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‘We abuse land because we regard it as a

commodity belonging to us. When we see
land as a community to which we belong,

we may begin to useé it with love and

respect, '

Aldo Leopold ' 1448
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ABSTRACT,

A versatile computerised overlay technique to
analyse relatively constant, objectively measured. land
characteristics for their capability to sustain any defined
land use was developed. The mapped form of each land
charactaristic, be it of a polygonal, network or discrete
point distribution is stored in a data base system for
subseguent retrieval and overlay by a grid of selected gell
size. The capability rating of each measured land
characteristic value is derived from a capability graph or
table which relates this value to a capability scale
according to existing information. A foreclosure of
options in land use is also performed. The influence of
each characteristic upon the overall capability for a
defined land use is included by usex’ defined weighting
values. The overall capability of an overlaid grid cell
is the weighted mean of the individual capability values
for each land characteristic analysed, The result is
mapped by overprinting on a line printer. .

Information to select the land characteristics
analysed for a land use, to develop the capability graphs
and tables, to guantitatively analyse interrelationships
between land charactexistics and to define welgbting values
was gathered from the literature and various people. This
information which controlled the analysis of the land for a
land use and default sets of weighting values used if the
user makes no cholce, are stored in the data base system.

The capability analysis program is composed of a sulte of
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interactive and non-interactive FORTRAN programs. 3
A trial run of the procedure was compared with a
wanual land capability analysis for an agricultural land
use in Northern Lebowa, South Africa. The results
illustrated the influence on tfe overall capability of both
the weighiing value and the selected overlay grid cell size.
The valne ©of a versatile capability analysis tool which can i
) analyse any defined land use, using selected weighting i
values and grid cell sizes, was seen. The procedure is
also not restricted by the study area size, the scale at
which the land is surveyed, the choice of land characteristics ]
used in the analysis, the shape of the capability graphs

. and the values contained in the capability tables.
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CHAPTER 1

1. INTRCDUCTION

a1l forms of land use invelve the manipulation of
the ecological processes present. If these processes
are manipulated without an understanding of theﬁ, the land
will be degraded and its potential for use constantly
reduced, Land planning is ‘the understanding of a system
where action is contemplated, with some assurance of the
predictable consequences of the alternative courses of
action being contemplated' (McHarg, 1974). This will
prevent the tying up of future resources in non-critical
uses, the impairnent of the quality of the resource by
pollvtion and the ¢ver-extension of the land's capabilities
{Grove and McCart, 1976).

Land 1§ a system of several interrelated components
which together produce the final observed condition of the
land. In order to understand this system, each component
must be studied. This is the basis of the holistic
approach to land analysis which assumes that the 'land
constitutes an iqtegrated system with geological, hydrological,
vegetational and other aspects, influenced by human factors
{Mohgimann, 1873). rhe following definition of land embraces

this concept.




Land is a specific area of the earth's surface;
its characteristics enbrace all reasonably
gtable, or predictably cyclic, attxibutes of the
biosphere vertically above and below this area
including those of the atmosphere, the soil and
the wnderlying geclogy, the hydrolegy, the plant
and animal populations and the results of past
and present human activity, to the extent that
these attributes exert a significant influence
on present and future uses of the land by man
(Brinkman and Smyth, 1973).

This definition describes an attribute as that which exerts

an influence on man's use of the land. However, an attribute

need not necessarily do so. Young (1976) uses this
definition for a land mapping unit, which is a more
appropriate term for land planning purposes.

The initial stage in a land use plan is an evaluation
of tie land using data collected by land surveys. Flela
measurements, aerial photography, satellite imagery {EBarth's
Resource Technlcal Satellite (ERTS) and LANDSAT)&nd other
remote seénsory technigues are tused, the first two being the
most common. A land evaluation is 'the process of
estimating the potential of the land for one use or for
several possible uses’ (Young, 1978). Thus, no land
evaluation is performed independent of a land use.

The land evaluatlon may be in terms of the land's
suitahility ox cilits capability. Thesé are defined as

(a) Land capability is the fitness of a given tract
of land to sustain a defined use; differences in the
degree of capability are determined by the present state of
the assoclated atiributes of the area in guestién.

(b)  Land suitability is the fitness of a glven
tract of land for a defined use; differences in the degree

of suitability aré determined by the relation, actual or




anticip.ted, between the benefits and required inputs
associated with the use on the tract in question (Vink, 1975).

2 land cepability analysis emphasises the inherent
physical characteristics of the land, ie. the ecology, and
their ability to sustainh a land use. It 'establishes the
limits within which a resource may be used for present and
future socleties’ (Grove and McCart, 1976). Man's use of
land is dependent upon both the natural and the human
resources le. technology, labour and finance. This latter
resource which is included in a land suitability analysis
ig time-dependent. Thus the results will not be
applicable for the same length of time as those of a land
capabllity analysis, The f£inal land use plan is a product
of the ecological, social and economic elements of the land.
It indicates how many uses there may be which is a function
of the soclal and economic variables (Cilomee, 1976) and
must be repeated when significant changes occur in these
{Btewart, 1988). The ecological evaluation of the land
{land capability) is the first step towards the social and
economic development of the land (Whyte, 1976).

The evaluation of the land classifies it into
homogenous units by analysing and synthesising the collected
land data. A conversion table (or rating table) is generally
employed In which the measured values of the land variables
are awarded a humerical score depicting their suitability
or capability. This classification simplifies the
complexity and minimizes the volume of the data for further
stages in the land planning process. It also allows for

the comparison between the different land units and this
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aids in the formulation of the final land plan in which
various policies, public opinions, etc. are considered.

A land evaluation may be carried out for the land in
its present, existing condition withcut major changes, le.
those which can rarely be financed by an individual
{Brinkman and Smyth, 1973) or for the land in a proposed,
future condition after major changes have been implemented.

A land planner not only requires a knowledge of the
land's ability to sustain a land use, but also the
foreclosure in alternative land uses which may occur. it
is very likely that a land use being studied will degrade
some land rescurce necessary for another land use and thus
exclude the latter's future implementation on the land.

all land use involves land management ie. the
wmanipulation of the physical, social and economic elements
of the environment. This manipulation means that no
absolute or optimum values independent of the land use and
its management system exist for a particular land variable.
A change in this system will change a value previously
specified. Good land management aims to obtain the
maximum benefit from the land without unnecessary degradation.
Land use without degradation of any kind or amount is
impossible as all land use removes something from the land,
be it only orgdnic matter. Land management systems should
invelve the replacement and control of that which is removed
wheraver possible sc as to liwmit the degradation. This will
require that a description of the usage intensity and the
management methods be given.

all land variables are of importance, being components




of the ecosystem-but the extent of their modification and
manipulation depends on the variable and the finances
available, eg. rainfall is modified by irrigation schemes
which are more expensive to implement than the coxrection of
an acid soil pH by a liming programme. Thus, theixr
importance to man depends on the economic and social rescurces,
the land use and the existing or proposed management system.

A land evaluation should allow for the weighting of the land
variables to reflect this difference in their importance.

A land evaluation is as accurate as the data used in
the analysis. The greater the number of land variables
measured in the land survey, the detail and the objectivity
of their weasurement, the greater is the &ccuracy of the
results. However, until the advent of the computer, the
time involved and the difficulties experienced in analysing
and synthesising large amounts of data, rendered the
collection of such amounts to be impractical. Flexibility
is a ugeful and necessary feature in any land evaluation
technique. The ability to change such variables as the
management system, the land use, the welghting given to
various land varizbles, the exclusion and inclusion of
different land variables so as to highlight possikle problems,
hazards and successes, makes the technigue generally
applicable and useful. Such flexibility involves the land
evaluation being repeated several times to examine different
alternatives which was impractical before the advent of the
computer. Also, since a land evaluation is dependent upon
the land use, the land may only be evaluated for cne land

use at any one instance. The cdonsideration of a number of




possible land uses reguires that the evaluation be repeated
that number of times.

Within the last two decades, several different land
evaluation procedures for both land suitability and land
capability analyses have been developed, They range from
the evaluation for one land use, eyg. Scotney (1971) to a
range of land uses, eg. Canada Land Inventory (McCormack,
1971); from utilizing data stored in a general purpose
inventory, eg. Minnesota Land Management Information System
(Craig, 1979) to that collected only for that land evaluation

eg. A'Bear et al (1976), etc. These procedures may or may

not be computerised,

South Africa has realised the necessity for land
evaluation studies and several separate projecta have heen
performed eg. A'Bear et al (1876), Beaumont et al (1375),
Phillips (1973), Garland et al (1977), Schoeman and MacVicar

{1978), etc. Each has been based on different assumptions,
land variables, methods of analysis etc. There is a need
for a general procedure applicable for land uses so that a
ecomparison between studles is possible and manpower is not
wasted in developing numerous separate procedures each time
a land evaluation 1s required.

A central comprehensive inventory from which the data
may be obtained for this and other purposes is an advantage
as it will eliminate the developnent of many separate
inventories for speaific purposes. This decentralization
raises problems in the tranefer of the data between
different systems unless there is a standard form of data

storage and data units used. Unfortunately, this




standaxdization is not yet present in the Republic. A

central inventory will also overcome the problems and .

manpower hours involved in collecting together data from

‘ different sources. The data in a central inventory will

need to be in a flexible foxrm 4if it is to be used for

different purposes. This requirement is satisfied by the

storage of raw, unintexp: sted data. h
Land use and economics are inseparable and must be i

considered in any final land use plan. Many evaluation

studies incorporate this factor, eg. Austin and Cocks (1977},

Land Resource Division of the British Ministry of Overseas N

Development (1974), Food, and Agricultural Organisation of

the United Nations (Young and Goldsmith, 1977) etec., often

interpreting the land data immediately into such terms,

eg. Beaumont et _al (1975), Wagar (1976). The omission of H

an initial evaluation of the land itself without the

economics being superimposed upon the ecosystem, 13 questionable,
The objective of this study was to develop a rapid,

flexible, computeriged land capability procedure for the

analysis of all major land uses in the Transvaal. It is a

: tool in the development of a master plan for land use.
Objective, ecological data measured at any land survey scale
using field measurements, aerial photographs and ERTS are
stored as digltised maps in an existing data base system.

A grid of variable defined cell size is overlaid on the
retrieved, digitised data. The evaluation of the gridded
data depends on the land use and the foreclosure of
alternative land uses 1s also considered. Various weights

which may be assigned by the user, represent the relative




importance of the land variables upon the overall capability
of the land for the land use being studied. The results

of the evaluation are displayed on a line printer using
overprinting. Users of the procedure will require a
rudimentary knowledge of the computer and FORTRAM. The
procedure is flexible in its definition of the land use
studied, the gpatial distribution of the measured land data
ie. they may have a polygonal, network or point distribution,
the weighting values, the particular land variables weighted,
the set of land variables evaluated for a land use and the
selection of sections of the land measured. Provision for
the additlon of information, land variables and land uses

other than those given in this study, is included.

i
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CHAPTER 2
2. LITERATURE REVIEW

The literature avallable on the subject of land
capability analysis may be reviewed in different ways eg.
the historical development of land capability analysis, the
description of studies in different countries eg. South
Africa, America, Australia, etc. the description of studies
to analyse different land uses, the methodology used eg.
computerised and manual techniques, etc. Since this study
is the development of a land capability analysis procedure,
the literature is reviewed from the methodology aspect.

This involves the measurement of the land and the subseguent
evaluation of the gdata.
2.1 Land Capability and Land Suitability

The term 'land capability' is sometimes used to mean
a land suitability analysis as defined by Vink (1975), eg.
murdoch (1970), Weitzman and Trimble (1955). However,
these two terms are not synonymous. The latter inciudes
social and economic variables which are excluided from the
former. Certain land capability studies include biological
productivity, eg. McCormack (1371). I£ this ls measured in
economic texms, these studies are land suitabllity analyses
nand capability is also used to refer to potential land use,
eg., McCormack (1971) and Murdoch {(1970), and indicates what
the land may be used for with a partioular degree of success.
This is generally measured in economic terms. Land

suitability would be the more appropriate term for potential

land use analyses unless is d in non: <

terms, eg. the éofitrol of soill erosion.
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A possible cause for this interchange in the usage of
these two terms may be due to Jacks (1946) who defined five
land classification types, depending upon the chjectives of
the planning procedure. Each classification was to be used
to group land according to its suitability for producing
plants of economic importance. The land was classified in
terms of:-

(2} inherent characteristics

{b) present use

(c) use capabilities

{d) recommended use

(e} programme effectuation
Classification (a) is a land capability classification, yet
it was referred to as land suitability.

The term land capability has been closely assoclated
with the evaluation system used by the United States
Conservation Service (Klingebiel and Montgommery, 1961).

For this reason, in an attempt to distinguish between this

and other evaluation studies, Young {1976) defines land
suitability as the fitness of a glven tract of land for a
defined usa. This is the same definition as that used by
Vink (1975) for land capability. Young's distinction between
the two terms is not thought to be useful or necessary and
Vink's use of the term as land capabllity is preferred.

Young and Goldsmith (1977) evaluated an area in Malawi
for its suitability for land use using the approach of the
Food and Agricultural Organlsation {F.A.0.) of the.United Natione
They evaluated the land using first qualitative and then
quantitative data. They congidered that the latter avaluation,
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in which the distinction between the sultability classes is
defined in numerical terms, generally requires the use of
economic variables when comparing different land uses. The
disadvantage of the economic emphasis was not only the short-
lived validity of the evaluation results due to the temporary
nature of economic data, but also the sensitivity of the
analysis to these factors was greater than its sensitivity

to the variation in the land condition. Thus, the authors
felt that the F.A.O0. approach had confused land evaluation
with an apprajsal of the economics of the project. But 1t
is not agreed that only economic variables may be quantified
and used to compare different land uses. Quantified, non-
economic variables can also be used,; eg. different land uses
reguire different slope gradients, etc.

2.2 The Measurement of the Land

The main problems in measuring the land are that the

land is extremely complex, the Iland variables vary with

regard to spatial heterogeneity and distribution (Mabbutt, 1968),

.and no land variable acts in isolation of other variables.
Three basic approaches were developed to overcome these
problems (Mabbutt, 1968):-

{a) Genetic approach. The land is repeatediy
subdivided into units on the basis of those environmental
variables governing morphogenesis. However; these unlts
are large, heterogenic and complex and do not give the
precision necessary for land evaluation.

(b} Landscape approach. This is an integrated
approach in which the total physical environment is studied
as a whole, The land ds classified by aerial identification
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into landscape components (the fundamental descriptive land
unit) and their patterns. These components are subjectively
recognised by multiple land variables and it is assumed that
each component is internally homogenous with reg. vd to these
land variables. This means that the land may be quickly
suxveyed which is useful at the reconnaissance level.
Howevexr, due to the complexity of the land, generalization
is introduced when the land components are describped. This
means that it cannot be assumed that all the land variables
are consistent within the same component unless the
definitions of the land units are narrowed down to remove
the generalization present. This will increase the survey
time required, thus removing its main advantage, ie. the
speed at which the land is measured.

This approach was developed independently by C.S.I.R.O.
Australia an@ by South Africa (Young, 1968). The land
compe” ent was termed the land facet which is a geomorphological
unit with a specified landfoxm, soil profile and plant
association (Partridge gt &1, 1973), It is the smallest
homogenous land unlt distinguishable (Young, 1968} A
collection of recurring land facets form a land pattern and
a collection of these form & laid system defined as 'an area
with a recurring pattern of genetically linked land facets'
(partridge, et .al, 1973): However, Young (1968) states that it

has 'failed to collect the type of information necessary for
land use planning' due to lis geomorphological basis.

cook (1977) attempted to overcome this by mapping functional
units which are 'mapped areas of land relatively homogenous

in soclo-economi¢ status and the spatial patterns of their
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bilophysical properties and hence in their potential land use'.
But these units were heterogenous which presented difficulties
in their analysis.

Many land evaluation methods are based on this
appreoach both overseas, eg, Natuiral Cultural and Bnvironmental
Resource Inventory of Puerto Rico (N.C.E,.R.I.}(Dimock, 1973),
the American project for the Regional Analysis and Management

of Environmental Systems {Child et al, 1976), South Coast

Project, Australia C.5.I.R.0. (Austin and Cocks, 1877).,
Land Resources Division of the British Ministry of Overseas
Davelopment (L.B.D. 1974) India (Whyte, 1963), General
Ecological Model for the Netherlands (G.E.M.) National Phy
Physical Planning Agency, 1877); in 2frica, e.g. F.A.O.
(Young and Goldsmith, 1977}; and in South Africa, e.g.
Schoeman and MacVicar (1978) and Phillips (1973).  But, it
is felt that the limitations due to its subjective basis
overrides the advantage of its gpeed.

(c) Parametric Bpproach, Selected land variables
are measured and assessed in an attempt to determine the
connections rather than the differences {which is the aim of
the landscape approach) betweeén the land units. Tt allows
for a comparison between different studiss within which
there is greater consistency, and it is readily computerised.
The main difficulty lnvolved is the choice of measurable land
variables which are relevant to the land use. fThe inter-
relationships between the variables are not neglected but
are dealt with guantitatively on the basig of the meésured
valués. Unforbunately, mueh knowledge on the

quantification of these relationships ig missing but this is
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not insurmountable. With time and improved technology, it
is expected that this approach will Lacome more common as it
le objective and is not limited by the spatial and
descriptive definition of the mapping unit.

McHarg's (1974) Ecological Planning Method is based
on this approach but the use of manual overlays cause it to
be a very tedious and cumbersome method. Nehman gt al (1975}
attempted to overcome this by the analysis of planning
resource units developed from the overlay of the different
data elements. This reduction in the data volume and data
sensitivity at the analysis stage was felt by the authors to
be sufficiently compensated for by the improved flexibility
and simplicity of the system.

Kiefer and Robbins' (1972) land suitability evaluation
method, the Swaziland soil and land capability classification
(Murdoch, 1968), the land use planning method used in South
Africa by Loxton {1862), the land capabllity system used by
the United States Conservation Service ({Klingebiel and
Montgommery, 1961) and that used by Zimbabwe (Ivy, 1977) are
parametric in their approach but subjective data, measured

in classes, are utilized. A'Bear gt al (1976) and Beaumont gt aj

{1875) also used this subjective, parametric approach in
their South African studies. The main reason for doing so
appeared to6 be the reduced data volume and greater simplicity
of their analysis due to this reduced volume which is
particularly important for manual procedures. Only that of
Kiefer and Robbins (1972) was computerised:

A land survey is a procedure for measuring land. It

iay be & resource survoy in which separate studies of each
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land resource, eg. geology, relief, climate, hydrology, soil,
vegetation, fauna and disecse (Young, 1976) are made, or it
may be an integrated survey. The former will be a parametric
approach to the land and is preferred to the latter which is

a landscape approach.

The spatial distribution of the land variables is of
great importance in land planning and must be captured by
the survey performed. This 1s generally done by mapping
the data, which may be in three forms (Baxter, 19/6):~

(a) Point - zhe land feature has a location but no
aerial extent eg. a borehole.

{b} Network ~ the land feature is composed of links
(lines) which meet at nodes, eg. river system.

(e} Poliygon - the land feature has an aerial extent
in space, eg. a lake. The outline (boundary) is composed
of lines meeting at nodes.

The land suxveys for different land evaluation studies
are conducted at various mapping scales (Young, 1976} depend
depending upoh the purpose of the exercise and the degree of
detail required. Those conducted as a general guide to the
resouyce potential and problems of a large reglon were
conducted at smaller scales {1 : 100 000 is smallexr than
1 : 10 000) than those conducted for a partioular project.
Examples of the former are McHarg (1974); Canada Land
Resource Inventory (C:L.I.)(McCormack, 1971); Minnesota Land
Managemént Information System (M.L.M.I.5.){(Craig, 1979);
C.8:T.R.0. (Austin and Cocks; 1977}; G.E.M.(NMational
Physical Planning Agency, 1977); Environmental Declsion

Alignment Process (E.D.A.P,) (1973); Schoefian and MacVicar

]
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(1978}; etc. Examples of the latter are Kiefer and
Robbins (1972); A'Bear et al (1976); Ivy (1977); Garland
et al (1977); Beaumont et al (1975); Scotney (1971); ete.
2.2.1 Resource Inventory

A resource inventory stores the different featnres of
all the resources collected by resource surveys, in an
appropriate manner for future and present use. Youhg {1976)
also defines it as data collected at survey scales of less
than 1 : 100 000 to be used as a general guide to the
resource potential and problems of a large region. However,
this definition is inflexible; being dependent upon the
survey scale and thus the former one is preferred.

The inventory is of greatest practical value if the
data are collected in sufficient detail so that they are
applicable for numerous purposes and are readily retrieved.
This reguirement must be balanced against the danger of
storing data for their own sake if the inventory is not to
become cumbersome and contain redundant information. A
survey performed for a particular purpose, eg. land planning,
is not ideal for creating a resource inventory to serve
numerous purposes. A survey to specifically create a
reésource inventory should rather be performed from which the
data required for land planning would be retrieved.

An inventory of this kind will be large and detailed.
This type of inventory was developed by those studies which
were not performed for a specific type of land use, e.g.
C.L.I. {McCotfmack, 1871}, Riefer and Robbins (1972},
N.C.E.R.I. (Dimock, 1973), Interstate ‘57 (Niemann and

Miller, 1975), M.L.M,I.8. (Crailg, 1979), etc. and is

i
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proposed for Zimbabwe (Ridler, 1979). At first, only data
for a particular land use were collected and stored but
more variables applicable to other uses were subseguently
added eg, Kiefer (1972) collected urban land use data at
first and later, variables for agriculture, transportation
and open space land uses were added.

2.2.1 .1 Data Base Systems

A data base is a collection of interrelated data
stored together without harmful or unnecessary redundancy to
serve multiple applications (Martin, 1977). Its ultimate
objective is to make application development easier, chesper,
faster and more flexible. A data base system is a set of
separate data bases. The demand for a particular system
is increased by the simplicity of its usage, the speed of
data access and retrieval and the degree of variability
allowed in the data input.

The volume of data for an objective land capability
analysis is greater than that for a subjective analysis
since there is a greater tendency to separate the land
features into different data items. However a data base
system is able to handle a large data set in a flexible
mannex . Reputable texts, eg. Martin (1977} and Baxter
(1976) have dealt with data base systems in detail. A data
hase stores the fundamental data elements, ie. dawa ltems,
in assvclation with other items. A group of data ftems is
viail.v a data aggregate ahnd these aggregates may also be
associated with other aggregates. It is this association
which increases the complexity of constructing i data hase

{Martin, 1877)., Certain computer languages, eg. PL/L ahd
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COBOL (Martin, 1977) have the power to deal efficiently with
data aggregates but FORTRAN programming language does not.

A data hase system should be developed so that both
foreseen and unforeseen future applications will be possible
without requiring a fundamental restructuring of the base.
This is not a simple task as it iz not possible to accurately
forecast all future applications. However, if the data are
independent of the application programmes, ie. either may be
changed without changing the other (Martin, 1977), the
future requirements are more easily incorporated into the
base.

'Data bases of wide applicability w:il not be built
overnight; they will grow a step at a time' (Martin, 1977).
This development is seen in the literature describing the

M.L.M.I.S. System {Orning and Mak.. 1972; Hsu et al, 1973;

Craig; 1979) and the N.C.E.R.I. inventory (Dimock, 1973
whose forerunner was the Land Use and Natural Resource
Inventory of New York (L.U.N.R.) (Haxrdy and Shelton, 1970).
2.2.1 .2 The Storage of Geographical Information

The need to retain the spatlal location of the data
poses speclal coding problems and demands the use of a
geocode which is a machine readable location. Geo-
referencing is the giving of a geocode to the data (Van
Demark: 1973). The geocode used is generally based on
cartesian co-ordinates, Four methods of storing data items
with thelr spatial location are (Tomlinson, 1970)i-

(a) Geographie indexing system. Short

standardized address records are created from the co-

ordinates and are used as an index to them or to addresses
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on existing data sets. Morton sequencing which is a method
of producing a unique sequence number from two indices, is
used to create the address while hashing techniques retrieve
and add information to the data sets using this sequencing
method. (Gates and Van Demark, 1873}). This is a slow method
of data retrieval and access but it allows for easy line
printer display.

(b) Simple grid location. A grid providing a
course co-ordinate system is overlaid upon the mapped data
which are then retrieved and accessed via the grid cell.

The preparation of the data is slow and laborious but
straightforward computer operations, simple data
manipulations of complex data sets and simple graphic

display is possible, e.g. M.L.M.I.S. (Hsu et al., 1973);
N.C.E.R.I. (Dimock, 1973), L.U.N.R. (Hardy and Shelton, 1970);
E=ZMAP (Child et al, 1976}; E.D.A.F. (1973), Kiefer and
Robbins {1972) and Austin and Cocks {1977).

The land variables within the grid cell are rarely
homogenous (Van Demark, 1973). This heterogeneity may be
captured by recording each value present, e.g. E.D.A.P,
(1973) , which greatly increases the complexity of
processing and storing the data. Alternatively, one datum
value only is prodessed, eg. Kiefer and Robbins (1972), E-ZMAP

{chila et al, 1976) and L.U.N.R. (Hardy and ghelton, 1970).

This necessitates that a c¢holce is made, based upon a
predetermined selectlon rule to ensuxe consistency in the
decision. Such a rule may be & psrticular locatldn, eg.
the intersection of the grid lines, etc., or the modal
(dominant value) (McDougall, 1976). This latter method is

e
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a better representation of the mapping unit, but the
dominance of the value chosen is dependent upon the
heterogeneity within the unit. More selection rules may
be necessary to deal with these situations where a choice
of 'dominance' exists.

The processing of one datum value per land varisble
premapping unit results in a loss of detail, the extent of
which is a function of the heterogeneity present. This is
dependent upon the survey scale and the grid cell size
relative to the dominance of the modal value if this
selection rule is used. The grid cell =ize should be fine
enough to capture the level of detail required (MacDougall,
1976} . However,. such a requirement cannot be met for each
land variable measured and thus the 'best' size is chosen.
in making this choice, the grid cell size for both the most
important and less detailed maps, as well as the errors
resulting £rom using a cell size too close to the accuracy
levels of the maps, must be considered (MacDougall, 1976).
The level of detail processed in the land evaluation study
may be altered by subdividing or combining the cells. For
computeriged procedures, search routines to determine the
new valve used to represent the new cell, are required. No
literature was found in which the wvell size was changed.

(¢} Map compilation system. The mapped form
is retained by the co-ordinates 6f the peints or nodes of
the polygons and networks. The use of the dlgitiser which
i time consuming (Monmonief, 1971}, simplifies this task as
it records the co-ordinates’ and outputs them directly onto

tape or disc, égf ¢, T, (McCormack, 1971). The level of

H
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detail analysed may be changed by altering the old boundary
lines and selection rules are used to determine which value
oE the 014 units represents the new unit created.
Alternatively, grids of different cell sizes maf be overlaid
but no literature was found in which this latter technique
was employed.

(d) Graphic data handling system This is veyy
similar to the above except that the data are in a form
amenable to measurement and analysis.

The map compilation system is preferred as the mapped
form of the land survey data are directly retained with no
loss of information and no prior selection of the szcale at
which the evaluation must be performed.and easily reproduced
on the plotter or the line printer. Also, the possibility
of greater variation in the detail used in the evaluation
exists 1f grid overlays of various grid cell sizes are used.
2.3 The analysis of the Land Data

The sensitivity of the land capability analysis to
differences and similarities in the land depénds to some
extent on the level of detall captured by the land survey.

The detail captured depends not only on the scale at which
the survey 1s cohducted, but als~ upon the form in which the
data are recorded.

Most studles measured the land in classes. Examples
of those using capability classes are C.L.I. (McCormack, 1971),
Ivy (1977), Murdoeh (1968), G.E.M. {1977); Young and Goldsmith
(1877).  Examples 9f those using suitabllity classes are
Kiefer and Robbins: (1872), A'Bean ¢t al (1876), Beaumont et al

{2975) . Examples of these using favourability classes are
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Beaumont et al (1975), and Austin and Cocks {1977) used

functional units. If a data base system was used, the data

were stored in mapped form eg. C.L.I. or transformed into

gridded maps before storage, e.g. Kiefer and Robbins (1972) . These

classes overcame the problems of measuring, storing and
analysing heterogeneous mapping units as this heterogeneity
was dealt with by the definition of the classes. Thus, the

res were simplified. However, each classification

used referred t> a land use angd thus the data were not in a
form wrlch could be used for other purposes or even for tﬁe
evaluation of a different land use than that for which it
was originally surveyed.

Austin and Cocks (1977} also included exclusion
rules in their Australian land evaluation study to simplify
the procedure. These subjective rules were used to
eliminate unacceptable land uses in the project area
depending upon the condition of the land. Only the
remaining acceptable land uses were studied,

Certain land studies have incorporated weighting
values for particular land variables to represent the effect
and influence of different policies, sg. E.D.A.P. (1873):
South Coast Project, Australia (Austin and Cocks, 1977):
G.E.M. {National Physical Planning Agency, 1977); and
MeHarg's value system (Giliomee, 1976). Others used thése
values to repreSent the sultability (Keifer and Robbins,
1972) or compatibility (Child et al, 1976) of the land
variables for the particular land use under study. These
welghts were all- subjectively allocated and the néed for

reseaxch into the assessment and influence of soclal values
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was stressed (Giliomes, 1976). The welghts used in a land
cape ility analysis should reflect the importance of

particular land variables to the land use being studied.

—_ ~ 1w e
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was stressed {(Giliomee, 1976). The welghts used in a land
capability analysis should reflect the importance of

particular land variables to the land use being studied.




CHRPTER 3
3. THE LAND EVALUATION PROCEDURE

3.1 The_ Approach

A land evaluation is only meaningful when related to
a specific land use and thus its definition is important.
Certain land conditions are reguired if the land is to
sustain the land use. The land i5 evaluated for these
conditions from a positive stance, ie. only these land
conditions influencing the defined land use are considered.
Othexr land conditions, which are not analysed may be vital
for other land uses. These land conditions may be degraded,
rendered unavailable or destroyed by the land use being
evaluated. Since changes jn these latter land conditions
do not influence the land use belng considered; the
capability ratings given to the land are not affected.
However, they will result in the foreclosure of options in
land use. It is thus important that this foreclosure he
considered in any land évaluation.

The land conditions are an expression of the land
resources whosa sclentific measurement are generally
impossible. Bacause of this, the 'land quality' has geen
defined which 18 an expression of a set o¢f interadting
single or compound land ¢haracteristics (Brinkman and
smyth, 1973).

The land evaluation for a land usé requires that a
set of land characteristics be combined to reflect the land
conditions and their ability to sustain that land use.

This combination must not neglect the concept that land is

an ecological system of lnterrelated componenta. The
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evaluation results in a land capability map of different
shades, each representing land of different capability to
sustain the lard use being considered. These final mapped
capability values are a weighted mean of the individual
capability ratings given to each land characteristic, based
upon thelr measured field values. The waightings given to
each land characteristic reflect their relative importances,
as judged by the user, in determining the overall capability
of the land for the use being evaluated.

The land is surveyed at a selected survey scale and
each land characteristic measured is stored in a digitised
map form. These maps are overlaid in the computer by a
grid of some selected size and transformed into grid maps.

The capability ratings for a land use are awarded by
the following procedure:—

(a) - A comparison of the measured values of those
land characteristics defined as limiting with permissible
values for the land use. If a value for a land
characteristie is not permissible,the whole grid cell has
zero capability. No further analysis of the cell occours.

{b) A comparison of the measured values of the
remaining land characteristics which are nok Limiti.. with their
permissible values for the land use. If a value for a land
characteristic ig not permissible, the capability rating for
it is zero and no further analysis of it ocdurs. This
differs from point (a) in that only the land charadteristic
and not the whole cell iz excluded.

(@) A consideration of the major interrelationghips

between pairs of land characteristies. This results in the

[P SOV S5
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monsficatlon of the measured field value of one member of
the pair by the othex. In certain cases, no further

analysig of this latter member is required as its effect

on the overall ' 3bility of the land is reflected in the
@c i fication. In other cases, this member must be
analysed further as it may have more than one effect upon
the overall capabili* . which is not considered in the
interrelationship eg. vne total rainfall value is modified
by the total evaporation value. No further analysis of
the evaportion is needed. The rooting depth is mod” “ied
by the soil texture which is analysed still further since
it affeects the soil molsture capacity, the soil fertility,
ztc. which have not been considered in this relati nship.

(d) The field values (modlfied as in (e} or
unmodified) of each land characteristic are awarded a
capability rating from relevant capability graphs and tables
which relate the field values to a relative capability scale
from 0 to 1. These graphs and tables are derived from the
literature and all other available sources of information.

{e} The capabllity ratings are then weighted
according to the relative importances of the land
characteristics in determining the capability of the land
for the land use being studied, before being summed together.

(£) The percentage weighted mean value is calculated.

The evaluatlon is computerised (éection 4) by storing
the informatlon required for these steps in default control
data sets which may be changed by any user. These data
sets, the dlgltised map data sets and the grid map data sets

are all stored in a data base system. The last data set

1
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is retrieved and analysed for its capability to sustain a
land use, according to the information stored in the control
data sets.

The procedure, as just described, for this approach
to land evaluation may be summarised as follows:-

{1) Define the land use.

{2) Based on the land qualities which express the
land conditions required for the land use, determine the
set of land tharacteristics to evaluate the overall
capability of the land for this land use at the selected
survey scale. Determine the values of the land
characterisiics which represent permissible field values fox
the land use.

{3} On the same basls; determine the set of land
wharacteristics and their pormissible field valuus to
forerast the closure in other land uses.

(4) Determine and describe the major intax-
relationships between any pairs of land characteristics
choien for the capability evaluation of this land use.

(5) Describe the capability graphs and tables for
awarding a capability rating to each non-limiting land
chars :teristic.

(6) Determine the welghtings given to each land
chara¢.eristic aceording to their importance uoon the
overall cai:ability of the land for the land use.

' 17y The individual weighted capability values of
each non~limiting land bharacteristic are combined to glve
a final overall weighted mean capability walue for the l..d

for the land use defined.

|




3.2 The Land Resources

A first step in the development of a land use plan
must be the analysis of t»e land resources themselves
which are required for each particular land use.

A land resource includes all those features and
processes of lau? which can bhe used in some way to fulfil
a human need (Vink, 1975). Since their manner of
utilization is dependent upon the land use, no land plan
may be proposed or a land evaluation be performed without a
clear definition of the land uses considered. A land
capability analysis is an evaluation of the resources alone.
Several texts, eg. Ehrlich, Ehrlich and Holdren (1977},
Young (1976), etc, are available describing in detail facts
and measurements of the different land resources. Thus, no
description of this information is given.
3.3 The Land Use

Every land use is assoclated with a management system
spécifying the manner of utilizing the land resources. A
basic managemant system may have several variations, eg.
irrigation may or may not involve the artifieial dralnage of
the land. Thesé two variations of the basic irrigation
management system are regarded as two separate land uses
sinte the land resources will be managed in different ways:
This concept of different levels of management constituting
different types of land uses is an integral part of the land
capability procedure being develo:ed fere.

Most procedures amre devised for one or more defined
land uses. To malntain the desired degree of flexibility

within this procedure, it is necessary that any land use

28
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may be considered. It is impractical to define all
possible land uses but without these definitions, a land
capability analysis cannot be performed. A clagsification
of the land uses inte groups of similar activities will
redyce the number and the following classificatory groups
have been defined. The hierarchical relationship between
them is depicted in Figure 1,

{a) Land use ~ This is the fundamental unit. It is
a strictly defined use having specific optimum and
permissible values for each land resource analysed,

(b) Lang Use Type - This is a group of land uses
less strictly defined. It has general optimum and values
for each land resource analysed.

(c) Land Use System - This is a group of land use
types of a similar activity having the same basic
management system.

3.3.1 [The Land Use Systems

he broad nategories of land use mentioned in the
literature are agriculture, wkich includes livestock farming,
forestry, conservation, recreation, communications, urban
and rural development, excavation of minerals and of
construction materials:  Additlonal land uses of importance
toé South Africa, where water is a limited resource, are dam
construotion and water catchment. These categories axe
elassifled as land use systems for this procedure and are
defitted as:~

(a) Agrisulture - Ebe mechanised cultivation of
plants in homog;neous stands for man's ber £it and the

grazing ¢f indigenous or introduced grass specles by

¥
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livestock. The land must be able to provide the conditions
for plant growth, allow the use of mechanised tillage
implements and be accessible to livestock. The land
resources providing these conditions are climate, soil and
relief (Vink, 1975).

(b} Forestry ~ The cultivation of tree species in
homogeneous stands for commercial timber. The land
resources providing the reguirements for plant growth, ie.
climate, soil and relief, are important.

{e) Conservation - The restoration and maintenance
of the land in its natural state. This involves the
management of the relief, soil, £lora and fauna.

(d) Recreation - Any leisure activity which
refreshes, entertains, agreeably occupies of amuses man.
(Concise Oxford Dictionary) Land for this purpose must
praovide the resoutdes necessavv for the pursuit of a
recreational activity, ie. flora, fauna, climate,
water and relief.

(e) Urban and Rural Development ~ The construction
of any permanent huilding for man's benefit, using mechanised
construction implements. Land £it for this purpose must
be able to support the load of the conghructed structure
without failure and allow the use of mechanised construction
vehicles. The land resources providing these requlrements
are those of geology, soll, relief and flora, and fauna.

(£) Communications ~ The donstrugtion of any

permanent right-of-way, using mechanised vehicles. The

requirements and Yesources of the land are as for (e) above.

i
i

1
i
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{g) Dam Construction - The construction of a

parmanent barrizr in a river system using mechanised
construction vehicles, behind which water is stored. The
requirements and resources of the land are as for (e) above.

(h} Excavation of Minerals and Construction Materials

- The dryland removal of rock matexial from the land, to be
used for construction and industrial purposes. The land
must process rock of industrial or constructional value.
Also safe excavation, ie. avoidance of land slides, floc 1
of workings, etc. and the use of mechanised vehicles shouid
be possible. The land resources meeting these requirements
are those of geology and relief.

(i) Hater Catchment - The terrain from which watex
is delivered to a stream, lake or reservoir helow it. Land
£it for this purpose should deliver relatively silt-free
water to these water bodies. The land resources of relief,
climate, geology and flora are important (Midgley and
Pitman, 1968).

Powey generation is a complex land use system
involving the excavation of minerals eg. coal, water
catcliment, dam construction and communication networks eg,
power transmission lihes. A land capability anc .vsis for
power generation will require *ae separate analysis of each
of these land use systews to produce a final integrated
land capability analysis map.

3.3.2 The pand Conditiens

Before a land uge miy be implemented, certain land
conditions are raquired. A land evaluation prenedure

determines the fulfilment of these land conditions for the
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land uses being studied. These land conditions are an
expression of the land resources whose individual scientific
measurement and description is gererally impossible. Owing
to this, the land guality has been defined (Brinkman and
Smyth, 1973) to indicate the direct relationship between the
land as an scological system and the biological and
technological activities of land use. A land quality acts
in a manner clearly distinct from the actions of most other
land qualities in its influence on the capability of the
land for a e e and it may be used as a diagnostic
criterion {(B. nd Smyth, 1973). It is defined ac an
expression of a set of interacting single or compound land
characteristics having different weights in different
environments {Brinkman and Smyth, 1973). A land
characteristic is a typlcal or distinctive feature of the
land which may be seen or measured dirvectly (Vink, 1975).

The main land conditions required by one or more of
the land use systems are:-

(a) A particular land suxface

{b} Acoessibility and manouveribility over the land

(e} Resistance of the natural rock to weatherihg

{d} safety to life

{e} Resistance to soll exosion

(£) Plant growth donditlons

(g) Waker catchment

(h) 'The presence of natural vegetation,
() The presence of higher forms of animal life.

Other land conditiocns may be important in rertain
situations. The f£lexible nature of the procedure (Section

4.7) allows £or the consideration of guch further land
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conditions provided that the land qualities expressing them
are present or added. However, social and economic land
conditions eg. conditions for water development, conditions
for aesthetic appeal eta. are omitted as this is a land
capability analysis procedure. The land conditions
analysed and the land qualities used to indicate these
conditions are given in Tables 1 and 2 respectively. These
tables are based on a literature study and on dlscussions
with various people from research institutions, government
departments and universities {Appendix B).

3.3,3 The DPefinltions of the Iand Qualities considered
in the Progedure

Accegsibility - the potential of reaching a point on
or below the land surface with or without mechanised eguipment.

Durapility - the resistance of a nt “ural rock to
weathering.

Erodibility - the susceptibility of the site to soil
loss by the action of wind and water.

Fauna - self-explanatory

Flooding hazard - the potential for a river, stream,
reservoir sr lake to overflow and £lood the land surface.

Growlh climate - the olimatie conditiong present to

support productive plant growkh.

Land surfage - the presence of particular xellef-

forms and land strface cover.

Slope rtability - the resistance of a slope to
displacement.,

Soil drainage ~ the movement cf water into and
through the soll profile.

Soll fallure hazard - the potential of the soil
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profile to support a man-made structure without failure.
Soil fertility - the physical rooting conditions,
aeration and nutrient status of the soil.

Flora =~ self-explanators.

Water catchment - the potential runoff of precipitation

from the land.

3.4 The Set of Land Characteristics Used to Express
each Tand Quality

A land quality is expressed by a set of land

characteristics measuring the land. Two objectives of the
procedure are that the data evaluated should be objectively
measured and be independent of time. The set of land
characteristics meeting these requirements were selacted for
each land quality. A brief description of the information
used in making the c¢hoices with particular referenee to the
land conditions belng expressed and not to the land use;
follows for each land quality. The order of their
description is from the more stable to the less stable land
quality,

The meagurement of certain land features is only
practidal at large scales eg. soil pH, soil joint structure.
Other features may be measured at all survey scales but the
degree of detall captured will depend upen the land
chardcteristic used to measure them eg. topography may be
measured as the percentage slope gradient or as a particular
hillslope element. Thus the measurement of all the land
characteristics chosen is not applicable to all survey scales.
Rather than omit a land feakure, if it is podsible, & land
characteristic, or get of such, is substituted to measure the

same land feature at the seale at which the preferrved land

]
4

4
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characteristic is not measurable. Table 3 lists the land
characteristics concerned. Those land characteristics
measured at the small scale have a more general and broad
level of measurement than those measured at the large survey
scale which are thus preferred as they will indicate more
similarity between sample sites. The land chhracteristics
measured at the small survey scale are visible from air
photographs ox maps or are measured in the field. Those
measured at the large survey scale may be laboratory
measurements.,

Mo numerical distinction is made between a large and
a small scale survey scale deliberately so that the

flexibility of the p: is mailntained. ‘This procedure

is developed to evaluate the land at any survey scale and
the- wel of measurement. Different surveyors using the
same survey soale may measure different land characteristics
depending upon the amount of time, the economics and the
assistance avallable as well as the type and condition of
the land. In listing the land characteriscics used to
express each land quality, all the land characteristics for
all the survey scales are given. The definitions of all
the land characteristics and their units of measurement are
given in section 3.5.8. They are stored as digitised maps
in a resource inventory sgo that their spatial distribution
is retalned (Seetion 4.3). Table 12 lists the land
characterlstics and the land gualities which they express.
Tt 19 glven at the end of the dasuription of all of -he
qualities so that the definition of each land characteristic

1s known wheu the Table is studied. 'The land characteristics
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are ordered from the stable to the least stable land

resource which they measure.

Table 3 - The Land Characteristics which may be used as
Bubstitutes for each other

Land Characteristic

Land variable

Small scale Large scale
measured {Broad level of (Detailed level of
measurement) measurement)
Rock Natural rock group Secondary mineral
Ten per cent fines
test
Slope stability|Geological
discontinuities Factor of safety
Relief Hillslope element Slope gradient
Slope length
Seil Soil permeability Bub-soil texture
permeability index Top~s0il texture
Soil horizon type
Soill strength |Stratigraphic Unit Soil activity
S0il joint structure
Soil strength |Transported soil Soil activity
origin 4oil joint structure

3.4.1 pand Surface (The presence of particular relief forms
and surface cover)

Land surface features may be grouped into:-~

(a) Rock surface cover - Most land uses require a
soll surface which is f£ree of rock cover. This cover may
be due to boulders (greater than 25om in size) ox gravel
{2z - 25cm in size) (Ivy, 1977). The amount of rocky cover
and its distribution are bhoth important but a measurement
of the total surface area covered will not indicate the
latter. Thus; an additional land characteristic of rocky

cover &istribution will be xecorded where 'L' indicates &




i

single clumped distribution, 'Z'

~ a scattered clumped
distribution and '3' -~ a scattered distribution. A
continuous rock surface is considered to be distinct from
rock cover since it is generally impossible o clear it and
expose the soil surface beneath. This is because the
reck surface is the exposed redrock from which the soil has
been eroded.

{b) Woody surface cover - This is dealt with uad=r
the land quality of flora.

{c} Landforms - The hillslope element and slope
gradient measure the landform present. But, since the
dominant value of these land characteristics is recorded,
the presence 55 certain landforms would be omitted. To
overcome this, certain landforms, eg. gullies and koppies,
are recorded separately.

A gully (donga) is a water worn channel with a high
erosion potential. A koppie ls a boulder strewn hillock
which is generally inaccessible to mechanised forms of
transport and has little or no flattish areas. Both these
landforms interrup: "he land;caps, the extent of their
interruption being f¢pendent upon the land area which they
cover.

The aesthetic appeal of unusual or rare landforms
depends upon the culture, background, previous experience,
maturity, personality, ete¢., of the observer. aAlthough no
objective measurement is possible, such landforms are
important to conservatlon and recreation. The presence of
any landform considered to be of aesthetic or conservational

value; will be recorded by the natural land feature land

characteristic.
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{d) Hydrological features - Water way be present in
reservoirs, lakes, rivers and streams. The surface area
of the first two types of water bodies is important since
it represents unavajilable land surface for certain land uses
while it is the required surface for others. Rivers and
streams, together with their tributaries, dissect the land
into smaller land units which may be of an unproductive,
uneconomic or non-usable size. These land features also
present an ohstacle to movement over the land.

The set of land characteristics expressing the land
surface are the coverage of boulders, gravel, rock surfaces,
natural land features, gullieskoppies, lakes, reservoirs,
vleis; rocky distribution and the number of rivers and
streams. The definitions are as follows:-

{a) Rock surface ~ the land surface covered by an
exposed surface area.

{b) Boulder cover - the land surface covered by rock

fragments greater than 25cm in diameter.

{¢) Gravel cover - the land surface covered by rock
fragments between 2 and 25cm in diameter.

(d) Roeky distribution - the distribution of the
boulder cover:

{e} Gully - the land surface covered by a water-vorn
channel.

(f) Kopple - the land surface covered by a boulder-
strewn hillock.

{g) Natural land feature - the presence of a natural

land feature with aesthetic or conservational value.

(h) Viei - an area of ill-drained land.
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{i) _Lake ~ the land surface covered by a natural or
a man-made lake in which the water is held by a non-earthwork
dam.

{4} Reservoir - the land surface covered by a man-
made reserveir in which the water is held by an earthwork
dam.

(k) River - the presence of a river.

(1) Stream - the presence of a stream.

2,4.2 BAccessibility {(The potential for reaching a point on
or below the land surface with or without mechanised
eguipment}

The relief and particular features of the land surface
present obstacles to its accessibility. The reguired

accessibility is dep upon the land use, eg. the

movement of mechanised transport is more readily restricted
by the land than' are pedestrians or livestock. Mining la

uses are also rastricted by the sase of access to the rock

material below the land surface.

Relief forms may be srouped inte those which are
elevated above an arbitrary point, ie. hills, and those
which are depressed below this point, ia. valleys. The
hillslope may be gualitatively divided into five elements
ABrink, 1979} as illustrated in Pigure 2. These elements
are

(a) Crest which is generally of a rocky nature.

(1) Waxing slape

{c) Free face (scarp) which is the rocky face.

(d) Talus slope (middle slopa).

{e} Pediment (footslope) which ig covered by
transported soil and leads into the valley bottom.




crest - waxing slops

A,

Figure 2 - The Elements of the Hillslope

Quantitative measurements of rellef are the slope

gradilent and the slope length,

g free face

talue

These may be calculated

\\upper pediment
oy

lower pediment
~valley bot

from relief maps of 1 : 50 000 {(Ivy, 1877).

correspondence between the slope gradient measured as a

percentage and the hillslope elements are given in Table 4.

Table 4 -~ The Slope Cradient corresponding to each

Hillslope Hiement

Hillslope element | Code| Scope %
. Gradient
Crest 1
Waxlng slope 2 | variable
Free face 3 =25
Talus 4 116 - 25
Upper pediment 5 6 - 18
Lower pediment 6 L~ 5
Valley bottom 7 [¢]

Relief influénces the wconomics of mechanised

transport.

Running costs are high on slopes exceeding
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eight per cent (Horak and du Toit, 1977}, while the
construction costs of roads substantially increases with
slopes greater than five per cent {Riefer, 1972). Gradients
greater than twelve per cent are not easily accessible to
implements and those exceeding twenty-five per cent are only
accessible to livestock (Edwards, 1970) and humans.

The accessibility of the bedrock for excavation is
influenced by the soil depth above it, as this must first
be removed or by-passed. such measurements are generally
only available from local studies. The slope gradient and
the soil depth are interrelated. Weinert (1978) states that

flat slopes are waterlogged with deep soils, steep slopes have

shallower soil due to soil erosion loss and slopes
exceeding sixty degrees are rocky outcrops.

The accessibility of a mineral deposit is influenced
by its depth below the land surface and the water table,
and the particular rock above it. The drilling machinery
availabla, the funds available for mining, the market price
of the mineral and the guality of the ore will determine
whether the deposit will be mined or not. These depend
upon the economic situation and thus only the depth to the
mineral ore deposit will be considered.

The set of land characteristics expressing
accessibility are the hillslope element, the slope gradient,
the alope length, the depth to the bedrock and the depth to
the mineral ore deposit. These are defined as follows:-

(a) Hillslope element - & partlcular component of a
hillslope (Fig.2).




45

{b} s e gradjent - the steepness of a slope,
expressed as a percentage.

(e) Slope length - the length of a slope of constant
gradient .

(dy Depth to the bedrock - the distance from the
ground surface to che underlying bedrock.

(e) Depth to the m.neral ore deposit -~ the distance
from the ground surface to the underlying mineral ore
bearing rock.

3.4.3 Durability {The resistance of a natural rock to
weathering)

Chemical and mechanical weathering of rock material
occur simultanecusly but either one will predominate,
depending upon the climatic conditions present. Weinert

(1978) observed the weathering of Raroo Dolerite in different
parts of the Republic of South Africa and concluded that the )
moisture supply and the temperature may be used to determine
areas of different weathering rates and dominant weathering
processes, He developed his Climatic N—valug to define the
boundaries of these different areas and which is defined as
N = ;g.E_j where: - \

2 B = computed evaporation in January based on
Glivier's formula (Weinert, 1978)

Pa= total annual precipitation

Contour maps of the different climatic N values for the
Republic have been drawn (Welnert, 1970). Chemical

waathering causes a chemical change in the primary rock




waterial and the secondary rock minerals produced, will
have different properties. Mechanical weathering causes
only a physical change to vhe rock mineral.

Reck materials are raquired for different constructio:
purpcses, eg. siwrfacing, base, sub-base, subgrade fill and
wearing course for roads as well as for concrete aggregates.
The rock material is durable if the change in its physical
and chemical properties during the construction and life of
the engineering structure, remains within limits whi¢h do
net invalidate the design. The required durability thus
depends upon the particular structure and the section for
which the rock material is needed, ie. upon the land use.

Chemical weathering is ‘technically the more

del mode of hering' (Weinert, 1969). It occurs

particularly where the climatic N-value is less tﬁan five
and for those rxocks with minerals which oxidise or hydrate
under atmospheric conditions (Weinert, 1970). The
durability of & rock is thus a function of its petrological
properties and the envizonmental conditions at its place of
occurrence (Weinert; 1970} and use. The hardness of a rock
is an indication of the extent of weathering which has
occurred. Weathered rocks are softer than fresh rocks
(Jennings et _al 1973) and are thus less durable. The
presence of guartz in a rock is an impr erminant of
its durability since it ils the most re. - ock mineral
to weathering. $0il is the rock weatheriuy stage in
equilibrium with the environment (Weinext; 1978).

Weinert (1969} classified the natural rocks of South
Africa into nine groups based upon their durability un an

attempt to relate the petrological properties to engineering

o N e e s
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material and the sccondary rock minerals produced, will
have different properties. Mechanical weathering causes
only a physical change to the rock mineral.

Rock materials are required for different construction
purposes, eg. surfacing, base, sub~base, subgrade £fill and
wearing course for roads as well as for concrete aggregates.
The rock material is durable if the change in its physical
and chemical properties during the construction and life of
the engineering structure, remains within limits which do
not invalidate the design. The required durability thus
depends upon the particular structure and the section for
which the rock material is needed, ie. upon the land use.

Chemical weathering is 'technically the more
deleterous mode of weathering' (Weinert, 1969). It occurs
particularly where the climatic N-value is less t?an five
and for those rocks with minerals which oxidise or hydrate
under atmospheric conditions (Weiner 1970) . The
durability of a rock is thus a function of its petrological
properties and the environmental conditions at its place of
ocourrence (Weinert, 19701 and use. The hardness of a rock
is an indlcation of the extent of weathering which has
occurred: Weathered rocks are softer than fresh rocks
{Tennings et al 1973} and are thus less durable. The
presence of quartz in a rock is an important determinant of
its durability since 1t is the most resistent rock mineral
to weathering. Soill iy the rock weathering stage in
equilibrium with the environment (Weinert, 1978).

Weinert (1969) classified the natural rocks of South
Africa into tilne groups based tpoh their durakility in an

attempt to relate the pstrological properties to engineering




requirements. General statements of their engineering
propertiss for road and concrete aggregates, together with
their durability are given for each group by Weinert (1970).
The quantitative measurements of Gurability are:-
(2) The ten per cent Fines Adggregate Crushing test.-
This measures the pressure under which ten per cent of the
sample is crushed into fines.

(b) The vecondary Minerals present. This is

measured as the percentage seen under the microscope.
This, together with the climatic N-v-lve, gives the
soundness of the material (Wei: s,

The results of these tests which indicate that the rock is
durable for particular purposes ara given (Weinsrt, 1869,
1970) . Such tests are generally only performed after the
rock has already besy chosen as construction material and
are not available * ru the land is surveyed.

The set of land characteristics considered when
durability is expressed is the natural rock group, the
climatic N-factor at its place of use, the vock hardness,
the ten per cent fines aggregate test and .he secondary
mineral test. These are deflned as followe:-

(a) Climatic N-factor - the climui! weathering

zone defined by Weinert {1978).

(b) Natural rosk group - the natu-ai vock group as
classified by Weinert (1969).

(e) Rock hardness - the unconfined strength of rock

{4} Secondary minerals - the percentage of secondary
minerals in a rock sample seen under the midroscope.

(e}  Ten per cent fines test - the pressure vhich




must ke applied to a rock sample to produce t 4 per cent of

fines.

3.4.4 Flooding Hqgggg'(The potential for a river, stream
reservoir ¢r lake to overflow and flood the land
surface)

Land adjzceent to & static or flowing irater body, viz.
rivers, streams, reservoirs and lakes, is susceptible to
£flooding. The probability of the water body flooding owing
to the surface runoff and precipitation received from
individual storms, is a complex interaction of the rainfall
intensity and duration of the ntorm, the profile of the
water body floor (a steep, deep profile will cover less land
surface area than a shallow flat profile containing the same
volume of water } the slope and roughness of the water body
floor and of the flood plain, etc. The probable flood line
of & water body may be calculated from storm daté using a
complex, computerised procedure (Hydrological Research Unit,
1972).  However the vertical height above a water body is
a sufficient indicator of the possible flood hazard (Pitmaa,
1978, personal communication)k

The land characteristic of the helght above water will
be used to express the flooding hazard. It is defined as
the vertical helynt above a lake, Yeservoir, river or stream.

3.4.5 Slope Stability (The resistahce of a slope to
displacement

A sloping rock or soil surface iy subject to forces
which tend to cause a movement of its mass from a high to a
low polnt. If this occiirs; the slope Ls said to have failed.
The stability of a slope ls a measure of its safety against
such a failure (Bukton, 19875).

The fackors deteérmining the skability of a rock and

i
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must ke applied to a ruck sample to produce ten per cent of

fines.

3.4.4 Flooding Hagggg.(The potential for a rivex, stream
reservolr or lake to cverflow and flood the land
surface)

Land adjacent to a static or flowing water body, viz.
rivers, streams, reservoirs and lakes, is susceptible to
flooding. The probability of the water body flooding wwing
%6 the surface runcff and precipitation received from
individual storms, is a complex interaction of the rainfall
intensity and durxation of the storm, the profile of the
water body flooxr (a steep, deep profile will cover less land
gurface area than a shallow flat profile containing the same
volume of water ) the slope and roughness of the water body
£floor and of the flood plain, eto. The probable flood line
of & water body may be calculated from storm data using a
complex, comprterised procedure (Hydrological Research Unit,
1872) . However the vertical height above a watexr body is
a sufficient indicator of the possible flood hazard (Pitman,
1578, personal communicationh

The land characteristic of the height above water'will
be used to express the flooding hazard. It is defined as
the wertical height above a lake, reservolr, river or stream.

3.4.5 8lope stability (The resistance of a slope to
displacement)

A sloping rock of soil surface is subject to forces
which tend to cause a novement of its mass from é\high to a
low podint. rf this occurs, the slope is said to lave failed.
The stability of a slope 1s a measure o its safety against
such a failure {(Sutton, 1975).

The factors determining the stability of a rock and




a soil slope differ since their behaviour under stress is
not the same. This is due to ths differences in the
geometry of the spaces between the solld waterial and the
interlocking properties of the basic components (Piteau,
19703 . Soil iz essentially a continuous medium consisting
of an assemblage of uncemented, angular to roind particles
vwhose size is micre when compared with the slope scale. The
woid spaces may or may not be f£illed with water. A rock
mass is a discontinuous medium consisting of aggregates of
blocks separated by planes of weakness. These blocks are
macro in size when compared with the slope scale and the
space between them may or may not be filled with water and/
or soft or hard material (Piteau, 1970).

The shear strength of a rock slope is dependent upon
the shear strength of the planes of weakness, A vast
number may exist giving rise to anistropy in the shear
strength of the slope (Piteau, 1970). The slope failuxe
is directional along these planes of weakness. Faults and i
continuous through-going structures inv the rock, ie.
geological discontinuities, have a greater influence upon
+the slope stabillity than do the joints and minor
discontinuities (Patton and Deere, 1970). The ground
water level, the degree of weathering which has occurrad and
the f£luld pressure within the discontinulties which acts as L
a shearing force, all influence the stability of a rock {
slope {Patton and Deera, 1970). The actual stability may
be determined from a detailed joint suxvey of the slope in f
which each plane of weaknesg 1s systematically snalysed

(Piteau, 1970).

The shear strength of a soil slope depends on the intrinsic
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strength of the soil mass ijtself. This decreases with
an increase in the soil moisture content owing to the
decrease in the soil pore water suction pressure (Capper
and Cassie, 1976). Non~cohesive soil slopes are stable if
the slope angle inclination is less than the angle of
shearing resistance of the soils. The stability of a
cohesive so0il slope is alse infiuenced by the density and
cohesion of the seil and the height of the slope (Sutton,
1875} . The slip surface (failure plane) of a sold slope
and the direction of the acting forces, may be determined
from a detailed survey of the slope cross-section.

The factor of safety (F) is calculated from the
slope survey, It is the ratio of the resisting forces, ie.
the strength of the soil or rock, to the disturbking forces,
ie. gravity (Goldex, 1370). Varicus methods to determine
F are available (Pentz, 1870; Golder, 1970; Capper and
Cassie, 1976). A slope where F exceeds one is stable
although slopes with an F value below one have also been
known to be stable (Reynolds and Protopapadalis, 19583.

F will vary with the water pressure between the soil
particles and the rock aggregates (Golder, 1970).

Engineering techniques to improve the slope
stability are available and involve the removal of the slide,
the control or unloading of the slide, drainage and
artificial stabilization, ey. external support, etd.
(Stewart and Kennedy, 1970; Capper and Cassie, 1976).

The land characteristics expressing-slope stability
are the factor of safety, the slope gradient, the hillslope

element and the presence of geolog’~1l discontinuities.
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The definitions are as follows:-

{a) Hillslope element — defined in section 3.4.2.

(b) Slope gradient - defined in Section 3.4.2.

(¢} Geological discontinuities - a plane of
weakness eg. a fault or a fracture in the bedrock.

(d) Factor of safety - the ratio of the strength of
a s0il or rock slope to the disturbing forces.

3.4.6 Exodibility (The susceptibility of the site to soil
Ioss by the action of wind and water)

So0il erosion is due to the action of wind or water
at the soil surface.

(a) Water erosion - There are four phases in the
movement of seil by water, viz. the disruption of the soll
structure, the detachment of the soil particles, their
transportation and subsequent deposition at some other site.
These phases are carried cut by the action of the raindrop
and the runoff water, the former being the major factox.
Any land characteristic intercepting the raindrop or
preventing the build-up of runoff water, vill decrease the
goil loss.

american research {(Tilmann and Mokma, 1976) revealed
that the folluwing factors determine the erosivity of an
areai~

{a) The erasive potential of the rainfall
determined by EI30. Thig is the product of the rainfall
energy and the maximum sustained intensity over a thirty
minute pexiod.

{b) The slope length and the slope gradient.

le) A crop wanagement factor.

(8} A conservation practice factor,
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Zimbabwean research {Elwell, 1877) modified these
findings to the African situwation as follows:—
(a) The linear relationship between EI30 and
soil loss as shown by the American research, did not hold
true in the BAfrican situation (Elwell, 1977). A more suitable
parameter for indicating the erosive potential of the
rainfall was found to be the total kinetic energy per season.
Total rainfall kinetic values derived from the mean
annual rainfall values are given in Table 5. The
derivation was based upon rainfazll energy values characteristic
of Zimbabwean rainfall and are only best estimates since the
relationship between the mean annual rainfall and the rainfall
kinetic energy is not exact (Elwell and Sto 2. '976)
Since no equivalent datu are avsilable for t svaal
rainfall, the Zimbabwean data are used.
(b) The increase in soil loss with the slope

gradient and the slope length was found to be the same.

D‘Souza and ‘Moxgan (1976} found that the soil ‘loss indreased 1inear1y§

with slope gradient until a slope of six to seven per cent
is reached. After this, soil loss increases exponentially
with slope gradient. Soll loss will also change in the
sameé manner between hillslope elements of different Steepness.

(¢) The crop managewent factor is a cowbination
of the soil management and the ¢xop type. These two
factors were separated into the vegetal cover and a soil
exodibility index which inc¢luded the soil management. An
initial index value based on the soll texture was modified
by 0,5, one or two, depending upon the tillage technigue
used (Blwell, 1977).




Table 5 — The Values of the Rainfall Fnergy Equivalent
o the Hean Annuai Rainfall

Mean z;ru;‘m;a_]l Rainfall E:gggxlﬂ §}S‘0_2 e 1

400 ~ 500 10 400 163 000

500 ~ 600 12 200 200 000

600 ~ 700 14 QOO | 246 000

700 -~ 800 13 800 280 000

800 ~ 900 17 600 | 320 000

900 ~ 1 000 19 000 | 350 000

1000 = 1 100 21 oo 380 600
1100 ~ 1 200 23 000 410 000

1 200 ~ 1 500 28 000 | 525 000

L >1 500 30 oco 560 000

The quantitative measurement of vegetal cover

depends uponi-

(a) The plant type under cultivation or the
vegetation type.

(b) The germination density or the végetatio:n
density.

{c} The growth stage of the plant or planks
within the vegetation type, at the time of measurement.

{8} The soil fertility.

(e} 7The plant or vegetation vigour.

(£} The climate.

(g} The planting date and the management system.
Vegetal cover measurements are thus time-dependent since only

variable (s) s independent of time.

.

i
|
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Table 5 - The Values of the Rainfall Energy Equivalent
o the Mean Annual Rainfall

Mear i‘r;“m;a_]l Rainfall ;:\?szl__ 5},3“9-2 o1
400 - 500 10 400 163 000
500 - 600 12 200 200 000
600 - 700 14 000 240 Q00
700 - 800 15 800 280 00C
800 -~ 900 17 600 320 000
900 - 1 OO 19 000 350 000

1000 - 1 100 21 000 | 380 00O
1100 - 1 200 23 000 410 000
1 200 - 1 500 28 000 525 Q00

>1 500 30 000 560 000

The quantitative meastrement of vegetal cover

depends upon:-

(a) The plant type under cultivation or the
vegetakion type.

(b} The germination density or the vegetation
density.

{z) The growth stage of the plant or plants
within the vegetation type, at the time of measurement.

(d) The smoil fertility.

{a} The plant or vegetation vigouxr.

(£} The climate.

{g) The planting date and the mahagement system.
Vegatal cover measureéments are thus time-dependent sirze ouly

variable (a) i8 independent of time.
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Crop canopy cover curves showing the degree of

protective covering with time, were drawn for tobacco,
walze and cotton crop canopy cover values measured with a
special sighting frame (Elwell and \«’sndelaar: 1977). It
was apparent from these curves that the erogion hazard
varied throughout the season and between the crops
themselves. The curves were superimposed upon the rainfall
energy distribution for the same period to determine the
cover interception factox. This factor was then used as a
crcp'erosion hazard rating and a 1ist for various crops was
given. Future adjustments to these values will be
necessary since these were derived from research data of a
particular area, planting date and management system. .
However, the authors assume that the order of the crops in
the list will remain the same. Scotney {1977) listed H
average crop cover interception values for selected crops
in Natal, planted at certain densities. Puture regearch
will cause adjustments to these values, particularly with
reference to the Transvaal.

The values obtained foxr the natural vegetation
canopy cover will depend on variables (a) to {(g), the time
measurement ahd the particular land traet. TS overcome
this time dependence, the soil erodibility will be
assessed for the most vulneiable period, ie. no vegetation
cover.

The cohesive nature of the soils is influenced by:- |

{a) The soll texture = The force of attraction
between the soll particles varies inversely with the

particle size (Brady, 1974).
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(b} The soil structure - (Young, 1976) This
is improved by the additjon of organic matter which not only
attracts the soil particles due to its collodial properties
but it is also decomposed by soil microbes. Their activity
stabilises the soil structure due to the polysaccharide gums
produced by the soil bacteria and by the presence of fungal
hyphae (Russell, 1973).

(¢) The soil moisture content which is a
function of the soil texture and the moisture available.

The runoff velocity and thus soil erosion, is
increased if the infiltration of water inte the soil profile
is impeded, eg. by zoll capping > waterlogged conditions,
etc. In the former situwation, the soil moisture status is
also poor. This decreases the cohiesive nature of the soil,
causing a further increase in its erodibility.

Certain soils are known from experience to be more
erodible than others. Using this knowledge, Scotney {1%77)
derived a soll erodibility index for all the South African
soll series classified by MacVicar et al (1977). Each
index was developed by awarding an initial value to each
goil series depending upon its general soil texture. This
value was subsequently modified by the average conditions
of the soil depth, the degree of leaching, the soil
permeability, the organic matter status and the surface
conditions found in the field. The application of these
indices is limited as they are a subjective assessment
related to conditions in the province of Natal.

No data were found which objectively elucidated the

relatlonship between soil texture and soil loss other than
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the information that ligh% soils are more erodible than
heavy soils (Elwell, 1277). This is insufficient
info:matior upon which to base a quantitative capability
assessment of different soil textures. The soil
erodibility index was developed from practical field
knowledge and until future research is available, it is
thought to be a more valid indication of soil texture
erodibility than a soil texture measurement alone.
Research as to the exact validity of the index is reguired.
The soil erodibility index value ranges from 1 ~ 8 where:-
<2,0 ~- very high erosion potenéial

2,5 -~ 3,5 - high erosion potentidl

4,0 ~ 4,5 - moderate erosion potential

5,0 ~ 5,5 - low erosion potential

»6,0 ~ wvery low erosion potential

{d) The conservation practice factor may
modify the slope and the soil erodibility. This is omitted
as a separate influencing factor as it is not a fundamental
feature of the land.

{b) wind Brosion - Chepil (1945) showed that three
phases are involved in the movement of soil by wind, viz.
initiakion of soil particle movement, its transportation and
subsegquent depésition at another site. The minimum wind
velocity at whileh wind exosion ocours, le. the threshold
velocity; ls dependent upon the soil particle slze since this
size is related te the soll's cohesive properties. B hon~
ochesive particle, ie. sand, requires less energy than a
agohesive particle, eg. flooulated eclay to initiate its

movement . once initiatlon has ocecurred, the particles

i
i
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move by saltation which is a c¢reeplng movement over the
earth's surface. The impact of these moving particles

initiates the movement of other stationary particles even

if the wind velocity is below thelr threshold velocity. {
A rough land surface hinders saltation and aids in the

deposition of the wind-borne 56il particles. However, the

measurement of a surface roughness value will be of a
temporary nature and will vary with the land preparation J
method.  Thus, it does ..ot meet the requirements for being

included in an expression of a land quality in this procedure.

The general threshold velocity for wind erosion,
1

neglecting the scil type, is 5,85 m &~ at 0,3m above a smooth
surface {(Chepil, 1945). Any interception of the wind f
veloeity will decrease its erosive potential, The slope !
gradient modifies the wind velocity which is twenty per cent

greater at the crest of a landform than on flat ground,

regardless of whether the wind is on the lee of windward

side of the landform (Lynch, 1971).

The wind erodibility of an area increases with the
length of previously exposed soil eg. a fallow field, ox a 1
gully, untill a eritical value is reached, above which the H
soil loss is constant, This value depends upon the surface
roughness, the soil texture, ete. of the land.

The occurrence of wind erosion is greatest when the
spil 48 dry, the vegetation cover 1s low and the prohability
1

h of the wind velocity being greater tha: 5,85 m s~ is high

This will be during the dry months of September to November

inclusive which is the windiest period for the Transvaal
{8.A.W.B. Part 8, 1865).




The set of land characteristics chosen to express

the erodibility of the land are rainfall energy, slope
gradient, slope length, hillslope element, soil erodibility
index, exposéd soil length and the wind velocity. They are
defined as follows:-

(a) Hillslope element - defined in Section 3.4.2

(b} .Slope gradient - defined in Section 3.4.2.

(c) Slope length - defined in Section 3.4.2

{4} soil erodibility index - the potential
erodibility of the exposed soil as determined by Scotney (1977).

{e} Exposed soil length - the length of bare
previously ercded soil.

(f) Wind velocity - the mean wind velocity for
the months of September to November inclusive.

3.4.7 goil Drainage (The movement of water into and through
the 80il profile) ,

Soil drainage is a dynamic¢ situation and thus its
measurement will always be of a temporary nature. The
velocity {v) of the downward flow of water into and through

undongolidated 50il is expressed by Miller {1977):~

v = K3¢ K = conductivity which is a measure of

the soilis permeability.

% = distance moved by the water.

Y = capillary potential which is a
measure of the forces moving the
water through the profile.

Soll permeability is the ease of water movement thirough the
soll pores. For a saturated soil, the permeability is
dependent upori the size and configuration of these pores ie.

upon the soll texture and structure. For unsaturated soil,




the permeablility is a function of the soil water potential
of the profile which involves additional variables eg. the
amount of water present in the s0il pores. Both K and Y
vary with the soil moisture status and thus the velocity of
the water movement will alsc vary at any point within an
unsaturated scil profile.

Water moves through the soil profile by two processes
viz. infiltration and water conductivity.

(a) Infiltration -~ This is the movement of water

through the surface of the soil, Any impediment to
infiltration will therefore decrease the amount of water
reaching the soil (assuming that no sub-surface soil moisture

flow from adjacent land occurs). The important factors

influencing infiltration are:
(a} Soil porosity - Soll porosity is determined by

soll texture and structure. The infiltration rate of water

into a soll increases with the soll porosity (Relly and

Walkexr, 1976). Soil poresity is an indication of the

moisture holding capacity of the soil which ls increased by

the presence of collodial organic molecules and clay

particles. A guantitative measure of the soll structure

will change since the structure is easily destroyed by poor

management techniques. Thus; it is not included in the

expression of soll damage.

(b} Surtace capping - A surface cap ls formed
when the soll pores are blocked by a suspension of clay/silt
particles as a result of the action of the raindrop and
surface runcff (B Herington, 1975). This will develop
more readily on soils of low porosity and will cause a

further decrease in their infiltration rate.
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{¢) Vegetation cover - Research has shown
(Miller, 1977) that vegetation cover increases infiltration
due to a number of interrelated factors, eg. improved soll
structure, the active absorption of water by the plant roots
ete. Surface cap formation also increases on certain
s0il types when the vegetatlon cover has been removed
(Barnes and McNeill, 1578). The vegetation cover is alsc
& determinant of the litter cover prasent. Kelly and
Walker (1976} found that the infiltration rate was nine
times faster for soil with a complete litter cover tvhan for
bare soil. The amount of vegetation cover present varies
with the rainfall received per season (Barnes and McNeill,
1978}, the degree of root activity, the species composition
of the vegetation, etc. However,; a&s the vegetation cover
varies with the time of measurement, it is not included in

the expression of the soll drainage.

(d} Antecedent €01} moisture - This ds a
function of the time period between the water appl.cations.
The longer the period the greater 1s the water loss from the
soil profile by evaporation, utilization and the downward
flow to the ground water supply. The initial infiltrxation
rate depends onh the initial moisture status of the topsoil
This changes with infiltration and causes a subsequent
change to the infiltration rate itself. The infiltration
rate alsc depends on the moisture status of the underlying
subsoil. If this soll is dry water will flow fairly
rapidly downwards from the topsoil into it. This allows
for the infiltration of more water until both the topsoil
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and the gubsoil are saturated. Kelly and Walker (1376}
found that there was no significant difference in the
infiltration rate between soils at different moisture

contents of up to twenty per cent dry weight.

{e} The delivery rate of the water supply - Land
receiving a high water supply (which is composed of the
rainfall supply and the surface runoff f£rom adjacent lands
does not necessarily indicate a better moidsture of the scil.
This is because the amount of water infiltrating depends on
the difference between the delivery rate of the water and
the infiltration rate. The rainfall delivery rate is
indicated by its intensity which 15 used to express

rainfall energy by Elwell and Stocking (1973):-

E=a-k where:= E = rainfall energy
* I = rainfsll intensity
a and b = corstants

The rainfall enesgy indlcates the capping action of the
rainfall which effectively increases its intensity as the
3011 porosity and thu; the infiltration rate, aré reduced.

Direct infiltration measurements are made by timing
the disappearance of a known volume of water from the soil
surface. However, these measurements are dependent upon
the moilsture status of the soil profile and the vegetation
oover which are both dynamic land characteristics. Since
the infiltration rate is closely linked with the soil
texture through its influence upon the soil porosity, this
land characteristic is preferred to that of the direat

measurement as it i3 not a dynami¢ variable.
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(p) Watexr conductivity - This is the flow of water
through saturated or unsaturated subsoil. The term
hydraulic conductivity is not used as it refers only to the
saturated flow of watexr (Miller, 1877). The important
factors influencing the water conductivity are:-

(a} &ntecedent soil moisture - Moisture flows
from a more saturated to & less saturated soil.

(b) Moisture~holding capacity of the different
textural horizons within the soil profile - rThe velocity of
the soil movement will vary between different soil horizons
due to differences in their soil structure and texture.

The presence of a different horizon acts as an initial
obstruction to the downwavd flow of the water until the
field capacity of that horizon is reached. After this, the
flow of the water is independent of the soil water potential
(Miller, 1977).

{e¢) Slope gradient - The lateral movement of
soil moisture will occur if there is a lower site to which
the water may drain. Soils on a slope drain more easily
than do soils on a flat slope provided that all other
variables are constant.

Direct conductlvity measurements are possible (Yaron,
1973) but these will be of a temporary nature, for the same
reasons as given for the direct measurement of the
infiltration rate. The soil texture measurement is
preferred for the same reason.

The moigture capaclty of a soil profile, and thus
the volume of wateér which may drsin into it; is a funotion

of the moisture capacity of each horizon and the soil
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(p) Water conductivity - This is the flow of water
through saturated or unsaturated subsoil. The term
hydraulic conductivity is not used as it refers only to the
saturated flow of water (Miller, 1977}). The important
factors influencing the water conductivity are:-

{a) Antecedent $oil moisture - Moisture flows
from a more saturated to a less saturated soil.

(b} Moisture-holding capacity of the different
textural horizons within the soil profile - The velocity of
the soil movement will vary between different soil horizons
due to differences in their soil structure and texture.

The presence of a different horizon acts as ah initial
obstruction to the Qownward flow of the water until the
field capacity of that horizon is reached. After this, the
flow of the water is independent of the soil water potential
{(Millex, 1877},

(@) Slope gradient - The lateral movement of
soil moisture will occur if there is a lower site to which
the water may drain. 8Soils on a slope drain more easily
than do solls on a flat slope provided that all other
variables are cohstant.

Direct conductivity measurements are possible (Yaron,
1973) but these will be of a temporary nature, for the same
reasons a$ given for the direct measurement of the
infiltration rate. The soil texture messurement is
preferved for the same reason.

The molsture capacity of a sodl profile, and thus
the volume of water which may drain into it, is a function

of the molsture capacity of each horizon and the soil




profile depth. This is delineated elther by the water
table, below which the soil is saturated, or by an
impermeable layer. The correlation betwsen this depth and
the moisture capacity of the soil profile is not direct due
to the influence of the s0il texture on the moisture capacity
of each horizon, eg. a deep, sandy soil will have a similar
moisture capacity to that of a shallow clay seil (Crafford
and Noty, 1972).

Scotney (1977) listed certain soil series, based
upnn field experience, having one of the following
restrictions to permeability, viz. no restriction, a slight
restriction, a moderate restriction or a severe restriction.
Although this is a subjective list requiring verification by
reseaxch, it will be used to awaxd a S6i) permeability
index to the dominant soil series present in the scil

profile where:-

4 -~ no restriction to permeability

3 - a slight restriction to permeability

2 - a moderate restriction to permeability
1 - a severe restriction to permeability

This subjective index is preferable in the ahsence of soil
texture measurements rather than the complete omlssion of
this factor.

The set of land characteristics expressing the soil
drainage will be the slope gradient, the hillsglope element,
the soil horizoh type, the topsoil and the subsoil textures,
the soll pefmeability index, the rooting wategr table and
bedrock depths and the rainfall energy. he definitions

are as follows:~
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a) Eillsiope element - defined in Section 3.4.1.
(b} Slope gradient - defined in Sectjon 3.4.1.
(¢} Depth to the bedrock ~ defined in Section
3.4.2
(d} Subsoil texture - the soil texture class
of the soil horizons below the topsoil and within 150cm of )
the soil profile. {See Table 6)
{e) Topsoil texture - the soil texture class of
the top soil. (See Table 6) ‘ .

(£) 0il horjzon type - defined in Section 3.4.9.

(g) BSoil permeability index - the potentlal
ease of water movement through the dominant soil series of
the unconsolidated soil.

th} Depth to the watex tahle - the distance from
the ground surface to that level at which all the soil or rock
is saturated.

{i) Rainfall enerdy - defined in Section 3.4.s6.

Table 6 - The Soil Texture Types ae Classified by MacVicar i
et ai {1977) and their Codes i

Texture Class Code

Sand

Bilt

Loamy sand
Sandy loam
Loam

Silt loam

sandy eclay loam
sandy clay

clay loam

Silty &lay loam 10
silty olay 11
Clay 12

[ R T BT
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3.4.8 Soil Failure Hazard (The potential of the soil
profile to support a man-made structure without
failure}

An engineering structure exerts a loadl on the soil
upon which it 1s built. This load is determined by the
structure's dimensions, the materials used in its
construction, etc. If the load is greater than the bearing
capaclty of the soil, i.e. the load distributed over a
certain area which may be supported by the soil, soil
failure results causing damage to the engineering structure.
Rock is the strongest natural material but the difficulties
experienced in constructing foundations in it are great and
thus it is generally not used.

The bearing capacity is measured by certain tests and
varies with each soil horizon owing to differences in the
s0il texture and the soil moisture which is a function of the
soil porosity for which the soil texture is the main
determining factor. The infiltration and movement of water
through the soil and the soil moisture capacity, are related
to the soil porosity. This is discussed in the land quality
of the soil drainage.

The shear strength of the soil is proportional to the
i0ad which will cause the goil to fall and depends on the
soll molsture present. For non~cthesive solls, the shear

strength ig:-

i, For englneering purposes, zoil is that matérial with
a strength below 700 kPa (Jehnings et al, 1973).
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s = o'tank where:~ 3
e = effective angle of friction

G

]

resultant force of the pore

water pressure and the effective :

stress (intergranular st;sss),

which the individual soil grains :

exert on one another. (Bowles, 1977) ;
3 cohesion factor is added for cohesive soils. :
gince the pore water pressure is a dynamic variable #

changing with the sesasonal and daily fluctuations of the pore ¢

water, the shear strength will also vaxy. Thus, this

temporary measurement and that of the soil molsture are
exciuded from the expression of this land guality.

Soil below the ground water table is saturated while
soll above it may be either saturated or unsaturated, This
latter section of the soil profile will exhibit a varying
shear strength and thus engineering behaviour. The level

of the water table varies inter- and intra-seasonally

depending upon the water supply, its rate of delivery and
infiltration, its movement through the soll profile and the
rate of soll moisture loss. Thus the' volume of soil above
the watexr table is not constant. De Bruyn {1973) describes
a water table as being relatively olose to the surface at
depths of less than 6 metres, 3 metres and 1,5 metres in
clay, sandy clay and sand respeotively. A mathematical
treatise of the Influence of the soll moisture upon the
shear strength and the relation of the latter to the water
table level is given by Donaldson {1966). The bearing
capaeity of the soll generally increases with soil depth as

T S 3
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the material is more consolidated, less weathered and less
subject to moisture fluctuations, particularly if it is
below the water table. However, drainage problems are
experienced at such depths.

The effective stress (intergranular stress) .f the
soil is a function of the intergranular distance. A
change in this distance may result in a volume change of the

whole soll profile {Donaldson, 1966). These volume changes

cause heaving ts, ie. displ ts in the engineering

structure built upon the soil. If the soll moisture is
apove field capacity, the engineering load is carried by the
pore water itself, leaving the effective stress unchanged.
However, 1f the soil moisture is at or below field capacity,
the enginéering load is carried by the soil particles
causing a decrease in theé intergranular distance and thus
an increase in the effective stress (Donaldson, 1266).

This compaction occurs in non-cohesive soils and is a
decrease 'n the vold space volume between the granular soil
particles.

Soils with a large clay fraction exhibit volume
chandes owing to the capacity ¢f the clay particles to
absorb molecules into their crystal lattice and so expand.
As soil moiskture is loose, the pore water suctior
pressure increases and water moves from the clay crystal
lattice into the soil porés resulting in a shrinkage of
the crystal lattice (Donaldson, 1966). The soil profile
volume will change in a corredponding manner if these
movements are slgnificant. These soils also exhibit

rheclogical behaviour, ie. flew behaviour, which depends
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on the soil moisture. So0il consistency is a measure of
the soil's resistance to flow and thus of its rheological
behaviour. Howevexr, it is a subjective measurement based
upon feel and is of a temporary nature since it varies with
the soil moisture. It is therefore excluded from the
expression of this land quality.

Atterberyg limits are objective laboratory
measurements of this behaviour. Three limits for arbitrary
moisture contents are defined (Capper and Cassie, 1976):i-

{a} Liguid limit (WL) ~ minimum moisture content at
which the soil will flow under its own weight.

{p) Plastic limit (Wp) - minimum moisture content
at which the soil can be rolled into a 3mm diameter without
breaking, 1é. the soil is exhibiting plastic properties,

(¢) Shrinkage limit - moisture content at which
further moisture loss does not cause a decrease in the
volume of the soil.

The plasticity index (W, - wp) 1s an indication of
the type and quantity of clay prezent. The greater the
clay content, the greater is the plasticity of the soil due
to the greater volume of water which may be held. The
strength of & ¢lay soll also increases with the plasticity
index {Yong and Warkentin, 1975}): Van der Merwe (1964)
clasgified solls into very high, high, medium and low degrees
of potential expansiveness, based tpon the relationship
between the plasticity index and the percentage of the clay
fraction. This s the soil activity (Mitchell, 1976).

Soll with rheologidal properties will exhibit a

dynamic engineering behaviour Lf perlodic drying and wetting
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of the soil occurs. This situation is common in the
Transvaal owing to the sea. onal rainfall supply and the
presence of dry periods within the rainy season. goils in
humid =limates where the rainfall supply is not seasonal in
its distribution, will exhibit a constant behaviour unless
an unusual dry period should occur. Soil in arid climates
where the rainfall is so low that the soil is generally dry,
will also exhibit a relatively c¢onstant soil engineering
behaviour (Donaldson, 1966).

Soll profile information is obtained from soil pits

or auger holes. Jennings et al (1973) describe those soil

properties which should be noted for each soil horizon, viz.
the soll moisture, the soil colour, the soil consistency,

the soil structure, the soil type (soil texture, Table 7),

Table 7 - The Codes for the Soil Texture Types as
Classified by Jennings et &l (1973

Texture alass Code

Sand 1
8ilty sand 2
Clayey sand 3
Sandy silt 4
Sand-silt 5
gilt 6
Clayey silt 7
Sandy clay 8
Sand-clay 9
silty clay 10
silt-clay 11
Clay 12
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and the soil origin. The depth of each horizon is also
noted. This is called the MCCSSO code.  Soil moisture and
soll consistency are excluded fvrom an expression of the soil
failure hazard for reasons previously given. The soil
colour is a diagnostic criterion of the soil type and is an
aid in eorrelating the same soil horizon in different augex

holes within the same area but it has no relation to the

failure hazard, Soil structure is the presence and nature
of joints in the soil. It is an indication of the soil's
engineering behaviour. Blickensiding, shattering and

micro-shattering indicate heaving conditions.

A soil fasilure hazard may be due to the presence of
subsurface erosion, pseudokarot formatious, expansive soils
and collapsing soils (Brink, 1979). Collapsing soils are
non~-cohesive soils with kaolinite clay particles between
the granular soil purticles. These clay particles may be
leached out of the soils, causing a high void ratio and a
collapsible grain structure to develop. The application
of an extra load will cause these soils to collapse, ie.
compaction occuxs. No furthexr collapse will occur unless
more kaolinite particles which may be léached out, are
still present.

The soil profile generally consists of both residual
and transported soils. Residual soil is the soil material
formed in situ by weathering and with depth passes into the
parent rock from which it was derived (Jennings et al, 1873).
The stratigraphic¢ unit (a succession of cetrtain rock types)
gives the origin of this soil and ie indicative of the soil's
engineering behaviour (Brink, 1979). Those units found in

the Transvaal are given in Table 8. Transported soil is
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that soil material which has been transported by a natural
agency (wind, watexr and gravity) during relatively recent
geological times (Table 9). There is often a relationship
between the landform and the soil's origin. The pebble
marker, a c¢haracteristic of the South African profile, is

i a band of gravel forming a line of demarcation between the
transported soil which overlies it and the country rock or
residual soil which underlies it. Thus, the boundaries of
these two main goil types may be easily identified.

Table 9 - The Transported Soii Origin types found in

the Transvaal with their Code

Transparted Soil origin Code

Aeolian 1

~

Alluvium

Biotic

Gully wash .
Hillwash

8lide debris

Talus

[ R T I )

Vlei

General statements as to theé engingering behaviour
and possible type of failure hazard of residual ang
transported solls may be made from their origin (Brink, 1979)
. ¢ abseénce of detailed soil profile information.

bvorrer, it is essential that the exact nature and extent
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of the failure hazard and engineering behaviour by a
detailed site susvey be made before the construction of a
proéosed engineering structure.

The set of land characteristics expressing the soil
failure hazard are the stratigraphic unit, the transported
soil origin and the depth to the water table. For each
soll horizon, the soil joint structure, the soil activity
and the soil horizon type are used. The definitions are
as follows:-

{a) Stratigraphic unit - a particular succession of
rock types.

{b) ITransported scil origin - the lard;cape position

of soil which has been transported by a natural agent in
recent gedlogical times, '

{cj Soil horizon type - the suil texture class as
described by Jennings et _al (1973) {see Table 7).

(@) Depth ko the water table - defined in Section

3.4.7.

{e) Soil acktivity = the ratic of the plasticity
index to the percentage clay fraction for a soil horizon.

{£) _Soil structure - the presence of joints in a

soil horizon.

3.4.9 goil Fertility (The physical rooting conditions
aeration and nutrient status of the soil)

9oil texture is an important influence upost the
nutrient status of the soll as it determites the porosity
and cation exchange capacity. The latter property isg the
ambunt of cations which can e released into the soil

solution; from where the nutrients are absorbed by the

N
I
|,
¥
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plant roots. It depends cn the amount of collodial clay
and organic matter particles present in the soil since these
adsorb cations onto their surfaces and are thus a source of
nutrients. Russell {1973) defines the cation exchange
capacity as the total amount of exchangsable cations the
soll is actually holding as determined by leaching with a
neutral solution such as IN KCl or 0,IN Baclz, These
solutions are meant to replase the caleium, magnesium,
aluminium and other exchangeable cations present.

Soils with a high porosity are generally of a low
nutrient status owing both to thelr low cation exchange
capacity and to the ease with which the nutrients may be
leached out of the soil.

The total concentration of dissolved salts in the
soil solution may be estimated by measuring thke conductivity
of an electrical current through this solution. The
electrical conductivity depends upon the dissolved salt
concentration and the temperature. The exact composition
of the soil solution depends upon the moisture content of
the soil, the rate of plant growth and the activity of the
microbial population (Russell, 1973). These are all
dynamic variables. An electrical conductivity measurement
1s ¢f less importance to a land evaluation study than the
presence of a deficient or toxic nutrient. Since the soil
conductivily 1s a total measure, sucﬁ 2 situation will not
be indicated and, as its measurement is of a temporary
nature, this land characteristic is excluded from the

expression of this land guality.

i
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Tre deficient and toxic levels of plant nutrients
wvary because different plants require different concentrations
of plant nutrients, the presence of one nutrient at a
particular concentration may affect the availability of
another, the nutrient may be present in a chemical form which
is not absorbed by the plant, the deficiency of a plant
nutrient depends on whether it is a primary or secondary
nutrient or a trace element, the availability of nutrients
varies with pH eq. a low pH has a higher concentration of
aluminium and manganese ions and a lower concentration of
caleium, blcarbonate and molybate ions (Russell, 1973}.
This may result in toxic concentrations for the former group
and deficient concentrations in the latter group. A
measurement of s0il nutrient deficiency or toxicity will be
nutrient specific and plant specific as the tolerance level
for different nutrients varies between plant species.

The organie matter present in the soil acts as a

sou ¢ce of putrients, h the cation capacity

of the soil and the moisture capacity (Young, 1976). It is
relatively constant under undisturbed vegetation but not so
under agriculture as the plant matter is removed and not
returned to the ecosystem as litter. Young (1976) states
that the agricultural significance of the organic mattet is
greater than any other factor with the exception of soil
moisture, The reason for this is that a decline in the
organic matter is accompanied by a deterloration of the soil
structure (Which leads to soil erosion) and by a decrease
of soil fertility.

8oll pH depends upon the salt concentration of the
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soil solution and the carbon dioxide congentration of the

soll air, koth of which change (Russell, 1273). PH
measurements thus vary within the soil profile, over an
area of the same soil. PH is significant in ite influence I
upon the solubility of plant nutrients and it is mainly
through this effect that plants are sensitive to pH. pH

measurements are only included in an expression of this

land guaiity as an indication of the possible availability
of the plant nutrients.

Scil salinization is of particular importance to
irrigation systems and may arise from:- i
B (a} A rise in the groond water table level
particularly if the water is saline. The water table rises
with each water application wntil, with time, the root zone H
1s reached where evaporation and transpirat%cn causes the
precipitation of the salts,

(b) The application of saline water. Water with

~1

an electrical conductivity of <100m WS w (the optimum value

18 <25mmg why only, should be applied (MacVicar, 1978,
personal communication). The ionic composition of the
irrigation water is also important, particularly:- '

(1} Sodium; which may be directly toxi¢ to the
plants and/cr cause calclum deficiency since it causes the
precipitation of this ion in an unavailable nutrient form
for root uptake. Sodium also causes poor soll aeration,

poor soil water transmission #nd soil compaction (Young,

1876). The sodium absorption ratio (SAR) is:=
SAR = Ne where the concentrations are in me 170
e a—)
Ca o+ by
7




For irrigation water, this should be <10 with a maximum of
twenty (MacVicar, 1978, personal communication) .

(ii) The bicarbonate anion aids in the
precipitation of calecium by sodium, indiractly increasing
the caleium deficiency and the sodium toxicity. This
concenktration in the irrigation water should be <1,25 me 1‘1‘
with a maximum of 2,5 me 17 (Young, 1976).

(iii) Boron is toxic at concentrations exceeding
250ppm and it is difficult to leach out of the soil (Young,
1976) . The concentration of the irrxigation water should
be <2ppm.

(c) The irrigation of saline soils. The initial
dew award flow of water is followed by an upward movement as
the water is utilized, causing the salts to be brought to
the surface where they precipitate out. Crops may be
initially cultivated on saline soils but with time, the salt
concentration reaches toxicity levels and the land is
rendered non-arable. goils with an electrical conduetivity
of <1 000m @S m™* (the optimum value is <200m m3 ) only
should be irrigated (MacVicar, 1978, personal communication).

The physical characteristics of the soil, viz. the

rooting depth, the soil structure and the soil consistency,

define the soil zone available to the plant (Young, 1976). The

soil structure is easily destroyed by poor managément while the

soll consistency varies with the soil molsture content. Thus
both these land characteristies are excluded from the
expression of this land guality. The rooting depth is
delimited by the dapth to the consolidated soil material,
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ie. the C horizon or its eguivalent. A soil which is too
shalle ( <25cm, Ivy, 1977) will not provide sufficient
anchorage for most crop plants and will have low nutrient
capacity.

Litter is an important nutrient source (Young, 1976}.
Humus accumulates in the top soil and thus the measured
values of soil caztion exchange capacity, soil pH and soil
organic mrtter become less with depth.

The set of land characteristics expressing the soil
fertility will be the pH, cation exchange capacity, organic
matter and salinity of the soil, the sodium absorption ratio
of the irrigation water, soil deficiency and soil toxicity,
and the texture of the topsoil and subsoil.

The definitions are as follows:-

(2) Subsoil texture - defined in Section 3.4.7.

(b) . Topsoil texture -~ defined in Section 3.4.7.

{¢) _Rooting depth - the distance from the ground
surface to consolidated material or the water table should
this be above the former.

(d) Soil deficiency - the presence within the
topaoil of a plant nutrient at an insufficient concentzation
to support plant growth.

(e) Boil toxjelty ~ the presence within the topsoll
of a chemical or plant nutrient at a Goncentration toxic to
plant growth.

(£} Soil salinjty ~ the electrical conductivity of
the topsoil.

{g) Soil pH ~ the hydrogen ion concentration in the

topsoil.
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(n)  Sodiun absorption ratio - Na'/(ca?’ + mg2*/z)

(i) BSoil cation exchanwe capacitv - the total amount
of exchangeable cations within the topsoil determined by
leaching with either IN KCl or 0,1N Baclz.

(i)} Soil organic matter - the organic matter in the
topsoil.

3.4,.10 Growth Climate (The climatic conditions present to
support productive plant growth)

The Transvaal is characterised by a dry winter season
and a wet summer season with dry periods. The rainy season
is defined by the South African Weather Bureau (S.A.W.B.
Part 10, 1972) as being those months during which more than
8,3 per cent of the annual rainfall occurs. This period
extends from October to April inclusive.

Pwo important rainfall parameters are:—

{a) The total annual rainfall.

{b) The rainfall distribution. The rainy season
is divided into certain time periods viz. months, weeks,
pentades, and the total rainfall for each period is recorded.
A pentade is described as being rainy if it is the centre
one of three pentades which together total more than 38mm of
rain with only one of these three with less than 7,5mm of
rain being permissible (Robertson, 1972). Doubt as to the
usefulness of this definition has been expressed (Ivy, 1979
personal communication}.

The water budget of the land is more important to
land evaluation studies thin the actual quantity of rainfall
received. The water budget is the balance batween the
moisture supply and the nolsture 1688 from wtilization and
evaporatioh (Mather, 1978). A climagram, based on yearly

records of the mean monhthly precipitation and evaporation of
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the land, shows the periods of moisture surplus, soil
moisture usage and moisture deficit which occurs when the
potential evapotranspiration exceeds the precipitation.

The energy supply for soil water evaporation is in

three forms, viz. golar radiation, the heat exchange between i
the ailr and the water (Miller, 1977). This energy supply
is extremely variable, depending upon the season of the year,
the length of the day, the position of the sun, the heat ;
capacities of the soil and the air, the intensity of the
radiation received, etea. The most accepted method for the h
measurement of total evaporation is that of the Class 'A’
evaporation pan. This measures the evaporation from a water i
surface resulting from the solar radiation received. It is i
thus an inaccurate measurement of the evaporation from the §
s0il surface as it does not consider the other forms of E
eénergy supply. Also a soil surface differs in wetness;

roughness and exposure from that of a water surface.

The evaporation measurements vary vertically due to '
the interception of the solar radiation by the vegétation
and the distance from the heat enerqy of the soil is also
different. The standard position for & Class 'A' pan is at
ground level at 4 site representative of the lgnd as a whole ! !
(Meterlexkamp, 1975).

A further complication to the measurement of the soil
moisture loss, is that lost by the physical process of

transpiration which is species spedific, As yet, no direct

measurement of evapotranspiration ig khowii, although attempts
Have been made to determine its potentlal ey, Thornwaite
(1948) and Miller (1977) deseribe the attempts of Penmah,

Mather and others. Each of these methods détermine a

o R Y, 11
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different value, indicating an incomplete knowledye of the
measurement of this process. The most widely used method
in the Transvaal is that of Thornwaite. Yet, he has
expressed the need to wmodlfy his equation owing to its
dependence upon the alr temperature (Miller, 1977).
Poasibly, the inclusion of the other energy sources are
required.

Although Class 'A' evaporation pan measurements for
total evaporation are inaccurate, the errors introduced into
the land evaluation analysis by the exclusion of
evaporation are likely to be greater than those due to the
inclusion of this inaccurate measurement. Maps compiled by
the Department of Water Affairs (Midgley and Pitman, 1969
show isometrlc lines of gross annual evaporation from a
Symons pan (1,8 mz, sunk O,6m into the ground). Such gross
figures will only be indicative of the evaporation situation.

A land use causing a change in the vegetation will
¢hange the water deficit of the land due to the interrelationship
of the soil moisture utilization and the vegetation. The
change in the water deficit will be important to the land
evaluation for that land use. However, such a chance is not
measurable until the land use haxz been implemented. The
Class 'A' evaporation measurements do hot consider vegetation,
thus any change in it will not influence the measurement.

For this reason, the latter is preferred as a land characteristic
to that of Lhe water deficit period. The durxation of this
period is important as the effect of a water deficit becomes
more marked with tiims.

The quality of the rainy séason is the number of rainy
pentades scourring throughowt its duracion. The probability
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't a dry period coinciding with a molsture sensitive lLifa
cycle gtage of a plant is increased if this figure is low.
The severity of this period is a function of the amount of
rain received befo.« its onset, the temperature during this
period, the water holding capacity of the soil, the
particular life stage ~f the plant, eta. It is not an
accurate measurement ;he season quality as it neglects
the incidence of the dry perieds with the moisture sensitive
stages of the plants which stages are species specific.

If the onset of each stage is known (which information is

generally only available for cxops), the number of rainy

pentad P ut these stages may be measured.
This value would only be applicable in a land evaluation
analysis for that particular species or crop-type. The
season guelity as defined previously v¥1ll be the most
common form measured.

The length of the summer growing seéason dépends on
the reliability of the rainfall supply. From a study of
the 'Annual March of Rainfall' for the Trahsvaal (S.A.W.B.
part 10, 1972}, the period with above ten per cent of the
total rainfall per annum was chosen as representing a
rainfall relilable period within the rainy season. The
number of days over which this period extends, is recorded
as the seagon length. he quality and length of the
fruiting seagon are of importance to fruit producing crops.
This period should also be frost=free to prevent frost
damage to the fruit. The fruiting season is thus the
number of days during which no frost occurs.

Thunder storms are potentisl hail storms, dausihg

damage to vegetation, vehicles, buildings, ete. the

[
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probable number of hail storms may be determined from past
weather records. The mean maximum number of days with
hail per rainy season is measured.

Temperature measurements are an indication of the
degree of hothess experienced and not of the actual heat
energy received. Both temperature and heat energy
*aasurements vary inversely with the degree of c¢loud cover.
The outh African Weather Bureau (S.A.W.B. Part 8, 1965)
desvribes three day types:-

{a! Hot days - maximum temperature exceeds 35%.

(1 Warm days - maximum htemperature exceeds 30%
and includes (a).

() Cold days - maximum temperature is below 10%.

Extrems temperatures indicate limitations to land
sy rore then do mean temperatuares. These are the mean
dadly we iy beaperature of the hottest month ie. January,
and of the coldest month ie. July, and the minimum temperature
which is given by the frost temperature. Hoar frost is
common in the "yansvaal during the winter nonths, particularly
from mid-May to mid-september. Light frost occurs at
temperaturen of 2,5°C to 0°C even if no frost is visible,
moderate frost o cu¥s at temperatures of 0°C to 2,5% and
heavy frost at tumperstures below ~2,57C (8.4.W.B. Paxt &, 1965).
The mean annual 1.west £¥ost temperature is measured.
Temperature is influenced by altitude, latitude, the aspect
of the slope {temprsatures are less on South faving slopes
than on Horth facing slopes at the same altitude and latitude)
and the sun's position with regard to the tropics. Quantified
information as to the exact effect of altitude and latitude

upon the temperaturd was not found.
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Wind causes damage to the vegetation, buildings, etc.

and is an agent for soll erosion., According to the Beaufort

scale (Brunt, 1942), a fresh breeze causes small trees to
sway while a strong wind (velocity of 11,25 m &7Y) causes

large branches to move. This velocity will be taken to be

the threshold wind velocity below which wind damage is negligible.

The set of land characteristics expressing the growth

climate are the daily maximum January and July temperatures,

the frost temperature, the hail occurrence, the total rainfall,

the evaporation, the water deficit period, the season length,
the season quality, the wind velocity, the fruiting season

length and the aspect of a slope. The definitions are:-

(a) Aspect of a slope ~ the direction in which a
slope faces.

(b} Evaporation - the mean annval evaporation from
a Class 'A! evaporation pan.

(c) Erxost temperature - the mean annual lowest
frost temperature.

{d) January temperature - the mean daily maximum
January temperature.

(e) Julv temperature - the mean daily maximum
July temperature,

{£) _Hai) oceurrence -~ the mean anntal maximum number
of days with hail,

(9) Fruiting season lepath » the mean ennudl length
of tre frost-free period.

th) Season lepgth - the mean time pericd during
which above ten per cent of the annual wainfall is recaived.

(1) _geason guality - the number of rainy pentades
within the season length,
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(3) _Water deficii period - the mean time period
during which the evaporation exceeds the precipltation.
(k) Wind velocity - defined in Section 3.4.6.

(1) Rainfall total - the meah annual precipitation.

3.4.11 comfortable Climate

Recreation is enhanced by a climate which is
comfortable. The sensation of comfort experierced by a
person depends upon his cultural background, the activity
which he is performing and his previous experience. Thus;
the objective measurement of this land quality is extremely
difficult and sinece man is able to counteract this land
quality, it is excluded from the land capability procedure.

3.4.12 Water Catchment (The potential run-off of precipiration
from the land)

AL) land may be regarded as having a water catchment
quality in that the run-off may feed some river, stream,
reservolr or subtervanean water supply. The hydrological
cycle for a catchment area may be represented by

P = Et + Q0+ 8 where P = precipitation

Et= aevapotransplration

Q = streamflow
. § = storage

(Kruger and Wicht, 1576).

The precipitation {s lost by evaporation from the open watexr
surfaces,; the soil surface, the intercepted water on the
plant surfaces and by transpiration. Water reaching the
stil surface will either become surface flow or it will
infiltrate into the soil where it may percolate to t e stream
channels or to the ground water svpply. The texm Q
¢orresponds to the water remaininy after evapotranspiration

and percolation to the ground water supply.

i
H
i
i
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Vegetatiun cover has the greatest influence upon the
streamflow owing to transpiration and interception. wWicht
and Kruger,(1976&state that, in humid catchments the mean
annual streamflow is inversely proportional to the plant
biomass, all other factors being equal. rn area with light
vegetation will have greater water yilelds but the amount of
silt present in tle discharge is greater, le. the water
guality is less. This will increase the siltation of the
rivers, reservoirs, etc. Since this measurement is of a
temporary nature {Section 3.4.13) the vegetation type (a)
will be used.

The availability of the water resource is a function
of the precipitation, the runoff (which is influenced by
the rainfall {Section 3.4.8) and the s0il drainage (Section
3.4.7), and the storage provided which is a function of the
econonmilc situwation and the efficxenc; éf its management
(Midgley, 1971).

A general characterization of the catchment areas for
the whole of the Republic of South Africa has been given by
Midgley and Pitman {(1968). Eleven zones of similar rainfall
runcff relationship were listed using the wean annual run-—
off (MAR} and mean annual precipitation (MaP) data from
measured catchment areas. Equations were derived to
represent this relationghip assuming that the MAR incraased
non-linearly with the MAP until the losses due to svaporation
had been compensated for. After this, the relationship
became linear. These eguations weré used to deteimine the
MAR for particular MAP values within each zone which were .

delineated on a map of the country using geclogical; seil;
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relief and vegetation (Acocks , 1975) information. The
catchment characteristics, viz. the xunoff zone, MAP, MAR,
area for all the sub-catchment areas within each zone, are
given.

For land within each sub-catchment, the runoff total
may be measured directly or estimated from the rainfall
energy which depends on the rainfall total (Section 3.4.6),
the vegetation cover and the soil drainage as described by
the soil permeability index or the soil texture.

The set of land characteristics expressing water
catchment are the runoff total, the rainfall energy, floristic
and physiognomic vegetation type; the soil permeability
index, and the topsocil and subsoil textures. The
definitions are;-

(a) Rainfall energy - defined in Section 3.4.6.

(b) Runoff total - the mean annual surface runoff.

{c) Soil permeability index - defined in Section 3.4.7.

(d) Subsoil texture ~ defined in Section 3.4.7.

(@) Topsoil texture - defined in Section 3.4.7.

(f) JFlopistic vegetation type - defined in Section
3.4.13.,

(g) Physiognomic vegetation type ~ defined in Section
3.4.13.

3.4.13 ploxa

The natural vegetation is a community of plant
species adapted to the €cological conaitions under which
they have developed. Human intervenition in any ecosystem
generally results first in the degradation of the vegetation

as seen by a losg of cover and change in the species’




88

composition. The former leads to scil erosion while the
latter causes a change in the vegetation community present
and oiten to the aesthetic appeal of the land. The
importance of the natural vegetation as a resource has been
realised and it is becoming increasingly apparent that
environmental impact studles should be a pre-requisite for
any large-scale development.

Vegetation is measured quantitatively eg. density,
frequency, percentage cover or gqualitatively ey. Acocks'
(1975) floristic c¢lassification and Greenway's (1373)
physiognomic classification; (Table 10}. Both
classifications should only be included in an evaluation if
different aspects of the vegetation are to be considered eg.
the former may be used to indicate the presence of wildlife
habitats and the latter the woody canopy cover.

The conservation value of the vegetation generally
depends upon the observer and it is thus a subjective
measurement. However, rare, endangered or threatened
species are shortlisted in Ordinance Number 17 (1967) of the
Transvaal {Ordinance Number 17, 1967). fThese are
protected by law and thus their presence will be an
objective measurement of the conservation value of the
vegetation. In terms of Ordinance Number 1> (1967) a
protected species may be destroyed if required by the land
use. Specially protected specles, eg. Geniis Encephalartos,
endangered species, eg. certain aloe speciles &nd rare
specles; ey. members of the Qrchidaceas and Cyatheaceag (tree
form) may not be destroyed and may only be moved by the
local authorities. This latter group is considered ag

belny protected vegetatlon for this procedure.
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The guantity and distribution of the vegetation
cover, particularly that of the woody cover which is the
more permanent component of the vegetation, is important for
cexrtain land uses. The distribution of the woody cover
(woody distribution land characteristic) will be recorded
in the same manner as that for the rocky distribution land
characteristic discussed under the land quality of the land
surface (Section 3.4.1).

Vegetation provides habitats for fauna of all kinds
ineluding disease vectors and can itself act as a host for
pathogens eg. rust species. The presence of disease is
economically important to agriculture but its measurement
is impractical as the possible host species are almos.
infinite. Vegetation with poisonous spécies should not be
grazed.

The set of land characteristics expressing the flora
are the physiagnomic vegetation type, the floristic vegetation
type, the woody cover, the woody distribution and the protected
plant species. ‘The definitions are:-

{a) _Physiognomic tation kype - the ion

type or sub-type, as classified by Greenway (1973) Table 10.

{b) Ploristic veqetation type - the vegetation type
as claseified by Acocks (1975) .

(e) Woody. gover = the land suxface covered by a woody
canocpy .

{d) Moody distribution - the distribution of the

woondy cover.

t
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(e} rotected plant gpecies - a higher plant
species listed as specially protected, rare or endangered,
in the Transvaal Ordinance Number 17 (1967).

3.4.14 Fauna

Three groups of fauna which are important to lang
use are:-

(a) @Game fauna

{b} Conserved fauna ie. protected by legislation

{e) Host fauna ie. fauna which are host species for
a pathogen.

ordinance Number 17 (1967), of the Transvaal
shortlists those species which are protected game, ordinary
game, wild animals, problem animals, exotic animals, rave
and endangered fauna. The latter two groups may not be
hunted whilé wild and exotic animals may only be hunted for
special reéasons, eg. damage to property. Protected game
may only be hunted for educational, secientific or conseérvat
PUrpOses . 3 game species land characteristic will record
the presence of species which may be hunted, ranched or
viewed for recreational purposes. A protected animal
species land characteristia (where ahimal refers to reptiie
mammals, birds and fish) will record the presence of a
species which is listed in Ordinance Number 17 as being a
wild, exctic, rare or endangered species. An animal host
land characteristic records the species which is host for a
disease~causing organism, eg. Trybanosomiasis and the
tsetse fly, Glossina species. The presence of such fatna

is important to humin and livestock health and to the growth

of ¢rops.

9L
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The set of land characteristics used to express the
fauna are the game species, the protected animal speciea and
the animal host specles. They are defined as follows:—

(a) Game species - a higher animal species listed as
ordinary game in the Transvaal Oxdinance Number 17 (1967).

(b) Animal host spedies - a higher animal species
acting as a host for a pathogen.

{¢) _Protected animal species - a higher animal
species not listed as pests or ordinary game in the
Transvaal ordinance Number 17 (1967).

3.4.15 Man-made Structures and Boundaries

Man-made structures and boundaries are not
fundamental features of a land resource and thus, they are
not components of & land gquality expression. Eowever,
thelr presence may not be neglected and their measurement as
land characteristiecs is still in accordance with their
definition. These land characteristics may be grouped as
follows:~

(a) Man-made structures - eg. townships, roads,
rallways and poweriines. The last three structures dissect
the land into units which may be of an uneconomic¢ or non-
ugable size. They also obstruct the accessibility of and
the manouverabllity over the land. Paved and unpaved rcads
are recorded as separate land characteristics as they carry
different traffic densities, reguire different maintenance
and represent different degrees of permanency.

The area ocovered by a township or industrial ared is
unavallable for other land uges due to the high costs
required to revert the land. Although a dam is a man-made

structure, it s not cohsidered here as the réservoir behind

92
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it is a land resource and is dealt with as an expression
of the guality of the land surface.
(b) Declared areas
(4) Mountain catchment areas - These areas are
usually sitvated in the higher rainfall regions of South

Africa and supply forty-seven per cent of the country's

total water yield (Van Rensburg, 1979, personal communication}.

The importance of these areas to the national water resources
is obvious and, in 1970, the Mountain Catchment Areas Act
was passed. This stipulates that the management, use,
conservation and control of land in any such defined areas
are to be directed at the conservation of the water source
sc as to secure a sustained flow of silt-free watexr. This
involves tha prevention of soil erosion, the protection and
treatment of the natural vegetation and the eradication of
alien vegetation (Ackerman, 1976).

The major criterion for declaring these areas is the
importance of the streams and rivers arising on them in
meeting the present and future water needs of the country.
ftudies of most mountain areas have been initiated and
several of these have been declared as Mountain Gatchment
Areas (Table 11L}. Other areas are due to be declared (van
Rensherg, 1979, persohal communication).

State~owned Forest land in mountain catchment areas
are not offlcially declared as such sihce they are already
belng managed as though they were. For the purposes of
this procedure, all mountain catchment arzeas in State-owned
Porest land whi are not forests ar¥e prestmed to have been

officially deolared so. The land characterdstic of the

i
i
!
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iie 11 - Declared Mountain Catchwent Areas on Private
Land in 1978 [Department of Forestry Annual
Reports (1971-1979)

Name of avea Province Area ha.
Sterksprult Eastern Transvaal 10 120 |
Sedexbery Western Cape 58 362
Groot Swartberg Southern Cape 9 508
Llein Swartberg Southern Cape 32 064
Bwartberg-oos Southern Cape 10 097
aAnysherg Scouthern Cape 6 096
Kammanassie Southern Cape 24 306
Rooibery Southern Cape 12 581

rouatain cateh.-nt area is used to measure these areas
which are pubi-ul.zd in the Department of Forestry Annual
Reports.,

(ii) conservation areas ~ The fauna and flora
of south Africa is protected by legislation which includes
the egtablishment of Nature Reserves. The management of
rhese areas is directed towards the conservation of the
fauna and flors and they may be National, Provinci.al,
Municipal or private Reserves. Each is measured as a
separate land characteristic and may be obtained from the
lonservation Status and priority map of the Transvaal (Wild
Life Soclety of South Africa, 1978).

In 1971, the Forest Act of 1968 wag amended to
provide for the declaration of Wilderness areas to preserve
forests, plant communities and natural scenery. These

ireas are protected against ehcroachmént by roads, railways




and powerlines which protectior does not apply te Nature
reserves. The primary aim for setting aside sucn areas is
that they should remain virtually unaltered by modern
progress and unscarred by technical civilization (Ackerman,
1976). Thus, che activities allowed within them are more
limited than those in a Nature Reserve. They are
unavailable for other land uses unless the declaration is
revised.

The set of land characteristics selected to measure
those features which are not natural resources are township,
settlement, industrial area, railway, paved road, unpaved
road, powerlihe, Mountain Catchment Area, FPark,

provincial Park, Mumicipal Park, Private Park and

Wilderness Area. The definitions are:-

Industrial Area) The land suxrface covered by an

) industrial area, a significantly
Settlement sized group of bulldings or the
non-industrial area of a town,

}

)
Township 3 city or village, respectively.
Powerline ¥ The presence of paved roads, high

}  voltage transmission lines,
Railway } railways and unpaved roads with

) draing, respectively
Paved road )

)

)

Unpaved road

Land declared as such under the

Mountain Catchment Act of 1870

ot land surface covered by a B
Nature Reserve managed by

Municipal, National, Private or
Provincial authorities

Yational Park

Provineial Payk

Municipal Park

Private Park respectively.
Mountain Gatchme) i
Area “

Wilderness Area -~ land declared as such under the
ameénded Forest Act 1871.
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3.5 The Evaluation of the Land for its Capability
to Support_a Given Land fse

The land conditions required by a land use define
the limits within which it may be implemented. The
comparison of these conditions wit: the present cond.tions
will classify the land into two types:-

(a) Land whdch cannot support the land use as it 3
is defined.

(b) Land which can support the land use, the degree
of this support being dependent upon its present condition
compared with the optimal condition required for that use. H

Management technigues are available to overcome
certain land limitations. The use of such techniques is
equivalent to changing the land use and will aften involve N
more expense. This would be assessed in the ecédnomic
étéges of the land use plan,

3.5.1 7The Creation of a Land Data Set Consisting of the

Measured Tand Characteristic vaiues which may be
Evaluated

The land characteristic measures the land qualities €

which express the land conditicns. Land surveys measuring
the land at a selected scale geénerally present the results
in a mapped form to retain the spatial distribution of the
measured values. These maps can be stored as a data set
in a computer by subdividing the information into:-

{a) Geographic reference,

(b) Data string composed of a number of data items
eg. the data items for a protected animul species land
characteristie Ls its name and numerical code for that name.
The storage of its name means that information concerning

the presence and the type of such an animal species is




oo
available. Section 4.3 describes the data storage in more
detail.

The procedure creates a data set of grid cells by
overlay'ag a grid »f ~~lected cell size upon each survey
map. & grid cell has a geographic reference based un the
georeference of the survey maps, and a data string, The
data items are the measured values of the land characteristic
which have been selected from the data string of the mapped
data set. The particular data item selected from this data
string corresponds to two objectives of this study, viz.
the data evaluated should be objectively measured and be
independent of time. The presence of other data items
which are important to the resource inventory does not
atfect the creation of the gridded data set. Thus the
survey maps have been combined into one data set and the
number of data items in each string is a function of the
number of survey maps overlaid. section 4.4.1.2 describes the
creation of this gridded data set in more detail.

3.5.1 .1 The Inclusion of Soil Horizon Measurements
in the Tahd Data Set to be Evaluated

The number of s6il texture measurements poasible js
a funotlon of the number of soil horizons present in the soil
profile. The particular seil texture land characteristic
measured may be the soil horizon type recorded by engineers
and used in the Urban and Rural Development and the
Communication Land Use Systems, or the subsoil and topsoil
texture land ¢haracteristics. Engineers also record the
soil joint structure and the soll activity of each hordizon.
The number of soil horizons permitted is deliberately not
stated so as to maintain the flexibility of the procedure
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without wasting computer storage by stating a greater

number than is necessary. The number of soil hoxrizons is
included by considering each lané characteristic measured
for a soil horizen as a new land characteristic eg., soil
joint structure, soil activity and soil horizon type will
be three pew land characteristicy for each horizon measured.
7f n horizons are measured, <. vee times n new land
characteristics are added. The code numbers sould be 129,
130, 131; 229, 230, 231; ..... n2%, n30, n3l, corresponding
with the relevant code numbers given (See Table 1%j. Bach
ney land characteristic would be evaluated separately and
thus the pertineat information in the control data sets (see
Section 4.4.2) would be repeated n times.

3.5.2 The Land Charascteristics Selected from the
Created Land Data Set to be Evaluated for a Land Use

The set of land characteristics chosen to cvaluate
the capability of land for a land use, depends on the land
use definition. This can range from & general to a very
specific Aefinition ie. from that for a land use system to
a land use. The latter will be more sensitive to differences
and simiiarities in the land than the former which covers o
range of land uses and thus its analysis must be of a mor e
general nature.

The capability analysis is not influenced by the
present land use unless that use has degraded, removed or

ties up a land resource necessary for the land use being

.evaluated eg. a township or reservoir influ¢nces any

agricultural land use as the land covered by these features
is non-arable. Bukt a nature reserve ls still an arable

surface and thus the presence of such does not influence

i
i
¢
1
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the agricultural use of the land ie. this particular status
of the land is disregarded. Thig reserve is important to
conservation and recreaticn land uses and to the analysis of
the foreclesure in option for land use (See section 3.5.3).

In sections 3.5.2.4 «~ 3.5.2.10 some major land use
types are defined for each land use system included in this
study. The seét of land characteristics needed to analyse
the land for its capability to support these land use types
are listed in Tables 13, 16, 18 to 23 (each is placed
after the land use system to which it refers) and will be
selected from the gridded land data set by the analysis
programme each time 2 land use type is studied. Thers is no
hieraxchy between the land use types, all are considered to
have egual status so that any types may be combined togesther
to give & new land use type which incorporates all features
of the individual ones combined (See Section 4.5(c)}. in
this manner, land use types which have not been specifically
defined in this study may still be evaluated. It is also
possible to add other land use types, land use systems and
land characteristics to the procedure (See Section 4.6).
lo land uses are defined because of the specific nature of
their definition. However, most land uses have been
included in the broader definition of the land use type:
& change in the permissible values (Sectic- . 1.2) to
apply specifically to a land use will .. shat land
use alone is analysed and nét the land uc.

The influence of a land charaoteristic upon the final
capabllity of the land is a funétion of the number of land
characteristics evaluated. The greater the number, the

less i the influenceé of all the characteristics: The .

i
i
i




effect of a major land characteristic is lecwered by
including too many minor land characteristics. This is
overcome by weighting the land characteristics according to
their influence upon a land use (See Section 3.5.7) and
only the major characteristics are listed in Tables 13, 16,
and 18-24).

3.5.2 .1 The Selection of Lang Characteristics which
appear to Measure the Same fand Feature

A cursory study of Tables 13, 16, ind 18-24 will

seem to indicate that a land feature is being evaluated more
than once where two or morxe land characteristics, all
measuring the same feature, have been selected, However,
an effect of a land feature upon the land use is not
evaluated more than once and these land characteristics have
been included for the following reasons:-

(a) All possible land characteristics measuring
a land feature are tested as different users may measure
different possibilities eg. water deficit peried and the
interrelationship of evaporation and r. ..211l total. The
evaluation of all possibilities will be similar to gilving
the land feature a high weighting value (e Section 3.5.7).
Thus only one possibility is evaluated by including only one
in the gridded data set or the control data set (Sce Section
4.4,2),

(b) The land characteristics measure the land
feature at different survey scales (See Section 3.4, Table 3)
eg. hillslope element and slope gradient and length.

{0) Different aspects of a land feature are
being evaluated eg:. the physlognomic vegetation type is used

to reflect the possible woody cover present in the absence of

i
{




a woody cover measurement, the general climatic conditions
prevalent and the cultivated land present while the floristic
vegetation type may be used to indicate wildlife habitats.
These aspects are considered when the capability ratings of
each vegetation type is awarded (See Section 3.5.6).

3.5.2 .2 The Optimum and Permissible Values of the Dand
Characteristics Fvaluated for a Tand Uge

The capability of each land characteristic to support
a land use is confined within certain limits outside of
which the condition of the land with respect to that
characteristic will not support the 1 . The maximum
capability for each charscteristic . optimum value
within these limits. Tables 13, 16, and 18-23 list the
optimum and permissible values for each land characteristic
gelected to evaluate a major land use type within a land use
system and Table 24 r.-ters to the land characterlstics used
in the analysis of L'~ foreclosure of options in land use.
These values are the result of a literature survey and
discussions with various people (Appéndix A). The tables
are stored as part of the control data set (fustion 4.2.2).
It is impossible to give values applicable &« every situation
for all the land charackeristics and a user ™., wish to
change certain values as described later in [ .tlon 4.6.2.
The values already stored are not destroyed «o chat a
subsequent user is not affeoted by any char: s a previous
user may have made. For certain land charucteristics, to
attempt to give an optimum or limiting value independent of
the present situation on the area of land represented by a
grid cell is invalid, eg. the number of railways permitted

within a cell depends on the cell size, the land use, eéc,
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In such casms the permitted range of values is gl en by the
user and are indicated in the tables by %, (optimum value)
and XL {limiting value}. A default value ie. a value
chosen by the computér program in the absence of one given
by the user, is given so that the execution of the program
will not cease as a result of missing information. The 'n'
in the Tables indicates that the specification of a value is
not applicable for that land use type. If both the optimum
and limiting values are represented by a dash, the land
characteristic is not a member of the set of characteristics
reguired to evaluate the land capability for that land use
type.
3.5.2 .3 Usable and Non-usable Surface Areas and

Inhibiting &nd Non-inhibiting Networks with

Respect to a Land Use

The land characteristice measuring a surface area eg.

woody cover, National Park, are grouped into one of two types:-

(a) Usable surface area - is land covered by a
land feature eg., woody cove:r or a man-made structure, or
demarcated by a man-made boundary eg. Mountain catchment

Area. These areas are n y for the impl tation of

the land use being studied.

(b) Non-usable surface area - is land covered

by a land feature or a man-made stiucture ox Jdemarcated by
a man-made boundary and it cannot be utilized by the land
use being anhalysed.
The land characteristics measuring a network are also
grouped into one of two groups:-
(a) Inhibiting networks - ate permitted on the

land below a vertain limit but their presence is a

i
!
|
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hindrance to the atilization of the land with respect to
the land use being studied.
{b) Non-inhibiting networks - do not hinder

the utilization of the land when they are present in amounts
balow the permitted limit.

The groupilng of these land characterxistics means
that the time reguired to analyse a study area is decreased.
3.5.2 .4 Agricultural Land Use System

Agricultural land uses may be defined in terms of the
plants® loengevity le. perennial, biennial and annual, the
agricultural growing season ie. winter or summeér, the
management techniques employed ie. ploughing, pitting and
irrigation, the type of pasture ie, natural vegetation, veld
reclaimed, veld reinforced and veld replaced pastures which

are described below, and livestock production.

The different ways of defining agricultural land uses
¢given above are accepted as major land use types to ensure
the inclusion of most agricultural land uses. Table 13
lists the land characteristics, together with their optimum
and permisgible values, which are evaluated for each major
land use type. It is assumed for all the land use types
that the management system incéludes soil conservation
metheds, eg. contour construction; ploughing against the
slope, control of gully eresion, etc. and the applicatien
of fertilizer and lime. The térm 'soil' refers to the
unconsolidated material of the soil profile.

{a) Parming land - is capable of belng ploughed
and is fit for tillage. This land use type is mainly |
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concerned with the physical landscape features which will
influence the land preparation and the area of land available,
and with soil fertility which is essential to crop growth.

An upper limit to the number of railways, powerlines,
paved and unpaved roads, rivers and streams allowed is
necessary since these features dissect the land unit into
smaller units which may be of an uneconomical size. The
type of land surfaces which may not be utilized are man-made
structures viz. industrial areas, settlements, townships;
lakes, reservoirs and Mountain Catchment Areas and rocky
surfaces, gullies and gravel and boulder cover. Woody
cover may be removed below a certain upper 1i . verned
by the cost and the conservation value of the v
Boulder and gravel cover may also be removed but with
greater difficulty and expense. Therefore thése three forms of
cover are not considered to represent land which may be
utilized in standard farm mandgement programmes. The
capability ratings given to the physiognomic vegetation
types should consider the cover and the woody cover if the
land characteristic iz not measured.

Ploughing removes the natural vegetation and the
crop remains. This exposed soll is more vulnerable to
wind and water erosion and thus highly erodible soils,
steep gradients and high wind velocdities are excluded.
sreas Of previously eroded solls are low in soil fertility.
Gradients greater than twelve per cent are not easily
accessible to dmplements (Edwards, 1970) whlle a slope
length less than ten metres limits the manoeuvrability

possibla. A soil depth of greater than 0,25 metres is .necessary

|
|
i
I




© for ploughing (Ivy, 1977} but, for woody plants, this must

be modified to a value of Q,%m which i2 the minimum zooting
zone required (Poynton, 1978, personal communication).

{b} Pit prepared land - is incapable of being
ploughed but homogeneous stands of woody rlants may be tilled
if the individuals are planted in separate pits. Fire may
be used to reduce the vegetation cover competition {Poynton,
1960). Thig land use type is concerned with the physical
landscape features and the soil fertility for the reasons
given . ova.

The considerations discussed above are applicable
except that less stringent limits may be given to the land
characteristics because the whole veyetation cover is not
removed and a hcmogeneous sucface for ploughing is not
required. 8lope gradients exceeding twenty-five per cent
are excluded since they are only accessible to livestock
(Edwazds, 1970). A shorter slope length is allowed as the
use of mechanised vehicles is not essential. A soil depth
of greates than 0,9 metres is required for the rovting zone
of a wbody plant {(Poynton, 1978, personal communication).

(¢) gprinkler irrigation scheme - is the
overhead application of supplementary water during the whole
or part of the growing season. Before the implemenitation
of such & scheme, two aspects of the land requirlng detailed
study are:~

{1} The guantity and quez.ity of the water
supply. The former aspect includes economic factors and
thus it {5 omitted.

(14) The quantity of land capable of being

irrigated. This concerhs the physical landscape features
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influencing irrigation and the arability of the land.
The discussion for the arable land use type is
applicable. Water and soil with a salinity of greater than

100ms m™* and greater than 1 00OmS wt

respectively are
excluded (MacVicar, 1978, personal communication). The
limitations of the season quality, the season length and

the rainfall total are overridden, but the erosive potential
of the rainfall is still present. It is assumed that the
irrigation water is applied at a rate which is of negligible
erosive potential.

(d) Surface irrigation scheme - is the
application of supplementary water at the ground surface
during the whole or part of the growing season. The
discussion for the above land use type is applicable.
However, the erosive potential of the land is more critical
as the water is transported to the plants over the soil
surface in furrows or it is allowed to flow undirected.
Slope gradients exceeding eight per cent are excluded
(boxton; 1977) as are highly permeable soils, since they
will hinder the flow of the water to all parts of the crop.

(e} Summer season cropping - is the cultivatlon
of annual crops from September to April inclusive, ile.
during the Transvaal rainy season. This land use type is
concerned with the climetic ¢orditions present and the
physiological requirements of thé crop and the type of land
surface.

The mean dally maximum January temperature which ls
the hottest month (S.A.W.B. Part 8§, 1965) will be & limiting
fackor, Rainfall is a major limiting resource in Soutl

Africa (Midgley and Pitman, 1969} and its quantity and

111
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distribution are indicated by the balance between the
precipitation received and evaporation, or the water deficit
period length, and the season ¢uality and the season length.
The vegetation type is an indicator of the probable climatic
conditlons prevalent and this will be reflected in the
capability ratings given to either of the vegetation type
land characteristics used. The damaging action of wind

and hail to the plants is considered while lands with a
flooding hazard or potential for waterloyging are excluded
as they will limit crop growth and productivity.

(e) Winter season cropping is the cultivation
of ¢rops from April to September inclusive, fe, the
Transvaal rainy season is not included, This land use type
is concerneéd with the climatie¢ conditions present and the
physiologicai regquirements of the crop and the type of land
surface,

Productive cultivation during this season dapends
upon the storage of sufficient meoistute during the previous
summer rainy season. This storage is assured for lands
with a rainfall total exceeding 600mm, & soil depth greater
than %0cm, a soil with a clay content more than forty-five
per cent and the cultivation of no summeér crop (Van dek
Merwe and Van der Mey, 1976} .

The mean daily maximum temperature of the coldest
morth, ie. July (S.A.W.B. Part 8, 1965) and the frost
témperature will be limiting factors. Lands with a latter
temperature of ~2,5°¢, ie. heavy frost occurrence, will be
excluded. Lands with a flooding or watérlogging potential

are inclvded since the créps are cultivated outside the,




rainy season. Hall damage is not considered for the same
reason.

(f) Subtropical Biennial and Perennial cxrops -
is the cultivation of plants for their veyetative component,
eg. tea and sugarcane; or for their fruiting bodies, eg.
citrus and coffee. This land use type is concerned with
the elimatic conditions present and the physiological
requirements of the crop and the type of land surface.

The discussion for the summer season cropping land
use type is applicable except that a subtropical climate does
not average less than 6°c for any month {Monkhouse, 1970).
Thns the limiting temperatures of the mean daily maximum
July temperature and the frost temperature are considered.
The latter must exceed 2,5°C since these plants are sensitive
to all frost, The plants will withstand drought provided
that the soil moisture doesc not reach wilting point down to
maximum rooting depth (Young, 1974). The drought resistance
of woody plants increases with maturity. Physical plant
damage, ie. leaf and frult loss, frult bruising, broken
branches, etc. may result from exposure to wind and hail.
Damage to the fruit decreases lts marketing value and the
possibility of disease entry through the damaged parts is
inereased. The degree of hail damage is dependent upon the
hail intensity which is generally greater at higher altitudes
(Poynton, 1978, personal communication). Thus, lands
sukject to hail and high wind velocities ate excluded:

{g) Temperate biehnial and perehnial crops -

The above discussion, excluding the temperature limitations,
is applicable. Only temperatures below 0°C are excluded
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since these plants can witistand light frost. Frost
damage to the fruiting bodies will decrease their market
value and therefore the fruiting season length should he
sufficient to allow the fruits to mature without exposure
to frost. The frost resistance of a woedy plant increases
with maturity and growth as the sensitive buds are lifted
off the ground where the frost temperature occurs (Poynton,
1877 . The mean daily maximum Januvary temperature is
limiting to these plants rather than the cold winter
tempexatures which are required to break dormancy.

Pasture The grasgland management, eg. the

control of the stocking rate, the intensity of the hsrbage
utilization, burning, the provision of stock watering
facilities, the use of fencing to control the stockilng density,
the duration of grazing and the spacing of livestock movement,
is important in determining the productivity of tha pasture
or grassland. No agreement as to the optimum management
system has baen reached silnce so many variables exist within
any pasture, eg. the condition and species compos'tion of
the veld, the season period during which defoliation occurs;
the livestock preference for certain specles, and plant parts
and areas in the sward (Edwards, 1377). Thus, no particular
grassland management system is assumed to be ih operation.
However, soil coaservation mahagement, eg. control of gulley
erosion, prevention of overgrazing, etc. ls implemented as
well as the feneing of rallways and all roads excluding
tracks, to prevert llvestock loss.

The livéestock carrylng capacity of the natural

grassland maybe low due to the presencé of unpalatable

i
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species and/or a poor veld condition. This capacity may
be improved by:-

(i} Veld reclamation -~ The degenerate

veld is restored to something approximating a stable
condition by resting from grazing, reseeding, pest control,
mechanical measures and incomplete soil disturbance (Edwards,
1977 . The original indigenous components are often
re-established and the cultivation is never complete.

(ii) Veld improvement - This has hecome
an established practice inm livestock farming and results in
an increase in the carrying capacity (Theron and Harwin, 1976).
Radical veld improvement is the use of radical measures

(cultivation, overseeding, herbicides, fertilizers) in the

. development of the full grazing herbage production potential

of veld areas (EQwards., 1977). Two méthods exist and are
classifiec according to the extent of their modification'on
the biome (Bdwards, 1977):~

Veld reinforcement - The pastire

land is developed by the aadition of more desirable plants
(overseeding) and /or the additlon of plant nutrients by
fertilizer application. Overseeding is ugually accompanied
by measures designed to reduce the competition of the
existing sward.

Veld replacgment ~ The pasture
land is developed by the complete and immediate replacement
6f whole areas of the veld by more desirable plants.

(h) Natural veld pagture This land use type is
concerned with the grazing of livestock on natural vegetation.

Any veld improvement methods used do not involve the
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introduction of grass species «.d are not dependent on the
use of mechanised implements. I'na presence of animal life
which is a host to a pathogen, or the presence of poisonous
plants at certain times will limit the pastoral use of the
land. Paved and unpaved roads and railways should be

fenced and inhibit the utilization of the land. The upper
limits to the number of s$uch permitted on the land are

t on the economics of fencing and are thus given by

the user. Land subject to flooding is grazed during the dry
feason to prevent the loss of livestock from drowning.

Woody cover is required for shade but the herbaceocus growth
is limited. The soll structure of a non-cohesive soil is
easily destroyed by the tramplinc action of the livestock.
Puddles formed in the soil surface will increase the incidence
of foot rot. Thus neilther highly cohesive or non-cchesive
soils are desirable. Gradients exceeding sixty per cent
have no soil cover (Weinert, 1978) and are inaccessible to
livestock. The surface area avallable for grazing is that
which ie not covered by a water surface, koppile, gully, rock
surface, industrial area, settlement or a township.

8ince lands subject to flooding may be grazed in the

winter season, they are not excluded. The capability
ratings given to the floristic vegetation type should
consider the overall palatability of the vegetation while
those given to the physiognomic vegetation type should
consider the cover and the woody cover available Lf the

latter land characteristie is omitted.




t4) Veld reclaimed patzure - This land use
type and those of (J} and (%) below are concerned with the
physical landscape features which will influence the land
available for grazing an@ the preparation of the pasture,
tue moisture supply and the soil fertility which will
influence the pasture's productivity. The discussion for
{h) 4s applicable except that gradients exceeding twenty~
five per cent are not accessible to mechanised vehicles
{Edwaxrds, 1970) and the soil fertility is analysed.

{3 Veld reinforced pasture - The total veld
area is not necessarily reinforced. often it is confined
to selected or random spots, sites or strips of veld.

The quality ~f the resulting pasture iz improved by z good
wixing of the fertilizer, seed and soil and ig dependent
.upon the proportion of the total area which iz disturbed
{Bdwards, 1977). The above discussion for land use type
(h) i¢ applicable except that gradients exceeding twenty-
five per vent are not accessible to mechanised vehicles
(Bdwards, 1970) and the soil fertility is analysed. The
degree of soil disturbance is greater and thus highly
erodible soils are not grazed.

(k) Veld replaced pagture - The above
disoussion on veld reclaimed and veld reinforced pastures
are applicable. However, since the natural vegetation is
completely removed initially by ploughing, that portion of
the veld which is to he replaced, highly erodible soils and
slopes exceeding twelve per cent (Edwards, 1970} are not

grazed.

i
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(1) Livestock production - Grazing animals are
dairy cattle, beef cattle, sheep, goats and game species.
The farming of each particular type of livestock will
involve pastures of some sort. Thus this land use type is
considered by analysing one of the land use types, viz (h)
- (k). The particular animal host species would he
evaluated with respect to the livestock for whose production
the land is being evaluated.
Livestock kept under cover, eg. poultry and pigs,
are not considered under this land use system since their
production will involve an analysis of the building
conditions present on the land. These conditions would
be analysed under ome of the land use types in the township
development land use system. However, the production of
food crops for consumption by these livestock, would be
considered under the appropriate land use type described
above.
Agricultural land uses ~ The cultivation
of a specific crop, a pasture grass species, or the
productien of specific livestock is a land use and the values
given in Teble 13 are replacsd where necessaxry so as to apply
to the species concerned. Tables 14 and 15 list the values
of certain land characteristics which will replace the
appropriate value in Table 13. These lists are not complete
and future additions will be possible as more information
becomes available. They refer to some important crops and
the values given were obtained from the literature and

various people (Appendix A).
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3.5.2. §. Foxestry Land Use Svstem

These land use types may be described in the same
terms as those for agricultural land uses. The management
system and the definition of the term soil applies as
bafore. Table 16 lists the land characteristics together
with their optimum and permitted values which are evaluated
for each major land use type.

(a) and (b) Arable and Pit prepared Yand - The

discussion for these land use types under the agricultural
land use system (Section 3.5.2.4) is applicable except that
the root zone reguirement for tree species must be
congidered.

{e) Sub-tropical forestry - This is the

cultivation of non-coniferous, sub-tropical woody species

for commercial timber. The two main plant genera involved
are Acacia and Eucalyptus, eg. Agagia ii (wattle
and Bucalyptus grandis. The earlier discussion on sub-

tropical perennial and biennial crops is applicabla. A
rainfall exceeding 650mm at is necessary (Poynton, 1978,
personal communication). Lands subjeot to high hail
intensity are excluded as the damage to the bark increases
the potential for pathogen entry which damage the timber.
(d) Demperate forestry - Apart from the
requirements that the rainfall must exceed 900mm a”t
(Poynton; 1978; persohal communication) and that land
subject to a high hail intensity is excluded, the conditions
nedessary for this land use axé the same as those for

temperate biennial and perennial crops {Seation 3.4.2.4).
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Table J§.= The ontlnum and Permissible values of the Zans ties Evalgsted 4
oxestrv Land U T :
L A LA ) u s E ? Y P E .
Pit prepared sub~troplcal Pemperata §
Land Charecteristic | Unit| Parming land land foresery i
Optinun [Range |optinus | Range pptimum | Range | optimum | mange ;
LAND COVER ;t
wock surace % ) <80 ° 0 ° 50 © <%0
Boulder cover % 0 <5 o <io - - - - B
Gravel cover % -] <10 o <10 - - - -
Roeky distribotion class ° €2 o &3 - - - -
rake % o <80 ° <50 ° <50 ° <so |
Resgrvoir % o <90 o <90 o <90 ° <%0 )
viei % M ° <90 -] <90 ] <90 o <50
‘Rivex number| ° o L} X, - - - -
*Stream bumer{  © <X o <%, - - - -
RELIER .
aHilldlope element | class 546 ilorx| 5.6 | 1orzd - = - -
siops gradient % 24 |o0,5-12) 2-4 | o,s.25] - - - -
«rsigpe length m S *l0 n 310 - - - - |
Aspact of a slope degreel - - - - 27¢-90 | v-360| 270-90 [ o-360 ‘
Height akove yater " 310 310 »ic 230 »10 210 310 310
Koppie % ° <%0 o <90 o <90 © <90
Gully % ° <50 ° <%0 ] %90 o <30 [
o1t ¢
b, Subsoll texture clazg 12| 7em 12 - - - -
b, Tépsoll texture clase| 4 i~12 4 1-12 - - - -
& i:iéixamumuw claas 38 23,5 26 32,5 - - - -
4,80l périeability
index clasg 4 »2 4 »2 - - -
Rooting desth n 22 »0.9] 2 20,9 - - - -
Depth to watex table m 23 31,5 23 »1,5 - - - -
"'Efm;a seld .om ° (2% ° <X - - - -
soil degleiency code o <1 o <1 - - - -
Soil toxicity cose o <1 ° <1 - - “ -
sail it 5-6 4-9 5né 49 - - - -
soil cation exchings
capacity neul v | %0 »95 | 0 B - - -
Soll organic matter % 575 | 50 »75 | w0 - - - -




Table 16 {(contd.)

1 L » ¥ B o 8 Tt % v &
tang Choractorsstic | Gmit saraing land | PAt prapared land | Subbispicsl forascry | Temperate forevecy
optimun | nenge | ootinum | wanga | opeioun | nange | ostimwm | enge
surars
¥ina valacity st e <0 @ <0 s a0 < 20
Froas cemparacure % - - - - 2,8 2,0 2,8 32,8
Gamary tempiracaze | S¢ - - - - - - a o
Sty rewperatuts % - - - - a 2 - .
ERi) ocourzence 4y - - - - ° a o a
seaaon quality poneade |~ - - - a2 25 a2 a2s
water datless poriod | day - - - - oL} aw a an
Tvaporation o a2 - - n a0 3 s
Ralnfell tosl o a7 B - - - 1000 | eso-1200 | 21000 | soo-tzce
Ralngall anesgy 24 ix10} o < ° <0 - - - -
oo
Ehysiognante
alidn type  [cluis 17ty 149 215 2015
2 flartacie
Gugetation tipe  [class
toody cover % v <10 ° <00 - - - -
woody dtstibstion | class B « ° @ - - -
Tanahiy % o L] es0 @ 50 o 0 s s
ndustrial scen % o 50 ° <s0 o <0 o o
Battienane % o 0 o 0 o <%0 5 0
*povariise nampar 3 o ° x, - « - -
“Rativay acaer » x, o €, - - - <
“ravad zoad aunpes s oy, o oy - M
nowntatn catehment
i % o <0 ° <50 o s a 0
sunpaves road ez o <, a x, - - N -
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Forestry Land Uses

Within any of the four preceding major land use types,
the cultivation of a particular woody species ie. a land use,
may require changes to the values in Table 16 to apply to
the species concerned. Poynton (1871) divided the
Republic of South Africa into silvicultural zones based on

rought and frost, keing the two main climatic factors which

limit tree establishment and growth in this country.
Thornwaite's (1948) thermal and humidity zones were used.
to derive these zones. Climatic data for different tree
species grown for their commercial timber, may be derived
£rom this map when 1t is used in conjunction with Poynton's
Table II of Recommended Silvicultural Zones (1977). This
Table lists the recommended zone for different species
Table 17 dexived from the literature and discussions with
people (Appendix B} may also be used.

3.5.2 .6 Conservation Land Use Systein

The South African Government Policy ls to protect
areas of exceptional beauty and unique phenomena and areas
where rare species occur, against Ilndiscriminate
exploitation and environmental poliution, and to conserve
these areas for the bensfit and enjoyment of man (Depariment
of Planning and the Environment, 1973). This protection is
not by means of exclusion but by means of management,

Only one major land use type is defined, namely
conservation area which may alsc corraspond to areas fox
informal redreation. It is assumed that the management
system lnvolves soll and water conservation, eg. control of
gully erosion, protection of the vegetation cover; etc. the

propagation and distribution of rare indigenous species and
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the control of the recreational activities pursued. The
land characteristics with their optimum and permitted
values which are evaluated for this land use type, are
listed in Table 18.

{a) (Conservation area -~ Land with legal
conservation status, ie. National, Provincial, Municipal
and Private Parks, Mountain Catchment and Wilderrness Areas
are automatically considered as land to be used for this
purpose. The upper limlt for the number of roads,
railways and powerlines depends on the permitted degree of
development, Land covered by man-made structures eg.

industrial areas, townships and settlements and Mountain

c t Areas, r land which may not be utilized

for this purpose. The conservation value of cultivated
Lland (Type 49 of the Physiognomic vegetation classification
{Table 10)) has been removed and is also non-usable. The
capability fatings given to the floristic vegetation types
should reflec. the conservation value of the vegetation
including the conservation of wildlife habitats. The wind
velocity, rainfall energy and the s6il erodibility index are
indicators of the solil erosion hazard:

(b} gonservation lsnd uses ~ Specification of
a particular legal conservation status of the land, eg.
National Park, Wilderness Area, is & land use. This legal
status defines the managément of the area, the degree of
development allowed and indirectly, the recreation permitted,
eg. Wilderness Areas are almost completely without
development (Ackerman, 1976). The values given in Table 18

will be changed where necessary to indicate this.
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the control of the recreational activities pursued. The
land characteristics with their optimum and permitted
values which are evaluated for this land use type, are
listed in Table 18,

(a) Cconservation area - Land with iegal
censervation status, le., National, Provincial, Municipal
and Private Parks, Mountain Catchment and Wilderness Areas
are automatically considered as land to be used for this
purpose. The upper limit for the number of roads,
rallways and powerlines depends on the permitted degree of
development. Land covered by man-made structures eg.
industrial areas, townships and setilements and Mountain
Catehment Areas, repressent land which may not b. utilized
for this purpose. The conservation value of cultivated
land {Type 49 of the Physiagnomic vegetation classification
(Table 10}) has been removed and is also non-usable. The
capability fatings given to the floristic vegetation types
should reflect the conservation value ¢f the vegetation
including the conservation of wildlife habitats. The wind
veloclty, rainfall energy and the soil erodibility index are
indicators of the soil erosion hazard.

{b) congervation land uges -~ Specification of
a particular legal conservatlon status of the land, eg.
National Pérk, Wilderness Area, is a land use. This legal
status defines the management of the area, the degrse of
development allowed and indirectly, tne recreation permitted,
eg. Wilderness Areas are almost completely without
development (Acksrman, 1976). The values glven in Table 18

will be ¢hanged vhere necessary to indleate this,
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.5.2. .7 Recreation Land Use System

The range of activities encompassed by this land use
system is so wide that it almost defies classification
(Edington and Edington, 1977). one form of ¢lassification
is in terms of the recreational activity, viz. cultural,
arranged sport and informal activities. Cultural activities
and indoor sports form part of Urban and Rural Development
and are not included as Recreation Land Uses. Informal
activities, defined as being any leisure pursuit in the
countryside or in undeveloped urban open spaces, since they
depend on environmental resources, are included.

The major land use types are therefore open space .
(including playgrounds, cutdoor sports and camping sites)
water recreation and informal activities. The basie
difference between !%hjs first and the last land use types
is that the former requires the development of the land
surface in some way while, in the latter, the natural
state is retained. Table 19 lists the land characteristics,
together with their optimum and permissible values, which
are evaluated for each of these major lane use typss,

{a) Open space -~ This land use type is oconcerned
with the physical landdcape features which influence the
development of the land surface. The natural vegetétion
is removed by ploughing and thus, a soll depth exceeding
25cm (Ivy, 1977, and a slope gradient of less than ox eqgual
to twelve per dent (Edwards, 1970} are required. The wind
velocity and rainfall efiergy will indicate the potential
soil erogion hazard from the cleared soil. A slope length of

ten metres will limit the manoeuvrapility possible. A toxie




129 ‘

fable 19 he Optimunm and Parmeable Values of the Lapd i Evaluated
e e Tetvhaeon Toha Ty unten
L A 0w 2 v 5 B T ¥ P F "{
Land Characteristics Gnit Open  Space N Infoemal activities 1 Water zacrear.:on
Optimum| Range Optimim Range | Optimum | Range
1AND COVER H
Rock surface s o <%0 - - - -
Boulder cover 1 © <o - - - -
Rocky distributien | class o < - - - -
Take 3 o <50 o «“950 pL-.) 10
Resexvoir + o <% o <90 100 »lo u
viet s o <%0 a <100 100 0
+*River Rumber o <XL - - L I‘KL B
*Stream number o <%, - - 1 N
ot :
a.Hillslope element class >8 17 5u <7 - - H
Slopa gradient s < 415 %o $100 - -
*~Slope lenyth n n 3o - - - -
Kappie L o <30 - - - -
Hatural land
Eeature code Q <1 L Q0 - -
Guily s o %0 o <90 - - ;
201y :
bufubsoll texture class 78 | 112 - - - -
b.Topsoil textura class 4 1-32 - - - - :
S0kl erodibiiity R i
index class 26 | 335 Y 22,5 - - i
4.5641 parseability b
indax class [ 32 4 a1 - -
ghzace ' [
Wind valocity st <5 <20 <5 <20 - - '
Batnfall energy am 2,0 o €30 ° < - - H
BIOLOGICAL wod i
CRARECTERISTICS
e, Physiognomic B
vegetabion type olass 13-4 2-48 27-30] &
Floristic vegetation
type class
Woody cover 1 o | <100 " $200 - -
Game species code “ - n 20 E 20 3
. i




Table 19 (contd.)

L LY N B U s B k3 Y » B
Land Characteristios | Unit Open  space Informal activities| Vater racrestion
Optimum | Range optimun Range | Optimum | Range

MAN-MADE STRUCTURES
Industyial area Al o <30 -] <30 - -
*Powerline umber ° <%, ° oy - -
Ratlvay nunber < <, o g - -
*Paved road aunbar < o, € ax, - -
National Park £ G or 1001<90 100 <100 - -
Provineial Park s 0 or 1oaf 30 100 30 - -
sunicipal Pazk s ooxioof 30 |7 100 30 - -
FPrivate Park 3 © or 100 30 1ao 20 - -
Nountain catchment

dres % o <90 o <90 - -
Wilderness area % o <50 100 20 - -
“Unpaved road Hmber a1 x, <1 <Xy “ «
Hota .
* Default is 5
** Dafault is 1
a C) 1ases d!surlbad in SQ:CLO& 3.4.2
b Classes dasceibed in T
¢ Classes desciibed 1n Seckien 3.4. 5
g Clagses dosoribed in Sacelon 3.4
e: Optimum values glven in Table 37. Clusaes deecribed in Table 10.
2 S a1 Sl s

i
i
H




saline or nutrient deficient soil will limit the growth of
the vegetation cover is one is necessary. These are minor
land characteristics. Woody, gravel and boulder cover may
be removed but an upper limit, depending upen the finances
involved in this action, is required. The capability
ratings given to the physiognomic vegetation types should
consider the cover and the wgody cover present if the latter
land characteristic is not measured.

The presence of a road or railway is an advantage as
the accessibility of the land is increased. However, a
permissible upper limit to these features and to powerlines,

srect the land

rivers and streams is necessary since they &
into smaller units which may not be of a usab’'v size.
Mountain Gatchment Areas (Ackerman, 1976), industrial areas,
reservolrs, vleis and lakes represent land which may not be
utilized. Land within the precincts of settlements and
townships may be used.

(b) Informal activities - Any tecreational activity
which does not require the development of the land surface
but depends on the natural state of the land, eg.
mountalneering, is considered to be an informal activity.

No natural features are removed and the natural state is
undisturbed by technology. The vegetation is subject to
trampling whose effects aret-

(1) _Bruising of the vegatation ~ Most species
are reduced in abundance or eliminated although some more
resistant species may increase through competition, There
is a reduction in the vegstation height and flowering

frequenay.
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(i1) Compaction of the soil surface - This

results in an increased potential for soil erosion and &
decrease in the water-holding capacity of the soil profile.

(iii} Dpisturbance of the animal life - Certain
species' numbers are reduced, often as a result of immigration.
{Goldsmith, 1974)

The capability ratings given to the physiognomic
vegetation types should consider the cover provided and the
woody cover if this land characteristic is not measured,

Those ratings given to the floristic vegetation should reflect
the trampling resistance if this is known and the presence
of particular habitats for game species.

The enjoyment derived from these informal activities
1s often negatively correlated with the population density
which is governed by the accessibility of the land and the
populaxity of the activity, Thus, an upper limit is given
to the number of roads and railways allowed and also to the
number of powerlines since all these will also disturb the
natural state of the land. The distance between land where
these informal recreational activities are pursuved and a
township, is also a determinant of the potential population
density in the former. Howeéver, distance is omitted as it
is ot a fundamental feature of the land. Its inclusion is
necessary in the laker stages of a land use plan.

Mountailh Catchment Areas, industrial areas and lakes
represent land which may not be utilized. tand within
settlements and townships may be used provided that it is
uhdeveloped.

{c} Water xsoreation ~ The recreation actlvities

involved rangs from bird watching to motor-boat racing.




This land use type is concerned with the presence of a water
body namely a river, a stream, a lake and a reservoir. Vleis
are also included. The evaluation of this land use type
basically involves an assessment of the water bodies present
and their coverage as well as the presence of water game
species. If each type of water body were evaluated as
limiting land characteristics (Section 3.5,5)ie. a presence or
absence only is of importance, the coverage of each would
not be considered, Also, in the evaluation programme, the
occurrence of only one limiting land characteristic outside
the permissible limits will cause the whole land unit to
have a capability of zero. Por this land use type, such a
rating is only to be given to land with no water of any
type present. The required development of the adjacent
land ;urface is considered by a combination of this land use
type with either land use type (a} or (b) as described in
Section 4.5, The eapability rating for the physiognomic
vegetatlon type considers the presence of vlei vegetation.

Jecreation hand Use

A particular recreational activity under any of these
land use types is a land use. The values of certain of the
land characteristice given in Table 19 will be replaced by
those applying specifically to the activity. Montgomery
and Edminister (1966) 1ist certaln required land
characteristic values for selected activities.
3.5.2 .8 Urban and Rural Development Land Use System

The construction of an engineering structure
regardless of the resulting land degradation which may ocour,

is possible almost anywhere provided that the technology and




finance are available. But land degradation is an
important criterion of an ecological land evaluation and
thus the concept that an engineering astructure may be built
anywhere regardless of land degradation, is not

seceptable, Engineering constructions reguire a supply of
construction aggregate obtained from natural rock. The
presence of such material in the vicinity of a construction
site is important as the transportation costs will increase
the overall constructien costs. However, the presence and
capability of natural rock for this purpose is considered
as a separate land use system or it would not be known
whether the capability value for the land is due to its
capability to support an engineering structure ©r to the
presence of such construction aggregate.

Urban and rural development land use types may be
described in terms of the function of the building. The
major land use types are rural residentinl buildings, urban
residential buildings, commercial buildings (including high
rise residential buildings and shopping complexes) and
industrial buildings. The construction of streets is
important to Town Plannibg and it is considered as a
separate land use type in the commwnications land use system.
Only the accessibllity of the land is included in these land
use types given,

Table 20 lists the land characteristics, together
with thelr optimum and permis#ible values, which are used
in the evaluation of the land use types. It is assumed
that the term 'soil’ refers to soll material with a strength

legs than 700 kPa (Jennings et al, 1973). The Management

i i




: 135 :
N Table 20 - The optimum and Pexmissihle Yalues of the fLand Chargcheristics Svaluated
: £or_the Uzbdn. efid Raxal Dovelobrent Land Use System .
N L AN D v s B T Y P E § 3
Land chazacteristics uoie | Repldentiar | Rasidenciar | Sullains | meiiai |
Building Building :
; optinon| Range bptimus  Range| Optimum|Range  [optimun Range
LB COVER B
Rock surface % o <50 ° <90 ° <s0 ° <o
: Boulder cover # o <25 ) <25 o €25 o <25
Lake % | <50 <50 ° <80 o <%0 o <00
Reservaiz % | <0 <50 ° <50 0 <%0 ° <50
viel % a <50 < <50 o <90 o <90
* River number] <1 <x, o «X, o <x, ° <x, o
* Stream numbor| €1 x, a ox;, Q <xy ° x, a
ERLIEE i
a.Hillplope element «lass; ] 1 ox 4=§| 6 L ox 4=6 6 1 or 5-6 6 1 or S}
Slope gradient % 14 i0,3~12 2-8 |0,3-20 2«5  10,3«]12 0,3-4 0,35 j
*+5iope length ® a | w10 a 10 [ 10 n 0 |
Aspect of a slope degree| 270-80 jo-360 | 270-90{0~360 - - - -
Helghe above water " 20| s | 0| o | 3o | o |30 |30 |
Koppie % <50 <% o <90 [} <%0 Q <90
Gulty 3 & 256 ° <50 ° <s0 o <0
SEGLOGY
b.stratigraphic it class <41 <41 <41 <41
¢.Transported doil ovigli | dlaws| 4 18 4 1-8 4 18 4 18
4+4Dapth to bedroek ® o | a1, % | w0, % | e % b |
. Geological slacontinuities coda| o «1 ° < ° P o PR
Factor of safety - s (Nl e M| e (R Ja
EQRL.
4, 8011 horizon typs class| %o | 1a2 | *o | 12 | %o |12 | % 1e12
a, 8011 erodibllity index class| %6 »2 »é »2 26 »2 28 32
£,501l pormeability index | clasa| 2 4 2 € 2 <4 2 <4
*#+Dapth ko water table " }% 22 Xo L xn 3 xO ®1
Soil joint structure ¢ode. o n o " o n o n
1l
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Table 20 (contd.)

L A N D u 8 B T ¥ P B S
Land Characteristics unit Ruxal Urban Commercial Fndustrial
Residential | Residential | suilding Building ]
Bullding Bullding i
Optimum| Ranye ptimum| Range |optimun] Range |optimum|Range i
soil activity o <z o | <2 o | o |2
SLIMATE 4
Wind velocity mel] <5 <20 <5 <20 <5 s20 <5
Ralafall energy an? o 430 o <30 o <30 o
l"x' :
x w7 i
i
‘BIOLOGICAL CHARACTERISTICS
g, Physiognemic vegetation H
typs clags | 24-28 12-49 | 24-25 |1l-d9  j24-25 11-49 |24~25 |li-43 }
h, Floristic vegetation i
type class
Waody aovex % <50 <100 © <100 -] £100 o €100
MANCUADE STRUCTURES :
AND ROUNEARIEE
Industrial aren % ° <%0 o | <0 o <0 | - -
# powarline number| o <X a «x, o %y i ax,
* Railvay [nombec| o <% o | <x, o o |1 <%, |
* paved road inumbar t ‘x_h 1 <x.‘_ 1 ‘x_“ 1 <X, %
Meuntatn catchment area % o <%0 o | <%0 ° wwe ko <so ]
Wilderness ares % [ <90 6 | <% o <% | o <so !
+ ynpaved road jpomber | 1 %, 1| ey, 1 x |t <x,
i
Y
ot i
4. Clowses deacribed in Section 3.4.2 :
b. vValues given in Tables 18-44, Classes described in fable 8.
6. classes desoribed irf Table
4. classes in Table 7. Values given by the user, No default tabla,
e Clasaes in Soction'3.4.6:
£, Clagaes bed In Seatlon 3.4.7¢
g. Classes bed In Yable 10.
By valies given by the user. Ho default table.
*'  pefault is 5,
*+  pefault ls 160.
i+ pefault s 30.




system involves the restoration of the land, upon the
completion of the construction, by revegetation or the
construction of pavements. Fertilizer and moisture
applications are included in the former method of
restoration and thus soil nutrient deficiencies and the
climatic moisture limitations are overriden.

(a) Rural residential buildings - These
buildings are ncrmally less than three stories high and

their siting depends upon the aesthetic appeal of the land.

. This social value is not a fundamental component of the land

but is indicated by the presence of certain land features,

eg. rivers, koppiles, etc. These buildings are not
necessarily within a municipal area and thus those within
recreational areas, eg. rest camps, would be included here.
The method of sewage disposal is via a septic tank. This
land use type is mainly concerned with the physical features
influencing the construction of a bullding, with the
potential soil and slope failure of the land, the construction
of the septic tanks and those features indicative of the
aesthetic appeal of the land.

The functioning of a septic tank depends upon the
percolation rate of the effiuent into the surrounding soil.
Since direct measures of percolatlon do not take into
account long-term viability, nature of the effluent, stc.
{Malan, 1964), the capability of a site with respect to
percolation will be estimated as a function of soil texture
and permeability indices. Soils of a moderate permeability
are optimal sihce those with a low permeabllity do not allow
for sufficient percolatlon while those with a high permeability

do not allow f£or sufficlent infiltration of the effluent.




Soils less than 1,5 metres deep and water tables less than
two metres deep do not provide a sufficient depth for the
leaching of the effluents and present obstacles to the
construction of the tank itself (Kiefer, 1972). The
effluent must not reach the ground water system as it will
deliver axcessive pathogens to this water supply. Hence
the tank should not e situated on limestone or dolomite
{Malan, 1964). Expansive soils are also problematic.
Lands subject to flooding (0,3 per cent slope, Kiefer, 1972)
are excluded since the effluent will contaminate the flood
water, the tank may ‘ride up' out of the ground and the land
is difficult to drain (Lynch, 1971)

The outlet of the tank is near the ground surface.
The tank should be situated on a slope as it 1s not possible
to have a liquid level in the tank greater than 23cm below
the ground level (Malan, 1964). Slopes greater than
twelve per cent offer instdllation problems and the control
of the effluent down the slope is difficult [Kiefer, 1972).

Railways and powerlines are inhibiting networks as
they decrease the aesthetic appeal of the land: Industrial
arsas are non-usable as the aesthetic appeal has been
degraded. Kopples, vleis, gullies and rock surfaces are
not built on because of the éngineeriny problems present.
However, they are indicative of the aesthetic appeal of the
land and are permitted within certain limits. Lakes,
reservoirs and woody cover represent non-usable land surfaces
with aesthetic appeal and this appeal of the vegetation is
considered when awarding the capability ratings to the

floristie vegetation types. The ¢oter and woody cover, if
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the latter land characteristic is not measured, is
reflected by the physicgnomic vegetation type as is the
presence of cultivated land which is non-usable. Gravel,
boulder and woody cover are a hindrance to building
construction and may he removed. The cost and difficuléy
involved will determine the limits above which such action
would not be taken. The initial construction stage
requires the removal of the natural vegetation and thus the
soil eroslon hazard by wind and water is increased,

The capability rating given to the stratigraphic
unit may indicate a general, compressive, expansive, sub-
86il erosion or any other type of soill failure hazard.

Each hazard is represented by a different capability table
(Table 39) .

(b} Urban residential buildings - This land
use type only differs from rural residential buildings in
that the aesthetic appeal of the land is not considered
and sewage works are present. The presence of vleis, rock
surfaces, koppies, the floristic vegetation type, gullies
and woody cover is evaluated in terms of the engineering
problems that may be encountared and not with regard tr. any
adesthetic appeal. Thus the permissible limits of these
features are more stringent than those for the rural
residential buildings. Shallow soils (¢, 9m) and water
tables (less than one metre) limit the construction of the

foundations (Little, 1978, personal communication). The

canstruction of these buildings adjacent to industrial areas is

not desirable due to noisu and air pollution. Asart from these

changes, the discussion £or rural residential buildings is

partinent .
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{c) Commercial buildings - These are high-rise,
generally expensive buildings with basements. They may be
built on moke problematic sites than residw tial puildings
as the finance iz available to remedy some soil failure and
unstable slope problewms using sophisticated technigques.

This land use type is mainly concerned with the physical
features influencing bv!’”ing construction and with the
potential soil and slope .ailure hazard,

Spil less than three metres in depth préesent obstacies to
the construction of the basements (Blight, 1978, perso~.l
communication) while drainage problems arise if the water table
is above this depth. A slope gradient exceeding five per cent
offers a large restriction to the construction of th se buildings
but slopes of up to twelve per 7ent are still utilized
(kKiefer, 1972). fThe discussion on urban residential
buildings auplies to commercial buildings with these
modifications.

{d) Industrial buildings ~ These are usually

single~storey bulldings without b , extehdihg over a

relatively large area. Industrial areas are not considered
to indicate any degree of capability for the reasons given
in Section 3.5,1.

Slopes of twelve per cent may be utilized (Kiefer,
1972} but since the cost o; excavating such slopes to
provide the relatively flat area needed is high, slopes
below f£ive per cent are preferred. nallways and powerlines
are not inhibiting networks. Apart from théase differences,

the discussion oo urbah residential buildilngs is relevank.

i
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Urban and Rural pevelopment Langd Uses

The construction of a particular building of known
dimensions under any of these land use types requires a
soil of known bearing capacity, etc¢, and is a land use,
The values of certain land characteristics as given in
Table 20 will be replaced by those applying specifically to
the building,

%.3.2. .9 Communications Land Use System

A continuvous corridor of land, even if it is nested
becwesn areas of totally incapable land for this land use
system, is sufficient for the construction of a communicatincn
network fo: motorised or energy transportation le. a power
transmission line. Igeally this corrider should traverse

the chortzest distance betwern two polints. For motorised

traasporta.ion land uses it shouid also be over flat land to
ensute maximum visibility and efficient engine performance.
Boewave, this il nodt often possible as insurmountable land
feacvres must be clrcumnavigatsd or spanned by bridges and
£lat land presents drainage problems. The location of
bridging sites is net tonsidered here as thls is not a routs
but only a coxridor selection. These sites are important

in the selecticn of the final route and invelve the financial
considerations « £ the different types of bridge structures
possible.

The major iand use types are road construction and
railway construction and transmission lines. Table 21 lists
the land characteristios used in the éevaluation of these
land use types, toyether with their optimur. and permissible

valies. The meaning of the term 'scil' and the managepent
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Zakle 21 - The Ootimup and Permissible Yalues of the fand Chavacteriitics
Evaluated for the Communications Land Use Svstem
unit | Road Railvay m dsaion Line
construction
Land £l
Optimum | Range | optimuy Range | Optimum | Range
LATD COVER
Roek surface % a <95 o <98 ° <95
Boulder cover % ° <25 0 <25 - -
Lake % o <95 o R o <95
Raservoir % o <95 ° <95 ] <95
vies % ° <98 o <95 0 <98
* Rivar bz ° <X o e ° <Xy
* stream ez o &%y, ° <%y - -
RELIEF
a.Hillslape eledent | class B 1or 56 B Ler 6 3 1or >3
slope gradient * 0,3~ | 0,38 0-2 24 0.3-8 <45
Stope length o n 10 n 210 - -
Hoight above vater n 10 »10 »lo 210 210 310
Wapgle * ° <95 @ <95 ] <95
Guily % ° <95 ] <95 0 <95
SEY
h.gtratigraphlc unit| class <4y <41 <41
» Trangportied Kol
rigin flass 4 1-8 4 1-8 4 1-8
**begth to hedrack » X, 06 %, 20,6 X5 20,6
Geologidat. discone -
tinulties cade L % 1 »
Factar of safety 1,25-1,8 &2 }1,26-1,5 62 | L25-L,5 <2
oty
d.§0il horizon type clags ¥ i-1z2 X 1+12 ¥ a1z
&.80il erodivility
index Slads 3 »2 ¥ 22 - -
£.8011 permssbliity
index sleas z 44 2 <4 2 4
#7Dapth S0 water
tab’ ] %, Wl % » % »
8all jednt srruckure] oode [ n © n [ n
okl avtivity o € o e © <
i

i
i

H
H
H
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i system given for urban and ruxal development, is applicable
here. The construction of any communication network for
motorised transport involves the use of earth-moving
vehicles, the dumping of construction aggregates and waste

material from cut and f£ill operations, etc. These

activities may occur over a distance of many kilometres and

thus the area of land susceptible to degradation is far

greater.

‘ (a) Road construction - This land use type

is mainly conceérned with the physical land fedtures
influencing road construction and the potential soil and
glope failure hazard. i
An upper limit is given to the nuwber of rivers and
streams allowed as the potential number of bridges reguired, 1
and congequently the overall construction costs are
indreased. Running costs ihcrease with the slope gradient,
| particularly above eight per cent (Horak and du Toit, 1977).
Flatter slopes are constructed by cut and £ill operations
which are expensive. Slopes less than o,3 per cent (Kiefer,

1972) present flooding hazards and drainage problems. The

initial stage in the construction of a road involves the

removal of the vegetation. Phis increases the potential

for soil erosion and thus highly erodible soils are excluded.
Képples, lakes, rock surfaces, settlements, gullies,
townships; vleis, industrial areas and boulder and woody
cover represent land which is not usable. The boulder and
' woody cover may be removed below a given limit dependent
upon the cost to do s6. The capability ratings given te
the physiognomic vegetstion types should consider-the N




cover present and the woody cover if this latter land
characteristic is not measured. The presence of paved
roads, railways and powerlines will inhiblt the utilization
of the land as the available area to construct more of the
game is decreased.

{b) Railway construction - The same vomments
apply here as to the land use type of road construction
except that the slope gradient limitation is more stringent.
Upgrades exceeding four per cent are nop-economic for the
running of a locomotive (Pfleider, 1368).

{c) Power transmission line construckion - This

land use type is mainly concerned with the physical land.
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features influencing the construction of this network and with

the potential soil fallure hazard. An upper limit is given
to the numbex of rivers permitted as these must be spanned
and this will increase the gonstruction costs: These costs
are also increased by an increase in the slope gradient
which hinders the construction of these networks as it
limits the use of mechanical construction vehicles.
Townships and settlements should not be traversed. Hoody
vegetation will be removed in the construction of these
networks but the lower stories would remain and thus the
sail erosion hazard fs not evaluated, The cover present
will be reflected in the phsysiognomic vegétation type as
will be the woody cover if this land characteristic is
omitbed, An upper limit is given to theé number of paved
foads, railways and powerlines for the reason stated in (a):

Communication Land Uses

Motorways, highways, paved and noh-paved roads




carry different traffic densities, require different
construction technigues, etc. Railways constructed for
long distance haulage or commuter services also differ.
Transmission lines may he of different types of cable.
Thus, the construction of a particular road, railway or
transmission line is considered as a land use. The given
values of certain land characteristics in Table 21 will be
replaced by those applying specifically to the land use.

3.5.2 .10, Excavation of Minerals and Construction

Material Land Use Gystem -

These land use types may be described with regard to

the presence of rock or mineral ore to be excavated and to
the particular mine working which may be used. Both
descriptions are accepted and thus the major land use types
are mineral ore deposit, construction material, open pit
mining, guarry and underground mines,

Boryow pits are a surface working for the excavation
of soft, friable material which is used for its bulk. The
guality 0f the material is important when used as a bhass
course and sub-base (Brink, 1979, personal cormmunication
but it is unimportant when used as £111 (Martinson, 1979,
personal ¢ommunication). Since this working is not
concerned with the crushing of solid rock after its

excavation, it is not included in this land use system.

Mining activities retider the land derelict, ie. unfit
for other forms of land use, due to the mine dumps and the
stripping operations, Thus, it {¢ assumed that the
managemeit system of those land use types describing the mine

working, involves the restoration and reclamaticn.of the land.




st ¥Ry

Restoration is the recreation of the original topography
and the re-establishment of the previous land use upon the
cessation of the mining activities. Reclamation is any
treatment which is not restoration (Down and Stokes, 1977),
Both may include .avegetation methods.

Table 22 lists the land chavacteristics used in the
evaluation of these land use types, together with their
optimum and permissible values.

(a) Mineral = . ‘At ~ The land use type is
concerned with the 3 5o & mineral deposit which is
a solid rock mass containiuy mineral ore. Its value,
which is dependent upon its extent, its guality, the market
value and the mining costy at that time, is not considered
as the last ones are economic variables.

{b) Congtructicn material - The presence and
duravility of natural rock which is crushed and used as
road or concrete aggregate are important. Concrete
aggregate which is mixed with cement should be chemically
inert, durable, hard, roughly cubical in shape after
crushing and capable of guua . ZLesion with the cement paste
(Fﬁltcn, 1964) . Road aggregate should have similar
properties except that there is a greater emphasis upow Lhe
properties of compaction and resistance to abrasion and
weathering, The polishing properties are alse important
since the skidding hazard increases with high polishing
(8inglalx, 1969}, These differences in the reguired
properties lead tu differences in the réequired durability
and capability of the rock. Thus, the use of aygregate

in concreteé or in road building are two distinct land uses.

147




|
i
{
i

148

Table 22 - The Optimum and Permissible valuus of the Land e i Evaluated
T ““forthe excavation Land Use System
L A N D U 5 E T Y P B
Land characteristic unit gi;::ﬁ Ma“uu‘ m ‘nmnx;i: quaxzy Undeig:wnd
[ ER AN NN AR NN
&1 & |6 | & 5 % | & | & | &) &
LAND_COVER
rock surface % | - ~ | wo| »0 | o [<w0]100]s | o [«
Boulder covexr % - - 100 >0 o <100 100 >0 o <100
take % |- - | -] - | o |<i00] o {00 | o jeic0
Peservoiy #* - - - - 0 |<w00 | o {<l0 | o {<w00
* Viei % - - - - © | <90 ° <90 < <%0
* River numbey -~ - - - (33 ‘l& €1 X 1 (XL
* straam L A I e fexg fel x| |y
BEIER 1ar . 1ox 1 or
a,Hillslope element class - - - - 5 36 4-5 -8 13 4=7
Slope gragisnt % |- | -} - | - [0 {550 [5-30 [s~60 | 2-4 | 30
&lopa length m - - - - [y >0 n {>0 n {>0
Helght above water m o[~ | -} -1 - |s0]3%0|530]>50 |50} w0
SEQLGY. .
b.Natural rock group crass| - | « | 7 s |« | & 7 1] - | -
fineral ors depczit aodel B 31 -} - 6oL - - n | o
" o et a -] - e lam] | -1 e e
T
#% Dupth to bedroek LI N N = | o [ex | - -
Geological discontinuities | umbay - | ~ | < | - sl o | e <1
Pactor of safety | -] - - pazsel <2 [1o2sef c2 [1,28- 2
i 1,5 1
Rock hardnass O I BN -0 AT B (R IR S0 I
secandary minerals % | - - | o Juwoo | - =~ | o |awe | - | -
Ten par canl fines |- - % lex, | - - % | >x, - -
sorn
©, 5ubgoll texture claga | ~ | = | - | = 1 fi12 12 [ 1 2
c.Topaoll Eexture class | « | o~ | o | 7 fm 1z [ 7 iz
0.58041 erodibility index | elags | « | o wd o« |6 13,8 [ a6 33,5 |36 a2,
©.50i1 parmeability index [olass| - | « | - | = [ 4 [sr | 4 ls1 | 4 |5
#*Depth to water table m | o= W ). n 50,5 | n 30,8 | n Do




Table 22 {contd.)
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T L A ¥ D U s B T ¥ B E
Mineral |constrae- | Open Bit | Quarry | Underground
Land Characteristic ore tio Tning sining
deposit |Material
< < € £
H H H H
AR AR RE- NI RN g 3
210 5 | &35 |&) 8 j&] 5 |8 &
Sy R | &2 (& & | &2 5] 8
SLIMATE
¢limate N-factor N <5} 1-10) - - <5 1-10f - -
L
wind velocity - fes | k20 | | <20 |« | <20
Raingall eneray ‘23“1 “] -] -] - jol<wjo| «w0|o]x0
piorocrenr
CHARACTERISTICS
£, Physiognomic vegatation
tyge e e clasa | ~ - - - 11-49 1149 1i-49
g, Floristic vegetation
type class
Woody cover % - - - - o [ <too | o | <100 <100
UAN-MADE STRUCTURE BND :
BOURDARLES . -
Township % o <lo0 o 2100 o <%0 Q «S0 o <%0
Industrial area % o <100 Q <100 0 <90 o <90 © <490
gettlament % o <100 ) =100 o <%0 © <50 I <80
* powerline number - - - oex, | V1 o<xp, 1 oax,
+ Railway numtser | ~ - - - L[ oex, 3| ey, 1| ex,
+ paved road unbar L I I A N A % = T I
Mountein catchment area % fo <0 o [<s0 (o 20 (o <0 o a0
wildernasa araa % o | <0 | 0 |<% |0 <% | 0 [ <%0 ! o | <90
* Unpaved road nampar [~} - 1o« ] o« ladoex f1) ey || ax
Nats .
8 Gissses desceibed In section 3.4.2
b, clas crites Ln Table 53
o Glasacs descrivad in Tan
d: Glamses descyived in Seceion'3d.8,
o clasaes ¢ in Sectinn 3.4.7,
£, optd % given in wable 4. - clasass descrined Ln guble 1o,
2 Vhluen .;iven by the user. No default table
I, bafauicie §

*# pafault la téa,
wesDefault ia 1oo.
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The selection of natural rock for construction
purposes is based upoh the economic situation and its
durability which has been proven by experience or by
appropriate tests (Fulton, 1964), The common tests are
the ten per cent fines aggregate crushing text ie. the
pressure required to reducve ten per cent of the sample to
fines and the percentage of secondary minerals pres;nt
(Weinert, 1968). The climatic conditions, represented by
the climatic N-factor, indicate the durability of the rock
at the excavation site which is assumed to be the same as
that for the construction site.

(c) Open pit mine - This land use type is concerned
with the presence of a mineral deposit, the safety of the
mine and the degradation of the land surface. Tt is a mine
working, open to the land surface, from which mineral ore is
excavated. any soil or non~mineral bearing rock overlaying
the deposit is removed by stripping. Phus, although this
form of mining is generally cheaper than underground mining,
its environmental impact in terms of 'visual intrusion,
noise and airblasts, vibration, air and water pollution and
dereliction' is greater (Down and Stokes, 1977).

An objective of this particular type of mining is the
removal of the mineral with minimum excess excavation. Thisg
ig achieved by keeping the slope of the mining face as steep
as is possibly consistent with safety (Sinclalr, 1969).

This gradient is detesmined by the cutting operation which
is dependent upon the exdsting slope gradient and its
inherent stability. The excavation depth required is
important as it will determine the amount of stripping .

necessary.
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Powerlines will provide the necessary power supply
and rivers and streams the necegsary vater rsquirements
which will compensate for the hindrance present regarding
the accessibility of the mine once these land features must
be bridged. The access to the mine is increased by the
presence of a road or railway. All land characteristics
are considered to be non-inhibilting networks. The mining
operations will involve a removal of the vegetation. The
physiognomic vegetation type will reflect the cover present
and the woody cover if this latter feature is not measured.

(d) Quarry - A surface working for the excavation
of natural solid rock to be used as construction aggregate
is a quarey. The material removed is used for its
structural strength (Martinson, 1879, personal communication).
The above discussion of the open pit mine is pertinent.
These working are generally not as extensive as those of an
open-pit mine and the material removed is of comparatively
low value.

{e) Underground mine - The prssence of an ore, the
safety of the mine and the degradation of the land surface
dre important to this land use type. The safety of the
mine depends upon the faults present, the water table

relative to the mineral ore deposit, the safety measures

and passages. Thug, the first factors will only be
indicative of the mine's safety. The discussion pertalning
to the accessibility of the mine given under the open pit

mine land t % .ype 1$ relevant.

implemented and the direction and cutiing of the mine shafts




Bxcavation Land {ses

The excavation of a particular mineral or natural
reck with aspecific properties for use as road or concrete
aggregate and the specification of a particular mining
degth, slope safety, etc. are land uses. The values of
particular land characteristics in Table 22 will be changed
to these specifications.
3.5.2 .11 water Catchment Land Use System

The conservation of water and not the land or living
organisms is of concern in this land use system. Thus, it
is distinct from the conservatlion land use system. Water
is conserved by storing it in lakes, resexveirs, etc. and
by conserving the water source itself so as to ensure the
continued prs .~ ion of silt-free water. The initial
constructlon custs of a reservoir are extremely high and the
storage volume required depends upon the existing, forecast
and potential water needs which are expressed in économic
terms, Thus, the storage of the water will not be ~onsidered.
‘owever, the streamflow of the water catchment is a determinant
of the storage volume required co secure the desired watgr
yields with a degree of assurance (Wicht, 1971).

only one land use type is present, ie. water catchment
are and Table 23 lists the land characterlstics, together
with thelr optimum and permitted values, which are used in
its evaluation. The management system involves soil
zonservation methods, ed. the malntenance of veyetation cover,
and water uonservation methods, eg. the control of the

wegetation cover.
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Water Catchment Area

Those natural features determining the streamflow
from the land and its silt component are of importance.
The streamflow results from the rainfall and is that
remaining after evaporation and storage in the soil or upon
the vegetation which intercepts the precipitation (Rrugex
and Wicht, 1976). It is either an overland flow or a flow
through the soil to the stream chennels and to the sxaund
water supply. Owing to the difficulties orf wearucivy the

. latter, the streamflow is equated with the run-off from the

land, This same eguation was adopted by Midgley and Pitman
(1969) . These authors calculated general mean annual run-
off (MAR) for different catchment areas of the Republic,
based on the precipitation, vegetation cover, geology, relief
and soils at a reglonal scale. The vegetation cover is the
main influencing factor upon the streamflow as it affects
the volume of water intercepted and thus stored by the
vegetation, the duration of and the volume vaporized from
this storage and the evapotranspiration occurring {(Wicht,
1871), In humid catchments, the mean annual streamflow is
indirectly prop::iunal to the plant blomass, all other
factors being equal (Kruger and Wicht, 1876). The optimum
vegetation cover is assumed to be that vegetating mountain
catchment areas. This cover 1s mainly North Eastern
Mountain Sourveld, Highveld Sourveld and Themeda-Festuca
Alpine Veld (Nanni, 1976).

The capability ratings given to the physiognomic
vegetation types should reflect the cover, the presence of
vleis and the woody dover if this cover is not measureq asg

& separate land characteristic. Gullies are non~-usable-

e e L T T e R T T




i surfaces due te the silting problem present. Industrial

' areas, townships and settlements, all of which are not
natural land features, do not represent land which catches
or stores water. Paved and unpaved roads and railways
are inhibiting networks since the natural vegetation has

i been disturbeid. fThase man-wade structures do give clean
run~-off but as they are not natural land features, this
aspect fs not considered. A user may however include them

by changing them to usable and non-inhibiting networks

respectively.

Rowe and Colman (1965) state that two objectives of ]
watershed management are:- §
{a} fTo induce as much streamflow as possible to be i
fed by the sub-surface flow through the soil.
(b) fTo decrease the evaporative loss of water so as
4 . to increase the quantity of the water yielded by the land.
Both these objectives depend on the soil molsture capacity
for their fulfilment. Soil with a large capacity will
provide a greater temporary storage from which the streams i
may be fed and also hinder the evaporation loss of the water.
Thus the soil permeability index, the subsoil and topsoil
textures and the depth to the water table must be evaluated.

Water Catch Land Uses

A catchment azes of particular requirements, ie. size,

streamflow, ete, is a land use. The values of particular 3

land characteristics in Table 23 will be changed as

necessary.
3.5.2 .12 pam Construction Land Use System
The siting of a dam is mainly dependent upon the

economic and social resources which determine the regquired
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storage volume. This depends upon the particular demands
for the water, eg. hydro-electrical power, irrigation
I i schemes, water supply for a township, ete. (Wahlstrom, 1974).
The land is only important in its provision of the water
resources providing such a vol'me and of a damable site for f
it .
A potential dam site depends upon the geology of the
land, the relief profile at that site, the construction
material available, the finances, the technigues available,
ete, (Wahlstrom, 1974) and an analysils of the streamflow to
determine the storage volume needed to secure the required
water yields at a desired degree of assurance (Midgley and %
Pitman, 1969). The geology of the site requires careful !
investigation before, during and after the construction of
the dam since the reservoir is a ¢y 'lic, dynamic system i
with a constantly changing water leveu. vew faults may :
arise due to the dam and reservoir load, leading to water

seepage and possible dam failure at its foundatilons or

abutments (Wahlstrom, 1974). Also, the failure of the

f slopes around the dam and reservoir may develop as the soil
becom?s wet (Caper and Cassie, 1976). The reguired
strength of the land to sustain the dam depends upon the
type and dimensions of the latter which are a function of
the water demands and the dam site.

An evaluation for this land use requires a specific,

detailed analysis of the land at particular locatlons in

relation to the economic situation. Thus, & land evaluation

of the fundamental land features without reference to the

sconomic situation is invalid, le. a land capability analysis "
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is of little use and this land use system is omitted from
this procedure.

3.5.3 The Foreclosure of Options in Land Use

The avaluation of a land use in isolation assumes
that the land should be used for only one land use. Such
an assumption is of course invalid and will readily result
in the foreclosure of other future land use options. This
is so particularly if the land use being studied changes,
removes, ‘ties up' the land resources, ie. renders them
unavailable, or their restoration impossible or uneconomic.
The probability of this occurring is greatest for the
communication network, urban and rural development and dam
construction land use systems.

The possible foreclosure of options in land use is
included in the procedure to be performed when reguested by
the user. EBach land useé system dependeat on the natural
resturces ie. agriculture, conservation, forestry, excavation,
recreation and water catchment, is evaluated. Since the
evaluatlion is at the land use system level, the results are

a broad assessment of the capability of the land for each

. system. Only significant land characteristics are evaluated

and their permitted range of values covers all the major land
use types. The results for sach land use system are
printed separately. A more detailed evaluation is obtained
if the land is evaluated for a particular land use or land
use type within each land use system.

Table 24 lists the land characteristies chosen to
evaluate each of the land use systems listed before,

together with their optimum and permissible values. Qhese

i
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values are a general requirement s0 that at least one land
use type may be implemented on the land, The set of lend
characteristlcs chosen for the evaluation of each land use

system depended upon thelr specificity, or that of their

limit, for a land use system so that the evaluation

concentrated upon those land coenditions which were i
particularly necessary.

The soil erodibility and topographical conditions

are important to all the land use systems considered.
Industrial areas, townships and settlements represent
developed land which may not be utilized by any of the land ;

use systems ie. the future options in land use have been

closed. The other conditions required for each system are:~ 3
(a) Agriculture - Climatic and soil fertility N
conditions indicated by the rainfall total and rooting depth;
soll toxicity and deficiency respectively. Pheé physiognomic
vegetation type will reflect the cover present while the

floristic vegetation type may be used to indicate the

possible dominant climatic conditions. A rocky surface,
Mountain Catchment Areas, lakes and rxeservolrs, represent
non-usable land.

(b} Forestry - Apart from different rainfall and

rooting depth reguiremeénts, this is the same aa {a).

(¢} Conservation - The conserva+ “alue of the
land is represernted By the protecte” N resent and
the floristic vegetation type which a. . .cates the

wildlife hshitats prssent. All networks are inhibiting
except for rivers and streams, vleis, lakes, resérvoirs and

rocky surfaces aré usable.

U UL S .
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(&) Regreation - The land surface condition eg.
presence of water bodies, and the presence of game species
are important. The floristic vegetation type may indicate
the presence of wildlife habitats. Rll networks are
inhibilting except for rivers and streams.

(e) BExcavation - The presence of natural rock and
mineral deposits are imporiant conditions, The physiognomic
vegetation type indicates the cover present which would be
removed by the excavation activities. All networks are
non~inhibiting. Vleis, lakes and reservoirs are assumed to
be non-usable land surfaces.

{f) Water catchment - The streamflow and soil
conditions for infiltration are important ie. runoff = total,
presence of water bodies, soil texture and the permesbility
index, The physiognomic vegetation type may be used to
reflect the possible cover. Urpaved and paved roads and
railways are inhibiting networks

3.5.4 The Interrelationships of the Land Characteristics

Land ls a system of interrelated componeénts and the
relaklonships between the land characteristics must be
considered when the land is evaluated. “wing to the lack
of information in this field, it is possible to consider
only a few major interrelationships, and even these have
not been fully quantified. The two major land
characteristics invelved in each interaction are considered,
one of which exerts a controlling influende upon the other.
This control results in a modification of the measured
field value of the latter, the degrize of this modification
being dependent on the measured field value of the
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controlling characteristic. It is an admittedly over-
simplistic presentation of the interrelationships, but it
has been adopted due to the lack of available information.

The majoy interrelationships identified and included
in this procedure are:~

(a) Siope gradient and slope length -~ Runoff
velocity and hence soil loss and the water catchment
increases with both of these land characteristics. The
soil moisture content is decreased as a result of the
increased runoff. This interrelationship has been
quantified for Zimbabwe (Elwell. ° here much reseaxch
on soil erosion has been performeu.

(b} Rainfail energy and the soil erodibility -
Erodibility is a measurement of the texture, depth,
permeability, organic matter and surface conditions of the
soll in terms of t'.: possible soil koss. It is thus a
measurement of the.- interrelationships between the langd
characteristics according to their effect upon soil erosion.
Elwell {(1977) has shown that soil loss inéveuses with the
rainfall energy received and with the soil ~rodibility index.

{e) Climate and durability of the natural rock = The

chemical weathering of natural rock, part:ctlarly that of

crystalline acidic and basic rovks (Brink, .278) predominate
in regions where the climatic N-value is 122 than five.

(d) The depth to the water table and the fexture
©f thé sei] bprofile - The soil water capawity of the soil
profile is greater for cclliodial than Ffor ron-collodial
soils, due to the adsorption properties of the former.. De
Bruyn (1973) describes a water table as being relative%y

cloge to the surface at depths of less than six metres £6r elay,

!
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less than three metres for sandy-clay and le, s than 1,5
metres for sand.

(e) The vooting depth and the texture of the soil

profile - For the reason given in Section 3.4.7 a shallow
clay soil will have more soil moisture and aence a greater
effective rooting depth than a shallow sandy soil.

{£) Evaporation and rainfall - The evaporation
measured by a Class 'A' evaporation pan is an indication of
the suniight duration and intensity. Land of dissimilar
radiation but having the same rainfall, will have different
evaporation rates and thus different s56il moisture
conditions. A study of the weather reports (S.A.W.B. 1975)
indicated that the evaporation in the Transvaal exceeds the
rainfall received for most areas.

It is very important that the effects of the
‘controlling' land characteristics are not included twice

ie. in an int tion and ind tly. This will give

it a greater influence upon the overall land capabllity.
However, if su¢h a land characteristic has more than one
effect which is not included in one or more interaction,
then it must alse be evaluated independently.

The following methods may be used to computerise an
interrelationship:i-

{a) The measurement of a composite land characteristic
eg. the soll erodibility index.

(b} Their inclusion in the development of the
capability graphs and tables. However, this was not
feasible due to the availability of insufficient research

informatlon. ) B

i
i
i

1
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(e} A choice of several possible capakllity graphs
and takles is made depending upon the measured field value
of the controlling land characteristic. This would
necessitate that a vast number of these graphs and tables
be stored. As a consequence, the data storage required
and the computer execution time to sort through and retrieve
the required graph or table, would be increased. owever,
the inclusion of exira columns within a table to account
for an interrelationship would not significantly increase
the storage reguirements.

{d) The modification of the measured land
charscteristic field value by the controlling land
characteristis, prior to the rating of its capability.

{e) The modification of the capability rating itself.
This will require knowledge of how the interactions exactly
influence the capability. Very little, if any, research
in this field has been performed, possibly due tc a lack of

previous concern and the very specific nature of such

research ie. its Qep e upon the land use as it is defined.
Méthod {4} does not require the knhowledge mentioned

in point le). A certain amount of information, mainly

qualitative, ds available and can’be used to modify the

measured field value of the appropriate member of each pair

of land characteristics glven in the above six interrelationships.

Whis is the chosen method. Method (a) is desirablé &s the

computer time is decresased because no modification of any

measured values is needed. However the research in this

field to identify such land characteristics and to describe

thelr measurement has not been performed. Method (6} is

used for qualitative land characteristics for which an .

!
H
H
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extra column in the relevant capability table is added.

The value of t! 2 modified land characteristic is
changed by adding, subtracting, dividing or multiplying it
by a factor whose value depends on the meagured field value
of the controlling characteristic. The value of the
factor is abtained from graphs called factor graphs which
relate the value of the control land characteristic to the
value of the factor. fThe scale on the axis for the latter
was derived to reflect the relationship between the pairs
of interacting land characteristics as explained below fox
the six interactions:=

{(a) The slope lengl. is modified by the slope
gradient. Information obtained from Figure 3 (Elwell,
1977}, showed that the soil loss increase between & slope |
length of ten metres and 100 metres was 11,20, 6,10, 2,65,
1,00, 0,45 for slope gradients of twenty per cent, fourteen
per cent, eight per cent, four per cent and one per cent
respectively (Fig.3). The ratio between the fixst values
i5 25 : 14 : 6 : 3 : 1 and is the scale used on the y-axis
of the factor graph (Fig.4).

The measured field value for the slope length is
divided by the factor value obtained from faector graph 1
{Fig.4) so that its e¢ffective slope length and consequently
its capability rating is reduced. This interrelationship i
accounts for the effect of the pair of characteristics upon
soil erosion, soil drainige and the water catchment ie.

streamflow. However, slope length also affects the i

manceuvrability over the land, a long slopé having more

capability with respect to mauoeuvrability than a short slope,
while slops gradient affects the accessibility. Thus these
two characteristics are evaluated further independently of

one afother.
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Fig.3 the increase in the soil loss ratlo with
slope gradient on slopes between 10m and
100m in length.

Note

Soil loss xatio is the ratio of soil lost from a
erop with a certain crop cover to that of bare fallow
{Elwell, 1977).
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(b) ‘the durability of the natural rock is modified
by the Climatic N-value. Since the natural rock is a
qualitative land characteristic, the capability rating
given from the capability table (Table 49) will be chosen
from one of two columns, depending upon whether the latter
characteristic has a value above or below 5. The
computerization of this choice is described later (Section
4.5).

{c) The depth to the water table is modified by the
soil texture. The values quoted by De Bruyn (1973) give
a ratio of 4:2:) for clay : sandy clay : sand. A clay soil
requires a water table depth four times ths : vand to be
of an equivalent depth. Therefore the me crme 1eld value
of the former land characteristic ig divided ., the value of
éhe factor obtained from factor graph 2 (Fig.4). The soil
texture considered is that of the subsoil or the soil
horizon type depending on which is relevant to the land use
belng evaluated. The engineering behaviour of the soil
horizon type is not considered in this interrelationship
and thus it is also evaluated as an ihdependent land
characteristic.

{d) The rootinyg depth is modified by the subsoil
texture., On the basis given in (c), & sandy soil has
twenty-five per cent of the soll water capacity of a clay
soil of the same depth. fThus its rooting depth is equivalent
to 0,25 that of a clay soil. fThe measured field value of
the rooting depth is multiplied by the factor value obtained
from graph 2 (Fig.4). fhese two interrelationships do not
account for the fertility of the subsoil. Theréfore it is

evaluated further as an ind a land characteristic.
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(e) The rainfall is modified by the evaporation.
The evaporation is subtracted from the rainfall and the x
and y axes of faator graph 3 have the same scale (Fig.4).
(£} The soil erodibility index is modified by
the rainfall enexgy. Information obtained from
Figure 1 in EBlwell (1977), showed that the increase in soil
loss between soil with a soil ercdibility index of 4 and 9

T et for total

respectively, was 2, 20, 86 and 230 t ha
rainfall energies of 5, 10, 15, 20 x 103 Jm~2a—2.(Fig.5

rat. between the first values is 1 : 10 : 43 :115 or

0,01 : 0,01 : 0,4 : 1 and is the scale used on the yLaxis

of the factor graph. The measured field value of the former
land characteristic is modified’by subtracting the factor

value obtained from factor graph 4 (Fig.4).

3.5.5 The Analysis of the Land Characteristics for their
Capability to Support the Land Use

A scale from O to 10 inclusive was chosen to
represent lnereasing capability. Bach land characteristic
will have a rating along this scale with respect to its
measured value and the land use being evaluated. A land
charactéristic has a capability rating of zero if its
measured fileld value falls cutside the permitted range of
values. No further analysis of the land characteristic
will occur. Every land characteristic is given a
capability rating except in the following instances:-

(a) The effect of a certalh land characteristic,
defined as limiting land charactetistics, on the overall
capability of tha land for a land use lg assumed to be one
of presénce or absence. Provided that these

characteristics are present within the reguired range,.
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Fig.5 The increase ir the soll loss ratio with
rainfall energy on soils with a soil erodibility
index between 4 and 9.

Note

Soll less ratio is the ratio of soil lost from a crop
with a certain crop cover to that of bare fallow (¥lwell,
1977} .
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the land is capable of sustaining the land use with respect
to them. The capability rating that would be derived for
these characteristics is the same for all their values
above their reguired range. 1f they are present outside
of this range, the land is incapable of sustaining the land
use. The whole land unit is given a capability of zero
and no further analysis of its occurs ed. land adjacent to
water and below a certain height is subject to flooding.
Thus the height above water is evaluated as a limiting land
characteristic.

(b) As menticned previously (Section 3.5.4),
'controlling' land characteristics in an interrelationship
will reguire no further analysis if their effect upon the
overall capability of the land for the land use being
evaluated has been completely considered by the
interrelationship. For example evaporation modifies the
rainfall. This is the only effect which 1t has upon the
overall capability of the land and thus no further
capability rating for it is required.

Soil texture affects the nutrient status as well as
the effective depth of the soil profile. This former
effect is neglected by both the interrelationships it is
involved in (Section 3.5:4) and thus a further analysis of
it independently is required.

The relationship between the gualitatively measured
land charadterisiics and the capablility scale is represented
graphically. The optimum measured field values will have
the highest capability le. 10. The posalble range of
values between this and the permitted range of values is

171
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large. However, the advantage of this graphical
representation is that the exact capability value for all
these possibilities need not be known by the user as they
may be determined directly in the computer from the graph.
This is important if raw (le. unclassified) data are to
be used.

It was hoped that the graphical relationships
incorporating the influence of any interrelationships with
other land characteristics, would be obtainable from the
literature or persons visited. However, for the majority
of characteristics it was only possible to obtain a general
graphical relationship with none incorporating any
interrelationship. Most graphs are a simple linear
relationship between the optimum and limitlng values owing
to a lack of detailed information. Thus it is realised
that these graphs will be subject to future modification as
this detalled information becomes available. The procedure
allows for such modifications and Section 4.6.2 describes how
this is done. In several instances, the relationship
betweer the land characteristics measured £ield value and
its capability was qualitatively described eg. 'high'
rainfall, and this necessitated its interpretation into

gquantitative terms,

3.5.5 .1 'The Analysis of the Usable and Non-usable
gurface Area and the Inhibiting and Non-
inhibiting Networks

The usable and non-usable suxface srea and the nunber
of inhibiting and non-inhiblting networks within a grid cell
is a funetion of the land use studied and the grid cell size.

ey, water surfaces are non-usable to agricultural land uses
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but are usable and in fact necessary for water recreation.
The set ¢f land characteristics grouped as either usable and
non-usable surface area and either inhibiting or non-
inhibiting networks will thus depend on the land use.

The amount of usable land present is represented
both by the land characteristic grouped as representing
usable surface area and by those which are grouped as non-
usable. To give both sets of land characteristics for a
land use is thus repetition and for each land use system,
only one set of land characteristics is included in the
control data set (Section 4.4.2). This is the non-usable
surface cover and will include both ground and water
surfaces. All possible types of ground surfaceés have not
been included in the sets of land characteristics used to
evaluate the land as this was unnecessary. All those
representing non-usable ground surface ¢over havé- been included.
For those land uses which require a water surface, the set
of land characteristics for non-usable surface cover will not
include all the ground surface. Thus, in these instances
the usable surface area which is all water surfaces is glven
instead of the non-~usable surface area.

The feasibility of utilizing a grid cell of a known
sapability is influenced by the area of usable land present.
A capability rating derived for the amount of this area will
not be a function of the land but of the selécted grid cell
size. A great advantage in being able to select different
grid cell sizes is that the degree of detail captured in the
overlay and thus evaluated, may be increased by choesing a

cell size representing a smaller area of the landi The




evaluation will be more sensitive to differences in the land

due to the increased detail present in the data.

Any difference in the capability derived frr the
land between analyses using different grid cell sizes would
also be due to the differing amounts of usakle surface area.
Thus the capability rating of the usable lard present is
unreasconable. A capabllity rating for the numbexr of
inhibiting networks which effectively decrease the usable
surface area, is also .mreasonable.

these features will limit the usefulness of the capability

results obtained.

area remaining within a cell after the amount of jnhibiting

networks and nen-usable surface area has been calculated, is

printed.

The number of inhibiting hetworks must be converted

Therefore a map of the usable surface

Yet, the exclusion of
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to a surface area figure for its inclusion in this calculation.

The number of these networks equivalent to a particular
surface area coverage depends on the grid cell size which is

a user variable and thus these valuss must be given by the

user. Defaults are present as follows:=-
>5 = 100 per cent cover
4 -5 = B8O per cent cover
2=~3 = 40 per cent cover
1 16 per cent cover.

Non-inhlbiting networks become inhibiting above the
permitted value given for the land use seing studied, in
which case the capability walue derived for this group of
land characteristics is zexo.

the dexived capability value is 10.

Below the permitted value,

The same capability
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values are derived for chose land characteristics grouped as
usable land surface cover for those land uses requiring a
land surface.

The advantage of the graphical representation does
not apply to qualitatively measured land characteristics as
the values recorded do not normally follow a numerical
trend which can be graphically represented. Therefore
capability tables are used in which each possible recorded
value is given a separate capability rating. These tables
may algo be changed as more information becomes available:

It is assumed that the relationship between the
measured field value of a land characteristic and the
capabllity scaie, are constant within a land use system.
This is a reasonable assumption at present since insufficient
information is available to indlcate the differences between
the land use types. However, it is hoped that this
situation will change and enable these differences to be
incorporated into the procedure, thus increasing its
sensitivity. This will compensate for the possible loss in
exacution speed resulting from the increased number of
graphs and tables which will need to be retzieved.

3.5.6 The Capability Graphs and Tables

For a full understanding ¢f the graphs (Figs. 6 - 14
and Tables 25 = 60) Section 3.5.2.4 - 3.5.3 nust be referred
to.

Three groups of dapabllity graphs &re present:-

(A) The scale of the x-axis is common to all the
land use types within the land use system.

(8) The scale of the x-axis varles between the land

i




use types owing to differences in the permitted range and
optimum values. Each difference is treated as a separate
graph which is identical in shape and number of points.
This is important as cevtaln steps in the computer program
require that this be so.

(C) The optimum or the end point of the x~-axis, or
both are given by the user, because the specific values ave
dependent on the particular land studied and other variables
eg. economic variables, Default values have been iacluded
{Section 4.4.2) and are given in the Figures. A fourth
group exists which is a combination of Groups B and C.

The capability graphs and tables used in the
evaluation of each land use system are given in Pigs. 6—14.
and Tables 25~60 respectively. The capability ratings
glven in certain tables are éompletely dependent upon the
¢ituation present and are thus not given a default table in
this dissertation. The tables concerned are indicated in
Tables 62-70. fThe definitions of each land characteristic
is repeated below for easier reference and a clearer
understanding of these graphs and tables. The
conglderations used in their development are briefly described:~

(a) Dand Cover and Man-made Structures and Boundaries

Roek surface The presence of usable and non-

)
)
Lake ) ugable land surface. Either
}
Reservolr ) effect increases with their
)
Township } coverage. For the fotmer, the
}
)

Industrial area dapability is lo.
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Settlement The presence of usable and

National park non-usable land surface.
Provincial park Either effect increases
Municipal park with their coverage. For
Private park the former, the capability

Mountain Catchment Area; is 10.

Wilderness area
Vviei - A waterlogged condition and non-usable land
for most land uses. These effects incre=ase
with its coverage.
Boulder cover } The manoeuvrability over the
Gravel cover )) land is reduced while land
Rocky distribution ; preparation methods are
hindered with an increase in

thage values.

River )} The accessibility of the land, the
Stream ; possibility of its dissection into
Powerline ; smaller units and the rewoval of
F Railway ; usable land increases with the
9 Paved road ; number present.
)

unipaved road
(b) Relief
Hillslope element ) The surface runoff ibcreases
Slope gradient { with slope gradient and length.
Slope length ; Thus soil erosion and water
vatchment indreases while soil

f infiltration and the probability

of waterlogging decireases.

¥ bility and accessibility

also decrease.




TS

BAspect of a slepe - Nor

sol,

th-facing slopes receive more

ar radiation than south-facing

slopes.

Neight above water - The
pre
Koppie -~ The manoeuvrab.
land is low.
most land use
its coverage.

Batural land feature -

Gully ~ The land is vul
non-usable for
effects increds

(e) Geology

stratigraphic unit

Transported soil origin

Natural rock group

Mineral ore deposit

Depth to mineral ore
deposit

Depth to bedrock

probapility of flooding is
sent below ten retres.

ility and accessibility of the
The land is non-usable for

and this effect increases with

The presence of a desirable or
undesirable feature. This
effect depends on the type
present.

narable tc soil erosion and is
most and uses. These

e wilth its cover.

The soil failure hazard

) depends on their values

The durability depends upon

the particular group.
The bresence of a desirable
land feature and this
desirability depends on the

type prasent.

with depth. Also the ease
of constructing foundations

and soil strength increases

with the bedrock depth. ”

The excavation costs increase

i
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Geological discontinuity — The potential soil fallure
hazard is a function of
the type present.

Factor of safety - The safety of a slope increases

agbove a value of 1.
Rock hardness - The durability increases with

their value.

Secondary minerals - The durability decreases with
their increase in value
{d) Seil
Subsoil texture - The water movement through the
soll profile and the cation
exchange capacity depends on its value.
Topsoil texture - The soil infiltration and thus soil N
erosion and streamflow, and the
cation exchange capacity depends on
its value.
goil horizon - The water retention and thus soil i
type failure hazard depends on its type. E
801l eérodibility ~ The potential soll loss decreases
index
with an increase ii its value. .
Soll permea- ~ The water infiltration and wovement

bility index
through the Soil profile increases

with its value.

Rooting deptn - The limitation to root extension
decreases and water capacity
increases with depth.

Depth to water =~ The ease of foundation construction, }

gable soil strength and the water h?lding

capacity inc;reases with depth. *
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Exposed soil - The soil erosion hazard increases
length
with length
Soil joint ~- The potential soil failure hazard
structure

is a function of the different
types present.

8cil activity - The soil failure hazard increases
with activity.

Soil salinity }= The soil salinity hazard increases

Sodium )} with an increase in their values.
adsorption ratio)

Soil deficiency ) - The presence of an undesgirable
Soil toxicity } land condition and this effect

depends on the different types

present,

Soil pH - The soil fertility depends on its
value.

So0il cation ~ The soil fertility increases with

exchange capacity
an increase in its wvalue.

Soil organiec - The soil fertility, infiltration

matter
and water retention increase with it.

{e) Climate

Climate N-factor =~ The durability of natural rock is
greater above the value of 5.

Wind velocity ~ The damage to vegetation and man~
made structures and the potential
soil loss increases with wind velocity.

Frost temperature ) rimiting temperatures to plant

Janvary temperature} growth.,

July tempexature )




Y
i N -
‘
[ »
i ’
H 8l
Frulting season ) =~ The probability of economic
length )
) produce increases with their
Season length )
length. :
Season quality ) ~ The limitation to plant growth
. )
¥ Rainfall total ) decreases with their increased
i
4 Water deficit ) value
§ period )
k . Rainfall energy ) -~ The surface runoff and thus !
Runoff total ) soil erosion and water catchment
increase while soil infiltration }
decreases with increases in their value.
(£) Biological Characteristics ;
Physiognomic -~ The possible cover dnd climatic
vegetation type
cond.*lons present depend on its type.
Floristic -~ The possible presence of desirable
vegetation type
and undesirable specles,and climatic
conditions depends on its type.
: Woody cover ) = The manceuvrability over the land
Woedy distribution) is reduced while land preparation
methods are hindered with increases !
in their values. !
¥
N . Gama gpecies ) -~ The presence of undesirable or
)
Protected plant ) desirable species and this effect
gpecles )
} is & function of the types
! Animal host i
: species } present.
)
! Protected }
it animal species ¥
' The land characteristic definitlons gilven below describe
whether the consideration of the land characteristic as a
usable or non-ugable surface area or an inhibiting or nén~
[
Fo 2 ;
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inhibiting network is peitinent (Section 3.5.5.1), the units
of measurement used in the capability analysis procedure
and the manner of deriving the capability rating.
Unless otherwise stated, the capability rating of each land
characteristic is derived fxom a capabllity graph. Where
reference is made to numerical codes, these are derived by
the user himself if they have not already been developed for
the resource inventory used. The spatial distribution of
all the land charactexistics must be recorded in their
measurement eg., the area boundary within which a protected
species is found is measured and stored as the geo-reference
for that particular species whose name and numerical code
are stored in the data string.
(2} Land Cover
The percentage area within a grid cell is calculated

for the following which are treated as either usable or
non-usable surface areas:~

Rock surface - the land suxface covered by
an exposed rock surface.

Beoulder cover - the land surface covered
by rock fragments greater than 25 cm in diameter.

Gravel cover - the land surface covered hy

rock £ragments between 2 and 25 cm in diameter.
Lake - the land surface covered by a
natural or man-made lake in which the water Ls held by & non-
earthwork dam. The name and numerical code are stored.
Reservolr ~ the land surface covered by
water held behind an earthwork dam. The name and numerical

code are stored. .




vlei - an ill~drained land surface.

Rogky distribution - the distributicn of
the boulder cover. Indicated by 'l for a single ¢lump;

*2° for scattered clumps; and '3' for a scattered

distribution.

The number within a grid cell is calculated for the
following which are treated as either inhibiting or non~
inhibiting networks:-

River ~ the presence of a river whose
name and numerical code is stored.
Stream - the presence of a stream.

(b) Relief

Hillslope element ~ a particular component

of a hillslope, indicated by a class number (Section 3.4.2).
The capability is derived from & capability table.

Slope yradient - the percentage steepness
of a slope.

Slope length - the length of a constant
slope gradient in metres,

hspeact of a siope ~ the direction in which
a slope faces. Messured in degrees from truve north,

Height above water =« the vertical distance
in metres above a lake, resexvolr, river or stream. This
is a limiting land characteristio.

Matural land feature ~ the presence of a
natural land feature with aesthetie¢ or conservational value.

A name ahd numerival code are stored, -

183
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For the following, the percentage cover within a

grid cell is calculated and they are treated as either
usable or non-usable surface areas:-

Koppie - the land surface covexed by a
boulder-strewn hillock.

Gully - the land surface covered by a
water~worn channel.

{c) Geology

Stratigraphic unit - a particular succession
of rock types. A name and numerical code are stored (Table
8). A capability table is used to derive the capability
rating for each type with respect tc the general or a
particular soll failure hazard eg. sub-surface erosion.

Transported goil origin ~ the landscape
pogition of soil which has been transported by a natural
agent in recent geological times. A name and numerical
code for each type of orlgin are stored (Table 49}. A
capabliity table Is used to derive the capabllity ratings.

Natural rock group - a natural rock group
as classified by Weinert (1969) and the class number is
skored, A capability table is uged.

Mineral ore Qeposit ~ the presence of
underlying mineral ore-bearing rock. A name and a
numerical code for each mineral type is stored. A
capabllity table ls used.

Depth to the mineral ore deposit - the
distance in metres from the ground surface to the underlying

mineral cre-bearing rock.

3
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Depth to the bedrogk - the distance in
metres from the ground surface to the underlying bedrock.
Geological discontinuity ~ a plane of
weakness eg. a fault or a fracture In the bedrock. A name ;
and a numerical code signifying the nature of the weakness
is stored. A capability table is used. H
Factor of safety -~ the ratio of the ;
strength of a soil or rock siope to the disturbing forces. !
Rock hardness - the vnconfined strength é
of a rock measured in M Pascals. i
Secondary minerals - the pexcentage of I
secondary minerals in a rock sample seen wider the mic¢roscope. é
Ten per cent fines test - the pressure in §
kN which must be applied to a rock to reduce ten per cent of j
it to fines.
() soil
Subsoil textuxe - the soil texture of each
horizon below the topsoil and within 150 cm of the soil '
profile. The textural class az defilned by MacVicar gt al
F (1977) is recorded together with the relevant class number

{Table 6). A capability table is used.

Topsoil texture - the soil texture of the

topsoil. The textural qlass as defined by MacVicar et al
(1977) together with the relevant class number (Table 6) fis
h stored. A capability table is used.

8oil horizon type - the soil textural
¢lass as described by Jennings et al (1973) (Table 7). A

capability table is used.

561l erodibility index - the potential

% @y

¢
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erodibility of exposed soil as determined by Scotney (1377),
indicated by a number (Section 3.4.6}.

Soil permeability index ~ the potential
ease of water movement through the dorinant soil series of
the uncongolidated soll, indicated by a number (Section
3.4.7).

Rooting depth - the distance in metres
from the ground surface to consolidated material or the
water table should this be above the former.

Depth to the water table -~ the distance in
metres from the ground surface to that level at which all
the soil or rock is saturated.

Exposed soil length - the lendth in metres
of bare, previously eroded soil,

goil joint structure - the presence of
joints in a soil horizon. A numerical code and name for

the type of joint (Jennings et al, 1973) is stored., B

capability table is used.
Soil activity - the ratio of the plasticity
index to the perceritage clay fraction for a soll herizon:
Scil deficiency - the presence within the
topsoll of a plant putrient at an insufficient concentration
to support plant growth. The name and code of the nutrient
is stored. This 18 a limiting land charactzristic.

Soil toxigdty = the presence within the
topsoil. of & ohemical or plant nutrient at a concentratioen
toxic to plant growth. The name and code are stoved,

This is a limlting land characteristic.
Soll salinity ~ the electrical donductivity

10 ng n°l within the topsoil.

e e e R v i .




Soil pB -~ *he hydrogen ion concentration
in the top soil.

.
Sodium absorption ratio - N2 oo in mel”! in
C52+ + M92+ water
7

Soil cation exchange capacity - the total

ampunt of exchangeable cations in me per cent within the top
goil determined by leaching with either INRCL or O,lNBaClz‘

Soil orgapie matter - the percentage organic
matter in the topsoil.

{e) Climate

Climatic N-factor - the value of the climatic
weathering zone defined by Weinert (1978). It is a 'controlling®
land characteristic which is not awarded a capability rating.

Wind velogity - the mean wind velocity in m 5L
for the months of September to November inclusive.

Frost temperature - the mean annual lowest

frost temperature in degrees centigrade.

. The following limiting land characterisviesi-
(a) January temperature - the mean dally maximum
January temperatiure in degrees centigrade.
{b) July temperature - the mean daily maximum
July temperature in degrees centigrado.
Hall oceurrenge - the mean number of days
with hail per annum.
Fruiting season length - the mean length in
days of the frost free peried.
Season length = the mean time period in days
during which above ten per cent of the annual rainfall is

received,

e
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{6) Season guality - the mean number of rainy
pentades wirhin the season length.

(7) ¥ater deficit period - the mean annual
time period during which the evaporation exceeds the
rainfall or the water deficit period shown in a climagram.

(8) Evaporation - the mean annual evaporation

from a Class 'A' evaporation pan measured in mm a_l. This

'controlling' land characteristic is not given a capability

rating.

(9) Rainfall total - the mean annual
precipitation measured in mm a—l.

(10) Rainfall energy - the mean annual rainfall

energy measured in am2a7t

{11) Runoff total - the mean annual surface

runoff weasured in n?'hiz. The conversion of norgan
feet aile 2 to n’knis 8 565,180 x 0,346 (Survey
Department 1979, personal communication).
{£) Biological Characteristics
The name and numerical code are stored for the
vegetation types whose capability is de..ved from a
capability table.
Physiognomic vegetation type - the
vegetation stype or subtype classified by Greenyay (1973).
Floristic vegetation type - the Vegetation
type classified by Acocks (1975).
#Hoody cover - the land surface covered by
a woody canopy. “he percentage covered in a grid cell is
naleulated and treated as either a non-usable or a usable

sarface area. .
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Woody distribution - the distribution of

the woody cover as recorded for rocky distribution.

The name and code for the following are stored and
a separate capability tabue for ach is used.

Game species ~ a higher animal species
listed as ordinary game in the Transvaal Prov.ncial
Oxdinance No.l7.

Protected plant speciss - a higher plant
species listed as specially protect«d, rare or endangered
in the Transvaal Provincial Ordinance No.l7,

Animal host species - a higher animal
species acting as a host for a pathogen.

Protected animal species - a higher animal
species not listed as pests or ordinary game in the
Transvaal Provincial Ordinance No.l7.

{g) Man-made Structures and Boundaries

'The percentage covered within a grid cell is
caleulated for the following land characteristics which are
treated as either a pon-usable or a usable surface area.

Township — the land suxface covered by the
non~industrial section of a town, city or a group of
bulldings larger than a settlement. The name and numerical
code for the township are recorded.

Industrial area ~ the land surface covered

by industry.

Settlement - the land surface covered by a
group of buildings.

National park - the lahd surface covered by

a nature resexste managed by the Natioral Parks Board. The




name and numerical code are stored.

Provingial park - the land surface covered
by a nature reserve, managed by a Provincial authority. The
name and a numerical code are stored.

Munjecipal Park - the land surface covered
by a nature reserve managed by & municipal authority. The
name and a numerical code are stored.

Private park - the land surface covered by
a nature reserve managed by a private authority. The name
and a numerical code axe stored.

Mountain Catchment Area - land declared

as such under the Mountain Catchment Area Act of 1970, or
unforested land within state managed forest land, éhe name
and a numerical code are stored.

Wilderness area - land declared as such
under the Amended Forest Act, 1871, The name and a

numerical code are stored,

The number of each of the following land
chayacteristics within a grid cell is calculated and they
are treated as inhibiting or non-inhibiting land
characteristics.

Powerline ~ the presence of a high voltage
transmission line.

Railway ~ the pressnce of a main or
tribuvtary railway linz.

Paved road - the prasence of a paved road.

Unpaved road = the presente of an unpaved

#o02d with drains.

1%
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3.5.7 The Weidhting of the rand Characterigtics

The relative importance of all the land characteristics
evaluated, to the overall capability of the land for a land
use, is not the same. Yet the capability rating derived
for each land characteristic is based on the same scale as
though all were of egual importance. The difference in their
relative importance is included by weighting the capability
values of éach land characteristic by an assigned value which
depends on their importance with regard to that land use.

‘All land characteéristies given a capability rating
have a weighting value of at least one. It was hoped that
a default set of weighting values greater than one for those
land characteristics of greater importance would be obtained
from the literature and from discussions with various
specialists. However, the only information available was
their identification. Information on the relative importance
between them was simply unavailable. This is partly a result
of the fact that these weighting values may be used to reflect
the dynamic economic situation, the particular environment
ccncerned,.eéc., and are thus subject teo change. Only a list
of those land characteristics identified is glven bhelow,
The values stored in the control data set (Section 4.4.2)
are all ohe except for those in this list. These are given
values 22 to distinguish them ag being of more importance
and is not a true reflection of their relative importance.
A user will change these values as desired {Seation 4.6.2).
The relative importahce of a land characteristie will differ

between the land use types within each langd use system ey,
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a lake is of greater importance to water recreation than to
informal recreational activities; the slope gradient offers
a greater limitation to arable land than to natural
vegetation pastures. The weighting values given to the
iand characteristics grouped as usuable surface area are the
same, since only one capability value is derived. The same
course of action is followed for those land characteristics
grouped as non-inhibiting networks.

Considering each land use system;-

(a) Agriculture The topography (BEdwards, 1870},
climate (vink, 1975), moisture regime (Crafford and Nott, )
1972) and soil erosion (Elwell, 1977) are important. The
land characteristics involved are the slope gradient and
length, the hillslope element, the rainfall total and energy,
the season length and quality, the fruifing season length,
the watéer deficit period, the subsoil and topsoil textures,
the rooting depth and the soil erodibility index, the wind
velocity and the soil permeability index.

{b) Eorestyy as for agriculture, except for the
geason length and the fruiting season length are omitted.

(¢) gCongervation The protection and eéhservation
of land and species are important {Department of Planning
and the Environment, 1973). The land characteristies
involved are the protected animal and plant sr~ciés, both
vegetation types, the natural land feature, the Wilderneas
and Mountain Catchment areas, the National, Munieipal;
provineial and private Parks, the soil erodibility index,
the rainfall energy, the wind velocity, the slops gradient

and lefigth and the hillslope element. .




(d) Recreation The topography (Montgomery and
Fdminston, 1966) the trampling of the vegetation, the soil
permeability (vink, 1975), the water and the wildlife
present are important. The land characteristics involved
are the physiognomic and floristic vegetation types, the
slope gradient, the hillslope element, the natural land
feature, the soil permeability index and the topsoil and

subsoil textures, the game species, lake, reservoir, vlei,

CORRITLEAY ShE eam.
{e) and (£) Urban_and Ruxal Development: and
Communications The topography (Horak and du Toit, 1977%
Kiefer, 1972) tne soil depth (Klefer, 1972) the soil strength,

volumetric change and permeability (Jennings et al, 1973)

are of importance. rhe land characteristics involved are

' the slope gradient and length, the hillslope element, the
depths to the water table and bedrock, the stratigraphic unit,
the transported goil origin, the soil joint structure,
activity and horizon type.

(g) Bxcavation The durability of the rock material
is important (Weinert, 1969) as well as the topography
(Weinert, 1978)., The land characteristics involved are the
slope gradient, the hillslope element, the natural rock group,
the mineral ore depnsit, the rock hardness, the p rcentage of
secondary minerals and the ten per cent fines test.

(h) Water catchment The runoff, the vegetation
cover (Midgley and Pitman, 1969) and the soil moisture
capacity (Rowe and Golman, 1957) are important. The land
characteristics involved are the runcff total, the

physiogriomic and flowistic vegetation types, the soil
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rurneabllity index, the subsoil and topsoil textures, the
Jepth to the water table and the Mountain Catchment Area.
Foreglosuxe in options For each land use system
involved, the £y . :wing 1and characteristica are important i
(a) and (b) Agriculture and Forestry - rainfall total,
rainfall energy, wind velocity, soil erodibility index,
slope gradient, hi? ~pe element, soil pexrmeability
index and topsoil and subsoil textures, and rooting depth.
(c) Conservation - natural land features, protected
animal and plant species and the vegetation types, wW:rlderness

angd Mountain Catch it Areas, Municipal, National, Private

and Provineial parks, slope gradient, hillslope element,
rainfall energy and soil erodibility index.

(d) Recreatien - hi lslope element, slope gradient,
game species, reservoir, vlei, lake, river, stream, natural
land features, soil erodibility index and rainfall eneryy.

(e) Bxcavation - mineral ore deposits, natural rock

group, slope gradient and hillslope element.

{£) Watex Catchment - Mountain catchment area, the
physiognoinic and floristic vegetation, runoff total, soil
permeability index and subsoil and topsoil textures.

The Combination of the Individual Weichted Capability
Valués to give an Overall Capability Value

The individual weighted capability values of each land

3.5.8

characteristic are sumued to give the overall capability
value of a cell.
rhe number of land characteristics snalysed depends

upon: -

H




{a} The land use Each land use system and land
use type or land use within a system, involves the wnalysis
of & different numwber of land characteristics.

{b) The sevondary land data set (Section 4.4.1.2}.

Thls data set is complete when all possible land
characteristics have been measured. However, this will
often not be the case, Thus it is foreseen that a laud
characteristic required for the evaluation of a land use
will not have been measured and will be omitted.

{c) fThe survey scale at which the evaluagion is to

occur A land characteristic vhich has not been measured
at the required survey scale will be substituted if possible,
by a land characleristic or set of such at the alternative
survey scale (Sections 3.4 and 4.5(d)). If this cannot be
“oné, that land chdracteristic is omitted. Intomplete
wubstitution may occur if a set of land characteristics
substitutes one land characteristic and not 21l those in
thisz set have brzen measured.

¥or these reasons, the overall capability of a cell
will vary between different land uses analysed for the same
land data sets and between different land data sets analysed
fou hé same land use. A further reason for variation in
the overall capability is due to the different weighting
values assigned with respect to the land use. In order to
compure the results of different capability analyses, these
differences are removed by calculating the overall

sapability of a cell as the weighted mean.
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C =

wher:
< is
n is
W is
C is

max

The
The
defined as

present in

n n
g wiey g W)y

=0 R i=0

et~
the overall capability of a cell

the number of land characteristics evaluated
the weighting value of 'a land characteristic
the capability rating of a land characteristic
is the maximum capability possible for a land
characteristic ie. 10.

final valve is given as a percentage.

validity of each capability map printed is

the ratio of the number of land characteristics

the secondary land data set to the number

required for the svaluation of the land use at the survey

scale selec

should be considered when comparisons are made between them

as it will

ted. This ratio is printed wiEh each map and

indicate the completeness of the analysis. A

low ratio means that a large proportion of the necessary

data in the
land charac

evaluated.

land data set is not present and thus all the

teristics needed for the znalysis were not
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CHAPTER 4

4. THE COMPUTERISED PROCEDURE
4.1 The Approach

The land is surveyed at a selected survey scale
for a selected number of land characteristics.
results are mapped to depict the spatial arrvangement of
these land characteristics and this arrangement may be in
the form of polygons, networks or discrete points. Bach
map Ls digitised and stored as a primary data set in a data
base. The land charactgristics measured at discrete points
may represant a polygonal distribution eg. rainfall gauges
measure the precipitation of an area. Such data are
interpolated to produce continuous cover maps by the program
INTER (Section 4.2), before they are stored as a primary
data set.

The digitising program CONTOR and relevant
editing programs (Section 4.4.1.1) create the
primary data sets. The land capability analysis program,
CAPANAL, reguires that the land data evaluated be in the
form of grid maps (secondary data sets). These grid maps
of a selected grid cell size are set up by overlaying the
digitised maps (primary data sets) using the program OVER3
(Section 4.4.1.2) and are stored within or linked to the
same data base where the primary data sets are stored.

Bach land characteristic within ¢ cell is evaluated
separately with respect to a land use. The information

deseribing the method used to evaluaté each characteristig




viz. whether it is a limiting characteristic, whether its

capability is derived from a capability takble or graph,
whether it interacts with another land characteristic,
whether it represents either a usable or non-usab.e surface
H area or an inhibiting or non-inhibiting network etc. is
stored in control data sets within or linked to the same

y data base system where the primary data sets are stored.

The capability graphs and tables, the factor ¢graphs and

the names and codes of the land use types and the land

' characteristics are also stored in these control data sets. ;

This i ion may be d d and ch d by the I

interactive program PREP (Section 4.7). The secondary .
data sets to be evaluated and the contyol data sets for i
the land uses to be studied, are selected by the user 1
under the direction of an interactive program. EVPREP
(8ection 4.7). Other information concérning the running
of CAPANL, must also be giveh by the user and is i
specified in Section 4.5. The main programs of the
capability analysis procedure, from these used to ureate
the primary data sets to the execution of CAPANL, are
liuked together by a suite of interactive programs.
The interactive computerised procedure as just ]
described, is summarized below:- £
a. @ollection of the data as polygons, networks l}
or points and their presgeéntation as strvey maps. g
b. bigitisation of the survey maps and theit %,
storage as primary data sets.
¢. Creation of secondary data sets at a selected

grid cell size. . .




a. Selection and editing of a control data set to
be used to evaluate the secondary data set for its
capability to support a land use.

. Selection of the options available in the
execution of CAPANL.

£. The running of CAPANL.

Flowcharts of the programs written for this study
are given in the following sections, as well as a listing
of all the programs. Not all the computer statements of a
program or section thereof are presented in these flowcharts,
Unly those necess$ary to iliustrate the fundamental task
being performed are given so that the flow of the program
is clear. The computer statement numbexs, variable names,
array names,; do loop variables etc. used in the flow charts
are identical to those used in the program or program
section being illustrated so that direct reference between
the flowcharts and programs is possible.

4.2 The Intérpolation of Data Collected at Digcrete
Points to Produce Continuous Cover Maps

Two basic two-dimensional interpolation techniques
are surface fitting and numerical approximation i{MacDougall;
1978) . The former technigue assumes that the spatial
pattern between the points ils known and Ls represented by an
equation. A program which computed the intexpolated value

from the equation given below was tested.
Z £ ¢
h k
(%, ¥y) = &y, XY
h=06 k é;o hk

whére Z:is the interpolated value at co-ordinates X; ¥
a is a constant calculated from the x and y co-ordinate

values h and k increment between zero and two.




The polygon boundaries produced could be likened to
contours of a relief map. However, environmental data
rarely have this form since the controlling factors
themselves rarely have a continuous negative or positive
rate of change over the land. The pattern is often
abruptly interrupted; eg. a mountain range will produce a
rain shadoy effect. The resultg from this program were
therefore unsatisfactory and misleading.

The numerical approximation technique assumes that
the spatial pattern between the Points is unknown. The
interpolated value at a given location is determined by the
distances between it and the values of a number of ’
surrounding data points. The simplest form of interpolation
by this method is to weight the average values of these
surrounding points by the reciprocal distance (McDougall,
1976); eg.:

x=% e /9% / %‘(1/%2) )
k=1 k )
where X 1§ the interpolated value
where Zk are the surrounding M data values
Dk are the distances from X to these points.

By squaring the distance, more emphasig is placed on
the nearby points. The difficnlty with this approach is
the specification of M which depends upon the spacing of the
data points and the spatlal variation within the map.
Generally the best values for M range from 6 to 9 (MacDougall,
1976) . INTERP listed by Macbougall was modified to include
the mean X value determined from this range of M values. The

results were not misleading but their accuracy is open ko
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question. This program is available but it is preferred
that mapped data using more sophisticated interpolation
techniques should be used rather than the filed point data,
provided that the detall represented by these maps
complements that of the other data items.
4.3 Data Storage

It is assumed that the data collected are stored in

a resour¢e inventory which will be a data base of different

data sets. - Aata elements for each data set are the
values and reference determined by the map
compilation =. . {Tomlinson, 1970}, for one land

characteristic. The map co-ordinates used, from which the
gerreferences are Jderived, are specified either by the
requirements of the resource inventory or the user. Each
data set is created by digitizing the survey maps into the
coiiter by means of a digltiser. This congists of a flat
surface to which the map is fixed, and a curser which
is positioned on the point to be digitised. When the -
cursor button iz depressed, the co-prdinates of that point
are read intc tha remputer. Thus the gpatial arrangement
of the data, which lg essential to land use planning, is
retained.

The data base to which the evaluation program is
linked should ba:~

{a}  Simple and easy to use.

(b) The data items should he retrilevable by a
georeference and/or by land éuaracteristic value.

(¢} Phe linkage betwsen the base and the procedure
should be quick and efficient. .
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Two data base systems available at the Witwatersrand
Computer Centre are OSIRIS (Organised Set of Integrated
Routines for Investigations with Statistics) and SAS
(Statistical Analysis System), both written primarily for
Statistical Data. Their application for ecologicail
data were investigated. The data sets for both systems
consisted of rows of observations and columns of variables.
For this procedure, the observations are equivalent to land
characteristics and the columns to their values and
georeference. Additional data sets containing the study
area names, locations, size, details of the land
characteristics measured, etc. would also be required.

It was found that these data base systems could be
used but certain disadvantages existed:-

{a} Bach system has a language of its own. Any
user of the procedure would requirée a knowledge of this as
well as FORTRAN in which the procedure's programs are
written.

(b) The cost of using the procedure is increased due
to the linking of two dlfferent systems, ie. the data bank
and the program of the procedure.

(c) Any interaction between the two will be complex
and expehsive as they cafhot be directly linked to one
another {since the languages are not the same).

(d) The proceduze will only be usable at computer
installations having both a FORTRAN compiler and the data
bank system chosen.

{e} SAS was the easier system to use but the data
elements are only retrievable. through the cbservatlons and

not through the variables.
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(f) Programs to transform the data items into H

gridded data are still necessary.

For these reasons, it was decided against using 1

1 either system. The ideal situation is the development of ;

a data base system for the purpcses of the procedure in the !

i same language as that of the procedure's program. It

should allow for the retrieval of data items via their

. value, variable name ar‘georeference. The programs and
base should be one unit. Computer languages such as PL/T
and COBOL are able to handle both data matrices and data
structures, the latter being the foém used in data bases

\ {Martin, 1977). FORTRAN is unable to handle these

structures,

A data base system need not be only for storage and

retrieval. Appropriate software can generate additional
information from that already stored and this facility will
increase its power and versatllity. The potential of this
facility will depend upon the amount and type of data stored.
The data base system would contain twe types of data =

(a) Geographical data being the georeference
information describing the boundaries of polygons, the
location of networks and points fox which variocus
measurements have been made.

(b} Dpescriptive data ie. the measured information.
The possible type of additional information generated is a
function of the number of data items stored.

The development of an efficient multipurpose data
bage system of this kind is beyond the scope of this study,
being one in its own right. Only a very simple interactive

system was written for this study. This was in Wits FORTRAN,




being the only language used .or interactive programs at
this Computer Centre. It is realised that the system ig
more cumbersome than if a language able to handle data
structures was used, but the desired interactive facility
would have been unavailable.

4.4 The Data Base System

The data required for this land capability analysis
are:-

(a) The land data consisting of geographical
references and measured information ie. gecographic and
descriptive data. The power of a.dats base systém is
increased if additional information other than that required
£0r a land capability analysls is stored, The descriptive
data for each land characteristic consists of a string of
data items all having the same spatial distribution and
being referenced by the same geographical information stored
in the geographical data string. This procedure only
requires the selection of a data item from the descriptive
data string which corresponds to the land characteristic
definition given in Section 3.5.5. buring the digitising
of the primary land data set (Section 4.4.1.1}, two data
items viz an alphabetical name and a quantitative value may
be stored, Bither value will be selected, according to the
formula given by the usex, and stored in thé secondary land
data set (Sectlon 4.4.1,2).

(b) The information oontrolling the evaluation of a
land usa; le: the control data sets.

4.4.1 The Land Data Sets

the capability analysis program CAPANL reguires that
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the land data be stored and retrieved in grid cells. The
advantages of this method are that straightforward computer
operations, simple data manipulations of complex data sets
and simple graphic display ls possible {Tomlinson, 1970).
If the land data are only stored in this form, its use for
othexr purposes and even for the capability analysis, is
restricted, For the former, a gridded form may be
undesirable and, fox both, the grid cell size may not be
of the required scale and the loss of detail (described in
Section 2.2:1.2) which is an unavoidable consequence of
using a grid, may be significant., , These restrictions are
removed 1f the data are stored in a map compilation form
(primary data sets). These data may be overlaid by a grid
of user cell size to give gridded data sets (sécondary data
sets). This concept was followed.
4.4.1 .1 Primary Land Data Sets

The primary data sets are crmated by means of a
digitiser which inputs the co-ordinstes of a point into
the computer, A simple program transforms these digitlser
co-ordinate values into those of the georeferende system
salected by the user and wriltes them into a data set. An
interactive program (CONTOR}, modified from one written by
A: Stuart of the Mining Englneering Department at the
University of the Witwatersrand, was used.

CONTOR (Fig.l5)

The map title followed by the origin and extreme
boundary points are glven by the user before any points are
digleised. From the latter informatlon, the map axes are

set v upon which the co-ordinates of all the digitised.
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points will be based, The georeference system is thereforc
use-defined. The National grid system inereases
numerically from the eguator to the poles, resulting in the

situation where the y-axis is reversed,

- the northernmost
co—ordinate (y max) value is less than the southernmost one
(y wmin). If this system is used, COWPOR reverses thes.

two points so that y max refers to the southern co-ordiiate,
the largest in numerical value. This will prevent errors
from occurring in later programs which reguire that the
maximuy value be such. This reversal is ignored when the
axeg are created and .45 not necessary for the x-akes sin;e
the co-ordinates increase numerically from west to east, ie.
in the positive direction of the x-axis.

CONTOR assumes that each point has three values, viz.
an x, y and z value. This last value is the contour value
which is the value bounded by the molygon ox the
value of the network ot that of the discrete point being
digitised, The z value is supplied by the user whenever &
new contour is digitised and it is composed of twe wvalues,
viz., a numeric and an alphabetic value 0 that either
duantitative or qualitative data or both may ba stored.

Soth values are stored in she descriptive data string from
which either may be retrieved for uge in the capability
analysis proceduza. CONTOR counts and stores the number of
points digitised pec contour, the maxlmum allowed being 8600,
Wetworks are treated as unclosed polygons and point data as
separate, one point contouxs. The digitising time ls
decreased for the latter 1f points of the same z value are
treated a® being on the sawe contour, ie. one z value is

given for a humber of poilnks Notworks of the same 2 vdlue




273

value may be combined into one network provided that the
first point is digitised twice to mark their beginning.

This will again decrease the digitising time particularly if
the networks are short as th: vrooram steps to end a contour

and begin a new ane are not executed,

Each contour is. stored as a linear array contalning
the x and y co-ordinate of each point. These points are
numbered sequentially throughout the arxay. Thus the
numbers of the beginning and end points .of éach, contour are . i
stored with the z value le. the value of the contoux, in
separate arrays.

CONTOR is an intsractive program, Only data sets
in the WITS data base gystem can be assessed by interactive
programs executed at this University's computer installation.

Thus the digitised data are stored initially as a file in the
WITS data base. The point co-ordinates are stored accordiné
to the format F10.3.

EDIT, . :;TLE, EDITRT (Figs. 1%, 17

The program {OVER3), which creates the ¢gridd.d data
sats (secondary data sets) assumes that all polygons are
closed and that no polygon or network extends beyond the map
boundaries, However, human errér in digitising the maps
will be prasent, resulting in the possibility that these
assumptions would be invalid. all the digitised data sets
are edited to remove such errors: Three interactlve
programs dealing with the three forms of data, viz. polygon,

network and discrete points, are available. AllTnon= . ¢

e
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required contours or sections thereof are deleted using the
g WITS editor (WIT850 1977) before these programs are entered.
: These edit programs renumber the contours to allow for this
deletion, A qualitetive 2z value must be given a numerical

code for computer use eg. the name of a game species may have

been stored previously by CONTOR and a numerical
code is required. These programs add the appropriate sode
value to the descriptive data string by selecting the
correct code from a table listing each alphabetic value and
its numerical code. This table is given by the user. H
Bach program searches for any-points’ lying ocutside . ;
. the map becundaries. These are replaced by one point lying
on the boundaries so that the extension to these boundaries %
is not lost. For point data, this is not necessary and i3
such points are deleted. In addition:= ' :
EDIT (deals with polygon data) sets the last point i
equual t6 the first point to ensure that each polygon is i
closed and ig illustrated in Fig.16. §
EDITLF (deals with network data) separates any !

networks which may have been combined together and is f

illustrated in Fig.17.

EDITPT {deals with point data) breaks up any chains
of points intoe individual points. The separation steps are
fundamentally the same as those depleted in Fig.17.

The edited primary daka sete are stored as files in
the WITS data base since the unedited data gets are
already in this data bage and they may be accessed by the

interactive facility.
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The data in the primary land data sets at the
completion of the editing is:=
Title

HOPT This irdicates the spatial distribution of

the digitised points.Polygons, networks and

discrete points are coded by 1, 2 and 3

respectively.

ISUFF  indicates whether the surface cover of the

land characteristic is to be calculated

during the transformation of the map intc a

grid map (Section 4vdvi,2)v . o

IDES 1s 1 of the polygons digitised are discrete

ie. none of its boundaries are shared with

another polygon. i

WUMBER 1s the number of polygons, networks or ;
discrete points stored.

CRE is the value by which the map co-ordinates
increase.

SCALE is the scale of the map eg. a map at

1:100 000 has a scale of 100 000.

AXMIN )
2%&?% g are the southern, northern, western and )
AYMAX ) eastern co-ordinates of the map.

4.4.1 .2 secondary Land Data Sets
These sets contain the gridded land data created by

separately overlaying a number of edited primary data sets
with a square grid of user selected dimensicns. Bach grid
cell of these data sets contains a number of valués
corresponding to the number of priimary land data sets

overlaid and the sets are created by two programs, SETUP and
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OVER3. The data sets are written by unformatted write
statements which are faster than formatted ones (MacDougall,
1976} and thus a variable data record length is reguired (a
variable blocked open record format was used). The WITS
interactive system cannot retrieve such recoxrds and thus
these‘sets are not written into a WITS file. Other
peripheral storage ls use., eg. a tape or a disc.

SETUP creates a secondary data set with zero values
for each grid cell. OVERI writes the results of each ovexrlay
of the primary land data sets into this data set.

It is preferable to use existing.bug-free computer " ..
programs that perform a desired tagk than to repeat woxk
which has already been done. Several programs overlaying
a grid of square cells upon a map were found:-

(a) UCLMAP had been obtained from the University
of London by a member of this computer centre. Unfortunately,
its potential use could not be lnvestigated as two
subreutines were found to be missing.

{b) BOUNDRY2 (MacDougall; 1976). an attempt to
run this program unearthed several bugs which the author was
unaware of at the time of publication. Correspondencs: with
MacDougall did not overcome the problem as no bug-free
version was available.

(c) GRDGEN was obtained through correspondence
with MacDougall {1978, personal communication). It was
written for a CDC Machine and required certaln modifications
before it could be run on the IBM machine at this computer
centre. Thus, it was not completely bug-free.

(d} PLAN was written by the Mining Efgineering

Rasearch Unit at this University. It was bug-free and




available for use. The Mining Department were concerned
with overlaying maps showing mined and unmined areas only.
Tha mesi. dominant of these two alternatives was stored
each grid cell.

In this procedure, a grid cell may have a range of
possible measured values ie. not only two as PLAN caters
for and the data may have an area, network or point
distribution. Certain changes to PLAN were necesgary and
eventually a completely new program (OVER3) had to be written.

The dimensions of the digitised map are limited by the
peripheral storage available at the”@ompuer installatiopn. 2
The dimensions of the grid are restricted by the smaller
CPU storage and may thus be smaller than tue dimensilons
reguired to overlay the map completely. The grid dimensions
depend on the number of grid cells required to overlay the
map and is a function of the grid cell size. If these
dimensions exceed the CPU storage, the map must be overlaid
in sections.

This may be done by:-

{a) The polygons, networks or points are

retrieved and overlaid individually. However, the problem

of combini j these separate overlays into one grid map which

accurately depicts the spatial relationsh! 1en the
individual polygons; etc, is extremely It is also
nore efficient in computer time to retzic . overlay more

than oné polygon; network or point at a time.
{b) 7The grid is laid down over a particular
section of the map and all polygons, networks or points

lying beneath it are retrisved and overlaid. The grid is

it
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moved systematically to new positions until the whole map
has been overlaid. However, secticns of a polygon or
network could lie beneath the grid and, if only these
sections are retrieved, the polygon is not closed. This
increases the complexity of the program unless the polygons
are closed before they are overlaid. This proved to be
very difficult as all possible polygon shapes must be
catered for. An attempt to close the polygons was made but
it could not be guaranteed that all possible shapes had been
catered for. Retrieving the whole polygon is a method of
assuring th;t the polygon is closed-..;The_atteypt to close
the polygons was discarded in favour of this method. '

sETUR

The user enters the information describing the set,
viz. the title, the number of these two alternatives was stored
each grid cell will contain, the scale of the diyitised map
gtored in the primary data sets the grid ell size and units
and the extreme map co-ordinates of the area to be overlaid. '
This may be tne whole or a section of the map. The north
co~ordinate is always the maximum even if this i& not so on
the map eg. if National Grid co-ordinates are used, The code
numbers of all the land characteristics in the order in which
they are to be stored, is also given.

The selected grid cell size is used to
¢eleulate the number of grid cells in the whole overlay.
If this is greater than the allowed grid dimensions (50, 50),
the primary data set im divided into sections: This
division begins at the extreme south-west corner and moves
in an easterly direction before moving in a nor‘che;ly

direction as lliustrated in Fig.18. N
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Figure 18, The order in which the grid is overlaid
upon a map

For each section, the x and y co-ordinates of all the grid
cells are calculated by incrementing the map origin by the
product of the selectg% grid cell . .~he increment
between the map co-ordinates. This is 0,001 as CONTOR
writes the co-ordinate values to three significant places.
The selected grid cell size is the ratio between the grid-
map and the original map:~

{a} A grid cel; mlze of one indicates a l:l ratio
between these two, le, there is no change between them and
the increment between each grid row and column is 0,001. -

(b) A grid cell size of 0,5 indicates a ratio of
0,5:1,ie. the grid-map is twice that of the original map and
the increment between lts rows and columns i ©,0005.

(¢} A grid cell size of 2 indicates « vcitdo of 2:1,
ies the grid-map is half that of the original map and the
increment between its rows and columng is 0,00k,

ALl values of each grid cell are set to zero,

The state of the secondary data set when SETUP has run
lss-

Title, number of values, scale, grid cell size, units

and extrene map co-ordinates. -
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Number of cells (N), number of rows, ) ¢
number of columns | Repeated for :
x co-ordinats, y co-ordinate,) repeated; each overlay ;
n zerc values )} N times ) section
QVER3 (Fig.l9)
This program lays a grid of square cells upon the
surface of a map anhd stores one representative value for :
each grid cell. The heterogeneity of a grid cell is a §
function of the map scale, the detail recorded, the grid
i i cell size and the land characteristic mapped. A cholce
from the possibilitles.present must-he made when stoxing one : .:
representative value per grid cell.
Before any polygons or networks are retrieved for

overlaying, each is enclosed by a box. The co-ordinates

of these boxes are compared with the extreme grid co-ordinates
and any polygen or network whose box lies completely or

' partially within the grid, are retrieved. In this manner

it is assured that complete polygons ox networks are
retrieved. Only those sections which are within the grid

iteelf, are overlaid. No boxes are placed around the point

data. .

Considering «ach form of data separately:-
{a) Polygon. For each pslydon, the x co-ordinates
of the intercept of any of its digltised boundary segments

o
)

with the median line of a grid row are detérmined and stored,

together with the value measured for that polygon, Similax

triangle geometry ls used to calculate the intercept. Bach

boundary segmeént, delimited by two digitised points, is
taken. If it intercepts with the median line, the intexcept

is caloulated.
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Consider Fig.20,
Afx1,x1)

- =3C(x2y2)

Fligure 20 The interception of a boundary segment AC,
with the median line YEof a grid cell.

Boundaxy segment AC intercepts thh the median “Iine vE.

ABC = ADE
DE = AD
% iz X EC

Substituting in the co~ordinate values i-

(x =~ %) :H) x (w2 - =)

Bach polygon is retrieved sequéntially in the order in which
they were digitised and thus the order of the intercepts for
a2ll the polygons intercepting with the grid row in gquestion,
will be of that order.

EBach grid row is filled in turn before another row is
dealt with. When the X intercept valués are calculated,
the full extension of the grid row, across the whole map is
considered but only that part within the particular grid
section is filled. Since the polygons are closed; an even
number of intercepts will occur in pairs.

The x intercept co-ordinates are arranged into
ascending order with a corresponding arrangement of the polygon
ﬁeasured values, The sort routine given by Macﬁuugalt

{1976) was used.




Three types of cover represented by polygons are
possible:-
(i) Complete cover, eg. & soil map. Each
polygon has a neighbouring one.
(i1) Incomplete cover, ey. reservoirs. No
polygons have a neighbour.
{iil) Complete and incomplete cover, eg. farms.
A polygon may or may not have a neighbour.
Each cover type must be overlaid in a different

manner as blank grid cells are necessary in cover type {(b)

but arve incorrect for.cover type (a)y. . - s

(1) Complete cover Nedighbouring polygons will
have common boundaries and thus common x intercept values,
EBach polygon is digitised separately by CONTOR and thus a
common boundary will be digitised more than once. It is
absolutely necessary that the digitised co-ordinate values
of all the pbints along a common boundary be the same to the
third significant figure, so that they may be found by the
program, This equality cannot be assumed to be present
dite to the probability of human error having occurred during
the digitising process. Before the intercept values are
oxdered, this error ls correctéd by making any X intercepts
with a difference in value of ¥ 0,001; equal. During the
ordering, the polygon value stored with the x intercept
value, may remain with any of these ldentical ¥ intercept
values. Should it remain with the wrong possibility, it
may be separated from its partner (the intercepts occur in
pairs). This will canse an incorrect arrangement of the

polygon values although the 1.:“ercept atrrangement is .




»
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o

correct. This situation {illustrated in Fig.21) will

occur if the polygons are not dlgitised in a west to east

direction which is the direction in which the g¢rid is filled.
! The sequential retrieval of each polygon means that the
j order in which they are retrieved is that in which they were
‘ digitised. :

OVER3 corrects such situations by swopping the

position of the identical intercept values together with the

measured polygen value. These sorted x intercept values

are used to £111 up all the grid c¢ells in the row with a

measured polygon value. e e R .

The x intercept values axe compared sequentialiy with

the ¥ co-ordinate of the first grid cell‘'s median poilnt

until the first x intercept value, which is greater than
this point, is found. If this intercept is the first of

a group of identical intercepts, the last of this group is

It selected. The west houndary of the grid and that of the

g map section being overlaid, will now corxrespond. The next -
median point is taken and compared with this intercept and
ite neighbour. The distance between thece two intercepts
will describe the cover of the polygon. If the median

point lies between these two intercepts; the measured polygon

value of the left-hand point ig stored. This will not
necegsarily be thg desired dominaht cover. However, the
closer it is to the left boundary of the grid cell, the
probability of it being so ls increased, assuming that the
polygon extends over the whole ¢ell in the north to south
direction,

The choice of the dominant cover each time may only




Y

The int pt value arra if the order in which
the polygons are digitised is A B C and each polygon is
digitised in a clockwise direction:-

A B <
o, e _—

intercept a b ¢ d ¢ b a .
Polyyon 4 4 4 6 6§ 6 € - 2

value

The intercept valve arrangement if the order in which the
polygons are digitised in C B A.

c B A
P T e
e d d a b ¢ ¢ b
2 2 8 ] 8 6 4 4

Sort

Fig.21 The correction of the intercept arrangement
oocurring in program OVER3.
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be assured if the area covered by each polygon within the
cell is calculated. This is possible (Baxter, 1976) and
requires a significant increase in execution time and program
complexity. The accuracy of the area calculation will be a
function of the digitising process The greater the number
of points digitised for each boundary, the greater is the
accuracy of its reconstruction. The greater the
heterogeneity within a cell, the less is the probability of
a dominant value being present. Considering all these
.Acturs, it was decided that the required increase in
expense in calculating the area would. counteract any -
increased accuracy achieved in choasing the domxnant valu

In most instances; a smaller grid cell size will decrease

the heterogeneity within it and thus increase the probability
of the dominant value being chosen. A calculation of the
area covered was nhot performed by any of the overlay. programs
found, Machougall {1978, personal communication) in
BOUNDRY2, chose that value of the polygon at the bottem
right-hand corner with which to £ill the call. It is
thought that the use of the median point of the grid call is
preferable as the probability of a polygon about this peint
being that of the dominant cover is greater than that point
used by MacDougall. The median point of the next grid cell
is taken and compared with the two intercepts. The grid
cell is filled with the same polygon value. This is
repeated until a median polnt lying to the right of the
right-hand Intercept ls encountered. The next pair of
inter¢epts 1s taken and the whole process is repeated. In
this manner, the whole row ls filled, It is then checked

for any blank grid ceils. If any are present, they are-




£illed with the grid cell value to the left.

{ii} ZIncomplete covexr The method used to
determine the intercepts and £ill the grid cells is the same
as for (a) except that no corrections for common intercept
values and for blank cells is made.

(i1i) Complete and incomplete cover It is
assumed that no incomplete cover is present. Thus areas
with no measured cover are digitiged and given a zero value.
Phis value will be stored in those grid cells which overlie
this area. The x-seale of the capability graphs for
certain land characteristlcs are a.percentage gu;facé}qoyer “ s
value. However, since no area is calculated, such values
are not available. To correct for this situation, OVER3
stores a value of f£ifty per cent instead of the polygon
value if the percentage surface cover value is raquired.
variable ISURF in the descriptive data of each primary data
.set (Section 4.4.1.1) is given a value of 1, if this action
is reguired. The capability graphs and the permissible limits
have not been deleted since the facllity to c¢alculate the
sorface cover will be & useful future addition should the

extra be congldered work ile,

{b) Network Eacgh complete network is retrisved

sequentially. The ¥ cowordinate of the intercept of any
segments of the network with the top boundary of a grid row
are calculated as above, and stored together with the value
measured for the network. If the grid row is the most
southern one of the grid-map, the bottom boundary is alsc
included.

A network segment may not inte;cept with the top

boundary, but still be within the grid row. Or it may run
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horizontally directly beneath this boundary. In both ﬁ
instances, both the end points of the segment are storxed }
v unless, Ln the former instance, the segment is totally

. H ancluded within the grid cell, If this is so, only the

left-hand end point is stored, Duplicate values will be stored

H stored (Fig.22) since each network segment is considered

separately.

x1

b
S|
L

s 7ol SO

. Value a is stored for line segment x1, %2

Value b or ¢ are stored for line segment x2, x3
Value ¢ is stored for line segment x3, x4
Value ¢ is stoxed twice.
. Figure 22. The interception of a network xl, x4 with
a grid row .
Before the intercepts are sorted into ascending
order, the duplicate p&ints are removed.
The number of different networks within ezch grid
cell of a grid row is caloulated before another row is .
i considered. The x values in the intercept
: array are compared segquentially with the grid western
boundary until the filrst value within this boundary is
encountered. This value is compared with the right hand
boundary of each grid cell. ghould it lie to the left of
this boundary; the value stored for that grid eell is

incremented by one provided that the network valué is different
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i
i
te any others present. Subseguent grid cell boundaries are i

compared until this value in the intercept array is less b

than the particular cell boundary being considered. The

next x value in the intercept array is then taken. This

is repeated until all the grid cells and values in the

intercept array have been considered.

! The stored value in a grid cell for network data is
thus the number of individual networks within the cell.

! B The actual network type present is not lost because each

type is considered to be a different land characteristic,

eg. paved ropad, unpaved road, etc.-w:.

‘ {e} Ppoinc The x cr-ordinates of all points
‘ lying within or on the top boundary of a grid row are stored
It together with the value measured for each point. If the

grid row is the mrzt southern one of the grid map, the

bottom boundary is also included. These x co-orxdinates

are gorted into ascending order and the number of points
having different measured values within a grid cell is
calculated in the same manner as for networks.

The program dimensions allow a total of 3 000

digitised points to be xeétrieved for one overlay. A map

having more than this number may. be overlaid provided that

the total points sclected for a particular section of the

map to be overlaid is less than 3 000. The maximum number

of inbtercept per grid row ls 6 Q00. Error messages are
wiltten and the program terminates if elther value is
exceeded., The user must then create subsets of the data
sét being overlald so that these values are not exceeded:
Once the whole map hag been ayerlaid, il 13 inserted

into the secondary data set as oné of the land characteristic

. . ” Lo %
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values, which are stored for each grid cell. The
insertion method used is inefficlent since the FORTRAW
language is used. Each grid cell with its data string
is one record in the data set. TFor every overlay, only
one data item is changed. This could be done by
retrieving the record, changing the item and re-writing
the record before the next record is retrieved. However,
FORTRAN cannot be used to re-write an unformatted record to
the same position if each record is read sequentially. The
record is retrieved, changed and written te temporary disc:
Once the whole secondary data set h;gzbggq,retr%avedp it is
overwritten by that on the temporary disc. Tgﬂs, tlk’dh&le
secondary data set is re-written several times which is a tedious,
inefficient process. It could be rectified by a data base
system in which a land characteristic within a gnd cell is
retrieved separately and re-written back to the same place,
before the next grid cell is retrieved.
4.4.2 The Control Data Sets -

Varlous questions must be asked before a capability
analysis for a particular land use may be performed. These
are:-

{a) which land characteristics must be snalysed for
that scale at which the land was suiveyed?

(b} Is there an interrelationship between any of the
land characteristics and if sc, how should it be analysed?

(¢} Cah the measured value of a land charasteristic
be combined with another to give one value which is then
given a capability rating?

(@) How are the different land characteristics given

a capability rating?
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(e} What capabllity graphs, tables and factor
graphs are reguired?

The answers to these guestlons for each land use type
are the contrel data stored in a number of arrays. Bach
land use system and the foreclosure of options in land use
is a separate data set containing all these arrays which are:-l

1. INDEX stores the land characteristic code numbers
in asecending order, of all thosze analysed for a land use
type,for any survey scale. Where a péxticular land
characteristic is not analysed for a land use type, 2 zero
is stored sq that each.land use type as-thé same amolnt of "_ .-
information. Each land use type is stored in one row.

2. ICGD stores the capability graph numbers
used to give a capability rating to the land
charactéristics for each land use type. The order of these
nunbers correaponds to that of the land characteristics
stored in INDEX. A zero is stored if the land characteristic
is not yiven a capability rating by this method. Bach land
uge type is stored in ore row.

3.,  INDCT stores the land characteristic code
numbers which are given a capability rating from a capability
table, and the number of rows and columns in this table,

The oxder of the land characteristics given correspondls to
the order in wiich the capability tables are stored ih CAPT
{point 13).

1. The array type viz. real or integer, is indicated by
its name unless otherwise stated.

i
|
{
£
§
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(e) What capability graphs, tables and factor
graphs are required?
The answers to these guesticns for each land use type
are the control data stored in a number of arrays. Each
land use system and the foreclosure of options in land use
is a separate data set containing all these arrays which are:—l
1. INDEX stores the land characteristic code numbers
in ascending order, of all those analysed for a land use
type,for any survey scale. Where a particular land
characteristic is not analysed for a land use type, a zero
is stored sg that each-.land use type -has-thé samg'amo?pt of oo
information. Each land us. type is stored in one row.
2. ICGD stores the capability graph numbexrs
used to give a capability rating to the land
characteristics for each land use type. The order of these
numbers corresponds to that of the land characteristics
stored in INDEX. A zere ils stored if the land characteristic
is not given a ocapability rating by this method. Each land =
use type is stored in oné row.

3. INDCT stores the land characteristic code

numbers which are given a capability rating from a capability
tdble, and the number of rows and columns in this table.

The oxder of the land characteristics given corresponds to
the order in which the capability tables are stored in Capy
{poilnt 13}.

1. The array type.viz. real or integer, is indicated by
its name unless otherwise stated.




4. IS stoxres the land characteristic code numbers
which are analysed at a large scale (Row 1) and at a small
scale (Row 2). The number or numbers of the land
characteristics which may substitute a particular land
characteristic at the alternative scale {Section 3.4) axe
indicated by a minus sign in the row for the scale at which
it is used as a substitute (Table 61) eg. land characteristic
25 (factor of safety) analysed at a large scale, is
substituted by land characteristic 24 (geological
discontinuities) i{f it is absent, and vice versa. Table 61
1% used to set up IS for each land usﬁﬁsystémrbx.dmitFing
those coiumns for the land characteristics which are not
required by the system.

5. TL and BL store the permitted upper and lower
limits respectively for the land ciiaracteristios in their
order given in INDEX. These values are inglusive ie. the
values themselves aré permitted. Each land use type is
stored in one row.

6. HGT stores the weighting value for each land
characteristic in their order given in INDEX. Each land
use type is stored in ohe row.

7. IFAC The land characteristic code number of
that which is modified (Column 1) and that which centrols
(Column 2) together with the code indicating how the
modification is performed {Column 3) are stored. EBach
intexrelationship is stored in one row. The codes are:i-

1 = addition
2 - subtraction

3 = multiplication .
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4 - division

5 - capability table. .
eg. the $2il erodibility index {ecude number 32} is modified
by the rainfall energy (code numbex 57) and this modification
is performed by multiplying the soil erodibility index, by
a factor derived from a fsctor graph. The information
stored in the relevant row in IFAC will be 32 57 3.

8. FAC is an integer array storing the factor graph

numbers required by the interrelationships given in IFAC,

The order of these numbers corresponds to the order of the

interrelationships given in IFAC. “"Howevé¥, ifthe .., ..
modification involves a capability table, the value of the
controlling land characteristic governing the choice of the
relevant column in the table, is given eg. for the
interaction between the CGlimatic N~factor and the durability
of the natural rock, a value of 5 is stored as chemical
weatherinyg predominates below this value. .

9. I8A, ISAU contain the land characteristic code
numbers of those which are represertative of either usable
or non-usable surface areas respectively (Section 3,5.5.1).

1o0. INA, INU contain the land characteristic code
numbers of those whioh are inhibitihg and non-inhibiting
networks respectively (ﬁectien 3.5.5.1).

1}.  LENGTH, XAR; YAR ate the arrays in which the
capability graphs are stored sequentizlly in ascending
order of theli graph numbers. LENGTH contaifis the number
of points within each graph, XAR the x co~ordinatas and
¥AR the y-co-ordinates

iz2. FLEN, FXAR, FYAR are the arrays in wh{ch the
factor graphs are stored sequentially in the same masner as

for the capability graphs. FLEN ig an integer arvay.

296
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13. CAPT stores all the capability tables in

ascending order of their table numbers. For each table, the

first row contains the possible values of the land characteristics

which may be measured ard the remaining rows contain the
capability values awarded for these measured values. Rach
of these latter rows refers to a land use type. The first
column in each row contains the land use type code number
except for row one where a zero is. stored. Thus, each
table has n + 1 rows vhere n is the number of land use types
involved and m + 1 columns where m is the number of land
characteristic values possible. = A 1and-Use type’ fof which
the land characteristic is not evaluated, is omitted.

14. ANLT, JCNLT contain the name and numerical code

respectively of each land use type. The latter.is its
position ig the order in which these are described for each
land use system (Sections 3.5.2.4 - 3.5.3).

15. ANAM, ICODE cortain the name and numerical code,
respectively {Table 12) of each land characteristic in )
INDEX in ascending order of the code number.

16, The number of land charagteristics in INDEX
{NLC), of land use types (NLT), of capability graphs “.ICG’
and tables (NCT) of limiting land characteristics (NEX).
of land characteristics representing usable and non-usable
surface area and inhibitihg &nd non-~inhibiting networks
{NSA, NSAU, NNA, NNU), of land characteristics in I5 (survey
scale array), of interrelationships (NPAC) and of factor
graphs (NFG) are aiso reguired.

17. A title for each c¢ontrol data get is gtored in

axray TITLE. -
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Default control sets of the above information for
each land use system and the foreclosure of options in land
use are stored in the Wits data base system having been
obtained from the following figures and tables. (The
listing of these control data seks are given in Appepdix B.):-
i. INDEX, TD, BL  Tables 13, 16, 17-24.
ii. WGT Tables 62-70.
iii. ICGD Tables 62-70 and Figs, 6-14.
A choice of capability graphs is needed for a land
characteristic where a difference between the land use
types exist§ as indicated by a»difﬁggapg;_%n_yaluas in N
Tables 13, 16, 17-24. The column containing the capability
graph numbers in the Tables 62-70, gives all possible choices.
The correct number is chosen by comparing the values in TL
and BL with the graph in the relevant figure (Pigs. 6~14)
iv. INDCT, CAPT Tables 25-60
The column containing the capability table numbers used for
the evaluation of each land use systeém (Tables 62~70) -
indicates those for which no default set is given. If the
user does not supply the required table, this omissien is
ingicated in CAPT by a blank row.
v ¥AR, YAR, LENGTH Figures -6-14.
Vi Irac, Fac Tables 62~70C and Figure 4,
respectively.
vii. FLEN, FXAR, FYAR Figure 4.
vidi, ISA, ISAU, INA, INU, IEX Tables 62-70.
ix, ANLT, ICNLT Section 3,5.2.4 - 3.5.3

X4 ANAM, ICODE. Table 12.
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L Takle 62~ The Manner in which the Land istics ave Analyaed
foy the Land Jise atem
?
4 Surface] Nat-
) ; . . |2xea | works mxrx:e:tnlntiomhi?s :
1 Zand Characteristic e gé ;é 2| gleld AL HEN q
; A I AL P
* HEI R ARHE SRS R
: 81 &) 3|88 |BA| 218 |8%| 5| S585) Za8 [ £32
i
i LaHD COVER
N Rack surface 1 *
! j sou1des coves 2 .
i : axavay cover s .
H Rocky atstribution 4 15,16 {
! Lake 5 . "
: Resezvolr s el L . :
' vied . L2 N A N R
i River 8 *
: Stroam 9 *
i : AELIEE
N H Hillslope elemant lo . 1
3 Slope gradient | 17-19
: slope length FEN Y 1 . 1 s 1
! Hélght above water |14 *
Kappie 1s *
' Gully 17 - e f
so1n H
Subsodl texture 29 | * 2 X ‘i
Topsall textura a0 | ¥ 3 E
. S0l erodibility index|3z 20-23 8 2 4
804l permeabllity
H index EE 24-25 -
N : Rooting depth 34 * 26,27 29 3 2
: Depth to water table 35 28,28 29 4 2
X Exposed soll length |38 3
| Soll daficiency 38 »
' Soil toisity i .
: so11 salinity 4 3
soil pi 42 30,31 I
Bodivm absorpticn
abio 4 4 )
{ ]
1
— o . " S L3
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; Table 62 {contd.)
: Surface | Sec :
" o area works Intexrelationships
. Land Characteristic ¢ lr Eg gg é E\ ;‘: Eé:‘% § :
2 13| 32 l3ala]| 5, 33] B8o% 2% |82k I
‘ HEERER R A EHE R B
Q = =) CU (O D EACT A S 28O w e
soIn {contd.)
soll cation exchange
; capacity 44 5 ;
soil organic matter | 45 s
SulaazE
wind veloelty 47 1 §
Prost temperatura 48 8 i
Janusry temporature | 49 . H
July temperatura 0 v I
Heil oceusrence 51 |0 32,33 “ : PR A RS
Fruiting season ieagth| 52 * ] }
seagon langth 53 |+ 1 H
seanan quality s4 |~ 1 !
water daficit period |55 | * 2 :
Evaporation 56 .
Ratnfall total 57 |+ 13 s6 2 3
Rainfall energy 568 * 14
AR s
Phyaiognomic "
Vegetation type 5 4 :
Floristic N
vegetation type 6L s
*| Wandy cover 62 *
wWoody distribution 63 34,35
Animal host species | 66 e
From i
: Towaship 8 -
Industrial ares 6 N
Settlement 0 *
powdriine 72 *
Radlway 7 ' .
paved road k) *
Mountain catchnatt 7 *
npaved road 86 .

Nobe  * Mo default eapsbillty kable,




Table 63 = Tha Manner {n uf nd_cha: isticy are Analvsgd
Eor the Bopestry Land ysa Syskem

Land characteristic

Lamp.GovER

Reck surface
Boulder cover
Gravel cover
Racky distelbution
Lake

Regarvoir

Viei

Stream

River

BELIEE

Hillslope slemént
Sloge gradient
$lope length
Aspect of a 9lope
Haight atove warer
Roppla

Gniiy

sazu

suboila texture
Mopsoll texture
Soti erodibiiity index
sei:dgr:'malhiuty

Rooting depth

Depth to water table
Exgosad soll length
$oi1 daticiancy
soil vexielby

seil pH

el iy oo
041 oxganic matter

B e om oA oW om

48

'

|

Arithmetic
Punction

Code

Weighted
Limiting
Capability
Graph Mumber
Capability
Table Number
Bsable
Non-usable
Non-
inhiviting
Inhibiting
Controlling
Land char.

o o w
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| Table 63 (gontd, !
! Suzface] et~ i
i Land chaactaristic L | Jerea |wosks | sneerceistionsnips ;
H R s Tiela | ;
H [ 45 155 3 a| 488} Se :
; FRIEIECAE R EI P
: $18 0 5158 |58 (82 BaE|5idlast i
; 812 3[8d |ae (8|8 o3& Bag|ded |28
: SREMATE
wing veloclty ar 10
i Frost temperatura ] 1
January tempersture |49 * i
: Suly temparature 50 * Q
B H#ail cccurrence 51 12
: Season quality 84 | * 13
N water deficit peried [55 | # 14
Bvaporation 56 ) n ] .
Rainfall tosal P B i M N T 2 s s
Raingall energy sa |+ 16
B
Enyaiognonic
vegetation type 50 4
; Figriatic vegenstion | . )
Woody cover 2 . i
Woody distribution 63 23,24
MAN-UADE. STRECTURES
AND_ACUNDARIES -
Pownship - *
Industrisl Azea 4 * i
Sattlenent 70 *
Powariine 7 . P i
, Rativay ” * .
. Paves zaad 7 *
: Motmtain catehment
azen 7 .
i tinpaved road 80 .
¥ No default capabllity tuble. i
. ld
N H
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able 64 - anner in, £l 2nd characteristicy are Analvsed
for thy Consaryatfon Land Uss Svetem
: Surfane| Net—
| arpa | works Interzelationships
b Land Characteristic E ¥ -
] A 7| 243l 8
9| g|a8 {43 3 | & a] 58 ge
3 Az |42 % | Bl 98a g8
21 di3: [Be |A18 | AlA] 8 %128 8s4
| &1 %|88 |22 {91 |hFi2] 2vdicty |55
13 8158155 [3)) 52 5380288 (a5
H S { % | {48 [8& {82 @45 dhe| 25 [Ra=
" :
¥ ) LAND COVER
Bake 5 B
] Resarvoir s -
Viei 7 *
River 8 f- v .- i "
streanm 9 .
BELIEE.
! Hillslope element 1o | * 1
siope gradient e S
Slopa length 12 | v 2 n 4 L
%.pple 15 : *
Katural la ! %eature 16 * o *2
Gully 17 *
SO0IL .
s6il erodipility index [32 |+ 3 58 2 4 i
Exposed soil lemgth 36 4
cutatE
3 wind veloeity 47 H
g : Rainfail energy se | «° 5 ]
RIOLOGICAL
[CHARAGRERIATTOR
physoquomic
- vegetation type o [+ 3
. vloristic vegetation
type a1 | v v
Protected plant species 65 |* *5
[rovected antmal speciessr |+ *6
IMAN-MADE STRUCTURES.
|ANR BOUNFARIZE
rownship 68 »
i Industrisl area 89 *
1 Sattlement o ) * ) .
povariina 71 *
Rt sy 72 ) B
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Takle 64 (contd.)

203008

©000
uoFITUNZ
OTIRUGRTIY

Interralationships

aTas3IszoR
—Teu) pues
ButriorIues

BupyTaige | +

vorks

—uog

Stqesa-uon

Surface|Nat-
area

a1azsn

oqenn STqRL
Aaxidedes

aoqun udezs
Aarriqeded

Surapure

panyBTaN

wpod | @

74

5

78

Land Gharacteristic
Paved road

Hational Pazk

Provincial Pazk

Hunicipal park

private park

Hountain catchmant

area

Wilderness avea
unpaved road

Pofault capability tahle only considers ohe festuré ot specles.
** No defaulh capability table.
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Surface|Net~
rea |works | Interrelationships
Land characterlstic u u m
AEREREBEEIE
v | w|HE |4 3 T
S| 5[3% (3% |o(8 | 2/4] 58] 83 |wu_x :
2| 2|8g (2 |2]% Bl S5q| ET . | gl {
g | 5| %28 (54 |27 55| del| 58e | 25
3140 Bl5f |85 1gls 552|588 958 488 i
818} 9135 |88 (8|2 |85]A) 8% 48 |fa=
LAND coUER
Rock surface 1 vor v
Boulder cover ? *or v
Rocky distribution 4 1
Like si o~ . oL .
Reservelr . o %7 - : “ . 3
viat 7|« :
River 8| « * or 4
Stream 2 * * or |
RELIZE. P
Hillslope element o} * 1 ’
Slope gradisnt m| o+ 5.6
slope leneth 12 2 1 4 1
Koppie 15 *oor
Natural land fdature 18 * *2 -
Guily 17 *
soin
subsoll texture 29| ¥ 3
Topaeil texture. 0] ¥ 4
Soil erodipility index | 32 78 E 2 4
Sacl parmeanility indey 33 | ¢ 2,10
SLIATE : ]
Wind valeolty 47 3 n
Raingall energy sa 4 |
RIOLOGICAL
CHARACTERISTICE.
Physlognonic
Vagetation type 6o * 5
Plorlstic vegetation
type af ¥ *4G
Woody caver 62 *
Game species 64|+ 7 -
_ ot
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raple 65 {conktd.) ;

i
surface|Net= 4
area |works Interrelationships
zand Chaxacterlstic F W
o
oA i [T T2 ol s
5213 IR BT
P R N P I .
3 ELREL R ERE FIE Y
20504219y 1408 48] %9 e, |5a
I B 21495 |52 137 |c4[4] 308 | S0g | 27%, i
$13| BB |53 %5 el gRE|di8 (i ;
L] diss |88 [ 5|8 125/ 5| 838 | 288 |AsE i
PAN-MADE STRUCTURES i
AND BCUNDARIES
Industrial area &9 *
Powerline 7 P R A A . . :
Ratlway 72 ) o SR .-
Paved yoad ke >
Batlonnl park K » N
®rovineial park % - }
Hunieipal rark % . . :
Private park 77 *
Hountain catehwent |
arexd ™ * .
Whulerness drea 7% N *or w
Unpaved voad B0 * .
Hetg :

* pefauit capshility tabla only con
1, Doty seesbliiey wblo only conaiders ane Zasturo or speciss.
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able 66 ~

e mnner in ol ract: e
Jor _the Usban_and Ruzal Develoonent Land Use Svstem

tand Characteristic

Weighted
Limiting

<code.

capabilicy
Graph Number

LAND_COVER

Reck gurface
Boulder cover
Lake

Regervolr

viei

River

Stroan

RELIEE

Hillslope alemant
siopa gradient
sivpe Sangth
Aspect of a ylope
Height ahove water
Xoppie

Gully

SEQLOGY
stratigraphic dnit
rransperied soil origln
bepth to badrock

Geslogical
discontlnuibies

Pontor of aataty
s0kL

$0il horinon type

oi% eradibillty index
soll permsability indew
bepth to water tabla
goll joint strocturs
801l activity

(CLIMAZE

Wing veloeity

Rainfall enezqy

O P

912

1517

3,14
18420

capability
Table Homber
Non-usable
Inhibiving
contzolling|
Land Char~
acteristic
Arichmetic
Function
Code

usable
Tov .

%i




Table 66 {contd.)

3c8

Surface|Neg~
t works Interrelationships
Land Characteristic E E 25
. S AE: B CRERETE
5| z|48 | & 2 0 &5 5| 5e
30 Ogiad |52 2 1| 2234|938
I0o8l8; 155 (a|® | AE] 508 . |5
o | 5] 5138 |32 (3] LG 03 50. | 2ad
e8| 5188 |84 |5|5 |5E(E| 588|158 | 542
S| %] 3|88 |g: | 8|2 [S5[E| 333 2&8 | 282
Frorree
GHARACTERISTICS.
Physiognomic - - - - Ry e - . .
Vegetakion type 60 7 P .
Floristic vegetation
type &1 )
Woody cover 62
HAN-WARE STRUCTORES
AR ZOUNOARZER
Indugtrial area 69
Poweriine 71 > olt ) .
Rallyay 7 * o8 ¥
Paved road 73 > .
Motntain eatchment b M
azea 78
wildéznesd area 79
tnpaved road 60 *
Hots
+ Default capshility table ohly considers.one
** Ho defnult capability tlbla4y
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i Table €7 - The y-mner in which the Land Characteriseics are Analysed
i for the Communigatipns Land Yse Svstem
i
surface) Nat~ i
works interrelstionships b
Land Characteristic ¥ g - 3
; S R RN TEIE N )
i i Fl02 g2 7 Hnlagalgs i
1 Fide (e (21% A8 805180, | dad 1
$190 B155 158 (35 1622|538 298 |5t 4
| S ¥ digs |88 (8|8 Y A|ese(iig 242 f
LA cover :
Rogk surface 1 *
Boulder cover 2 *
N nake s -
Resexvoir 6 4
Viei k] "
River 8 *
: stream e *
: RELZEE
: Hillslops slement o} 1
: Slope gradient i o* 913 s
: Stoge length 12 + 1 1 4 1
Helght above water 14 *
Koppie 15 *
cully 17 *
sEeLaax
$tratigraphic unit 18 * 2
Transpoxted soil origid 19 | * 3
Depth to bedrosk 23 * 12
s N 24 e .
Factor of safety 2% 2
Ak .
soil horizon bype 3L+ 5
! go1l exodibility index {42 3 58 H 4
goll permeability indexi 33 4
Depth to water table | 3|y n 4 2
Soil joint structure 374 * *1 *8
sl activiky 38 * 7
ShiMATE
Wind veloclty 47 7
Rainfall energy 58 & :




Q
bl
o

Interrelationshlps

F03ed

3po3
wopsung
oTIRUGITTY

o1asTIezee
-39 gawy
sarTro3300>

Table 67 (contd.}

warks

Burirarqur

—uon

Surface|Net~

area

orqesa-uoy

atqese

Tagquin STqRL
Kavryaeden

Toquny udexs
Aztrraedes

SuTaTUYT

paauBTaM

9po3

&9

72

73

78

79

80

Land Charactaristic

X

vegetation type

Physiognonic

Ploristic

vegetation type

Waady cover

Township

inguatrisl area

Bettlement

eoverline

Railway

Paved xoad

Hountaln eatchment

ares

wildeshess area

Unpaved zoad

Hete

table only

BLLLE:
** No default capebility table.

% Dafault
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j Table SE - The Menner in which the Land istics are analyped for the :
! 3 aEs
Surface|Net-
atea |works | Interrelationships ;
d Land Characteristic y | % - i
»d |28 P | 2.9 9 .
X% |5t ] ol ELg 8 ¢
7 p|lmz |45 3 | & & SED Og %
31| ElH: (a3 3 g S8k 98 . ;
£ #l% 1 218 Al &% Ed Py i
oL 5| 348 14 | 310 B3] 200 23s | 8 ‘
i B3| 3152053 55 k81 saY gt | aEn |
S 18| 0|35 |88 3|2 |B5|K| S3% <8 | Loz
LA CovER
Rock suzface 1 *qr
Soulder cover 2 * or *
Lake 5 *
Reservolir 6 *
. viet 7 B .
H Rivexr 8 > " §
Stream S *
L EELIEE
: Hillslops element 1o | * 1
slope gradient N 8,5 |
: $lope length 12 | 1 1 4 b
Heighi above water 14 *
SEOLOGY .
Watural reck group |+ 2 45 s o .
#ineral ore deposit (21 | ¥
bepth to mineral ors
deposit 2 12
Depbh to bedrock 23 13
Geologieal
aincontinuities 24 3
Factor of safety 28 2
Rock hardness 2% |+ ) :
Secondary minerals 27 + 3 i
. fen gor cerit fines 28 | » 15
soin
Sotl escaibility index |32 10,11 8 2 1
Soil permeabtlity index 33 4
Depth to water table 3s 5 29 4 S
Subsoil texture 28 4
Topsoil texture £ : 5
: Climate yefactor 48 .
ting veloelty 4 s 1 :
Rainfall snargy 8 i )




Table 68 (contd.)

Surface| Nt~
rea |works | Interzelaticnships
Land characteristic 4 ¥ =
R fou L 3 2l Ardi 4
' 3| o|=5 |22 2 S| 488 de
3 22 |32 2 4| 488148
£ S8z |Be 1215 [ B3] 35381253 LY
o1& | #1488 |88 817 L2 2| deBists | 558
N gl g1 8188 | B2 [g1f MZZ1 eR2) 088 | 084
Bl% | 3188 158 [Bi§8 |8 ERuluER 53
S| 2| Aj8s [8& |38]2 [BA] 4] 888 <& | K82
BIOLOGICAL
: CHAPACTERISTICS
. Fhysiognoaic
. “regetation typa & ]
: Flor{stic vegetation
3 type L **7
Hoody eavar 62 B
5 MBI-HADE STRUCTURES -
AND BOUNDARIES
I
; Townahip 83 * .
Industrial area & .
: sattldnent o *
powerline 7 ol
Railvay 72 1 B
vaved rosd 73 *
Hountain catchrent
area o .
i wilderness aren % *
unpaved rosd 80 *
A Nots

4, Detaust capabiiity table only cousldars one measurement
: *% No default capability table
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'able 59 - The Manper i e i isti are gnalvsed for the
8 - Land yse, Sveten
Suxrface| tlet—
area jworks Interrelationships
Lang Characteristic H ] - T
> 3 = y
. E B R A
$ Bid% (42 (5 | 98 zé2es 0,
o | 51 2185 182 1901 LA|A| 8:8:8. | lad
1] 51585 135 sEE) 5394t |aat
B2 4|85 |4F |52 |8E) s3Yi |35
LAND COVER
Lake 5
Resaxvoir & *
vled 7 w
BELIEE
Hillalops elemant 10
Slupe gradient 11 1
Slope length 22 2
Gully 17 *
aL
gubsoll texture 29 * 2
Topsoll taxture 0] * 3 !
Soil erddibility index| 32 3
Soll permesbiliry
index 3af 4
DPepth to water table 35 * 5 29 4 2
Exposed soil léngth 36 &
SLIMATE
wWind veloeity a7
Rainfall energy 58 A
Runoff total 59 B
RLOLOGICAL
CHARACTERISTICS
Fhysiognomic
vagatatien type to| * 4
Floristlo vegetation
typa &1 s
Woody eover 62 - .
MAMSMADE ETRUCTURES
AND ROUNDARIES
Towighip [} *
Indugtrial Arvea (3] *
Setklement 0 *
Raliway 72 *
Paved road 73 >
Mountain catchmant
i w| .
Unpaved read £ M ¥

Note

¥ o default capability table

i
£
H
;
{
/
§
:
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J fable 70 = the Mannex in which the Lana e Ana
§ surtacs| et~
: ren |works | Interrelationships
; Land characteristic ] § -
: izt [ e (=] 2uds
3| g|22 |48 |, 1% |=l2] 55945
: 21 %138 2 315 LA|E) B9usi, | Bad
: g% 3128 |82 1505 b3 fxlaie | 4E
. § 181 5|88 |8 [3]8 BHS) 63YzR8 | £32
B TAND COVER
: Rock surface 1 * or ¥
i Take s| o+ *or w
Reserveiz 6 » war v
viei 7|+ *arx
River afx v ore
B RELIEF.
Hillslope element 1o * 1
Slope gradient nj+ 3-¢ .
Height above water 14 >
Loppie 13 * e
Ratural land feature 16 * *2 ‘
: Gully 17 ¥ or %
SEOLOGY.
stratigraphic unit 1
Pransported soil origin| 15
Naturel zock group 2 |+ 46 5 o
Mineral ore depoalt 21 *
sory
Subsoll texture 29 * *
Topaoll texture 30|+ "4
Solt erodibility index |32 | * 8,10 E 2 4
Soll permeshility index [33 | * 11-13
. Rooting depth 34 | 14,38 28 3 2
! Expoded soll length 36
S0l Aeticiency 19 - )
Soil tokicity 40 *
SLIEATE
Clinate Nefactor 4%
Wind velosity 41 0,17
Reinfall total 574 % 18,18
Ralnfall ensrgy 58 * b
RUnoff tetal 59§+ ‘ 2 -
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Table 70 (contd.)
Suxface|Net~ |
ares [works | Interrelationships ‘
Land characteristic ¥ u = L
2 28 P gl Erel e
iz 1 HETTIE :
9| 9145 |45 ] Gl AES| Ig i
21 2132 4% |218 Z| 68| &2 y_E i
NI R TR R HIE IR A
B8l S1EE 8% |B)5 ISRIE]BEt) ns% ) &8 i
o | = (88 (88 (B[4 EAj-[ A5 &S | LA i
proLgezcRy
CHARACTERISTICE | H
Phyalsgnomic vegetation| )
type 6o | v 5 :
Floristic vegetation 1
type s« ig 4
. Woody cover 62 + h
Game species 64| * 7 N
Protected plant apeclies[65 | * a
Animal host species |68 *10 .
Protected animal
specles 67 * 3 ;
UANCHADE STRUCIURES .
AND_ROUNPARIES !
Townshdp ., 18
Zadustrial aves 6
Settlément 7o
Fowariina 23 * oF *|
Railvay 72 b or #
Pavad road &) v or v
Méuntain chtchmént area |78 * * oz %
| Wildernesa area 72 * * op ~
Hoke
+ pefault capability table only cebsi e
*¥ No default capability table




; The non-linear arrays viz. INDEX, ICGD, INDCT, IS, {
TL, BL, WGT, IFAC,Y ¥AR, YAR, FXAR, FPYAR and CAPT, are

written and stored in the form AC(cols rows)which is the i

form corresponding to the computer memory organization.
This increases the speed of information retrieval and
storage from these arrays when they are in the central

processing unit (MacbDougall, 1876).

Users may wish to add or change information in the

default control data sets particularly as research reveals
o more information, The facility to do this is provided and
is described in Section 4.6.2.

4.5 The Capability Analygis Program CAPAND (Fig.23)
The efficiency of the program in terms of its

execution time is less than that originally hoped for as no
data bank with software to retrieve reguired portions of the :
control data is svailable:. AlLl the ééﬁtrol data for s land use systemi
must be retrieved, from which the required information 5
is selected and combined as needed by the program itself.

certain subroutines in the program are only concerned with this

and, being in FORTRAN, their efficiency is not as érea: as might

be 1f arother language abie to handle data strings. had been

i used. When a data bank with the required software becomes
available these subroutines will be obsolete #nd can be

' removed, thus increasing the efficiency of the program. |

The program ;etrieves a secondary land data set

whose data set name, and other data deacriptions are given
in the job control language. It is analysed for ohe of
wore land wses from one or more land use systems. A
foreclosure of options in land use may also be pexformed.




0

Fiy.23

Read IFORE, 153,

Tall &t
FoRE
TaBOR |
mro !
B
e

cLass

simplified flowchart of the linkages between the
main subroutines of the land capability .analysis
program CAPANYL.

(8ee Table 71 and text for the definltion of the
variable namesd.)
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Pig.23 {uventd.}

NPONTA = O
HPLS 5 O

Print introductary
mation to

313
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Another data set may be retrieved when all the land uses
for the former data set have been analysed or when a
particular land use ls being analysed. This is decided
entirely by the user according to the order in which the
information selecting the secondary land data sets and land
vee system control data sets are given {(See Table 7i).

The main steps in the program are:—

(a) The title of the gecondary land data set to be
analysed and the dictionary array, INDEXD, which contains
kthe lard vharacteristic code numbers in their stored order
in this Tata set are read. If unly a certain portion of
this sst is reguired, subroutine RETR read: the whole data
set and writes the selected portion to tempurary disc.

This celgc-ed portion is delinmited by four boundary
co~nrdinites, the extreme west, east, north and south
corordinacer, xnd may be permanently keph. The co-ordinates
of the line printer map to be printed are derived frow the
co-ordinates ¢f t“e secondary land data set which are read
ter four significant decimal places. These are printed as
intege: numbers as it is complex to print the decimal point
since each digas of the co-ordinates must be printed
separately. this integer convergion involves a multiplication
of the extrenms nugndary co-ordinatés by a factor of lo4 8O
that no Gecimal jplaces are lost.

{b} The reyuired land usé system control data set
is read in by subioatine GBT (Fig.24). Much of this
subroutihe will be unnecessary if a data bank, which can
retrieve seledted portions rather than the whole data sgek,

becomes available.




77

oS,

faad sk,
-
ot B v, mm
mpcr, Capy, ICGD,

wood
188, I8AU,
HY,_TuAD

Reedt IFAC, BAC,

Figi24

the control data set

Simplified flowchart of subroutine Get which xeads

{nee baxt for.
oxplasiabion of the arraya)

NEC, sbe. = NLG, NEX, NP, NOG, NUAX,
NSA, NSAU, VA, NNU, NLZ, HFAC, NPG.

Trous - opion for fdreclosure of
s dn Land i

TNBER, Ty BL, WGY w Control arkays.

IEA, ISAY, INR, MU -~ Comtred arrage.
carn, wocty ez - capabllity table
Eraya.

TEac, BAG, nmm, i, 5, SN, FAR

T = apamirtly nd futnor griph amage.

M, WME - Ar¥eys of tus ndnen and
vodes for the 14nd bss types.

AMAM, ICOEN - Arrayd of the fadsz and
codes for the land chardctoristica.




{c} The code number of the land use typs tc be
analysed in the land use system is read in. Beveral of
the land use types present (Section 3.5.2.4 ~ 3.,5.3) may be
combined to give one composite land use type eg. temperate
forestry and pit prepared land will give the composite land
use of temperate forestry on non-ploughed land. If this is
desired, the code numbers of the land uses concerned are
given. The control information which would be used if
each land use type were analvsed separately, must be
combined to give the compesite land use type. fThe rows in
arxay INDEX indicating which land characteristics are to be
analysed for each land use type being combined, are compared
with one another (Pig.25). If the characteristic occurs
in at least one of the rows, the land use type code number
is stored in an array, NPRES. When all the required land
use types have been compared, the temporary control arrays

to contain the permissible minimum and maximum measured

.valaes (BLIM, TLIM), the weighting values (W) and the

code number and capability graph number (IND) for each
characteristic, are initialized with the values stored in
the permanent contrel arrays BL, TL, WGT, INDEX and ICGD,
for the first land use type to be combined. These inltial
values are then compared with the values of the othex land
use types in these latter arrays to find the common

range of values permitted ie. the lowest value in TL

and the highest value in BL, the highest wrighting value
in WGT, and to ensure that ne regquired land characty ristic
ha¢ been omitted in erroxr. 'The temporary control arrays

may be kept. A maximum of five output seks including those

!
i




Fig.25

0 200
LY
-
II = NeoH (I}

%num

simplified flowchart of the main pection of program

Ky

- Mumber of land charagteristics in
arxay THOE:

NUMCOM - Humbar of land uges to bn combined

or

~ Supber of Land charateristics in
array 15

- Azay of the land charscteristics
Faquized and are availabl for the
Tand uee anaiysie ot tha wurvey
xcale requente:

oEX -~ Avray of the land characteristics

sicou

requized to anslyse the land uss
= Axray of the laid use types %o bs
conblnid

Tempozary axzey

£l
1NDEX (3,21)
SHDER (3, NCOM{T=1)

THDEX(T, NCOM(II-1)
=0

CAPANL dealing with the selection of tha land
characteristics, thelr capability graphs, theix
weilghts and permissible limits regulred in the

c¢apability analysis of the land use.




xex
< Numher o€ land chazactariatics

G - Sugber af Lasd usb types £ be
coubtnad

- Tesporary arvey indicating the
presunce of a 1.
cheracteriutic in the land use
type signified by covntar IT

3660{J,11)

T

e trent)

Aerays of tha parmiseivle Limits.
Tha Fitst tvs ariays rafex to the
lond use biing enalysed. 'the Last

Y the Land tse

types 4n the land u
Areaya of tha land charicteriviies,
theix capabilicy graphs and thelr
welghts respeutivaly, ruqulzed

i ehe Land use systen.

A for INDEX eiwept that it refavs
onfg to the Land Uie being analysed.
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from point 1 may be written per computer job.

{d) It is possible that all the land characteristics
reguired in the analysis at the selected scale have not been
measured. If this is so. but those at the alternative
scale have been measured (Table 3} and may thus be substituted,
this course of sction is prefeérred rather than the omission
of a land characteristic's influence altogether. Before
the temporary arrays in (c¢) are set up, the array IS which
contains a list of the land ckaracteristic's code numbers
measured at a large or small survey scale,and INDEX,
containing the code numbers of the land characteristics
required in the analygis, are compared with INDEXD which has
the characteristic's code numbers stored in the secondary
land data set. If a reguired land characteristic is missing
in the last array, the IS array is checked to determine
whether a substitution can be made (see Fig.26). The
result of this comparison and substitution is a temporary
array INDT containing the land characteristic cede numbers,
or tho alternative code numbers, required for the analysis
of any land use type at the user selected scale and are
available in the secondary land data set. The validity of
the printed land capability map is one if all the land
c¢haracteristics to be analysed for the land use type at the
selected scale, are present. If this ig not 89, the
validity is less than one. The validity is the ratio of
the number of required land characteristiecs present in the
secondary land data set, to the total number of reguired
land characteristics for the land use, be it a aingle or

composite land use, at the selected survey scale {Fig.27) .

i
i
i




Fig.26

Xy
Nusbur of lind éharacteristics
1n armay 15

Burvey soales ruspactively

the zows in IS belny csneidered
t baing considers
Yerpectively at that niment
Nusbar 6f land chaxactariatics
in sacondary Land data sat INDTXD
Final subex of land
<iaricteristica in arvay TNOT

gimplified flowchart of the main section of program
CAPANL dealing with the deternination of the land
characteristins required for the znalysis at the

survey scale gelected.




Xt = Neow (t6)

xEY

WE - Thdicates the survay scole oW thomdn in IS

WOMCOM - bex of land tne vypes beiny corbined

§CoM - Conksina the fand Uso typa tode nuibers bulng
coubined

NMMK % Nusber of land charscteristics in 15
Nt~ Wumber of land charactertaties required for
tho analyais of tha lamf use tybes in INDLY
Nushas af land chapscteristics stoved i the
Batondary land dnta set

z
&

Fig.27 simplified flowchart of the main secktion of program
CAPANL in which the proportion of the required land
characteristics (the validity) is caleu.ated,

o
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The substitution of a land characteristic (see
point (d)) will depend upon the secondary land data set.

A comparison of the validity of the maps from the analyses
of the same land use on different land, would be meaningless
as the actual set of land characteristics used may differ.
Thus the validity does ﬁot inelude any substituted land
charactéristics so that it is based on a common set and may
be compared.

(e} The capability tables stored in CAPT will only
be required if the land characteristic they refer to iz also
Tequired. If a composite land use is being analysed, the’
rows in those tableés referring to the individual land uses
which have been combined, must also be combined together.
In subroutine TABGPH {Fig.28), array IND is compared with
array INDCT containing the code numbers of the land
charactéristics whose capability is derived from a table.
When such a characteristic is found, the first row of the
table dealing with it is written into the temporarf control
axray CT. The second row of this array is initialized to
10,0. The relevant rows of the capability table in CAPT
are each conmpared with this second row to £ind the minimum
capability value. A new array INCT, containing the land
characteristic number and the nurber of columns for each
capability table stored in CT, is created as well,

{f) The x-scale of certaln capability graphs viz.
Group B (Section 3.5.6) varies between the land use types.
Subroutine TABGPH (Fig.29) checks the capability graph
numbers yivern in ICED for each land characteristic to fing

those graph numbers which differ between the relevant land
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1t w3 41

xEt

Husbex of capabiliby
vablad

Nunbsr of land
charactoriaties in 24D
umber of lind use
tyges baing combined
Array contataing the
selacted capadllity
tasles from those i
srtay o

heeay dascribing thie
tablon in CT a8
eriginally dascribed

Fig.28 simplifiad flowshart of the section of subroutine
TABGPH in which the required capability tables are

selected.
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= 1pnETIN

(K, NE) = AMINL
EXARLTRNGY) ,
ZAR(IK NG )

93 = mmm)

pEry
GContinue,

®Et i
SUMCOM « Mumber aF land ude typus haing
conbigied
KA - Mumber of land characteristics
1n N9
#ie  « fuber of land charasteristics
in toESx

NGO - Attay of the required land vses'
code nusbess baing cenbined

INDER - Aezay OF the land characteristics
vequirad to shalyse all tha land
uses in the Land usa ayscen

366D~ hrray 6f ALL tha capablilty gsaphs
raquizad for 4l the land uses

N0 - Arvay of tha lind characteristles
and their eapablilty yraphs ‘
radutred 5 snalyse Hhe baed uaa

4

Fig.29  Sirm :ufied flowekart of the sectlon of subroutine
TABIPH dealing with the selection of the :equl:ed
capability graph.




cvpes. When this situation is found, the x co-ordinate
w1l the graphs concernad are retrieved and compared per
Gnkl Those of the first graph stored are substituted by
“he lowegt values from all the graphs. This ensuses that
“1@ capability graph incorporates the whole range of
possible measured values. I' is essential that all the
yraphs from which the capability of the same land
tharacteristic may be derived, have the same number of points.

This sub: ine will be ry if the desired data bhank

is available in which these changes and the combinations
iescribed in points {w) ~ (h) can be made. The exsaution
“ime and the storage regquirements of the program would be
Jecreased. At present, storage for both the permanent and
emporazy <. v, @ata arrays is nesded.

(g) 1If it is desived, the temporary contxol arrays

; he written ag = new permanent data set. B subseguent

ob analysing the same combination of land use types may
ther retrieve this set, thus omitting steps (¢} to (a).
Subroutine PUT writes all the control data axrays,
substituting the temporary ohes where necessary, to the
sutput gpecified by the user. They are written in the
seguence in which they will be retrieved.

{h) Subroutine INFO prints outi-

{i} A table of the land use types and their
sode numbers which may be analysed within the land use
system {or the foreclosure of options in land use) being
‘nalysed,

(ii) INDE.. for this land use system (or the
roreclosuye of optionsg in land use) ie. the land .

Maracteristics regdired to analyse each land use type. .




(iii) The table of the land characteristics with
their upper and lower limits and weights to be used in the
analysis of the land for the land use type or composite
land use type being studied, This table also indicates
those characteristics which are used td calculate the Usable
surface area.

{i) The maln capability analysis subroutine, EVAL,
is entered. The order of the land characteristies stored
per grid cell in the secondary land data set will probably
differ from the order given in INDEX and thus the temporary
array IND, which is based on the former, An array IPCS, is
set up giving the stored position of each reguired land
characteristic in the grild ecell, in the order required by
array IND.

{3) 'Two main arrays to be mapped are set up by EVAL
viz. CAP which stores the final percentage capability value
for each cell, and LIM which stores the number of land
characteristics per grid cell whose values fall outside the
specified limits as well as indicating cells with missing
values amongst the data measured. This latter information
ig important ag the overall capabllity of the cell will have
been lowered as a result of this missing value and not due
to the land itself. These two arrays are printed on the
iine printer as grid maps; the latter only by request.
owing to the CPU limitation, CAP and LIM may only be of
dimensions (50, 50). ie. eguivalent to the overlay dimensiohs
in program OVER3. If the dimensions of the secondary
land data sets exceed this, it has already been divided into

sections by the program SETUP. Each section ls separately

i
§
i




retrieved, analysed and CAP and LIM written into a
temporary data set from which they are rxetrieved and mapped
after all the sections have been analysed.

LIM and CAP are jnitialigzed to zero hefore the land
data are read in per grid cell. The co-prdinates of each
cell are stored in CORD. I# a)l the land characteristic
values for a cell are zero, that cell is considered to he
outeide the map boundaries and is ear-marked by being giva.
a value 6f -99,9 inboth LIM and CAP. These cells will be
printed as blanks. -

(k} Por each cell within the map koundary, the
values of all the required land characteristics are compared
with the permissible limits stored in BL and 7TL. If the
valpe of a limiting land characteristic lies outside these
limits, ne further analysis of the cell occurs, and its
capability is zero. v It is earmarked by adding 100 to the
relevant grid cell number in LIM. This value is chosen as
it is doubtful that the number of land characteristics which
are limiting for any cell will exceed it particularly as no
land use requires the . .aluation of this number of land
characteristics at present. The number of the grid cell is
removed before LIM is printed.

The pogition of a limiting land characteristic in the
grid cell is found (¥ig.30) by comparing the code numbers in
IND witli those in IEX, which is the array storing the

numbers of the limiting characteristics, in a do loop until

the coge in each correspond. The value of the do
loop variable is that of the position of the land characteristic
in IND and it cah be used to indicate its positiop in the

grid cell; via IPOS (see Fig.30). Thig method is ueed
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whenever the position of a land characteristic in the grigd
cell is needed,

If the value of any non-limiting land characteristic
lies outside its permitted limits, the value of the relevant
grid cell in LIM is incremented by onhe and the measurement
value for that land characteristic is set at ~9999,9 (Fig.
30} so that a capabllity value is not derived for it.

{1) The values of any land characteristic involved
in an interaction are modified (Fig.31) as directed by the
information in array IFAC together with the factor graphs
on appropriate columns in the capability tables. IFAC
stores the code numbers of both characteristics involved in
the interaction and whether the value of the characteristic
to be modified is added, subtracted, multiplied or divided
by the factor derived from the factdr graph.

{m) subroutine COVER (§¥ig.31) calculates the total
usable surface area from the cover of those langd
characteristics representing both non-usable and usable
surface area. Any netw?zks present are consigered to have
& surface coverage which is usable in the case of non~
inhibiting networks and non~usable for inhibiting networks.
The number of eadh type of network preserit is converted
into a cover value given by the user and stored in array
ISURF. A default set of cover values ($ectioh 3.5.5.1)is
used Lf the user omits to give this information. Land
characteristics which are either representative of non-
usable surface aréa or inhibiting networks arxe not included
any further in the analysis as the cover present depends on

the cell size (Section 3.5.5.1). These characteriaties
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are earmarked by changing their graph number storéd in IND
to ~2. However, a characteristic representing usable
surface area indicates a surface which is necessary for the
iand use eg. water recreation requires a water surface,
Thus the presence of such coverages is important. The
presence of non-inhibiti. - networks may also enhance the
capability of a cell. Therefore the presence of a usable
surface area or a non-inhibiting characteristic increases
the capability of the cell by 10. These characteristics
are earmarked by changing their graph number in IND to ~1
except for the first characteristic encountered for either
group -and is present in the land data set. This action
means that the cell's capability is only increased cnce as
fio capability value is derived for any charavteristics with
graph numbers less than 2¢ro. A zero value indicates that
a capability table is needed.

OVER3 stores a fifty per ~ent cover for all land
characteristics whose surface area coverage is required.
The reasons for this value being stored have beern given in
gsection 4.4.1.2 Thus it is possible for the total ugable
area present to exceed 10C per ceért. rhis situation is
covered by determining the mean cover present.

{n) For each cell which has no limiting land
characteristic the capability ratings of each land
characteristic is derived from capability graphs or tables,
provided that the land characteristlc value ig not missing
or equal to -9999,9. In both these cases, the capability
rating is zero. If the capability rating of a land

chagacteristic is to be derived from a capability graph,
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H function FF is called. This function (Fig.32)(which is a
i modification of that received from P Furness (1977, personal
i communication) returns the y value (capability value)
corresponding to a given x value (the land characteristic
measured value) from the relevant capability graph.
Function F¥ interpolates linearly between the y co-ordinates
i of each graph segment to pin-point the position of the
: x~value with respect to the x-scale. The y=-value is
calculated using the eguation for a straight line graph viz.
¥y = mx + ¢, and returned. The use of this equation
demands that the shape of each graph be composed of linear
sections.
i If a capability table is needed, trray INCT is
searched to £find the capability table in array CT from
which the capability value for the characteristic in
gquestion is derived. Once this table has been found, the
columns in its first row are searched to find the value
corresponding to the value of the land characteristic measured.
when this has been found, the capability value in the
corresponding columi of Row 2 is retrieved.

The derived capability values are weighted (Section

i 3.5.7) and added to the capability value already present in

array CAP for that cell. However, if a 1 -~ ~haracterigtic
value ig the same as that in the prev’ . the
capability table or graph is not retriev fistead, the

capability value derived for the latter cell and stored in
an array TCAP, is added into array CAP (Fig.33). tThis
decreases the execution time as the number of sesrches &nd

entrieg into function FF are decreased. -
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In steps {k} to (m), any land characteristic which

has a missing value or is outside the permitted limits.and

;' any grid cell which lies outside the map boundaries or has a .
limiting land characteristic whose value lies outside the
permitted limits, are omitted.

(o) Each capability value in CAP is divided by the
product of the number of land characteristics actually

analysed and their weights. A final percentage value is

stored, This division allows the capability maps of the

same land use type for different lands having a different

number of measuxed land characteristics to be compared.
(py CAP and LIM for each map section are mapped ! i

separately using overprinting. The darkest shade indicates

the highest capability. fen different shades covering the
range of capability values £rom O - 106 per cent are used
for printing CAP. This range does not apply to LIM

and ten different shades are printed, depending

upon the range of values within the array. (are must be
exerciged when comparing the LIM line printeér map with that
from CAP as the symbols ie. shades, will not représent: the
same valués. The frequency and percentage frequency of B
the grid cells/shade are calculated and prihted by
subroutine CLASS (Fig.34).

(g) 7The existing line printex &t this computer
centre prints eight lines per inch, causing a distortion of
the map sides by a ratio of 5:4 le. five characters across
and four lines down represent 1 sg om {MacDougall, 1976).
BY printing each grid cell ie. each value in LIM or CAP, as

four chakacters down by five characters across thé page, this
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distortion is removed. The number of characters, from one
to ten, printed per cell across and down the page, may be
chosen by the user. The default is a 5:4 ratio. This
choice necessitated that the map output format be variable,
its exact nature being set up by the program. It is also
possible for the section being mapped to exceed the page
width, necessitating that it also be printed in sections.

(x) All maps eg. the capability map, the usable
surface area map, etc. are printed by subroutine MAP (Fig.
35) . Por each grid cell, the shade representative of its
values is calculated provided it is not outside the map
boundaries ox, in the case of LIM, is not a cell with a
migsing value or a limiting land characteristic,and written
into array SCALZ n times where n is the product of the
number of characters per cell across and down the page.

The symbols used in printing each shade are stored in array
TABLE2 A maximum of four symbols are combined@ to give

one shade. Bach 1ine of the map is printed separately with
the valueé of the y co-ordinate and side outlines after the
x~to~ordinates and top outline have bcen printed. The
array LINE is Filled with the relevant symbols from TABLE2
adcording to the values stored in SCALZ. When the
particular section has been completely printed (this section
may be a complete section of the grid map or a section cf it
if it exceeds the page width} the bottom outline is printed.

{s) Once all the reguired land use types for all the
land data sets have been analysed, an index of the map ;
shades and the values which they represent are printed by E

subroutine MAPIND. The program then terminates.. i
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A full understanding of the capability map is only
obtained if it is compared with the map showing the cells
with limiting land characteristics and those with land
characteristics whose measured values are outside the
permitted range or are missing. In the last two cases the
overall capability of the cell is decreased, while limiting
characteristics cause an overall capability of zero. A
low or zero capability may therefore be due to any one of
these reasons. The map of the usable surface area will
indicate the usefulness of a cell with respect tc tha area
available.

If a foreclocure of the options in la w« s required
for a land data sét being analysed, it is performed before
that for any land use type requested. The mean steps
taken are as described above with the following differences:—

(i) Sukroutine FORE {Fig.36) calls the subroutines
TABGPH (sets up the temporary array CT for all the capability
tables needed), INFO (prints tables of relevaht information)
and BVAL (derives the capability for each grid cell). onece
subroutine FORE has been called, the main section of the
program is not reé-entered until the foreclosure of options
in land use ahalysis is complete. Subroutines TABGPH,

INFO and EVAL are called for each land use system analysed
{after the array IND containing the code numbers of the
characteristics required, has been set up) and a capability
map is printed.

(ii) fThe iand characteristics rep ing either

usable or non-iigable avea, or inhibiting and ron-

inhibiting networks differ per land use system. Since these
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arrays are linear, the information for each land use system
cannot be read in at the same time as ig done for other
arrays, eg. INDEX, ICGPD, TL and BL where each row refers to
a different land use system, Thus when each land use
system is analysed these four arrays and the number of land
characteristics within each, much be read in.

(iii) No combination of the land use systems analysed
in this foreclosure of options is allowed, Thus the
relevant rows in arrays INDEX, ICGD, TL, BL and CAPT are
written directly into IND, TLIM, BLIM and CT, respectively,
with no combinations reguired. Also no variation in the
x-scale of any of the capability graphs exists.

4.6 Versatility of the Tand Gapabilitv BApalvsis Rrocgdure

An important chjective of this study was that the
computerised procedure should be versatile with different
options available to the user. The options available may
be divided into those which affect the execution of CAPANL
and those which change the information contained in the
control data setg ie, the editing of these sets.
4.6.1 The Qvtiong available is the Execution of CAPANL

(a} 7The temporary wbntyol arrays set up in a job
may be kept, and may be retrieved and used in subsequent
jobsa .

(b} A line printer map of a particular land
characteristic storéd in the seconhdary land data set may
be printed for the whole or a salected portion of this data
set, ‘he subroutines ipvolved in retrieving the control
arrays, and performing the capability analysis are hy-passed,

More than one land characteristlc may be printed pex job.
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Bach is printed separately aud its range of values is

divided into ten classes. Care must be exercised when
these maps are compared with other maps as the shades printed
will represent different values, even if a comparison is made
between maps of the same land characteristic, but at
different grid cell sizes. When a small grid cell is used,
other values may be included which are lost in a map with a
large grid cell size and thus the range Jf values may ot

be the same.

{c) A maxinmum of five différent secondary land data
séts may be analysed in one run. This number may be
increased if additional data descriptive job control language
ig given. Foxr each, the whole ox only a portion of the set
need be analysed. A foreclosure for thw options in land
use may be perforned for all, noné or some of the data sets.

) Any nuiber of land uses may be analysed pex secondary
land data set.

{(d) The land capability analysis and the usable
surface area maps for a land use are always printed unless
the former contains no values greater than zero and the
values in the latter are all the same. However, the map
showing the aumber of limiting land characteristics per cell
and those cells with missing values is only printed when
¥ quested by the user.

(e) The minber of characters printed per grid cell
across and down the page may vary independently of each
other from one to ten so that the distortion catsed by the
1'ne printer may be removed and square ocells printed.

(£) The langd capability analysis may be performed

at a large or small survey scale (Section 3.4).




(g) the default of -0,9 which value represents
missing data in the secondary land data set is not used if
the user specifies ancthexr value.

(h} Any combination of land use types to form a
composite land use may be analysed for any land use system.

{i) Other surface area values eguivalent to a number
of networks may be given if the default values are not
required. These are listed in Section 3.5.5.1.

These options are all dealt with by the capability
analysis program CAPANL. The particular commands reguired
for selecting the various opticns, and the required order
of these are given in Table 71.

The program is writtem to evaluate a number of land
use types per land data set within the same or different land
use systems for n data sets. For every land use analysed
all the data sgpecified in this Table 71 are yiven even if
the land data set is the same as the previous one analysed.
This is because the land data read cannot be kept in the Cpu
due to the limitations of its size and must thus be reread
each time they are to be analysed. If éhe previous data
set is a selected portion of the secondary land data set,
and the same portion is still reguired it is not reselected
if the unit number to which it has béen written ie. unit
fiumber 3 is given for NLS (Table 71} : This is the tnit to
which & temporary data set of the portion selécted has been
written. ‘he foreclosure of optlons in land uge should he
performed wheh that land data set is first analysed for any
land use,

A numbér of land data sets may be evaluated for the

game land us¢ type Lf the land data set informatison given is
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repeated with no changes except for NUMCOM which is given a

zero value. The advantage of this is that the control data

are not reread as those which are already in the CPU may be
used, Thus the vetrieval of these data from the peripheral
storage, is omitted. The temporarxy control arrays will

remain the same and thus are not set up again. However, if the
land use types are to be analysed at a different survey scale,
NUMCOM must not be zero so that the control data are changed

to suit that scale.

4.6.2 The Editin the Qontro. ata Set

Editing options available are:-

(i) The Addition of one or more hew land use systems.

(i1}  Addition of one or more land use types,

(iii) Addition of one or more land characteristics.

(iv)  Changing of the information contained in these

data sets.

(v) Addition of factor graphs, capability tables and

capability graphs.

These options, except for (i) are dealt with by an
interactive program PREP (see Fig.37) which nmust be executed on
the wits system. It is thus written in Wits FORTRAN: It
may be transferred to another system if the necessary changes
td¢ make it compatible with that aystem are made. Standard
FORTRAN may not be executed on the Wits system and thus it
cannot be used interactively at thils cou ater centre. By
being interactive, the user is guided in his choice of options
ahd their implementation and so unnecessary érror is prevented.
This advantage was considered to be greater than the

restriction upon its transfer baetween systems. -




considering each option in turn {the arrays referred
to have all been described previously in Section 4.4.2):-

(a}  Bach control data set consists of one land usa
system. A new land use system may be added by simply
entering the data into a new data set. The sequence and
format of the data must agree with that specified by sub-
routine GET in the capability analysis program CAPANL.

(b) The addition of n new land use types to a land
use system reguires that a row for each land use type ie. n
rows be added, to the arrays INDEX, ICGD, TL and BL. Each
capability table in CAPT will require the addition of extra
rows if the land characteristic w*.ch they refer to is to be
analysed for any of the new land use types. The names and
numerical codes and the land use types are added to arrays
ANAM ahd ICNLT., The additional data are read directly inte
the control arrays, each land use type being read in
separately as illustrated in Fig.37, p.255.

{c) A new land usé type is added before the
addition of any land characteristic. Thus the data added
to arrays TNDEX, ICGD, TL or BL, which refer to all land use
types, must also include the new land use type. Ainy number
of land characteristics may be added, each being dealt with
separately. The data required are additional columns to
arrays INDEX, IcGb, TL, BL and IFAC (if it is invelved in an
interaction] and t¢ INDCT and CAPT if its capability is
derived from a table. Otherwise, the capability graph is
added if che one to be used is not already present. If the
characteristic is limiting, the code humber is added to

array IEX in which case no capability graph or table are
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required. A factor graph may need to be added, or if the
interaction analysis involves the addition of a column to
an existing capability table, the whole capability table

must be glven as a completely new capability table,

{&) Any values in the control arrays may be
changsd. The need for this will arise as further research
information becomes available. It may also be necessary

to change the values in arrays Th and BL if a specific ‘land
use is to be analysed. In order to incorporate these
changes, changes may also be necessary in values in the
capability tables and capability graphs. 1f a land
characteristic représentative of a surface area or a network
has been added in option (c)its code number must be added
vwhere necessary to the arrays ISA, ISAU or INA and ING.

The code number must also be added to the array IS for the
survey scale at which it is analysed., - If it is not
analysed at one of the scales a zero fox the code nukber of

the characteristic which may be substituted, is stored.

The editing of the control data sets require that the

users know the exact position within any array which is to

be ¢h d . The disadvantage of th%s ig that the
responsibility for the accuracy of the change is placed upon
the user. The advantage _is that the execuition hime is not
inareased by including search routines to £ind and replace
the yelevant data. Wheré more than one data item is asked
for by the interactive program, the user must respond with
the same number. If only some of the items asked for are
to be changed, the user must reply as though they are all

to be changed, giving the value already present if the . .
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control array for those which are to remain the same. If
this is not done, zeros or incorrect data will be read into
the control arrays.

The orxder in which the various control arrays are
changed is given in Fig.37. Any number of values may be
changed within each array. Bach array is considered
separately and all changes to that marticular array are
performed before the following array is consideted. i

(e) Any number of new factor graphs, capability

tablss oxr graphs may be added. The need for this option
may arise as further research information becomes available,
or a user may wish to analyse a land characteristic in a
manner gifferent to that given.

PREP reads the whole control data set fiom the data .
base into the CPU. When the editing is complete, the data
set is written to the output space of the Wits terminal
system which is the only output unit immediakely availahle

to a program executed by this system, The output space is

sasily stored in the Wits data base system by choosing the
appropriate Wits commands {(Wits 850, 1977) once the program
has terminated. From there, it can ba written to any other
device as required. The program PREP ¢ould havé been
written to re-run each time a different control data set is to
be edited without texminating the program between the
editings. However, each edited set would be writteh
seguentially to the output términal space and at the end of
the job, one output £ile consisting of edited control data

sets would be present and would need to be separated using
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Read surface
s end natuork
afornation

R
G2, IBEX, 5D
L, BL, IBX, INDCT.
loaez, rEnGm, 2aR,
van, zrac, vusm,
[exan, FYaR.

edtted control
arrays

Fig.37 simplified flow chart of a section of gubroutine
PREP dealing with the addition of new data and the
aditing of a control data set.

(See text for the definltions of the variable names.)
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the wits Editor (Wits 850, 1977). But it is simpler for a
user unfampiliar with the system to terminate the program
between the editing of a different control data set and to
store the edited set in the Wite data base before retrieving
and editing another set.

4.7 The Interactive Exegution of the land Gapability
Analysis Procedure

it is desirable that the whole procedure, fros
digitising a land survey map to obtaining the final
capability map, should be interactive to allow the user to
change the data at variousg points, redirect the order of
execution of various programs, edit the control data sets,
etc, Any interactive program at the ceatre must be written
in Wits FORTRAN. this {s basically the same as standard
PORTRAN (wits 860, 1977) but thére are a few important
dlfferences:—

(a) The length of a variable and the dimensions of
an array must be declared before their appearance in a
common statement. This means that statements such as
Coimon A {4,5) are not allowed.

{b} Block data and data statements are invalid.

(5:) The end parameter on the read statement 1s not
recbgnised viz:Read (6, 10, End = 99).

(d) comment lines only need a blank in column two.

(e} No continuation lines are allowed.

(£) oOnhly tvo output and input areas are avallable
viz. the terminal screen or the terminal output space and

the keyboard or a Wits data file,
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Points {a), (d) and {e) will restrict the transfer
of the p;oceduxe to another installation.

Points (a) and (¢) are reguired by the programs
OVER3 and CAPANL.

Point {f) restricts the output devices to two.

OVER3 and CAPANL both require a greater number of such
devices ineluding the facility to write and read from
temporary data sets.

Thus the whole procedure cannot be completely
interactive, nor can it be executed completely independently
from the Wits system as the digitiser is connected to it.
Therefore, both the Wits system and the open system at this
computer centre are used.

A suite of interactive programs have been written
which direct the user ih the execution of the whole procedure.
They are:-

{2) ' CONTOR {Section 4.4.1.1). This interactive
program receives and writes the digitised points of a map to
the terminal outpit space.

(b) DIGIT saves this output space under the file
name COXXYY interactively and the final edited version is
stored in the Wits data base systeém urider a new file name
given by the user.

steps (a) - (e) result in the creation of a primary
land data set.

(@) 8EY is an interactive program which writes the
data required from the user to set up the secondary land
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data set to the terminal output space. This output space
is stored as a file XXSET.

(e) CREATE takes the file XXSET, inserts it as the
data for program SETUP (Section 4.4.1.2) and submits the
program for execution in the open system.

(£) OVER copies OVER3 (Bection 4.4.1.2) into a file
OVPGM. This action is taken because the filename of the
primary land data set and the data set name of the secondary
land data set into which the overlay of the former is to be
written, must be changed in the JcLlcommands of the program.
The original program is not changed so that subsequeént users
are not influenced in any way by the actions of previous users.

(g} OVDATR is an interactive program which writes
the data requiréd from the user Lo execute OVER3, to the
terminal output space.

{h) COMB stores the output space in a file ODDD,
inserts it as data into OVPGM and subnits this for ekecution
in the open system.

steps (d} -~ (h} result in the overlay of a primary
land data set. These steps must be repeated until this
latter data set is complete. The number of repetitions
depends on the number of primary data sets overlaid in one
execution of OVER3. All these data sets may be overlaid

in one job.

1. JcCh is the Jgob Control nanguage governing the
execution of 4 computer proégram,




{1} EBVAL copies the interactive editiny program FREP
intc a file BVPREP so that the control data file names in
tha JCL may be changed without changing the original program.
EVPREP is executed and the edited control data set is
written to the terminal output space.

(j) CONPRL stores this output space under the file
name WATPXG and inserts it into the file INFO ready for the
exacution of CAPANL.

steps (i) and (j) result in a file INFO centaining
the edited contrgl data ko analyse a land use, If land
uses from several land use systems are to be analysed in one
run of the program CAPANL thesé steps are repeated for each
land use system. Bach edited control data set is inserted
after the previous one in INFO. Thus the order in whiéh
the different land use systems are analysed depends upon the
order in which the user edits their control data sets. The
editing program must be entered even if no editing is
reguired, so that INPO is set up.

{k) EVDATA is an interactive program which writes
the data required (Table 71) from the user to execute
CAPANL for several land use types in one or more land use
systems for one or more secondary land data sets,to the
terminal output spiace. »

(1) ANAL stores this output space under the f£ilename
EV123, coplies CAPANL into a file BVPGM and inserts Evi23
into BVBGM as data. ‘he data set names of the secondary
land data sets to be analyseéd and the filename into which

any temporary control arrays are to be stoxed permanently
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are given by the usex. The program is submitted to the
open system for execution.

If the temporary control arrays from more than one
iand use analysis are to be kept, they are written into one
file. At the end of the job, the arrays from the different
analyses must be separated using the Wits editor (Wits 850,
1977) . More than one file could be provided but this may
still be less than the number required as there i{s no upper
limit to the number of land uses analysed per job. Thus
the separation of some of them may still be Yequired. Also
the execution of the whole job is increased as each file
must be transferred back into the Wits data base system.

Steps (k) and (1} result in the land capability
analysis of several secondary land data sets for a number
of land uses.

(m) INSTR is & Wits file containing the instyuctions
guiding the user through the procedure. Its execution is
initiated by displaying the first lines of this file.

There are three other programs which are necessary
for the system to run, namely:

INTERP (Section 4.2)which interpolates discrete
points; READ, which reads and writes a secondary land data
set to hard copy; and Copy, which copies a secondary data
set to a given data set, Printouts of all the programs
are given in Section 4.8,

A simplified, overall view of the linkages betwesn

the various ts of the dure is given in Fig.38.

various entry points into the procedure are availableé:-
() The digitization of a map, its subsequent

editing and storage as a primary land data set.
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(8) The creaticn of a secondary land data set.

{C) The addition of an overlaid primary lvad data
set into the secondary land data set.

(D) The editing of a control data set without the
execution of a land capability analysis,

(B} A lang capability analysis with or without the
editing of a control data set. The procedure can be taken
to any desired stage, without necessarily completing the
entire procedure.

The two fundamental programs of the procedure are
OVER3 {the overlay program} and CAPANL (the land capability
analysis program) . These two programs can he readily
transferred between computer installations. CONTOR, SETUP,
EDIT, EDITLF, EDITPT, EVDADA, PREP AND OVDATA are the
fundar sntal interactive programs which can be transferred.
rhe remaining programs, excluding READ, COPY and INTERP,
contain Wits commands to link these programs together for
which complementary software at other installations would
be required.

: At this computer installation, the primary land data
sets, the control data sets and the programs are stored in
the Wits data base system. The secondary land data sets
are stored on tape or disc in the open system. fhis
division is necessary as the latter are written and read
unformatted and thus cannot be written accurately into the
Wits data baseé system. The primary land data sets are
initially written into thils system and are therefore not

removed. should these séts be removed at a later stage
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they would need to be transferred back to the Wits data
base system before any of the interactive programs can
access them. The control Jat. sets are also accessed by
interactive programs and are stored in the Wits data base
gystem.

4.8 he Compute rograms of the Interactive Land
Capability Analysis P
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SHAPTER 5

A TRIAL RUN OF THE ILITY ANA] 'RCCEDURE

A land capability analysis in Northern Lebowa was

performed in 1973 by a private company of consultants for

the then Department of Bantu Administration. The result

i and data mapped at 1 : 100 000 were made avajilable by kind

|
|

i permission {Swart, 1977) and it was the intention to analyse
the data by the method developed in the atudy and to compare

the result with that obtained by the consulting firm.

N unfortunately, the data were not all quantitative and an

insufficient number of land characteristics had been i
L measured. A section extending from 25,640°west to  29.140%ast

and 23.000%north to 23.240%outh was chosen as a txial area

(Pig.39) .

Pourteen maps were digitised using program CONTOR,
edited by the relevant editing program ie. EDIT (polygons)
or EDITLF (nektworks) or EDITPT (discrete pointa) and stored
as geparate primary data sets. Two secondary land data sets

were created for a grid cell size of 1,1km2 and of o,55km2

respectively, by overlaying the ciited primary land data
sets with a grid at a ratio of 1,0 and 0,5 ie, the grid
axiz was the same in the first instance as that of the
digitised maps and halved in the second instance, Twenty-
nine land characteristics were retrieved from the primary
data sets by selecting different data items from their data

string during the overlay process. A further sixteen
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not depicted eg. National park or not measured at the scale
at which the maps were produced, eg. height ahove water,
were assumed to have zere values, giving a total of forty-
five land characteristics measured for each cell in the
two secondary land data sets (see Table 72). Bach had a
number of data items which sere either a f£ield measurement
eg. geologival discontinuities, or derived from a field
measurement eg. the soil erodibility index was based on the
soil type given, in the descriptive data string.

5.1 Presentation of the Regults

The program CAPANL prints the name of the study area
and its extension. The following information is printed
for each land use system analysed on this area:-

(a) '"able of the land use types and their code
numbers. This is for reference as all land uses in the
result are referred to by the latter code numbers.

(b) Table of all the land characteristics required
to analyse each land use type ie. a modification of Tables
13, 16, and 18-24,

(c) Table of the land characteristics selected from

the above table (b) ing on their in the

gecondary land data set to be analysed and the chogen
survey scale ie. whether the lanhd was surveyed at a board
{small) or detailed (large) level, This table also prints the
permissible limits of each characteristic and its welght or
whether it is used to evaluate the usable suxface area.

(d) The land capability map, and its validity (xratio
of the rumber of land characteristics presgent to the number

actually required), the map of the usable surface. area and
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Taple 72 - The rend Characteristics present in the Secondary Land bata Set

Fxial o n 1]
Land Characteristic ethod 5. || Land characteriatic lethod of
LAND_COVER. SLIMATE
sock surface A alimatic ¥efactor b
Boulder cover ° Wind velocity o
Lake M Prost temperature u
Resepvoir M Zanuary temperatuxe N
River L.} July temparature M
stream " Season langth o
RELIEE Season quality o
Hillslepe element D Rvaporation M
Height zhove water A Rainfall total ’ 3
Matural lang feature A Rainfall enargy »
Gully a Runoff total 8
SRQLOGY. BIOLOGICAL CHARACYERISTICK:
stratigraphic unit » ehysiognomic vegetation type )
Hacural rock group » HANZMADE. STRUCTURES, END BOUNDARIES
Mineral ore depoait A Township A
Deptn ko bedzeck » Tndustris) area ' A
Geological discontimilties L Settlement N
gorn Poweriine A
Subsoll texture n Rallvay A
011 erodibility index b pavdd road A
§o1l permeability index » ational Park A
Rooting depth # Mourtain catehrient: area A
Depthr to watar table » Wilderness aren A
5611 deficiency. A Unpaver road M
goil toxleity : a
soil salintty »

Mgty
& - vilus of zago stored

D - value stored is derived from a measured
# = stored valte Was medstred in the field

value

i
i
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simple statistics for both maps ale printed. The number
of land characteristics selected will generally be less as
in the example given (Fig.40) unless all those required for
the analysis of the land use have been measured.

{e) Map of the number of land characteristics which
ate outside their permissible limits as well as any grid
cell excluded from the analysis by a limiting land’
characteristic or a missing datum value. This map is only
printed if requested but it is valuable in interpreting the .
lang capability map as a grid cell’s low capability may be
due to any of these factors. If a large number are
excluded because of the permissible limits chosen (printed
in Table (b)) these may be changed and the analysis redone
if gegired.

(£) BAn index of the map symbols is printed at the
end of the job.

If another land use is analysed for the same land
data set, the information in points (b) to (e) are printed
again unless the land use is in the same land useé system,
in whicgh case Table (b) is omitted. fThe information in
points {a) and (e} to (e) is printed if the same land use
is analysed for a different land data set.

The results of the analysis for a foredlosure of
options in land use Ffolluw the game format except that the
information in point (a) and (b) above is only printed
once, at the beginning of the analysis. The .
validity of these maps is not calculated and the analysis

ls of a general nature ie. the map fot a land use system eg.
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agriculture, analysed for this foreclosure of options
indicates a general capability rating of the land for that
system {Fig.4l).

If another land use eg. urban development, is to be
implemented, a land capability analysis for any agricultural
land use should be performed to indicate a more specific
capability rating of the land {(a land use system is a
general land use) so that a more definite location of eg. prime
agricultural land is determined and the congejuence of 2
foreclosure in this option may be studied.

5.2 The Comparison of the lLand Capability Analysis

Results for Livestock Production on Natural Veld

with Asgociated Drvland Summer Season Cropping,

Performed by the Computerised Procedure and by 2 Manual

Method

The results of the land capability analysis performed
by the private consultants did not indicate areas of

different capability for a specific land use as is printed

by the procedure. Only areas where six different agricultural land,

uses may be implemerited were shown, Of these six viz.
dominantly dryland and crop production, dominantly livestock
production with associated crop production divided ipto
three sub~types depending on the relative inputs into either
livestock or crop production,and livestock production sub-
divided into two on the basis of the pasture grass, the
dominantly livestock production - with associated crop
production corresponded to a combination of the land use
types of farming land, summeéer season cropping and natural
veld pasture given in this study. The permissible lower

level for rainfall given in the default agriculture

1 L

to

control data set ie.600mm a © was changed to 425 mm a”

i
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correspond to the permitted range of 310 - 500 mm a1

specified by the consultants, The capability analysis for
this composite land use type was performed at a broad

scale (Fig.42,2){where general measurements of a land
feature are assessed eg. soil permeability index rather
than soil texture) and at a detailed scale (where a specific
measurement of the land feature is assessed) (Fig.43.1).

The validity of these maps were 0,758 with nineteen per cent
of the grid cells containing missing data and 0,587 with
eighty per cent of the grid cells containing missing data
respectively. Thus the latter is neglected.

Fig.43, the printout of the land capability map from
the manual technigue, was obtained by digitising the map
into a primary data seét, overlaying this set with a grid of
1,1km2 and printing it by selecting the option to print a
map of a data item in the data string of the grid cells.

Two analyses, Fig.44,1 and Fig.44.2, were performed,
the former weighting the climatic factors while the latter
weighted the soil factors. Both gave & maximum capability
of five to the area hut the praportion of land with this

value and the distribution between the remaining capability

419

values derived, differed (rFigs 44.1 and 44.2). The map of the

iimiting land characteristics and missing data were the
same ., Thus the capability derived is dependent onh the
weighting given, as was expected, and the ability to vary
these weightings to reflect the effect of different land
characteristics, planning aims, policies ste, 1s an
important feature of a capability analysis technique. The

aréa slggested by the cofisultants for the lahd uss
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Fig.dd,l The land capabiligy for-livestock production
on natural veld with associated stmmer season
cropping in the trial area, Northern Lebowa. i
Climatic factors were given a higher weighting.
Grid cell size was 1,lkm?. ]
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Fig.44.2 The land qapability for 11vestock production
on natural veld with assoclated summer season
cropping in the txial &rea, Northern Lebowa.
8oil factors were given a highez welghting.
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walysed corregponded classes 4, 5 and 7. in the north-
west to @ capability of four while the main area fox the
axtensive livestack product, from north to south across
the riddle of the map, had a general capability of two
when the c¢limatic factors were weighted. The same
sorrespondence in area occurred by weighting the soil
factors but the capability yiven was lowex. The actual
technigue used by the consaltants is not made known and
thus the inclusion of any weighting is unkncwn. Possibly.
both elimate and soil were analysed as being of equal
importance.

The presentation of only one land use per area does
not provide a planner with any information as to the
relative vapability of the area for different land uses or
to the capability ratings given to each area represented as
best for - particular land use. The advantage of the
regults from the computerised technigue is that the relative
capability of the different areas fox a land use is available.

The statistics of the map at a grid cell size of
0,55km2 (Fig.45) cannot be compared with those for the map
at a cell size of 1,].km2 ag the total area analysed was
different. A gection of the trial area overlaid at the
cell size was analysed to illustrate the option of retrieving
a selected portion of an area for analysis. Two areas with
a capability of two extending from 287 550 to 287 650 eagt
and 287 804 to 287 900 east at 231 100 north in Fig.45
are not present in Pig.42.2 which shows ah area of the same
~apabllity extending from 288 000 -~ 288 30 east at the same
noxvherly locationi. Thig indicates that the results of a
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capability analysis is a function of the grid cell size as
the heterogeneity within x cell is a function of its size.
Thus an important Eeature of a land capabllity analysis
technique should be its performance at any grid cell size
as is possible in the procedure developed.

The two blank cells at 286 850 and 286 900 east
respectively and 230 150 have zero values for each"}.and
characteristic. This situation is recognized by the land
capability analysis program as being outside the map
boundary. This is not the case and was not expected as
the capability of these cells is either two or four and the
overlay program was tested for as many situations as was
thought possible. For a total of 1 274 cells, only twa
cells have been affected. Thus the overldy program has
an accuracy of ninety-eight per cent.

5.3 Resuits, of the Lang Capabilitv Analvses Performed

A full sét of capability analyses were performed
for all the land use systems as well as a foreclosure of
options in land use., For the purposes of this assessment
of the method it is unnecessary and would in fact be
distracting to present each one. A subset represgenting a
cross-soction of the land use systems is therefore presénced
in ¥lg.46 and their mdincapability for the land is given in
Teble 13,  Most land in the trial area is best for informal
recreation activities vhile none are suitable for subtropical
forestry which is expected; due to the low rainfall recelved.
The high capability for recreation was not indicated at all
by the manual method as the land was not analysed for it.
This indicates the importance that the method used should

allow for the analysis of different land use types.
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Dominant
Zand factors
zand Usa System 1and yse Type given the capabiiity
arestest
Properties
welghting | o0 [PTORS
Agricultura Bowinant live stack N
production with associated
dryland sunmer season clisata * A
cropping
Forestry [subtropieal forestry on
pit-prepared lang clinmate ° oa
Conservation conservation vegetation and|
s0il ercsion o 7
Recreation Informal activities Natural land
featur 8 77
Urbsn and ruzak uxban reaidential bullds Geolagy 3 53
communtcation Road construction Geolagy 2 %
Excavations guarry Reliag & &6
Water catchmant water catchment Rinots 4 35
Foreclosure In optians |Agrieulture Climdte 6 34
Forddbry Climate o 96
congervation Yagetatien,
) doil orosion | 4 32
Recrestion Watex 4 5
Bucavation mineral dnd
Zock type 2 51
. Water catchment Runogs 3 68
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The foreclosure of options in land use indicates
that except for forestry all the other land use systems
méy be implemented in the trial area. Thus these systems
should be analysed for land uses whose implementation is
feasible, to obtain a more detailed analysis of the land
(the foreclosure of options ia analysed generally)'pefore
compiling the final land use plan. The statistics of the
foraclosure of options and those of the land use types
given in Table 73 cannot be compared because different
weightings were used eg, the quarry land use weighted the
relief while the excavation land use system weighted the
presence of minerals on rock and also the land use was
analysed in greater detail,

5.4 Conelusion

Although the data used was not originally in & form
directly sultable for this procedure, theé trial run has
indicated that the results of a land capability analysis
using overlay techniques is a function of the yrid cell
size used. A further influeéncing factor is the imporxtance
of each land variable ahalysed. -

A versatile land capability analysis method allowing
for thege variables has b;en developed for any land use and

for the analysis of the foreclosure of options in land use.
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CHAPTER 6

DISCUSSION

At the commencement of this study it was thought
that quantified information as to the various land.
characteristics which must be analysed for different land
uses, the interrelationships between these land characteristics,
their relative importances to various land uses, the optimum
valiies for each land characteristic and their range of values
required for a land use, would be available. However, as
the study progressed it was found that very little of such
detailed information was in fact available. what was
‘known' was oftex:x a subjective assessment or was given in
gualitative texms, eg. maize requires a 'high' rainfall.
‘The detailed information outlified above is necessary if
land, as an ecological system of interrelated components, is
to be understood in such a way that man plans with the land
and not against it. Thus a land capability analysis of the
land expressed by objective ¢ata is a hecessary bas{s for a
land use plan. However one of the realizaticﬁs emerging
from this study is that we have very little detailed
knowledge of the functions of thé land as a complete
ecological system.

In the absence of such data, one may query whethexr all the
relevant, more or less cohstant, land characteristics have
been included in the capability analysis of each l&nd use
system. Variable land characteristics (eg. #oil structure)

have been omitted. It is considered that all the major
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land characteristics have been included for those land
qualities considered. However, certain land gualities,
considered to be important by a subsequent user of this
procedure, may have been omitted and thus certain land
c¢haracteristics may also have been omitted. AllL those
land qualities known to be important to at least one land
use type, have been included. since it is possible to
add land characteristics to the procedure, any possible
omiwgions are easily rectified. It is also possible to
add other land use systems td the procedure.

The 1and characteristics influence the land uses in
various ways and were therefore analysed either as limiting
land characteristics, control land characteristics, or as
land characteristics given a capability rating either from
capability tables or from capability graphs. The method
chosen for each land characteristic was that which was
considered to hest reflect the effect of that land
characteristic on the overall capability of the land,
aceording te the existing knowledge. ¥o research
information specifying how each should be analysed ih a
capability analysis was found. When these data become
avallable, the methods chosen in this study may need to be
changed.

It is appreciated that the complex relationships
between the land characteristics are dealt with by
simplistic models. fThis was a deliberate decision since
there is insufficient informatidn to express them
gquantitatively. As this information becoties available,

80 tHe necessary chianges will be made if these sihplistic
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models need to be rectified, and other interrelationships
which may have been omitted, will be added. At this stage
the interrelationships are more realistically modelled by
érring on the simplistic side, using the information known,
rather than by incorporating complexities which are not
fully understood.

It is also realised that the form of the ca;ability
graphs and the values given in the capability tables are
open to criticism due to the lack of necessary data
concerning the optimum and range values required by the land
characteristics with regard to a land use. Necessary
changes may easily be made as more information becomes
available.

The overall capability of each land unit (ie. grid

cell) is determined without reference to the condition of

the neighbouring cells eg. a cell with a large township and

industrial area will affect the siting in a reighbouring
cell of rural residerices, whose emphasis is on the
‘naturalness’' of the area. This is & limitation of the
procedure, but it was not removed as to do so would -not
havé been cost affective with respect to the réguired extyra
computér time. The computer time would have been much
increased becatse each time a cell was analysed; seaich
routines to determine various conditions present in all
neighbouring celis would have been required. In many
cases, the conditions present in neighbouring cells may be
shown by analysing the land for other land uses. The
results of these analyses may ther be compared to give a
more complete understanding of the situstion. For .

ingtance, in the above example a land capability analysis




for an industrial land use would have given a high overall
capability to cells with industrial centres, especially if
that land characteristic had been weighted. The results
of this analysis when compared with those from an analysis
for residential land use, would indicate the occurrence of
incompatible land uses in neighbouring cells as well as in
the same cell. )
Another limitation of the procedure is that the
cover of certain land characteristics is not calculated
but is taken to be either zero if absent or fifty per cent
if present when the primary data sets are overlaid. The
accuracy obtained in calculating the area wds not considered

to ke sufficient tion for the i execution

time required. Also, by selecting the most appropriate
grid cell size {for the objectives of the particulax
analysisj much of this problem is eliminated, In the case
of both of the above limitations, the need for a tool which
was usable at low cost was considered of overriding importance.
The analysis of various land uses at different grid cell
sizes and involving the selection of different welghtings
was eonsidered to be more desirable and useful than a moxe
accurate but expensive tool whose full potential and
usefulness would not be used because of the expense involved.
The exécubion of the land capability anslysis program
is not as efficient as was desired due to the absence of a
data bage system in a form which iz useful to ecoleglcal
users. such a data basé system is a rescurce ihventory in
which a data string composed of the measured values of

various land characteristics is linked to a georeferenge.
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Each item of data should be retxievable individually. The
storage of relatively constant data is desirable, as variable
variable data would require constant updating. Thus
any variable land characteristic was omitted orx
substituted by a land characteristic of a more constant
nature. For example, vegetation type is measured in
praference to vegetation cover as the cover is eas{ly
changed or removed, and thus its measured value is of a
temporary nature. This study has highlighted the need for
such a data base system in Scuth Africa, particularly since
detailed and integrated land planning is growing in importance.
The data base should be initiated bafore individual
organizations set up their own systems, with their own
variable definitions, scale of data storage, etc. as this
would preclude any transfer of data between individual systems.
Also, the design of such systems may restrict the usefulness
of the data eg. if the data are measured and stored in grid
cells, the grid cell size may not be that required by & user.
Thus, before any daka base system is developed, the usérs
should be consulted so that the system will be used: This
proceduxe is one prospective user of the data base system
and the potential use of such a system for land planting
can be envisaged from the results of this study (Section 5).
The simple data base system set up for this study
was executed by the Wits system so that it could be
interactive. The advantage of this is that the usex is
guided step-by-step through the procedure and thus less
user error is possible. However, the interactive programs
are restricted by the limitations of Wits FORTRAN, eg. no

data statements are possible and the Wits data base systém
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cannot store and retrieve unformatted records accurately.
Tharefore, two systems viz. Wits and the open gystem at
this computer centre, had to be incorporated together. 1t
has meant that the whole procedure is not completely
independent of the Wits system,as was desired,so that the
procedure could be easily transferred between various
computer installations. The Wits system is specifnic to
the computer centre at the university. However, the heart
of the procedure, ie. programs OVER3 and CAPANL, is
independent of the Wits system 2nd can be easily transferred.
only the interactive property of the procedure would be lost.
An important feature of the proceduré which is
considered to be an improvement of most other studies

reviewed (eg. M.L.M.I.S. (Craig, 1279) South Coast Project.

Australia (Austin and Cocks, 1977} is the storége of

digitized map data which are overlrid in the computer for
analysis in a grid form by the land capability analysis
program, The advantage of this is that the analysis may
be performed at any selécted grid cell size. The need for
this arises due to the unavoidable lass of detail in-the
maps. The detail captured within a grid cell = id the
dominange of the values used, may be altered by changing
the grid cell size. This ig shown by the results of the
Lebowa analysis. It algo overcomeés the problem of data
stored at a fixed grid cell size which wmay. cause an
important loss of detall, so that the differences and
similarities between land are not apparent. This problem
ig not present in theé Canada Land Inventory GLI system
(MeGotmack, 1871) in which digitised maps are stored ihd




overlaid by a complex procedure. The disadvantage of this
system, however ‘= that it is complex to use (Walker, 1980,
sersonal communication) . In the procedure presented here
the emphasis has been on developing a system which will suit
the reguirements of : 2 user and it must allow for the
versatility required oy this procedure. Another important
feature of the procedure is that the definition cf'the land
use being evaluated depends on the user. It can therefore
be used for many land uses, and is not only for a particular
land use as occurred for example in the study by Young and
Goldsmith (1977) and the procedure of Klingebi 1 and
Montgomery {1961). It wi"l also znalyse data surveyed at
any. scale and by any method ie. the genetic, the landscape
and the parametric method, provided that the data measured
correspond to the land characteristic defintions. These
definitions are for unclassified data. Many studies have
used classified ie. a number of classes each representing a
range of values, are defined for a land characteristic
measured for a particular purpose. . The class and not the
particulas value is recoxded for the characteristic-data eg.
G.B.M. (National physical Plannihg Agency, 1977); Xiefer and

Robbing (1968); - Beawnont gt al {1975) and Scotney (1971).

The storage of unclassified data means that the data base
system can be used for other purpoges. Classified data are

measured for a particular purpose and are only valuable for

that purpose., Any quent ch in the classification
system ake not possible unlegs the data are remeasured.
This procedutre tses unclagsified data.
The Lebown results have shown that the procedure is
a versatile tool enabling a user to ;nalyse differant lang

uses with dififerent weightings of the land chavacheristics,
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at different grid 2ell sizes. It does not supply all tane
answers for a land planner but rather detects problems in H
management and degradation. It may be extended into a
1and suitability amalvsis by incorporating economic land
characteristics that will measure the inputs and benefits.
The procedure versatility and nsefulness can be extended if

an integrated land capability map is produced. At the

moment this is done manwally. A map of this sort may be

prenluced by storing the results of each land capability
analysis for different land uses. These results would be
retyieved and sorted to determine the highest capability
for 8 grid cell. A symbol representing the particulay
lanu. vae to which this refers, would be printed for that
grid eell. 2 further extension of this would be the

. rermrporution of geal programming (eg, Bell, 1976). A

land use plan has a numbrr of goals to be realiged and
generally conflict exists between some of thase goals.

Goal pregramming is a distinctive mathematical programming

formulat.ion of the problem of coming ‘ay cloge as possible
o a set of unattainable goals'® {Dyer, 1972). It -

minimizes Lhe discrepancy between goals and thus their

achievewat even when conflict between the goals exists

(Bell, 1975 .

s

The purpose of this procedure ig to provide planhexs

with a versatile tool to analyse the land iteelf for

different land uses in different ways, so that the f£inal

land plan produced is based on a greater understanding of

the land than would be possible in its asbaenta. It is

:

considered that the development of such a toel has been

dchieved and it is noped that it will prove to be useful

" s

and valuable.




APPENDIX &

List of Persons and Institutes from whom information
received was used in the compilation of the permissible
limits and optimum .:lues for land use (Tables 13 - 24), and
5 the development of the capability graphs (Figs. 6-14) and
tables (Tables 26-60). -

Pexsons

Allison, J.C.S. S.A. Sugar Association Experimental
Station, P.0. Mt Edgecombe, 4300, South Africa.

Barnard, D. Department of Planning and the Environment,
Private Bagy X213, Pretoria, 00CL.

Bassaradb, D.R. A.B,A., Brink and Rss,, Cohsulting Engineering
. i Geologists, P.0. Box Bryanston, Transvaal, 202L. 1

Blight, G.E. Department of Civil Engineering, University
of the Witwatersrand.

Brink, A.B.A. A.B.A. Brink and Ass., Consulting Engineering
Geologists, P.O. Box Bryanston, Transvaal 2021.

Burde, C.D. Dept. of Town and Regional Planning, University
of the Witwatersrand.

Carlaw, A.E. Department of Conservation and Extension, 3
P.O. Box 143, Umtali, zZimbabwe. i

Clauss, K.A. National Data Bahk for Roads, National i
Institute for Transport and Road Research, d
?.0. Box 395, Pretoria, OQQl.

Dalldorf, D.B. Agricultural Research Station, Private Bag
X127, East Tondon, 5200.

Donaldson, G.W. National Buildihy Research Instittite,
8.I.R., P.O. Box 395, Pretoria, OQOL.

Drews, R.J. National Ihstitute for Water Reseaxch, C.S.I.R.,
P.O. Box 395, Pretoria, wOOL.

Du T. Burger, R. Department of Soil Science, University of
orange Free State, P.0. Box 339, Bloemfontein, 9300.

Bhlers, J.H. Department of Agricultural Technical Sexvides,
Transvaal Region, Private Bag X180, Pretoria, 000L.

Elwell, H.A, Department 6f Conservation and Extension,
Inst. of Agricultural Bhgineering, P.0. Box BW 330,
Borrowdale, Salisbury, Zimbabwe.




Fotheringham, P.J» Department of Agricultural Technical
services, Natal Region, Private Bag X9059,
Pietermaritzburg, 2200.

Little, A.M. Natal Town and Regional Planning, Private Bay
X9038, Pietermaritzburg, 3200.

Macvicar, C.N. Soils and Irrigation Research Institute,
Private Bag X79, Pretoria, 0001.

Magni, E.R. Urban Irvestigation, Gaological Survey,
private Bag X112, Pretoria, O0OL

Marshall, C.R. Coffee Research Station, P.0, Box 61,
Chipinga, Zimbabwe.

Mentis, M.T. Natal Farks, Game and Fish Preservaition
poard, P.0. Box 662, Pietermaritzburyg, 3200,

Mills, L. Plant Protection Research Institute, Private
pag X134, Pretoria, 0O0OL.

Netterberg, F. National Institute for Transport and Road
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