NS CP a few other | EL 0 K508} Bi Ald (K50%) "Other Broad leaves" means BL
] _ft(:vthg;)B.L. conif. Bi. Ald (<50%) ) . specles not named 1n that box. 2,3
<5
i . ) Similarly with conifers.
55 1(\rs JI); EL 8P {55 LP (90%) 55 LP (90%) S8 1P (90%) LP {(90%)
LP (90% _ .
S 30 Bi O50%) 8P JL {50%) Ns JL &F Bi Ald S8 (>50%)
3 {(>50%) '
400 CPOAld a NS EL CP a few other Il a few other NS JL SP a few
to few other B,L. |conif. Bi Ald (<50%) conif, O {¢50%) other conif, Bi
600 m . (<50%) Ald (€50%)
1300-1900
<3 S8 JL LP (»50%) [SS LP (»50F) S5 LP (>508) SS LP (»50%) P (*50%)
o -
NS EL SF B1 JL 8P (£50%} NS JL (€50%) SS (450%)
K508 )
> 30 53 JL SP LP 838 SP LP (<50%) S LP (<50%) S5 LP {€5(%) LP {«50%)
> 600 m Bl {<50%) .
1900‘ -
< 30 55 («507) 53 (K50%)




site factors lifioktant for forestry (Toleman, in M,AJF.F. 197H) " -
In decreasingorder ‘of inportance:

v :§°il £y'pe

- Altitude | |
_r..Aceumula'be& temperature (Blrae a.nd Dry, 1970)

Exposure {Birse and Robe.r};son, 1970) _ _
Rainfall and potential water defioit (Birse and Dry, 1970)

CTeopex T

| 'Aspect

Accumula.t.ed f‘rost (Birse and Robertson, 19?0)
slope sradient o

Snil depth

o 'Ehology

. i N

Other fe-_t_@tdrs: are: "

v

ir_ﬂ,TOpographie class and slope type
- Vegetation (presenee or absence of. Ca.lluna vulgaris, richoghorum caesgitosum,

Eriop_how vginatwn, Mollnia caeruleg, scrub shrubs, P’be;idium %jmm).

' - Boulder.factor - "
__’Terrain form and’ ‘Toughness ,‘




2.2.3 Recreation R TR

' Uplands support.a renge. of recreationel activities which make different

demands on the land, Welking, rock climbing, pory tr&kking and*ansling

require no special facilities other than those provided by the landscape..

Such activities make relatively intensive use of only a smell proportion

of the total area. 1In the case of walking, this has resulted 'in the" =

erosion of many uplend footpaths. Cross-country skiing is an activity

which 1s growing in popularity. It requires no special fasilities

apart from snow and suitable terrain, end it remains to be seen-wtat

impget it will have on the land, Shooting of grouse and pheasants

places a different type of demand on.the land in that it requires that

the land be managed in a pax'ticular way. On the other hand, deer shooting

does not require such speolal management. 7 In géneral, such recreational

activities also include -acsthetic, pleasure derived from the BCENery.
Robinson et al (1976) examined methods for evéluating the visugi quality

of landeoapes, . Two methods were recommended, and it was recognized:

that all such methods involve subjectivity,

The basis of the classification for recreation used in the Cansda Land
Inventory (MeCormack, 1971) is the quantity of recreation land use which
may be genersted end sugtained per unit area of land per year tnder
perfect market conditions, A high land class unit therefore has a -
high index of attraction in terms of popular preferences and a use toleranoe
which permits imtensive use without unduly degrading the resource,”
This ranking does not take into account present use or accessibility,
Intensive and dispersed activities are recognised. Intensive activities
are those in which relatively large numbers of people can’ be Aocommodated
per unit area, while dispersed activities are those which normally require
a relatively large area per person. _.Recreation subclasses indicate -
-+ .kpe kinds of features which provide opportinity for recrestion and
T ""‘“*are*‘i‘:ﬁiﬁ"isusitive aspmd:.s of. land. and do not indicate use limitatdions,

L TR S

This concept could Be- a,ppued o B’r’ﬁ:&‘in' txfearly he ecarrying capacity

of .the land 1s an important factor in assessing guitability for recreation,
Barkham (1973 ) examined the concept of carrying capacity, and noted

the difference between ezological carrying capacity, l.e. the maximum

land use pressure that sn arca will tolerate without ecological degradation,
and recreational capscity, which depends upon subjective factors, Attempts
to evaluate land capability for recrestion in Britain have usually involved
subjective assessments of one sort or another (e.g. Stathem, 1972; Duffield
and Owen, 1970). Ovington et al (1974) discussed problems arising

from the upsurge of tourism in Netional Parks in general, and for the

Ayers Rock=Mt Olga Natlonal Park in Australia. They advanced the concept
of tourist carrying capacity as a basis for landscape planning and resource
management, Sinden (1975) discussed an extension to this concept,

The Federal (Republic of Germany) Institute of Vegetation Science,
Nature Conservation, and Landscape Management has evolved a method
for determining potential recrestion areas. Water bodies, woodlard,




arable/grassland ratio, relief strength and elimate have been assessed .
in the manner of an economic value analysis. The days of sunshine

are graded highest, next come the water bodiles, the relief strength,
the woodland, the stiow cover, the décreasing level of rainfall, and
the arable/grassland ratlo. - From this a colour map of the Natural
Attractiveness has been prepared (Olschowy, 1975). This methnd -Seems
very subjective. ,

Verious attempts have been made in Britain to classify land for recreatianal
purposes (e.g. Duffield and Owen, 1970). These attem?ts usually involva
some port of subjlective grading system, often based on " landscape quality
(e.g. see Jacobs, 1G74; Lane et al 1975). Duffield and Owen (1970)

used Linton s classification of landforms to which were assigned arbitrary
soores for scenic attractiveness . - . _ ,

Fleld studies in the Lomond Hills area of Central Fife in Scctland (Gilg,
1974 ) have demonstrated that Linton's method of assgessing scenery as . .
‘a natural resource has potentisl es a basis for constructing a more ..
rigorous model, but one which could still be simple enough to be easily
applied by local authority and other planners., These studies demonstrated
that Linton ‘s method is clearly workable and worthy of extension. The
-method can be adapted to ax veriety of sesles and a rigid sampling frame,
However, the scale of values and the extension of the method to environments
‘outgids Scotland are important considerations to be tested. Gilg (1975b),
as the result of a colowr slide experiment, suggested a modifiled scoring
system fér the different landforms and a revised ranking of land use, f B
. GiIg" (1976} investigated ‘sources of possible variation in deriving the"
 scores- of the Linton methed, .end coneluded that the possibility of errors’
ocourring through two particular factors must be remedied before the o
method could be used as.:a fully operational tool for planning purposes,
The two factors are (a) the difficulties of. interpretation between two
‘or more types of lend usefland form when: they both cceur in the same
‘square, and {b) the need:to produce a specific matrix of values for :
identifying land form quantitatively, similar to that used in Lenarkahire
(Duffield and Owen, 1970) :

The -elassification of land for recreational uses 1s s0 complex thet :
it requires a separate study. : , : [T

2.2,4 - Water resources ' . BT e uec:n”

As from April 1 1975, the management of water resources in.England and
Wales has been in the hands of a number of reglonal Water Authorities.m-

The main upland areas come under the North-West, Northumbrian and Yorkshire,
Water Authorities and the Welsh National Water Development Authority; : ‘
The North-West Water Authordity, when consulted informally about the
classification of" land for water resources, stated that the management

of water resources was being concentrated more in the transfer of water .
from rivers rather than the establishment of reservoirs in catchments, .
“THenoe it appears to be unnecessary‘to elassify dand for thig purpose. O

4‘,{

The major impact of the Water Authority on the uplands is likely to ;' R

be In its management of existing upland catchments. The Water Authorities
are large landowners. The N,W.W.A,, for example, menages 40 sq. km.

(10 000 acres) of water and about 600 sq. km. (150 000 acres) of land,

much of it in National Parks (N.W,W,A, first annual report, 19?4—1975)

Access to some of these areas has to be restricted, but in others recreational
use 1s possible.




. Full details are givan in Ratcliffe \19?7)‘
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2. 2.5 M:Lneral potential
Possible categorias arez a B ’ ',_.ﬁ.;\ o

1, Area be:[ng actively mined, or with ‘permiseion fop m:lning -

2, ‘tand with probable m‘ming pobential a8 deduced from proapecting
results and geological evidence Y

3 “fand with possibility t)f Hining potential, 88 Geduced from genlogieal
R .avidenoe . . o

4, . Areq, in, whio.n, on geologieal evideme, presence of. minaral deposits
“might be suspec‘bed : S :

.

5. . Area for Whi@h no SeOlogiaal or other 1nformation 13 available

]

6. N&wmﬂ’sx ing lend *

-The Canada La.nd Inventory (McCormok, 1971) provides for the classizﬂoatien
‘of lané dn terms of itas suitability ‘fof ungulates and: ‘algo" for wildfawl,
- but. :Lt *in mt clear if this has bben mueh us;ad in praetiaea. E _g,g:

1‘4 BTN

Hawas and"liudson (19?6) stated that the limitations of the Canada Tand:
Inventory stem from its subjectivity, lack of reference to presen‘b land =
usey-and.lack of consideration’ of habltat mgnipulation cosbts in’ asaigning
capability ratings. Furthermore, habitat desoriptions aré notiof- lmﬁficient )
detall to allow the rating of land units for wildlife species other' o
than those donsidered in the original survey, ‘Hawes and Hudson a.ttampted

to overcome these limitations with a more holistic,:habitat-based classifiuatidn.
The classification- is based on elements stable for long term planning;

for. exarmple, land forms with associated soil and ‘elimex vegetation (the
method was used in southern British Columbia), ' Land tge is considered -

as well as costs of habitat manipulation, and basic habitat information

is provided so that all species with known habitat requirements can

be evaluated. This approach permits dontinued refinement on the: 'basisJ :
of site-gpecific studies, Iimitations result from the lack of loéal-
knowledge about species habitat requirements, and the use of climax
vegetation, which may not exist., Migration also présents a problem

in all land classifications for; wildlife. Where migration is signifiomt
the :nost eritioal _portion of a speoies range oan- be evalua‘l'»ed. :

The ﬁature Qougervancy Council has' recen‘bly published its mview of

~ sites’ consigdered ‘important in nature conservation: (Ra‘teliffe, AG7T. );
In selecting these sites, three stages were-involveds . {1) Reaard:lng
the intrinsic site features; (2) Asseasing’ oompare.tive site qualityy -
(3) Chorosing B na'bioml series of key ‘81tes,  Criteria 1nvolved in,(E)

were' sizé, divarsity, 'naturalness', variety; fregility, ft:ypicalneas 5
reeorded'history, position in an ecological/geographical unit, poben'bia,l
velue', 'intrinsic appeal', The selection of sites in (J) was influenced

by, the need ‘adeguately to represent . the' natural range of variation in

- clma‘tic, prwaiographic, edaphic, and enthropogenic features, ' The
sites were ‘graded 1 (National Nature Reserves or sites: of equivalent :
status) to'4 {8ites of Special Scientific Intez-eat of 1ow regional mportmoe)

A N N A




- -only partially availeble or interpretable for land classifieation at

- .0f -the classifier,
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2,3 Numerical methods of classification

Tn studies for land classification and potential, data may be oblained
with inereasing effort {end therefore cost) from existing maps, ‘from

air photographs, or from field survey, The maps may be available for
the ‘whole of Britain {Ordnance Survey) or they may be specialist sources,

s particular scaele-(e.g. geological or Soil meps)s - It 1s necessary
to consider what data end data-handling techniques are available whieh -
can’ produce classes that can be 1nterpreted in terms of potential for

partieular purposes.

Any classification of any pOpulatlon of objects is an intellectual exercise
whereby the data can be grouped in one of m number of different ways,

depending on the objectives of the classifier. Clasgification may

be defined -as the arrangement of entitles in groups or classes acccrding

to their common properties (Wright, 1972).,  Broadly speaking, the purpose

of most classifications is to enable the classifier either to make inductive
generalisations about the data or to make predictions., No single classification
of a group of objects can serve gll possible purposes, and the objects.

may need to be classified in a variety of ways according to.the needs .

It is important to distinguish between classification, besed on disoantinuities
in the object-space and 'dissection'. ' Dissection (Kendal and Stuart, . -

1968, p 31%) is the process of dividing the individuals of a unimodal

data set into a glven number of groups. It is important not to confuse
this process with classifica‘tion1 there is no implication that the resulting
groups represent in sny sense a natural' division of the dats, they . K

arve merely. a matter of convenience and the only real oriterion is their
ubllity,

Howard (at press) has reviewed numerical classification and clustew
analysis techniques and their application in ecology.  Perhaps the.

first important considerstion in numerical classification is the nsture

of the data (attributes). In general, attribute data are of six basioc
types (Clifford and Stephenson, 1975): (1) Binary (2) Disordered multistate;
(3) Ordered multistate; (4) Ranked; (5) Meristicy (6) Contimous; although
other types do ogccur. These categories are not completely separate, :
for example an attribute scored as binary in terms of single sanmple -

sites may be better expressed in meristie form if the sites are subsequantly
considered as. clusters.

Differences of opinion exist on the value of binery (presencc or absence)
data in ecological work, but the consengus of: opinion seems to be’ that
other data' are preferable, and the results of using datd with numerical
values are more informetive than those using binary data, -Among the
shortcomings” of . binary. data is the problem of aonsequential attributes,’
i.e. the presence of one feature may lead to secondary, or further, -
attributes, i Continuous quantitative data present fewsr problems and. :
are .amenable fo.a wider range of analyses, Tt .is usually unsatisfaotory
to converd-either:meristic or continuous data to binary form {Clifford
and Stephenson, 1975). Jeffers (pers, comm.) considers: that a mixture -
of binary and oontinuous data 1s not: usually useful R , : .

Sneath and Sokal (19{3) pointed out that the proper selection of characters
is clearly a eritical point.in numerieal taxonomy. There are oertaln .
kinds of characters whose nature clewrly disqualifies:-them from use. -

in numerical classification: (1) Meaningless cheracters; (2) Logically
correlated characters; (3) Partial logical correlations; (4} Empirical
correlations. Such characters are redundant.
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A range of techniques is a.vaila.ble to enable the cla.ssifier to examine
various a.spects of a miultivariate data set, Howe'crer, 1t is important
that thé models and principles on-which'the mathematics -dre based should:-
be well-founded and the canclusions reached tested against further: experience.
In the mejority of cases, ‘there are no ‘absoluté criteris: ‘against which
to test the structure of a classifica’clon, and so it ts tmportant to.
be clear gbout the steps-taken in its derivation (QLifford-‘arnd Stephenaon,
1975): . Multivariate methods ney be used to ‘explors velationships: amcmg
data, - and*to ‘gerierate hypotheses, but’ they do lay traps for the unwary. .
As Anderberg (1973) noted "Most persons using cluster analysis prabably
employ it in such an exploratory fashion, but sometimes with an excess
aswillingness to accept the gospél as pronounced by the computer, The
tendendy ito ascribe truth to numbers produced: ‘mechartically 1s .well knowt:
in the field of factor analysis and no less prevalent in cluster amlysis .
Agam, ‘Anderberg, "Cluster snalysis methods involveé a mixture of imposing
arstructure on the data and revealing that structure which actually exists
+ 1vi' the data, = The notion of finding - ™“urel groups' tends to:imply that
- the' algorithm should passively conform like a wet' teeshirt. - Unfortunstely,
practical procedures involve fixed sequences of operations which sySten:atibally
ignore some: aspects of structure while intensively: dwelling on other‘s o
a- I e
Jeffers (1970) stated that although special methods of classification
~‘have been developed in the’ ‘field of nimerical’ taanomy, thegé: me‘km&s
“are not generally appropriate to the situation'in whieh “thiel: Andtvidusl
sites or sampling points to be clagsified are mutiérous. * "It 1s u:nikely"' -
therefore that such techniques as the mininmuir spanning: tree or elusber 4l
_-analysis will have’ ‘any immediate applicaticn to land use survey‘s, a.lf.hough
' me'Ehods such as assoc:.ation a.nd information anal?sis a.re perhb.pa z%‘.l.eﬁraﬁt.

‘‘‘‘‘‘‘

He ha.s subsequently (pers. comm.) modified this view, and his reason:l.ng

ig as follows. ~If in, say, land classification, a large number of .
attributes and/or variables is recorded, it is'unwise to attempt a Ut -
direct classification{e.g. by any of a range of clusterink’ techniques)f I'i"ﬁ:
without. preliminary investigation of the-existence ¢f discontiniitfes "
in multivariate space, and of the variation introduced by the method
. of: sampling ‘employed. Some method must alse be found to test the
significance of any meth.od of elustering 'bhat is ul'bima‘te:i:y a.dopted.

e

Jeffers suggests that a more useful approach :l.s first to categorize

dhe datey. d.e, to make a prehminar-y examination ‘of” the niture of the _
varigtion expressed in the attributes and veriables.:" The purposes = "
of this categorization are (a) to determine the dimensionality of the
dsta; (b) to &xplore interrel ationships between ‘the dimensions; ‘ghd -
(c) to-sliminate variables which contribute little or nothing: ‘o %the '
study; -/ “An-example of this strategy is glven in Fourt: et ‘8l (1971 -
on growth of Corsican pine in relation to site f&ctora. The dats-
congigted of 50 variables in four: groups, (1) tree crop 6 vari&bles-“
(2) climate and physiogra.pm 15 variables; (3) s01l physical jﬁ‘iﬁ)pez"blesi o
13 varisbles; and:(4) soil and foliage chemical properties 16 variables.
A prineipal component analysis (PCA) of the d.a:ta “in each’ group gave

the follaowing components (1) tree growth = two components (aeccnmting
for 90.45 of the orlginal verisbility); {2)° ¢linate and: physiography=
four components (90.4%)3 (3) soil physical properties-five components
(86.7%); (4) soils a.nd foliage chémical properties~six components
{82,7¢). - The original 50.variables were reduced to 17 “components,

the correlations between the component values were caloulated and’ ,
the signi*ficance of the cox'rela‘bian coeffic:tents was tested for 11nea.r

A
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interrelationships between the components of the four groups (the components
of any individual group belng, of courgs,. orthogonal) These relationships
were shown diagramatically and interpreted. . .Non-linear and interactive
relationships can also be tested in this way.i;;;qjﬁ o

Having categorized the data, classification may be qppropriate, either

.. by cluster analysis based.on the component values, or by alternative

methods. suggested by the structure of the data, For, example- (a) There

may be some & priori reasch for recognising groups of . individuals, disoriminant
analysia could then be used to assign the remaining individuals to those .
groups; (b) There may be some a priori reason.for recognising sets.of...
variables, and _canonical correlation could be used to ezamine the relationships
between these sets, . In complex cases alternative methods - of . analysis

and classification would need to be tested and compared.,a,_\-.

On the question of objectiVity, it is evident that true obqectivity

is rarely, if ever, attained. The writer of the algorithm decides

what steps will be carried out and in what order, and the user may ..

have -to specify distance criteria.  These methods are obJective only
1nsofar as the set procedures are applied uniformly -and without bias

to all date sets. . Indeed, Wright (1972) stated that. olassification :

is, ultimately, s subjectlve process. It is governed by the information
that is gathered by the classifier and how it is organiged by him, G
srd this depends upon.his background and beliefs and his conceptiOn P
of what‘is relevant in. attaining particular obdeotives.r : y .

Several workers have used numerical methods in soil and 1and classifiqations
(e.g. Sarkar et al, 19663 Grigal and Arneman, 19693 Arkley, 19703 . :

Cipra et al, 1970; Cuanalo and Webster, .1970; Rudeforth and Bradiley,

1972; Cowrtney and Webster, 197%; Crommelin and de Gruijter, 1973; .
Webster end Burrough, 1974%; de Gruijther and Bie, 1975; Webster and .. .-

Butler, 1976). Most methods so far used produce groups or clusters
without reference to class limits thought to be of significance to .

land use (Webster and Burrough, 1974), Rudeforth (1975) outlined a .
system for designating. classes from soil and site data, assessing mean
values and variebility of properties within classes, and which leads .

to a new approach to the recognition of potential crop. land, This .
method will be considered in more detail in section 4,2, - -

Turner (1974) gave exanmples of thé‘applioation of three types of oluster
Hanalysis whioh, he ‘thought, might be useful in natural Iresources research,

They were. (l) A method of. Loevinger et al (1953 ), based on maximizing
the covarience.ratio; . (2) the procedure of Rubin and Friedman (1967)

in which some scalar property of the pooled within-groups or between-.
groups sum of squares and products matrix is optimized; (3) the iterative
condensation on centroids procedure of Tryon and Bailey {1970). Williams
and Yamada. (19?6) described a clustering technique for land management. .
models based ory minimizing the average-intercluster similerity while .
maximizing the average intracluster similarity (Werd, 1963). However,
different clustering methods have different properties (Howard, at

press) and care is necessary in releting the method most appropriate

to the date and objectives,

The method of Ward (1963) was also used by Anderson. (1975) to classify
the 374 ADAS (MAFF) districts covering England and Wales in 1970.
Eleven variables were. obtained from .a sumvary of the ‘agricultural census




data. . Ward s algorithm gave a dendrogram from which ten groups were
selected, .. These groups were then submitted to an iterative optimizing
algorithm whloh .took each entity in turn, computed its similarity with
e BVELY Eroup, ‘and then assigned it to the group with which it had greatest
similari‘by, regardless of the group to which it was initially allocated, .
This process re-a.llooat.es misclasdified entities. The . re}.ationahips . j
~among  the . ten groups were .examined by multidimensional’ scaling, an ordina,tion
‘bechniquo ‘which, 1in this case, gave two dimensions which retained 9G¥ .
of the rank information in the original similarity matrix. . The bwo-
dimensional ordination chart separated four groups characterized By
livestock enterprises from five groups associated with general cropping .
and horhicultural enterprises, with one group of mixed charaoter bétween. .
Anderson also examined the groups by discriminant analysis, and foupd | .
that, by the chi-square test, 22 of the 374 districts were not members, -
of the g;roup ‘to which they were most similar, The results gave intorest,ing
tnsighta into the data, and posed-a number of questions. o ST

Bunoe ot al (197 5) noted the presence or abfsenoe ‘of 152 at'trib‘t:hos (a O
large proportion of them’ artifacts) in ‘each of thé I km squares of the - -
1:63 360 Ordnance Survey Tourist map of the Lake District. - The data

from every fifth square were used as a sé.tnple for reciprocal avereging

.-ordination (Hill, 1973) and indicator species analysis (Hill et al, = ..

T1975).  As & result of this procedure the 1 km squares could be' alloca.‘ted
to one of eight groups, The meening of these groups is not cleari '
There ara certain theoretical problems: posed by this approach. For
example, altitude (a continuous variable) has been divided into arbitrary
classes, each of which is present or absent, Marriott (1974) drew’ ...
attention to the dangers inherent in- converting contirmoug d.a\ta. to binary
form., Furthermore, this process results‘in a 1loss of information whigh
it is diffiou.lt to justify without more detailed examination of the R
data, . .

Another problem is ’that no evidence is presented to show whethetr or L
not the method used: suits the data, Most olustering ‘methods seek &
particular type of structure in the data, and may bresk down or give .. . g
misleading results if a different type of’ ‘structure is present (Howard, ~ ~
at press). Unfortunately, Bunce et al {1975) did not publish their
ordination disgrams, If there are distinet groups, they should ke, :
apparent in the results of the ordination. - 'If there are no auoh groups, :
ordination may still throw some light on the relationships between the. '
individuals, Furthermore, ordination may show that a olustering methocL
has been used for date to which it is not suited. . It is,interesting.
to note that Gauch and Wentworth. (1976) fourd tha.t- although reeiprocal .
averaging ordination gave good results with vegetational da.ta, rosults,
with errvironmental ‘deta were usually poor. e

aan ny DAL

Where there 1s a 1arge number of objeécts. to be olassified, tho oolleotion
of continuous'data is time-consuming and tedious, ~ Jeffers {pers. comm.). .
has suggested two ways of dealing with this situation; (1) to use a

large number of binary attributes with appropriate methods of analysis; . ..
(2) to measure continuous variables on a semple of’ the objeets and to - -

find by PCA the ‘reduced number of variables wh:l,ch can be used on the i
full set of objeots. '

There is clearly much scope for the thoughtful application of numerical
classification techniques to land classification problems, some approaches
are given in Jeffers (1976b, 1977 ). We are currently investigating

some other possibilities.
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_3 Methods for data qggture

In the survey and clessification af upland sreas, data may be obtained :
with increasing effort (and heénce icost) froms (1) maps; (2) air photographs;
(3) field sampling. - Clearly, much time and labour can be saved if - ,
the required information can be cbtained from maps and air photographs,

rather than field sampling
B l Use of maps

When maps are used as sources of data, it is necessary to be aware of
the limitations of the maps. - If measurements; such as slope gradients,
are made from mapsflt is-wise to check on the specification for the -
particular scale of imaps being used, as levels of accuracy vary with
scale,: but not’ wniformly so, and.some features are often emphasised

et the expense of others (Harley, 1g75). .

Macdougall (1975) discussed sources and magnitude of error in factor
maps,. and in the overlay process and suggested how map overlays may -

" be'made more acourate, He noted that ma?s used to asgsemble an overlay
are almost always those which identify uniform' ‘regions, Sueh maps
have two kinds of acouracy standards: (a) the allowable error in the
positioning of boundary lines (horizontal accuracy); (b) the degree
of uniformity or purity of the regions, 'The horizontal error of a.
boundary line has two parts: error in the original source map and notes,
and error introduced in the preparation of the final map. Modern mathods
and equipment can reduce the second of these to well within 0.1 mm, ..
In comparison, the source maeterial is likely to contain farmore error,
end this is likely to be highest where boundaries occur in zones of
transition (e.g., s0il slope, vegetation maps) rather than along distinet. -
edges between regions. The error resulting from inaccurate boundary
lines is usually apparent to the user, but error resulting from non-uniformity
of regions is not so obvious and is potentially more significant.

Pedologists appear to be most sensitive to the" concept of purity or
‘uniformity’ of regions. Bie et al (1973 ) suggested that purities

are in the order of 55% and.T53 for soil maps of normal complexity at
scales of 1:50 000 to 1:63 360 and 1:25 000 respectively. Other possible
sources of error are concerned with geometrical differences among maps

and changes of scale.

It must also be noted that a soil mapping unit is a 31ngle expression

of & multivariate system with a vector of means and = variance-covariance'
metrix, If a property is deduced from:a soil map for any perticular -
point, it is unlikely that any estimate of the 1likeély -accurecy of such . -
a saiiple could be obtained, In the traditional approach to soil mapping,
soils are identified in pits and the bounderies of mapping units are

drawn by interpolation from auger borings using known relationships

with landscape facets, geology, and vegetation. The mapping units

are defined and described in terms of the soil series they contain,

In most cases, one series dominates the mapping unit which then bears

that series name; more complex units carry the names of co~dominant

series, ~ In either- case, the units contain lesser areas of other profile
classes. The profile classes - soil series, variants, and phases -
included in the mapping unit may be listed, and their frequency of occurrenee
assessed (e.g. Clayden and Evans, 1974) Various authors have discussed
the concept of purity of soll mapping units (e.g. Bascomb and Jarvis,
ig;g; Beckett and Bie, 1975, 1976) as well as soil map accuracy (Legros,
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A soil cla.sssificatlon unit and a mapping un.it 88 1ot - Tecessarily: identical,
The basic soil classification unit employed in Britain is the Soil Series,
3-defined By reference profiles of specific morphology formed on a particular
--parent material.. ° The mapping unit ehould ideally congist only of sails -
which have & very t1ghtly restricted and defined range of varistion . o
in a1l properties from the' specification of ‘the reference: profiled,r - -
Inevitably, this restricted definition cannot be rigidly adhered to '
in practice. The scale of mapping and the nature of the eountry impose
what variation must be accepted (Ball, 1964), -
It is also worfh noting‘that 2 soil series can contain soil phases’ refleﬁting
differences in sﬁonxness, slope, depth, and land -use ‘whilch may not be:. ww=
shown separately’ on “the meps, = Beckett and co-workere {e.g. Beckett,: it
1967, 1968; Beckett &t &l, 1967; Webster “and Beckett, 1968; Bleé' et al,. o
1973) have éxaiiined the questions of the quality of ma.ps of la,nd resourcee'
and of cost-effectiveness in land resource surveys.'

A dlfferent field soll SUPVey approach was ‘used by Rudeforth (19?4) ki
who described the 5011 at regular L km 1nterva15'(systematio samplihg)"f;
in small pits, at" expOBed sections, and from suger borings Mast bourdaries
betweel: mapping wilts 'were drawn from aerial photographs and: landscape T
observations made "whifle walklng to sample points, supplemented in cases’

of douwt by further auger borlngs. Some boumdaries ‘found in the: field
were extrapolated using published geological maps, Veariability of -

the ‘smaller map wnits was studied from additional random pits. (cf’Rudeforth,
1969)... This type ©of sampling requires fewer pits per unit area than

the traditional method (see below). . Jansef and’ Arhold’ {1976) . described -

a method for definlng‘ anges of soil properties based on grid cell sampling

Soil mape h&ve been’ littie used in land use plannitg in. Brﬂtain (see

. papers in Davidson, 1976). ~ In the USA, generalized soil maps have' *f"'
' been used for broad planning of' resources for some time {e.g. Nichols

and Bartelli, 1974; Shields, 1976).. Recently, computers have been j“
used to store, netrieve, and manipulate large amounts of natural resources
(including soils) daua.';'rhe main use has been acomputer generatioh -

of 1nterﬁretative‘maps._.f growing ‘use -is auwtometic comphrigon of soil
resqurce data with dther resource~or1ented data. = In some applications,
i% 18 necessary to generalize detailed sdil’ maps by selecting the domihant’
501l within a cell. ~ Nichols '(1975) studied the agreement ‘between dethiled
soil maps and those generalized using various cell sizes.” ‘on a'soil T
survey map with a medium emount of cartographic detail, the average
agreement was 70,54, 6#.4ﬂ, and 48,4 for unit cell sizes of 8,64 ha,™ .
16,20 ha, and 6%, 80 ha. " On soil maps with low, medium, and high amounts: '’
of cartographic detail the average agreement whs T1.6J, 64 i, end 41;%bi‘
respectively, £or s ‘standard unit cell size of 16.20 ha. A t-test e
was used to test the agreement between the acreage of soil mapping units
obtained from map - 1nformation, sssenbly, and display system (MIADS) K
versus ﬁhe acreege meaeured by ‘dot counting., - No signlfieani differeneea*
were found between sample means of the two methods. T .

3.2 USe of air’photographs and’ remote sensing

A‘map is a plane representation of a portion of the earth’s surface ;
- which, 1nstead of being plane, is & rough and’ irregular portion of the
. Surface of a sphere. Although an aerial photograph pletures a ; L
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portion of the earth 5 surfaoe on, a plane surface, it is not a map

but a perspective view on which images are dlsplaoed from their map
position by the curvature of the earth, lens distortion, relief displacement,
~and tilt displacement, Nevertheless, when provided with sufficient _
supplementary information and the proper equipment, the photogrammetrist
can construct an accurate map. In interpreting air photographs, it

is essential to obtain adequate ground control (Spurr, 1960). Because
of the distortions in air photographs, any measurements which need - - -
to be made are probably best made from maps, using the -air photographs
tO‘prOVlde additional information (cf. Edwards, 19?5, Higginson, 19?5)
Curtis (1974) discussed the remote sensing techniques aVallable for
environmental monitoring and described examples of remote ‘sensing studiesﬁ
using infra-red line-scan, in particular with regard to shelter-belt ™
studles in rursl areas, and multi-band photography, 1n respect of its
potential application to land use, soil, and vegetation studies, in .
Britain. Vink (1968, 1970} also discussed the use of air photographs._

Evans (1974, 1975) discussed the best time of the year for taking air
photographs for soil surveys. .

én a scale of 1 lO OOO, eolour photography haa been used in the planning '

of the Pwllpeiran Scheme, and also by the Nature Conservancy in surveys

of Dartmoor (Ward et al, 1972) and parts of Snowdonia (Mew apd Dall, .

1g972). Colour photography, although expensive, reésults ih nhet saving

because of the limited growd-work involved. Tt is possibly the most

accurate and objective method of recording long-term vegetation changes,
(Munro, 1974 ),

Goodspeed (1968) examined the possibilities for manipulating data from o
air photographs, both from the point of view of sampling and of frequenoyA
decomposition. He concluded that direct application of the techniques
may ‘well be profitable in evaluation of land charaoteristics, Adr
photographs and ‘satellite data are particularly useful in studies of _
vegetation, e.g, for forest inventories or ‘land use (Steiner, 1968;
Martin-Kaye, 197%; Curtis, 1974; Hubbard and Grimes, 1974; Bush

and Collins, 1974; Dodge end Bryant, 19763 Tarnocai and Kristoff, '’
19763 Howard, 1976). The question is, how far are they useful for
determining ‘the characteristics of soils? .

Blanchard et al (1g74) considered the possibilities for measuring soil .
moisture remotely. . They concluded that reflectancé methods are furthet =
developed than are temperature methods, but both requ1re more testing.,
Esgleman (1974) noted that analysis of the L-band radiometer data from
Skylab show that they are hQighly correlated with the moisture content.
of surface so0il layers (see also Newtor et al, 1974). . Stockhoff .
and Frost. (19?4) ooncluded that it is practicable to determine the
moisturé oontent of surfaoe soil by airborne polarimetric. measurements,’
and Milfred and Kiefer (1976) used repetitive aerial photography with ‘
colour and colour infrared film to ‘study .chariges in surface soil moisture
patterns. . Carroll (1973 a, b) reviewed the application of remote
sensing techniques to soil Survey, and commented on the need for researoh
on well-defined laboratory models as well as empirical field studies
before remote sensing can be used to monitor soil conditions,

As it is olearly impossible to recognize s0il profiles on alr photographs,
.. the former have had to be inferred by examination of the geology, geomorphology,
vegetation, and ‘tone or colour of the sirface soil. Air photographs
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help in providing soil boundaries prior to soil classification in the
field (Howard, 1970' Westin and Frazee, 1976), - Carroll et al - (1977)

' described the use of air photo-interpretation for ‘sbil mapping. Tonal
differences provided by the vegetation, particularly with spring photography,
have béen found useful et higher elevations in the United Kingdom.

For example, “in Galloway and Exmoor (Curtis, 1966j and in west Wales,
Juritus is assdciated with (low) humic or peaty gleys, Pteridium with
acld brown earths, Erithorum with peat and Molinia with peaty gley _
podsols& In west Wales it was also possible to recogrise Erica’ Calluna
heath, Vaccinium gxgtillus, ‘Scirpus caespitosa < Eriophorum, Nardus, =~
and S um types (Howard, T970; see also Nature Conservancy air photo
sS?X?y of the Isle of Bhum Carroll'et sl, 197735 Curtis‘and~Msyer, <

1 i . . -

.,‘.:‘_‘ Lo

Odenyo and Ruet (1975) used density slicing techniques "or air photographs
to evaluate the accuracy of existing soil maps, - Thisdmethod 8liced’
film optical density into eight levels, each of which could be" displayed
as & distinct colour on a colour monitor. They found that the interpretation
of a given pattern of colours coiild not he carriéd sérdss the bounﬁarieﬁ
of the cultivation units, each of which had to be ihterpreted séparately «
or grouped with another cultivation unit with a similar cultural practice,
Cultural practices (e.g. crop residues left lyihg-on the: seil surfdce)*”
are apt to cause differences in optical reflectively +that are not related
to intrinsic soil characteristics, "However, in certain circumstances, a
the density slicing technique may prove useful : -

Belcher” (1948) noted that the first, and perhaps most important; stqp

in inferring soil conditions from air photographs is to identify the i
landform, the importance of which lies in its relation to the mantle

of solls which has been produced. It 1s possible to assign defifiite’ "
characteristics of shspe to landforms composed of different'rocks,"" :
drifts, alluvium, etc., and further refinement Is possible using coloum; w
erosion, and surface drainage. Crampton (1975) used air photographs

to recognize- landscape units (i.e. vegetation-landform patterns) which
could be grcuped iﬁto regions related to climate in the Mackenzie River
valley. " ‘ .

Some factors-affecting‘land use'(e.g, poor‘drsinage, rock outcrOps,g :
extensive erosion) are directly determinable or can be Inferred from """ "
air photogrephy, However, from the point of view of land capability
classification, the value of air photography may lie in photomorphic:-
mapping, which'depi&ts Qand types, or land systems, using the pattern IENE
produced on- air phetographs by the total interrelated physical and &

f

cultural features of the landscape. The concept deperds orithe recognition
that definite relationships exist between conmponénts visible én the &
ground - such as laridform, ‘drainage, vegetation, and field: and ‘settlément -
patterns = and others which can be inferred or interpreted from asSbciated
features., Thesé Gomponents appedr on air photographs 1n the forfn -

of “éharacteristié patterns eonsisting, more specifically, of tone,

texture, ‘and ‘lineaments 'which can be intérpreted as a composite image-
representing a specific land type. This donceptfisrexamined in section
5.1, o it Pt st

The photomorphic method is ea51ly adapted to statistical analysis through
the correlation of the image components with ground’ sampling and census

< dabe, and the*comparison of the individual componentS'of similar photographlc
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patterns (McPhall and Lee, 19727, Beckett (1974) aiscussed methods o
for the statistlcal assessment of resource survey information obtained -

by remote’ sensing The growing techniques of sutomatic patiern recognition
from’ rémote sensing imagery, uging densitometer and computer analysis
(Rosenfeld, 1968) alsc have potential applications for photomorphic‘

surveylng
3.3 Samplmg methods

The main object of a sampling procedure 1s to secure a sample which,
subject to limitations of size, will reproduce the characteristics

of the popul&tion as clopely as possible. © It is - importarnt for sampling
methods to avoid error'due to bias, which is the aggregate of errors
tending in the same direction, Bias, if present, forms a constant
component of érror which does not decresse as the number in the sample
ifcresses, Whether or not a sample will give results which are suffiniently
representatlve of the whole population depends on the magnitude of '
the rgndom gsampli error, ‘The average magnitude of this error depends
on the Sampfe size, the variability of the material, the sampling procedure
used, and the way in which the results are calculated. The relative.
accuracx of two samples of different size, or obtained by different
methods, or both, may be defined as the recilprocal of the sampling
variances of the estimates provided by them, The relative prec¢ision

of two different methods of sampling based on the same type of sampling
unit may be defined as the reciprocal of the ratio of the sampling variances
of the estimates given by the two methods using the same number of units.
The relative effilclency of two different methods of sampling based on ﬁhe
same type of sampiing unit may be defined as the reciprocal of the ratio B
of the numbers of units required to attain a given accuracy with the '
two methods, - In certain circumstances, the relative efficiency is

equal to the rel&tive preolsion (Yates, 1949).

When planning a survey, the aim is to determine ‘which method of sampling
is likely to be most efficient and which size of sample is necessary

to give the required accuracy. The smeller the size of sample needed
to give the required accuracy, the less effort, time, and expense will
be required. Furthermore, the smaller sample size is likely to allow
the handling of more detailed information, and the use of more types

of date enalysis, than might be attempted with a larger sample size

or & census of the whole population.

In examining upland areas, we may be looking for particular festures’

or combinations of features, or we may be interested in the areas of
land of & particular type or under a particular use, We may wish -
to computer map the results, or subject them to some sort of statistical
analysis.

The surface of land mey be regerded as a two*dimensional (areal) sampling
plane. The sampling unit may be: (1) =a goint at which the presence =
or absence of some characteristic is recorded, or at whiqh a value .=
is read of some continuous pattern of variation; (2) a line’ (traverse)
the length of which lying on a particular Tand use and related features
‘18 of interest; or (3) a small area (guadrat) in which the characteristiss
of interest are measured, Berry (19627 conecluded that the simplest

of these sampling units, i,e. p01nts, have none of the problems of

the others, and the data are 51mpler to handle._

Peltier (1962) discussed methods of ares sampling for terrain analysis.
The optimum type of sampling is best determined by the problem and ‘
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by the kind of answer sought. If & frequency distributlon or probability
expression of total characteristics is sought, a sampling of single

~.-points or small areas appears best, Effort is decreased without a

corresponding loss in accuracy by decreasing the area of the observation
points end increasing their number, Detailed field. observations on
areas 50 feet square seem to be satisfaectory for obtaining statistical
date on topography, soils, vegetation, and parent rock material, n

a situation requiring reliance upon secondary information, such as .

an explanation of the relationships of mean slope, relief, and drainage )
texture w1th lithology, quadrats of 1 sq. mile seem most satisfactory._

Secondary data recorded at scales smaller than 1363 360 are gensrally
poor and are not likely to reveal new relationships. R

Point and transect samples led to similar general conelusions concerning
. frequency distribution, If direction, or the sequence.of events. invnlving
movement, ere -important to the problem, then transect. sampling appegrs o
best, . This type of sample provides data for probability expressions .
—of. such things as the chances of finding an -outcrop 8¢ draifiagewsy, . ..,
the changes.of being able to see for 10 miles, or. the chances.that e
a motbrizea “Vehlole will get stuck. This type of sampling has- prcved
most useful when combined with a form of gaming or simulated operdﬁﬂmﬁir”’
experiment.; v _ :

A two~dimensional space may be sampled in a number of ways: (Qpenouille,,‘
1949) We might use simple or stratified random sampling, . or, -because -
we aré dealing with two dimensions, we mlght choose & simple‘(aligneg)
or unaligned grid pattern. Stratification, if intelligeﬁfIy“ﬁéed“f“*
nearly always results. in a smaller variance for the estimated mean ..
or total than is given by a comparable random. sample  (Cochran, 1963),..

In a wide variety of cases, systematic unaligned sempling is found
t0 be more accurate than stratified random sampling and simple grid
samplings(Quenouille, 1949; Cochran, 1963). On the other hand, a. -
simple: grid may only be as accurate as simple random -sampling, . although
central ‘square grid sampling cen be more accurate than stratified random.
sampling,  and- certainly better than aimple random sampling (Yates,r_
19493 Gochran, 1963)

Systematfo sampling is 81mp1e to draw and execute, and qan be very e
convenient, especially when maps are being used. However, care is. -
necessary in its use, as it is not suited to material with periodie
features, It can be.recommended when the autocorrelation funetien ... ;4
hetween ary. two.points in the ares is.a concave upwards function of ..
their distance spart, as seems to be the case in many natural_pqpulations
(Cockiran, ¥963). - - o , . S el e
Berry (1962) compared stratified systematic unaligned sampling (four
samples-randomly oriented with respect to. each other) and stratlfied -
random ‘sampling with respect to their 'velative efficiency {defined |

as the ratio of the variances, but.this Is net the definition of Yates _
(1949)) 4in: estimating land use aresas from maps, - The relative efficienay’
of systematic oVeld. stratified random weas-5.65 for woodland, 3.4 for - ..
cropland,: and: 2,3 for pasture. - These values imply that fewer observations
are needed with a systematic unaligiiéd sample then with a stratified
random sample - to. HObtain estimates with a given variance. Ce e

Osborne (1942} used the 1engths of lines drevn on mapa o obtain area
estipates of (a) vegetation in southern Galifornia, and .(b) forest
type and condition iIn'NW Washington. K 1In (a) an area.jo miles wide :
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was divided into strips one mile wide, and each strip was divided lengthwise
into 30 parts. Twenty sets of lines one mile apart one line per

strip per set were placed randomly giving 20 systematic samples. IHowever,
these samples were random in their totals and provided an estimate '

of the variance, For comparison, 20 completely random samples and

20 stratified random{or randomized block) samples were also taken.

The &rea ‘estimates by all three methods tended towards the same valuey
but the standard déviation of the systematic totals for cultivated .
land wes only half as large as that o0f the randomized blocks, and only
one—51xth as large as for completely random samples,

By calculating the average of the sgquares of the correlation coefficients
of a measured line with all lines within the mile in which the first
line occurred, tdgether with the residusl mean square from a polyriomal
fitted to one line from each mile, Osborne obtained estimates of the
standard deviations for the systematic surveys. He concluded thet
(1) In his tests, stratified random surveys were only one~half to one-
fourth as efficient as systematic surveys of the same intensity; (2)
If dats teken Systematically are used with random sample formulae,
biased estimates of the sampling errors of totals or means result;
(3) random sémple formulae, whén applied to randomly selected observations
of this kind, give dependable estimates of the sampling errors of totals;
(4) trom estimates of the correlation of linds, dependable estimates
of the sampling errors of systematlc samples may be obtalned ‘

The difficulty with any form of systematic sampling is the estimation -
of the variance (Yates, 1953; Cochran, 1963), Chevrou (1976) examined
the relationship between area and the length of the srea boundary.

He gave methods for using these to estimate the variance of the area
ebtimate obtained by three methods: (a) transects, (b) systematic
dot grid, (c) pseudo-systematlc dot grid, Quenouille (1G49) considered
three methods of estmmating the sampling errors of a systematic sample:

1) using gets of systematic samples randomly placed with respect 1o each '
other, i.e, the material to be sampled is broken up irto a series of
sub-areass or blocks and several systematic samples are taken in eadh
block; +the ervor variance is calculated from the variancesg of the
gystematic samples in each block,

2} using one set of systematic samples randomly placed, i,e. several
systematic samples are teken and the area is then broken up into
sub-areas or blocks; the errvor variance is caleulated from the
variances of the portions of the systematlc ‘samples in each block,

3) using one systematlo sample, i.e. one systematic sample is taken
which 1is broken into several systematic samples of wider spacing,
e.g. four samples at four times the original spacing, the area is
then divided into several sub-sreas and the error varisnce is
calculated from the variances of the portions of the sub-systematic
samples in each block,.

These three methods are increasingly accurate in thelr estimation of

the mean, increasingly biased in their estimation of the sampling variance
and decreasingly difficult in their practical application, so that

the method of sampling mey vary according to the population and according
tc the use to which the results are to be put.
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Quenouille coneluded with some ohservations on the problem” of a trend

in systematic sampling, and noted that Yates' method for overeoming

this difficulty is likely to result in little loss of informetion (ef

Bellhouse and R o, 1975).

These oonsiderations are relevant if estimates of percent of ares occupied
by particular land uses are-of intérest, or if it is desired to compare

areas. When comparisons through time are of interest, and bias is .
relatively constant from one time period to the next, then accurate =~ -
estimates of change can be obtained without satisfying the requirement T
of unbiased estimates (€., see Goodell, 1952).

e

The effect of bilas may be less serious than has been supposed. -Tﬁei*“”f“
main-problem seems to be the estimation:of the sampling error. What
is needed is eémpirical evidence against which to Jjudge the sampling
error of systematic sampling,

Bormior (1975) drew & total of 14 areas, eaoh belonging to one of" four shape

classes, and - obtained 'true' area estimates by planimetry. -Edch of the
14 areas was also measured ten times with each of five dot gridsiof =

‘different densities. The area estimate from the sample dot count was

compared with the 'true' count and the percentage error was calculated,
The relationship between the percentage error and the mumber of dots

in an area was: examnined graphically, From estimates of area size and '
shape made as a preliminary to the dot count, a dot grid oould be selected
such - that a specificd error will be attained,

In: simple random sampling, if we wish to estimate the proportion or -

the percentage of units in the population which possess some eheraeteristic
or attribute; or fall into some defined class, we usually need: to apply . °
the binomial distribution, and although the hypergeometric distribution

is the correct one for finite populations, the binomial is usually =~

& satisfactory approximation (Cochran, 1963)., If we let P = the proportion
{or percentage) of units in the population with the characteristic

in which we are. interested, and p = the proportion (or percentage)

in a sample: 31ze n, then +the standard error of p is given by (for a
pereentege) '

For normally distributed data, we would expeet that the- true percentage
would be within 1. 96 ‘sbandard errors in 95 per-cent -of cases. “The
standard error falls very rapldly up to a sample sizé of about 100

and more slowly above that The following table is from Robertson
and Stoner (1970) ' o T T

e - n _ - 8B

TO w2 800 - 3,24

TO e 500 2,05

70 - 1,000 LAs5
46

7o 10,000 0.
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gimilarly, the minimum proportion which can be detected is given for.

the 95 per cent probability level when p - (1,96-x SE) = :Gy. The following
table (calculated by PJAH) gives minimum values of P with a 5 per cent

and a 2.5 per cent chance that P will be meaningless (equivalent to

90 per cent and 95 per cent probability respectively, as this is a s;ngle-,
tail test): '

o n

2.5
2, 63 3.7 100
1.33 1.88 200
0.54 0.766 500
0;27 038 B 1,000
0,03 C. 04 1o,ooo

This approach is not appropriate when interest lies in the total mumber
of units in the population which are in a given class, In this event,

it is more natural to ask: is the estimate likely to be correct to
within, say, 7% of the true total? Thus we tend to think of the standard
erfbr"Expressed as a fraction or percentage of the true value., This
‘quantity is:usually called the coefficient of variation of the estimate,
"If the finite population correction is ignored, the coefficient is:

. cdefficient of variation = ; 100 - P

For a fixed sample size, this coefflclent decreases steadily as the -

true peroentage in ¢ inoreases. The coefficient is high when P’ is

less than 5 per' cent. Very large samples are needed for precise estimates
of the total number possessing any ttribute that is rare in the population.
For P-= 1 per cent we must have = 99 in order to reduce the coefficient
of varistion to 10 per cent, hence n = 0801, The Binomial distribution
can be used to tabulate the frequency distribution of a, of p = a/n,

or of the estimsted total Np, when a is the number of units in theé sample
which fall into a class, N is the number of units in the populatlon,‘.

n is the number in the sample. Simple random sampliing, or gny method

of sampling that is adapted for general purposes, is an expensive method

of estimating the total number of units of a scarce type. In this
connection, it is useful to note Berry's results on the relatlve efficiencies
of the dlfferent sampling methods mentioned above,

In general, with point sampling, the best results will be obtained if
the-objectives are fairly broad. in cla531fication, this means reducing
“the number of classes as ‘mich as possible." The technlque appears to

" be most useful in examlnlng the larger ¢lasses (i.,e, 30 per cent < pel
TO per cent) '

It is clear that the number of samples does not depend on the area involved,
Whether it is a whole region being considered, or s small ares within

a region, exactly the same number of samples will be required to make

the same end statement with the same degree of error, provided that

the distribution which we are studying is the same in each case. In
upland areas, the distributions may differ gt different scsles. - For
example, a small valley may have areas of good soil in the valley bottom
which form a large proportion of the valley, but may form only a small
proportion of the upland area as a whole, with its generally poorer

soils, With land variables, variation tends to increase as area increases,
but not linearly,



4, Me'bhods for hand.ligs the dgta.
Apart from the traditlonal mapping approaoh the type of data with which
we are concerned may be hendled in a variety of ways.

Tomlinson (1970) grouped methods for storing and manipulatlng geognaphieal
data (i.e. those which are specific to a location) into four categories-

1) Geographical indexing systems

This is the simplest type, it manipulates dafg.lists on the bagis - .
Cofra location - .specific index. An example of this is the U,S,. .
Bureau of CenSus DiME system. R R RS S

N

2) Simple grid manipulation

single data sets whose location is known can be stored 1n-arbitrhry
grid cells, The results can be displayed as line-printer’ charaeter
maps. = Posaibly the best-known of these is SYMAP V and ‘its derivatives.
Storage inside the computer is on the hasis of one character per
grid cell. Several types of data manipulation can be carried
out oh this grid cell storage matrix, - Values provided-at grid - " .
co=ordinate points can be spread homogeneously over areas {olusbterk™ "
B of ‘grid -cells), previously described to the system, = Isolinesi’ =uv
Sl (eoribours) can be calculated for any intervals: over: the range of = ~
S yraluess of poilnt data‘prOVided on the grid and can beintermally
- superimposed on the grid. . Spatial wmits can be -defined by néarest-
neighbour methods from point information {where esch grid cell:
is assigned the value of the point data nearest to it) and boundaries
areassumed along the line where the values ‘charige. ~SYMAP V has
a wide range of statistical support options linked to the mapping .
. systen which permit calculations-of means, standard deviations,“--
histograms, and percentile groups. of the data, ~ Graphic.display -
+.of the results of deta storage and manipulation can be providing
by simply printing out each cell as a symbol on a line printer., ..
Lines can be approximated with printer characters and areas can
_-be shaded with up to ten progressively darker shades. : P

Simple grid manipulation is particularly ueeful in: upland land
"uge 'and land capability studles because the -meps- can be generated
quickly with even a small computer and limited printing faoilitiea.
A normal teletype printer gives some distortion because the distance
between lines is not a whole multiple of the distance between:oharacters
on & line; One way of overcoming this is to havé a re-gesred 7=
line printer as at the Edlnburgh Regional Computing Centro (Newcasﬁle-
upon-Tyne installation).

3) Map compilation systems R _ = ?J Y

One of the easiest and most efficient manual ways to :store and -
display geographical ‘data is in map form. <Computers can be uséed .
~=-both to aid in the: manipulation and compilation of maps themselves' .
and to store, manipulete, and display geographicel data derived & = -

from maps. One example of this is the Oxford System of Automated
Cartography.
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" 4) Grephic data handling syste s

Meps have two severe limit t ons n their use: (1) there is a
physical limitation on the mount of deta. that can be stored and
displayed on any map; (2) he map format demands visual and manual
retrieval of any of its information . Measurements are laborious
.. and -quantitative .comparisons are slow,. Computers can be used
o0 store the informatilon found on existing maps and to receive -
additional informaticén.,  The stored data can then be amelysed in -
variaus ways. -An exemple of this ig the Canada Geographic-lnformation
System (cf. Sw1tzer, 19T5)

Automation in cartography is a rapidly-expanding field, Papers
on various aspects may be found in Wilford-Brickwood et al, 1975.

L.1 Mapping of variables

Selective portrayal of chosen variables can complement maps which

use orthodox units, e.g. those representing the sum of all morphometric
profile features. In doing so, they are used to emphasise aspects
which may be-of speoial significance to a project (Stobbs, 1970).

-An interesting variation on this 1s the. technique of Rudeforth and
Webster (1973) for indexing and display of soil survey data by means
of feature cards and Boolean maps. Using such maps, 1t is possible
to-answer a wide range of questions such as: (1) what is the soil
like at a given site? (2) where else can sites with this soil be
found? - (3} which sites have soils with given combinations of attributes°
Comparison of the distribution patterns of different features and
‘their combinations may reveal hitherto unsuspected relationships.
Such maps cen readily be prepared using eleetronic computers.

de Gruigter and Bie (1975) described a computer method for‘alIOCating
cells to prespecified classes on the basis of values of each variable
for the cells, 3ince these values remaimmchanged, the user is free
to employ any classification of his choice.

The sort of data used in such mapping can also be used to make
comparisons, e.g, between the spatial distribution of land use
and such characteristics as physiography, terrain type, drainsge,
soil depth, texture, type, and chemistry, climate, and any others
which may be of interest, Any two geographical digtributions
can be compared, for example by preparing a contingency table and
caloulating the correlation coeffleients, and chi-square provides
a test of whether the assoejation is significantly greater than
could have arisen by chance.(Berry, 1962),

4.2 Capability mapping

Given a method for classifying land with respect to its abllity
to support an activity, or range of activities, in which we are.
interested, the possibility exists to generate computer maps for
each type of use capaebility, The interpretation of these maps:
(see next section) can answer a number of questions concerning
rossible uses, conflicts of use, potential for change.,
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Rudeforth (1975) outlined & system for designating classes from

soil eand slte data, assessing mean values and variability ofproperties
within classes, and whlch leads to a new approach to the recognition
of potential crop land. " In this method, a computer is used to

assign land to classes in a pre-existing capability cla531fication

and to draw maps. - Information collected at grid line intersects

is particularly suitable for this purpose’ (o.f. Rudeforth and webster,
19733, . The method can be extended to’ identify Tand sUitable for
specific er Ps u51ng the known range of values of soil and site

' proﬁé%%fes fiwmx%ampling locations mhere these c¢rops oecur. ' The

method cen also be used to examine the effects of changing the _
elass limits, and to look for locatiohs particularly susceptible
to change. .

'Qpannitative (! parametrlc ) methods

.Recent Lrends in the quantitatlve approach (sometimes referred to

as. parametric methods ) to land evaluation were discussed in papers

jedlted by Stewart ‘(1968), and methodd were sumarised oy Riquier

‘ﬁfﬂi(1974). The method consists of {1) evaluating separately the

“'different properties of soils and giving them separate numerical
. valuatidns according to their importance within and between each
_ other; (2) combining these numerical values according to a mathematioal

“-'law taking into consideration the relationships and the interactions

. ibetween the factors to produce a final index of performance; (3)
ythis ‘in turn is used to rank soils in order of sgricultural value.
. In principle, the methods eonsist of examining pPlant production

as a functlon of factors such as soil depth, texture, available

-~ water,” The most simple {additive) method postulstes that’ ‘edch

factor operatés independently, which does not seem to bé the case

“in giature,  The additive and subtractive method assumes that all

the favourable Factors add together while all the harmful ones
subtract. In the multiplicative method, yield is limited by ther

- “lowest faccor, which seems to be more realistic and conforms to
experimental data.

Various quantitative methods are being tested in ‘different’ countries
(Riquier, 19?4) Perhaps the most widely applied is the Modified
Storie Index: S B :’ o

Lend Productivity (torie) Index = A x B xX¢xXx Y

rating for the general character of the soil profile

where A = i

- B = g rating for the texture of the surface’ horizon
C = & rating for the slope of the land
X =% rating for site factors qgt included in As By [
Y = ¢ rating for rainfall -

The percentages are converted to decimal equivalents before multiplying
together and the result is converted to a percentage (Olson, 1974).
Riquier et al (1970) proposed a multiplication method using seven
physical and chemical characteristics (or their substitutes) of

the soil._ The method is flexible but oversimplifies the influences

of both climate and improved management practices on‘productivity.
Other similar methods are giver in Riquier (1974) o ‘

Albers et al (1975a), in comparing some West European land elassification
systems, considered a French system compiled by Begon and Remy (unpublished)
This system, based on the scale of importance
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of the properties of soils for the required crops, is additive,

A disadvantage with this system is that 2 limiting factor does

not come forward enough if there are no other limiting factors.
Albers et al criticised the scheme in detail, They alsc examined

.a German system used for taxation purposes. It looks =t the natural
yield capacity (based on soil conditlon, situation in the landscape,
climatic factors), For arable farming and horticulture, and for
pasture land, other factors are tasken into con51derationb such as

the ‘size of the farm, its composition (pasturq/arable ratio, buildings,
stock, stored forage and products), the internal. and external traffic
situation, This system was criticised for among other things,

the assessment of texture, vague criteria for certain factors and

no criteria for others, as well as for incorrectly purporting to
give an absolute measure for production cspacity. There is no
information. about the nature and severlty of the. 1lmitatlon.

Specific 1nformation on 3011 requlrements of crops is dlfficult

40 find and often vague, partly. because crop specialists often tend
to:neglect studying the solls and soil scientlsts tend to neglect
studying the crops, Soil information in crop handbooks . is therefore
often vague, and in books on soil science information on the requirements
of speclflo erops is often completely lacking (Vink, 1975) v

Leven et al (19?4),—1n.the USA, eriticized various land classification
systems. and suggested the use of Land Response Units, i.e. units

of land that exhibit strong homogeneity in land form, gross soil
morphology, climate, native vegetation, vegetative production potential,
and land use limitations. Tand is rated on. capability (based

-on soil moisture, temperature, and nutrient regimes) and sensitivity
(based on erosion, runoff, and slope hazards ). These ratings

arve then combined to give a single rating for the response unit,

They stated that thls system has been successfully used in land

use plamning end menagement projects in areas ranging in size,

from 450 ha (1000 acres) to 303 520 ha (750 000 acres), The ratings
-were used to indicate the adaptability to the land of small revegetation
‘projects, and for allocatlon of large portions of land for multiple
uses - ‘

Wilkinson (1n M.A, F F., 1974) reviewed some 1ndependent approaches

to quantifying soil survey interpretations in the appraisal of

soil productivity, -and described the approach used in Britain by

M AP F, The importance of understandlng the various components

of land and the relationship between potential and actual productlvity
-was stressed.. A brief description was given of & miero-plot” technique
to measure the relative potential productivity of soils and some
results were presented

Paterson (1956) developed an index for estimating the potential
- productivity of tree stem wood in cubic metres per hectare using
- only -elimatic factors. Hig formulae wase

I=Tvx?P x.G x:E
Ta x 12 x 100

where Tv 1s the temperature of the warmest. month ( C), Ta is the
amplitude between the mean hottest. and coldest. months, P is the
.annual rainfall (mm), G is the length of the growing season (months),
E is the percentage reduction for evapotransplration. Paterson's
index was modified by Weck (1957) and Becking (1962).
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It must be accepted that in such quantitetive methods, only the
mathematloal treatment of factors can be regarded as objective.

The selection and compounding of these factors is prone to variable

intensities of subjectivity according to the kind of provedure.

‘ ;followed. YReslising the complexity of the problem, it is clear

that men will always have the responsibility of selecting and assigning

~§significant factors, but should then aim at limiting to an acceptable
;minimum the role played by subjectivity in these operations. This

‘_ can only be done 1f <the consideration of the significant factors

bk

retained reflects resuit 8 of field trials and if these results-i
have a statistical value”" (Riquier, 1974). . '

Other computer-bascd methodu

Numerical methods havé'so far been little used in- the 1nterpretation
of land-use data. Beeston and Dale (1975) attempted to use 'multiple
predictive analysis’ (Macnaughton-Smith, 1965) in an examination

-, 0f the efficacy of various land clearance methods for the' control

of woody weeds in southern Queensland., This technique g concerned

_ with the analysis of three sets of varisbles (in this case;y” ' background,

,'treatments, outcomes) recorded for a single set of 1ndividud13

or sites. The background set of variables may be of ary kind,
and 18 used solely as a source of potential divisions into subgroups.

- . The other two sets each contain a single multistate variable and
it 1s the relationship between these two sets, and in partictlar

the preélctablllty ‘of outcome class given treatment claSs, whidh

is to be maximized. The results were not very impressive, ° Thirteen
EToups were accepted, but even at this level the contingenCy tébles
were very empty. ' The auttiors admitted that the results should

not be taken too geriously until appropriste experiments have been
carried out, ~ They discussed ways in which the method might be:
improved. -Fisher (1975) appeared to have more success when using
this method to’ identify predictive plant species associated with

‘partlcular terrace altitude classes in the New Forest

B Automatie contourlng and trend-surface plotting aid in the 1ﬂterpretation

and presentation of map-orientéd information, but they do not’ neeessarily
present the most economical summary of the results. The tethnique
of principal component cnalysis provies a relatively simple method

"of aonsidering thé'variovs lamd use varisbles so as to obtein ‘g

parsimonious summary of the basic data collecteéd in ‘a survby, '

 Having determined how many’ dlmensions are necessary. to account ‘for

some desired proportion of the¢ variation revealed by ther sample
measurements, the analysis alsgd provides the necessary ‘linear Functions

‘of the basie land use variables for use iy ‘other techniqhes sudh
‘as trend-surface analysis (Jeffers, 19?0) :

Voo

Canonigal correlation is another llttle-used technlque which is
appropriate-to surveys where -the: dependenée ‘of the variablés of

land use cah be related to variables of” thE'topography, physiography,
and environment. This technique is- best regarded as ah -exploratory
tool which will gilve some idea of the complicated structure of

a multivariate relationship. Natursal variamion is. multivariate

and consequently there are advantages to a’ model” which analyses

the variation of several dependent variables simultaneously. The
lineer combinations of béth the environmental ‘and’ land use -variables
may be related to their geographic ‘position by atitomatic’ corfouring

- or by trend-surfade analysis, They may also be used a8 the basis

for optlmisatien and simulation teehniques (Jeffefs,_lQ?O) -
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- MeCarthy et al (974) documented procedures developed for the.
evaluation of environmental consequences of spatially distrlbuted
“setivities-in a region centred on Xnoxville, Tennessee, - An important
aspect of their research is the ability to interrelate, and to

show the cumilative effects of, different changes to the environment.
The decision maker can begin to interact with the system and see

the results of different mansgement decisions, The primary object
of their work is to (1) forecast and simulate future changes; (2)
evaluate the consequences of alternative plans; (3) determine

the optimal solution to given. problems; - (%) to provide the user
with information .and computaticnal tgols so that he can develop
solutions stblect to his own critenris.

: The types of question which mlght be asked of the methods of McCarthy
et al are, hypothetieally. ; ,

l)’vGiven,predicted 1noreases in employment and urbanisation, what
f . will be the 1andscape pattern over the next 15 years?

-2) -Given the landseape pattern change, what would be the effect on
' privately-owned woodlots of inoreased forest harvesting by the
TVA9 ; - o _ : S

3) "If TVA harvests a 1arge number of woodlots and private 1andowners
harvest their own land due .to economic pressure, could this affect
water quallty of the streams in the area?

4) If weter quelity of streams in the area is affected, would biota
of the reservoirs of the area be affected?

5) If reservoir quality is changed, how will various regionsl publics
react thrpugh the political system.

Their land cover model recognises the following plant commmities:
(1) hardwoods; (2) pine-hardwoods; (3) pines; (%) cedar-hardwoods;
(5) old fields. The model simulates the natural successional
changes by considering categories of land cover as states in finite

Markov cheins. - As the simulation proceeds, the land allocation

model overrides the natural change in some cells (i.e. mapping

grid cells) with man-induced perturbations. This causes the land
cover model to project changes into neighbouring cells where applicable,
thus oreating a new vegetative pattern in the natural system.

These results can be illustrated by computer maps based on grid

cells, or, more effectively, they may be superimposed on relief

maps.

This is an interesting approach which seems to be worth following

UPe Markov models have not been used much in ecology, and their
appllicability needs to be explored. A Markov chain is a stochastic
process in which transitions among verious states occur with characteristic
probabilities that depend only on the current state and not on any
previous state, Only two basic conditions need to be satisfied

for valid application of this process:; (1) to predict the next

state, one need know only the present state; (2) the transition
prrobabilities between two specific states remain constant over

time (i.e. 1t is a stationary process), A Markov chain is 'regular’
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if any state can be reached from any other state in s finite number
of steps, and if it is not eyeclic. 'The fundamental property of

e regular Markov- chain is that eventually it settles into a patiern
- in which the various states occur with.characteristic frequencies
“that are iqdependent of. the initlal state, this is the stationary
distrlbution of states. . ‘ e _ o

Horn (1975) discussed various pos31b1e modifications to.a basic

‘Markov model which. can he: used 4in the study of forest succession.

. However, there are few studies in which the.predictions have been

tested against observations, .. Waggoner and-Stephens (1970) calu

chlated the predicted probabilities. of occurence after 40:years

of species in 327 plots in mixed hardwood forests of Central Connecticut,
and compared them with observed probabllities, = Although oak persisted
less than predicted, the persistence of maple, bireh, eand minor

. gpeeiesy the transition from oak to maple and birch; the transition

from birech to maple; and the transitions from other and minor

species to maple and birch; could have been rather well predicted

“1in 1937 - from- the matrix of probabilities for the first decade.:.

A compardson of thi&" steady states predicted from the obseried probabilities
of the first and fourth decades showed good agreement, apart from

© oeKi - If the changes in the forest fitted an ideal Markov chain,

21 the two - steady states would be the same. The data suggested that

some transition probabillities for the forest can be trestéed as

if they came from a stationary Markov. shain, :
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Se Interpretation of the data H controlling Tactors

In studying upland areas, we can’ describe guarititatively the characteristics
of individual areas, possibly using computer-maps. These maps can be
used in a variety of ways. For example, they can be used to find the

areal distribution of particular use or capability classes in an area,

and to show which aveas or sampling locations have a high capability

for more than one use.  The potential uses may be mutually exclusive,
' “in which case there will be a conflict of. interests, or they will be -
compatible, in which case multi-purpose 1and.use will be possible.

Such maps would be useful as an aid to decision making. =~ Different upland
areas could be compared on the basis of various properties, e.g. the -
proportions of the different areas (a) under a given land use; {b)

with a capability for a particular use; (c) with particular soil/climate/landform
characteristics or combinations, or perhaps with regerd to the distances
_of the sampling points from the nearest roads.

We can. also use them to examine the possibilities for change, the likely
direction of change, and its impact on the landscape. Let us congider

8§ an example,’ agriculture and’ forestry._‘ The lanhd capability classification
“ahd maps will tell us what_is possible.- However, current land use =

may not achieve this potential because of the presence of eontrolling a
fadtors- (constraints) such as (1) land tenure system, (2) size of

farm, (%) labour inténsity, (4) capital intensity, (5) level of technical
know-how, (6) farm power (source and accompanying implements), (7)

demand for products, (8) economics, notably with regard to subsidies

and taxatjon polfcies. It ig’ evident that a change in one or more
~Jof -the oonstraints will lesed to & change in tlie relatlonship between
current use and” caﬁability._ '

Having exapined an area’ on's systematic basis (e.g. grid intersections)

and having assigned ‘a capability class to each location, we can determine

the percentage of the area which is capable of a glven use, and also

the area which is ourrently under a particular use, This gives an indication
of the scope for change. -~ For example, if 75 of an srea is suitable -

for forestry but only -4y is forested, there is scope for -a 15-fold increase

in forest, or exten51oﬁ by a given acreage, We can also.say what speoies
would grow at each sampling location, hence maps could be . produced showing

the appesdrance of theé land at various levels of afforestation, A forestry
expert couldAgive.estimates of establishment costs and likely yields. '

Stetham. (1972}, ‘having ‘assigned to each map square of the North York

Moors its grading for- capability with respect to a range of uses, attempted
to evolve a pattern of "optimum’ uses by allocating to each square the
7__agtivity with the highest grading for that square. Various weighting

' systems were used, for example: (a) all activities have equal welghtings;
(b) weightings for sgriculture = 1, forestry = 1, recreation = 3, ‘nature
conservation = J; (c¢) weightings for recreation = 1, nsture conservation

= 1, agriculture = 3, forestry = 3. Statham recognised conflict areas

as land where the highest grading occurs in the same square for two

or more incompatible activities in the equal weighting situation and
oggortunitx arcas as land which occurs in the highest grade, category

for a different use than that existing, even when that activity is NEighted
against, '~ Thé main conflict ared in his study was the area of open moorland,
on which Statham éonciuded, afforestation ‘should’ beencouraged and’ reclamation
for agrieulture discouraged although a riumber of 31gn1ficant heather

moors should be retained, mainly for amenity reasons. :
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Wannop (1972) desecribed the ‘use .of.Development Potential. &nalysiﬁa;ﬂhléh .
7‘13, essentially a systematic and comprehensive development of traditional.

sleve map procedures, in generating alternative strategies. in the Coventry
- Solihull -Warwickshlre Sub*reglonal study. : :

As Cunningham {1971) pointed out, decisions about the future land use - i
pattern in the upland and -hill. sreasg of Britain are ultimately political.-
decisions, since most forms of - -eontemporary use - agriculture, forestry,
tourism, wildlife conservation - depend.on some form of Government ass;stance
through grants, subsidies, or taxation policles. :Economics dictate.

more rational-approachto deeisions about land use is required. Further 3
investigation is needed In determining the constraints to various forms

“of "land use and of integrating them in a systematio way so that better
deoisions can be made,’ - i

'Some of the politieal constraints affecting land use are Special Development
Orders and planning restrictions such as ocour in National Parks, Areas .

of Outstanding Natural Beauty, Nature Reserves, Sites.of Speciel. Scientific
Interest,” Section 11 of the Countryside Aot 1968 emphaaizes the. desirability
of conserving the amenity énd natural besuty of the: countryside, and ‘
this conld impose great restraints, Section 14 of the. same act requires .
-that advance notice be given for the convertion of - moorland and heath

into agricultural land. . e .

The land oapability iz = funotion of its 1nherent properties (soil,

climatic, ete.) whereas the constraints asre separate from it and superimpoged
on it, The constraints, or contrelling factors, are aspects of the
organisation of human affairs and can change quite quickly, particularly

in the cese of economics (which also involves politicg).’ : The detailed

study of these factors is clearly oufside the realm of ecology, ard

outside experts will need to be consulted ' e

In this oontext, the Cornell farm olassifioation (Olson 1974; Olson

and Hardy, 19673 <Conklin, 1969):is interestving., Farms were examined
from & vehicle equipped as sn office, Each farm was classified into

one of threée groups on-economic perfdrmance data gathered3oVer several
years, ' Fsams openating at the high level produced about four times
more than those at the  low' level, while those operating at the "medium"
level produced sbout twice as much as those at the "low" level, Multlplication
of these factors by the number of farms In each class gave relative .. -
values -of ferm productivity within each area, and areas could be compared,
Comparison -of the ratio high/low. productivity farms indioated the relative
progperity of farming in different areas,

Vink {1960) gave an- example of a quantitative approach used in the Nétherlands,
in which suitability was determined by the formula S

A3 R.Y . - R F+C T . IR
S S A LS N

*where Sa is suitability of soil t:srpe A, R'= the acreaze of .each erop .. < .

aS'péncent-of total-farm acreage, Y = yield.of each crop in kg/ha on
‘'soil type 4, F = fertilizers used, C = other cosits, El and E;, ‘are ecohomlo
" parameters, E and T indicate the economic =~ technical situat%oﬂﬂfor=ﬂhieh

the solution is valid, M * the management  level for whiok the: solution
was celculated, The calculation was based on normaliged ‘monetary units -
and an example was given.




Table Sll. Categories and groupings of the new international system of land suitability classificatlon (Brinkman
and Smyth, 1973). :

_Category | Order . : Class <" . . subclass - Unit

No. of ‘groupings _ 3 © unlimited " unlinited . inlimited

Groupings - - . 1 suitable S - LY e LB s 12w (1)

Ll

et e Ym0 Law (3)

“ete o ete

suitable : ple | e o 1Bt

ete S g efc

3. unsuitable - R

3.2
eta
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The new international system of land’ evaluation (Brinkman and Smyth, -
1973; Vink, 1975) includes a new proposal for land classification based
on the system of evaluation developed at the FAQ Consultation swaseningen,
19r2). The essentisl aspects are shown in Table 5.1. The 'order'-
of the land suitability classification is of the highest 31gn1ficance.

Here, the decision must be made whether a particular tract of lard :
is suitable or not for a particular utilization type. Suitable land
1s defined as land on which (sustained) use for the defined purpose
in the defined manner is expected to'yield bénefits that will Justify
required recurrent inputs without unacceptable risk to land resour -
ces on the site or in adjacent sreas"” However, Vink (1975) noted
that it is debateable, in some cases, whether or not sustained use -
is always a prerequisite, The crucial part of this new system lies”
in the fact that the land use on lands of Order 1 1s "expected to yielad
benefits that will justify required recurrent inputs”, Suitability .
is determined by the net result of outpubts minus inputs on a reourrent
usually annual, basls, _ a

Changes in the economic situation of upland ferms from depression and
declining real ineomes in the sixties %o comparative prosperity in
recent years were discussed by Munro (1g974),  He noted that considerable
emphasis has been placed on the economic condition of farming in the
so-called marginal areas, because it has a marked bearing on farmer's
attitudes to investment in land improvement and on the competitive =
position of agriculture as the main form of land use in the hills and
uplands, Obviously, many of the smaller farms will require continued
Government assistance to aid integration into viable units. Many
of the larger family farms, especially those in Wales and the Ene;lish
border counties which have carried out land improvement since the war,
are no longer merginal in the true economic sense, Munro consldered
that, unlike 10 years ago, no arguments can be put forward in favour:.
of large-scale extensive renching as a dominant form of land use. o
An example of the approach used by a conmercial firm in planning the:
restructuring of farm units in Wales is given by Matthews Wrightson
Land Ttd: (1975). -

In considering British upland farms, the simple fact that in 1970Q/71,
the hills of England; Scotland, end Wales, produced 7% of total British
gross farm output conceals several vital aspects of the significance

of the hills and uplands, The hills and uplands, though producing -

only about 1(J of total livestock and livestock product gross output,
are estimated to produce neavrly 504 of the British sheep and wool output
and between 20 and 257 of British gross cattle output. Clearly,
agriculture in the hills and uplands provides a significant proportion
of total grazing livestock ouvtput, in part as fat animels but mainly,
and most importantly, as store stock for further fattening on the lowlands.
Th+ . are the chief source of basic hardy breeding stock for lowland
sheep farms and one important source for lowland beef breeding herds.
This is particularly valusble when the lowland herds or flocks are
decimated by disease, such as a major foot and mouth outbreak (NEDC,"

1903 ). o

Philip (1976) noted that 1t is difficult to ehoose between uses In

areas where biological production and economlc values are low, end
information on the benefits to be obtained from different uses 1s sparse.
Much of this type of land falls into AIC categories 4 and 5, and from
the point of view of managers of uplend areas, this classification
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is too broad, Also, much of the land has high amenity value, introducing
the concept of intangible benefits,  Furthermore, the land mansger is
forced to operate within a complex biological and a complex social system.
Past systems of management are proving unsatisfactory, Decislions on
related prroblems are being sought without considering their Interactions,

- Taylor (1961) discussed the various pressures, including sooial considerations,

which bear en:land use decisions.

One way of examining the effects of: the controlling factors and the _
conaequenoes.of policy decisions is by some form of computer simulation _
or model., - This approach has not been used very widely, Voelker (1975},
at:Oak-Ridge National Laboratory, reviewed the experience of a modelling
team .on constructing a large land-use model, = This experience suggested
that tws types of problem block the evolution of model technology.
Problems of the first type are technicel and are related to lack of '

(> by far the most. important, type of problem is related to the differing .

perceptions of model builders and model users, and the institutional = .
setting that generates these perceptions, For example, the planners .. .
experienced difficulty in justifying the hiring and training of programmer's
and data technicians in order to take over the modelling technology, e
and they. were forced %o gpend a great deal of time in educating managers,‘
sporisors, and. users,. 1In addition, the time-scale inltially, envisaged

fer the transfer of the model technology was too short, . The planners
sensitive.position in publiec issues made them he51tant to deViate from-mj

A braditionsl techniques and accept new sophistioated procedures before

feeling oonfident in simpler versions.

Modelling was thrust into “the publio gonsciousness by the aohievements L
of the‘aerospaoe industry long hefore the science of land use was ready

to support land-use modelling. Expeatation arose, to a large extent' .
from the senuine need felt. by planners for improved technology. _ However,
once they were linked to a. semi-publio pnvironment, models were restricted
in their. ability to evolve further. = Even though it would have been
useful, the models could not be treated as research vehicles; they were
expected to produce accurate, specific, output geared to real situations, .
Because of the expectations placed:on them, model builders were forced .

to be retloent about the nepative aspeots.of their models, Decision-
makers do not normally optimize all possibilities because of the limited
capacity of the human mind, Furthermore, it is beyond the gapabilities.
of both the model and the de0151on-maker to optimize all pogsibilities

in an absolute sense. Herice, models should allow the decision-maker

to consider more options in more detail than he would otherwise, without
overwhelming his capacity to visualize relative trade-offs.

Voelker noted that by structuring a lend-use model with independent sub-
programs, problems stemming from a single large program could be overcome.
Such sub-programs are more readily comprehensible, more flexible, and
better adapted to their function because they operate with fewer individual
constraints, Although this approach lengthens the time taken to run

the model, and has a greater risk of user~induced error, the advantages

for outweigh the disadvantages. Using an interactive approach, the

user can guide the simulation through a variety of alternative pathsy

he can review intermediate results and change test conditions at intermediate
decision points, Such sub-programs would be more convenient for routine
problem solving,
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A decision tool which has been used Ancreasingly in recent years in the

U.S.A. 15 linear programming.  The U,S, Forest Service uses linear programming
in hoth timber management and land use plamning, and some large private

: ‘oompanies have been using the method in planning and management., Linear
“programming involves the optimization of a linear objective function

by allocating resources among activities subject to linear congtraints,

The decision on whether or not to use linear programming depends upon

whether the problem can be represented in a form that meets the assumptions

of linearity in its objective and constraint equations to a sufficient.

degree. One way of testing the appropriateness is through sensitiv1ty

analysis (Bell, 1977)

Goal progratming is a variation of 11near programming in which theimathematical

model is so constructed that the single objective to be maximized or

minimized is composed of several goals. Meximizing or minimizing the-:
dootored objective identifies the activitles that result in the olosest

achievement of several goals instead of just one (Dane et al, 1977).

Cne of the most pronmlsing spplications of goal programming is to the

management of forest resources (Field, 1973, 19773 Schuler et al, 1977).

Goal programining enables resource specialigts amd deelsion makers to -

interrelate. The specialists provide the coefficients’ of the model,

the décision makers list the activities to be considered and assign 51gnificance

to the goels, Dane et al (197?) experimented with the use of goal |

programming to assist land use planning in the Mount Hood National Forest

Oregon, After several computer runs, the planners were able to dlscerna

(a) How land allocations shifted with different combinations of goals,

and what outputs were controlling those shifts; (b) What outputs or

effects were most limiting, and thus most sensitive and in need of priority
attention, (c) How sensitive goal priorities were and how they affected
outputs; (d) What was being given up or traded to aohleve & higher '

priority goal. '

There is clearly scope for the thoughtful appllcation of computer methods
Lo the study of the complex interactions of factors influencing land .
use, and to examine the consequences of suggested courses of action.

As always in this type of work, 1t is necessary to recognize and avoid

pltfalls (MaJone, 1977 )
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Be 'Thé i§2aé£ of land use on the land and landscape ..

Clearly forestry has a marked visual impact on the landscape, . What
about farming?  Cunningham (1G71) did not believe that a cage could

be substhntiated for forest production, ag opposed to shelter- belts,

on the 4% million scres of enclosed upland permanent pastures, or .indeed,
on lend which can be improved to be of similar productivity. He was

of the opinicn that systems should be sought which will economically
exploit improved levels of animal output. One conception 1s a two-
pasture system, This would comprise first, an area of better quality
herbasge such as Agrostils -~ Pestuca, possibly upgraded with lime and

slag, and clover, or = newly-established pasture using the technique
appropriate to the conditlions, Second, there would be an area of lmproved
hill land. Grazing management would be based on intensive use of the
improved pasture during two periods of the year - April to July and,
after & rest, from October to November or December. - Dry ewes and hoggs
would min on the "open hill throughout the year and the lactating ewes
would be favoured in summer, ‘

In order to increase his income a farmer might intensify. This would

n eed the erection of permanent buildings, with some impact on the landscape.
On the question of intensification, Munro (1974) noted that the Pwlipeiran
scheme has shown the technical feasibility of introducing large-scale
pasture improvement in areas with an annual rainfall in excess of 2500

mm (98.4 ins) up to altitudes of 700 m (2297 ft), According to Stepledon,
only 1 of the land surface of Wales lies above this elevation and less
than 55 of Great Britain, The economic viability of surface improvement
in the hills will depend on its durability over a succession of hard
winters, such‘as those experienced in 1947, 1963 and 1969, and also

on the cost of providing secess for the large guantities of lime and
fertilizers which are required, : : :

On upland farms and on the inbye portion of hill farms, intensification
will mainly take the form of increased use of fertilizer nitrogen.
Regearch will be needed on possible long~term effects on eutrophication
(Munro, 1974). Munro considered that the financial benefits resulting
from land reclamation wlll become apparent in the general maintensnce
of farms and buildings, and that where it is decided that in specilal
areas no land improwement will be allowed, then it is the duty of

the nation to see that adequate compensation is made, as in the German
National Park system.

Surface treatment ls geining momentum in Wales as a -result of promotion

by the Advisgory Service, and its visual impact can already be assessed.

The replacement of areas of Molinia, Nardus, Festuca, and heather moor

by dark-green ryegrass. - clover pastures adds variety to the landscape

and enhances its asesthetic appeal, Most of the steeper, rocky slopes

and wetter bog communities remain virtuslly unchanged, as it is necessary

to replsce only 30-40 of the rough grazing on a hill to effect a substantial
improvement in livestock nutrition (Munro, 1974 ).

Sheep farmers are conservative in their habits, and a sheep farmer is

unlikely suddenly to sell all his stock and plant trees. Therefore

a change from agriculture to forestry is likely to occur enly with some

change in the controlling factors. For example, if sheep farming in

upland areas became uneconomical, there would be a drift of farmers

from the land (as happened in parts of Wales), The farms might be

teken over by a private enterprise for forestry, or by the Forestry Commission.
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Land management, whether for agriculture,. .farestry, nnature conservation,
depends for its success on an understanding of ecological. principles,
In some cases, man is establishing more.or less artificial ecosystems
such as ¢rops and plantations, while in other cases he is seeking to
modify existing types of biological community. For such asotivities

to succeed, it is essential that the processes involved be understeod.
The re¢lative merits of the various forms of land use must be’ deciaed.p
not only on economic and social grounds;. but alse on the basis of sound
ecological information on the long-term effects of “the various types-
of land use and management L .

There is a tendency amcng land menagers to assume that ne changes ogeur
except those which they themselves bring “about, This 18 far from the
case, - Heogystems which may appear stable, gnd whlch exhibit little

sign of change in the short-term, may in fact show long-term trends . .
of change, .This ls particularly s¢ in the uplands, where the predominantly
wet climate means that the soils are leached and thus tend towardsioss .. -
of nutrients and: increase 1n acidity. . Professor W, H. Pearsall pointed .
out that when sheep are cropped, minerals, notably nitrogen, sulphur,
_end phogphorus in proteins and calcium and phosphorus in bones, are removed
““from the :ecosystem, and there is only a small replacement by rainfall,
There is'thus a constant drain on soil fertility. - He used to maintain.
that the uplands should never have been deforested, as tree roots bring .- .
up nutrients from the weathering parent material or deep drift and return
these to the. soil ‘surface in their litter, thus helping to counteract

the leaehing. SR .

However, little is understOOd of the chemical and biochemlcal processes
involved, the quantitative balance of inputs and losses, or the rates .-
of change, Certain species may perform this function more efficiently .
than others, and some specles are thought to have adverse effects {i.e. -
to accelerate acidity and leaching trends) and thus reduce the number

of options open for the use of the land. However, the evidence is
sparse and the offect of a given species may vary with conditions.-
Research‘is needed on this topic. .

Tinsley (1975) noted that in Nldderdale the tenant farmers ape Timited
in the numbers. of sheep which they are allowed to keep as the interests
of sheep and grouse conflict, The present productivity of the moors

is carefully maintained, but the balance is precariwus. There 1s e
long tradition, going back to medieval times, of firing the moors.
Tinsley concluded that the management practices »f recent centuries

have produced an inherently unstable environment. Burning, even when
controlled, leads to an increase in the acidity of the surface peat _
and dries it out, meking.it easily eroded.  Accidental fires occur with
increasing frequency as reereatlonal pressure increases. Should human
pressure be ‘reduced, it is debatable whether any natural tree regeneratlon
could now ocecur, ' '

Philip (1976) considered that over the last two hundred years or se, Y
major changes in the use and methods of management of the extensive upland
areas have been induced by relatively short-term and arbitrary financial
advantages unrelated to the sustained production potential of the land.
The diversity maintained by the older systems of upland farms and crofts
has been destroyed, end the new designed only to maximize the short~term
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gains, or, in the ecase of lhe grouse woovrsz, to gatisfy a pa;ticulﬁar.dgmam

for sporting facilities, Exposure is a major factor limiting the produdtivity
of the uplands, yet we have allowed the nibbling of the sheep and the

burning of the heather to destroy tree cover, resulting in a loss of

diversity ahd production -(See also Simmons, 1966;- Tivy, 1973).

Upland soils have been exposed to hundreds of years of exploitation,
mostly by sheep grazing, As these soils represent an important resource,
we should aim to manage them so as to inerease their ability to produce
products which we need. If we understood more about the processes
involved, we could suggest ways of managing upland soils to improve their
quality and productivity. For example, there 1s the possibility of
using trees to improve upland grazings (e.g. Douglas and Hart, 1976),
Apart from the use of-trees for shelter, the leaf litter could change
the conditions in the humus layers and thug influence the ground vegehatidn,
which would also be influenced by the improved microclimate. At the

same time, the trees could assist in removing surplus water, which might

be cheaper than installing drainage systems. While it is clear that
uncontrolled grazing may be harmful to forests, especially where there

is regeneration, an integration of forestry and grazing may be practicable
and may inerease the retwrn from uplands (e.g. Adaws, 1976z, b).

The Forest Research Institute, Rotorua, New Zealand, bsceme interested-

in the concept of combined forestry and grazing towards the beginning

of the 1970's, when radiata pine prcfitability studies showed that an
open-spaced, pruned crop offered the forest owner better financial prospects
than the traditional forestry regimes. The applicaticn of this concept

in New Zealand was discussed by Knowles (1975) with comments by Harper
(1975). The New Zealand Forest Service and the Department of Lands

end Survey are jointly developing a 6705 hectare integrated farm/forestry
project (Strand, 1976).

One obstacle to this approach is the present divigion between farming

and forestry, with the two land uses regarded as competitors. There

may also be prectical difficulties in manacing estates with an integrated
approach, Lindsay (1977 ) discussed problems encountered in Scotbtish
estates during the period 1700-1850, and Adams (1975) reviewed world
literature on the grazing of domestic Zivestock in forests, There

seems to be a need for farmers, forssters, and scientists to explore

the possibllities of a new approach in British uplands.

Ideally, classification of land for potential use should take into account

the likely impact of different uses on the land and landscape. Unfortunately,
at the present state of our knowledge, the impact will not always, perhaps
only rarely, be predictable,
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