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Abstract

Geomorphology, especially applied geomorphology, should
be functional in order to contribute to the contemporary plans
and needs of man.

It is shown in this study how a geomorphologist, aided
by results of studies in related fields, can compile a landform
map that is suitable for land planning purposes. Working in the
Ulu Langat District as a study area, techniques are introduced,
and tested, for the extraction of slope values from topographical
maps, and for the classification and compilation of a "user"
Tandform map.

Results show a high association between slope values
calculated from the topographical maps and values determined
in the field. The coefficients of correlation (r) between these
variables are positive and significant, in many cases at 0.1%
level. The study illustrates how these slope values can be
employed successfully as the main land attribute to classify and
compile a "user" landform map. "Land Categories" and "Land Units"
(similar to “"Land Systems" and "Land Units" of the C.S.I.R.O0.
Australia) are identified and mapped from the study area on the
basis of the slope values (main attribute), and air photograph
interpretation. soil, elevation, and drainage attributes. These
landform types, which can be recognised in the field, are described

and designated for various agricultural uses.
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A morphometric analysis of some Land Categories rcveals
that the landform types are sufficiently different, one frem the
other, to be valid as separate types. In addition, the results
of the analyses of some soil and land attributes in the Land
Categories indicate that the top 45 cm of the soil profile in
all the land types is highly erodible, and that soil erosion
and mass movement are accelerated by poor land management in the
study area.

It is suggested that the results of this study could
be tested in other parts of West Malaysia, and other humid

tropical areas.
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CHAPTER 1

INTRCDUCTION

It would seem that 'a aeoqraphy of any kind which becomes
restricted to the consideration of featureless plains, or their equiva-
lent, is takina a danaerously unrealistic line and one ... which is out
of step with contemoorary experience and need' (Chorlev and ¥ennedy ,
1971; pg. Viii). The idea of “contemporary experience and need" is
associated with activities which are designed to solve the fundamental
problem that faces the world; namely: ‘the rapidly increasing pressure
of pooulation on phvsical resources, particularly on the resources of
land' (Stamp, 1960 Dpq. 13). Thus for acomorpholoav, or any discipline.
to be realistic and functional it shauld be actively involved with the
various plans designed to maximise the resources of the earth. 0ne way
in which aeomorpholoay can be involved in such development plans might
he the compilation of landform maps that are suitahle for land planning
purnoses.

The prohlem of this ctudv is to compile a land evaluation map
of the type mentioned above. as 2 case study. The study is motivated
by recent sugaestions by qeomorpholngists to the effect that there should
be a combination of 'work heing achieved within the fields of theoretical
aeomorpholoay, morphometric analysis and the designation of land systems

for develonment purposes' (Thomas, 1969 pa. 141).



call for a qeographer's geomornholoqy

The suqgestions cited above are a follow-up to an earlier
call for a qeographer's aeomorphology in the nineteen-forties and
nineteen-fifties. Before then, it would seem that neomorpholoqy was
basically associated with nen1oqv.‘ This is especially true in North
America (Thornbury, 1954), Since the middle of the nineteen-forties,
however, Xesseli (1946, 1950, 1954) has stressed the importance of a
geomorpholoay which reconnises an extensive descrintive nomen-
clature of small and large forme , as well as of tvpe areas. Russel
(1949, pq. 4) has noted that a acographer 'wants specific information
alona the lines of what, where and how much', as against the azoloaical
geomnrphologist's concern with the auestion of ‘structure, process and
time'. Lewis (1959) also suggests that geomorpholoay should bhe more
geoaraphic in its approach and content, while Vartshorne (1969, pg. 21)
believes that acography 'is concerned to provide accurate, orderly and
rational description and interprctation of the vyariahle character of the
earth"s surface'. It might be arqued that oceoloaical aezomernhclody does
concern itself with such description and interpretation. hut it seems
that it doas this aenetically. Hammond (19F2) has suqqested that aenesis
night not be the only device for determining the necessary oraanising
principles in systematic studies; and that function would he eaqually

suitable. Ottmann and Tricart (1964, oc. 2) have also reiected the old

1. The history of the controversy hetween aeoloqy and geogranhy and/or
of the evolution of aeorornhology as 2 discinline is qivenrin rlock
(193n), Bryan (1957), Strahler (1953), Raulin, et al. (1956),

Ackerman (1958), Shchukin (1960) , Mackay (lgﬁl)f'hTiéy (1962),
Chorley, et al. (1954), Zakrzewska (1967), and norall (1268).
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methods of qeomornholoaical studies, which are of Davisian oriagin. and
have sugaested a method that 'deit fournir une déscrintion raisonngé de
tous les &1ements du rélief de la réaion ...'. More racently,
Takrzewska (1967) has maintained that descriptive landform classification
should be the first step in anv landform study. and in aeooranhv. while
Desai (1968, pg. 263) has contended that system terrain evaluation
represents 'a major ... advance in the field of physioaranrhical

analysis'.

Ceomorphological manping techniques and problems

A period of geomorphological mapping studies followed this
call for a functional geomorpholoqy. The initial works were largely
concerned with the technioues and problems of qeomerphological mappina.
Thus, Raisz (1751) illustrates how air nhotoqranhs can be used in the
comoilation of a man of the surface confiqurations of large areas. whila
Hammon (1954) discusses the desirahle paints to highlight in the produc-
tion of small-scale landform mans. Calef and Newcomb (1953) have
developed a method for mapping the averane slope of the land, and Pobinson
and Thrower (1957) have introduced the concept of inclined contours te
map landsurface forms, Similarly, Miller and Summerson (1960) have
developed a method for the compilation of slope-zone maps, while
Klimazewski (1961, 1962. 1963) has examined the problems associated with
geomornhological mappina techniques. Morc recont works on techniques
have been concentrated on statistical and morphometric analysis of

landforms and land-surface maps. (Rurton, 1243: fould. 19A9). Such



works of statistical and morphomatric nature include those by Strahler
(1956. 1958), Zvorykin (1963), Chisnolm (1964), Chorlcy and Hagaett(1965),
Curtis, et al. (1965), Savigear (1955, 1967), Younq (1962, 1969a, 1972),
Anderson (1969), Fvles (1958a, 1969), Swan (1967, 1970b, 1970c, 1970d),
Berlyant (1970), Faniran (1970), Doornkamn and Kina (1971), and Chorley
and Kennedy (1971).

From these works it becam apparent that some basic problems
must be solved in the comnilation of any aecomorpholoaical map. Yriters,
including Mabbutt and Stewart, (1263), Matbutt (1968).Stewart (1968a),
Young (1969b), and Thomas (19692), have assessed these problems. Three
main problems have been recognised. They are problems associated with:-

1) the scale of mapping,

2) the basis of land classification, and

3) the method of man compilation.
The scale of a manpina exercise will be determined by the tyne of the
mapping exercise, which, in itself, will depend on the purpose of the
exercise. Poth the scale and the ourpose will combine to determine
the basis of land classification and the method of map compilation
(Niestawa, 1964: Thomas, 1969). These problems are discussed further

in Chapter 3.

Other land maps

Independently from the davelopment of geomerphological mappina
technioues, there have evolved other land mapping techniques. These in-

clude land evaluation maps and reconnaisance resource-survey maps.



'Land evaluation maps such as the 'Land Svstems ' serias of the Australian
Commonwealth Scientific and Industrial Pesearch Organization (C.S.I1.R.0.)
and the "Land Patterns" maps of the Rritish Military Engineering Exneri-
mental Fstablishment (M.E.X.E.) usually includs contributions from
geomorpholonists (see Christian, 1958: Mabhutt and Stewart, 1963 -
C.S.1.R,0.: Beckatt and Yebster, 19265+ Prink, et 21., 1966 - M.E.X.E.).
More recent maps in thesc series ar: based on statistical and morphometric
analyses of the land (see Stewart, ed. 1968a; Mitchison and Grant, 1968
Beckett and Mebster, 1969; Scott and Austin, 1970). Reconnaissance
resource-survey maps based on soil, soil capability, vegetation, and
landuse assessments often do not include contributions from geomorpholo-
gists. Both the land evaluation and the rcsource-survey maps are pertinent
to “functional™, or "user®, landform mapning techniques, and are discussed

further in Chapter 5.

Present position of geomorphological studies

From the discussion above, it would seem that there exists, in
geomorphological studies, a separation of techniques and results, on the
one hand, from the utility of the results, on the other. This situation
might have resulted from the apparent concentration on establishing
procedures - for better land classification and land map-compilation, as
explained earlier. The concentration on perfecting the methods of making
inventories is essential (Ruxton, 1968), since it provides the geomorpho-
logists with a quantitative technique which is 'a most appropriate method
of developing theory in geography' (Burton, 1963; pg. 158). There is no

doubt that perfected methods, theories and accurate inventories are



essential in acomorphological researches. !lowever, if geomorphology
must recognise man 'not as an afterthought, but as essential to the
unity of nature' (Hartshorne, 1960; pg. 57), there must be a unification
of techniques, results, and the utility of results. The planner, or
user, should be remembered in geomorphological map-compilation. As

it seems, he is more frequently forgotten when writers fail to

mention the utility of their maps, or when the explanation of such

maps is lost in methematical equations and formulae (Thomas, 1969).
calef and Newcomb (1953), and Thomas (1969) wmaintain that this separation
of results from the utilisation of the results should be discouraged.
The efforts of the International rzoaraphical Union (1.G.U.) to co-
ordinate its works with those of other badies, including the United
Nations' Food and Aqricultural Organization (F.8.0.), the c.S.1.R.0.,

and the M.E.X.E., arc encouraging.

Work done in West Malaysia

Geomorphological stulies. The history of qeomorphology in Yest

Malaysia has some similarities with the world history of the discipline.
Initial works in the geomorphology of West Malaysia were by-products of
geological researches and were, consequently, highly genetic in nature.
Landform description formed introductory chapters and footnotes to the
works of geologists including Scrivenor (1931), Richardson (1947), Poe
(1953), and Fitch (1951). Geologists still consider 1andform description
as an introduction to the geological explanation of Vlest Malaysia
(Gobbett and Hutchison, ed., in press), although more attention has been

paid to landform analysis in tha last ten years.



There have been descriptive and analytical works on parti-
cular land attributes, which inciude the morphology of beach ridges
and other coastal forms (Nossin, 1951, 1962, 1964; Swan, 1968; Pyob,
1970), mass movement (Eyles and Ho, 1970: 0lofin and Morgan, 1971), and
lineage and drainage patterns (Tjia, 1971; Barton, 1972). Works on
morphometric analysis and landform classification and/or map-compilation
include those of Swan (1967, 1970a, 1270., 1570c, 1270d), Eyles (1968a,
1968b, 1969), and Morgan (1969, 1970, 1971a, 1971b). P. Yong (1968,
1969) has introduced morphometric analysis to landform studies in
Singapore, which can be regarded as 2 geographical extension of West
Malaysia. These works are concerned, to a large extent, with the
development of basic techniques for landform classification and the
establishment of useful procedures for the compilation of 1and-surface
maps. They provide usaful background for further landform researches
in Vest Malaysia, although, except for the work of Swan (1970b) , they
have basically separated techniques and the results, which are obtaired,
from the utility of such results.

studies in hydrological and other resource Surveys. Other

studies, relevant to functional landform classification, which have bezen
undertaken in Yest Malaysia include studies in hydrological and resource
avaluation surveys. Shallow (1956), Renwick (1963), and Tan (1966) have
estimated potential water yields, while charlton (1964), Oh (1965), and
Douglas (1969b) have studied floodflows. Studies of rainfall run-off

relationships and water-balance in catchment areas have been undertaken

(Douglas, 1970; Low, 1971; Low and Goh, 19713 Goh, 1972), and similar



water-resource surveys have been éxecuted hy the Nrainage and Irrigation
Department of Malaysia (see Low, 1968). In addition, Dale (1959, 1960),
Chia (1968), and Yorgan (1971b) have reconriised rainfall regions for
parts, or the whole, of Wost Malaysia. Reports of various recennaissance
resource surveys and maps, as well as articles on the evaluation of
particular land resources, are available for the country. ‘yatt-Smith
(1964), and Cheah (1968) have surveyed thc vegetation potentialities,
while Parbery and Venkatachalam (1964), Panton (1964), Leamy and Panton
(1966), I. Wong (1966), Ives (1967), Burnham (1967), Joseph (1964, 1968) .
Ng (1969), and Joseph and Weaver (1970) have studied and/or mapped the
characteristics and capabilities of Malaysian soils. Land capability
studies and maps have been undertaken by Alexander (1964), Panton (1959),
and the Malaysian Economic Planning Unit (for example, Report for
Selangor, 1970), while the Malaysian Landuse Survey Staff (for example,
I.Yong, 1969) have surveyed and mapp2d the contemporary landuse patterns
in several States of West Malaysia. "Land Systems" classifications,

such as the classifications by the C.S.I.R.0., have not been undertaken
for the whole of West Malaysia. Admittedly, the M.E.X.E. (1964) has

used West Malaysia as a case study to test a technique of landform
classification (see Beckett and Webster, 1969), but the !.E.X.E. study
is mainly experimental. Swan (1970b) has observed that the study micht
not be very suitable for land development in the Malaysian context. More

recently, Beaven, ot al. (1971)] have undertaken a case study of terrain

1. This thesis had been completed before the investigator became aware
of the work; no further reference is made to it in this thesis.



evaluation for an area of 15,500 so. Kilometres in Mest Malaysia. The

study is concernad with land cvaluation for road engineering purposes

(sec Clayton, ed. 1972). \
It can be scen that gcomorphological studies undertaken in

llest Malaysia, like thosc undertaken in other parts of the world, show

a separation of techniques and results from the utility of the results.

Recurring suggestions towards a combination of these complementary

aspects of geomorphological studics seem to indicate that the call for

a "user's" geomorphology might, perhaps, be considered as a major

challenge in the discipline today, and that this challenge is stil

largely neglected. Therefore, geomorohological works of such an

applied nature wculd seem not only to be desirable, but also to be

necessary, especially in developing areas which include Malaysia. One

of the first, if it is not the very first, geomorphological works of the

“user” type in West Malaysia is that of Swan (1970Db). Works of this type

are needed in this country 'in the face of the F.L.D.A. (Felda) programmos’

(Swan, 1970b; pg. 91), and in the face of other land development plans,

both on the State and the Nistrict levels. It is certain that future

land development plans on the scale of, for example, the current Jengka

Triangle and the Pahang Tenggara schemes (see Second Malaysia Plan 1971

- 1975, Chapter IX) will benefit from such integrated studies in

geomorphology.

Aims of the Thesis

The central aim of this thesis is to illustrate how a geomor-

phologist can involve himself in the prosent “expcrience and need" of
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man by compiling a land evaluation map that will be suitable for land
planning purposes. Such a landform map will need to show the functional
significance of landforms, and land clements, to economic utilisation
cf the land.

To achieve this central aim, it is found nccessary to select
a suitable 1and attributc as a dominant element in the compilation of
the landform map. In addition, it is considered that somz assessment of
soil erodibility in classified landform types should be included in the
study.

For reasons which will be discussed in Chapter 3, the slope
of the land will be employed as the dominant land attribute in the com-
pilation of the "user" landform map, and one of the aims of this thesis,
therefore, is to justify the choice of this attribute. Furthermore,
the absence of any published slope map for the study arca will necessitate
the introduction of techniques for obtaining reliable slope values from
topographical maps, and for grouping these values into classes suitable
for land planning purposes. It is necessary, thercfere, to check the
reliability of the techniques designed and the validity of the landforms
which are mapped.

The check on landform types will include an estimation of soil
arodibility in particular landform types. It is believed that an esti-
mation of soil erodibility will indicate the extent to which the soils
of the study area can support man and his machines. Such an indication

will ensure a reliable designation of the landform types for utiiisation.
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Attempts will be made to achievo these aims by a combination
of morphometric and landform mapping techniques with suggested utility
of results to be obtained. The designation of landform types for utili-
sation will, in part, be based on the results contained in published
soil, drainage, and landuse maps. The study will concentrate on the
Ulu Langat District for the reasons which will be discussed in Chapter
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CHAPTER 2

THE STUDY AREA - THE ULU LAMCAT DISTRICT, SELANGOR

A "user" landform map such as the onc designed for this
study should bc based on a study arca which will be convenient for
planners to manage. Since planncrs, cspecially government planners,
are familiar with, and frequently plan on the basis of administrative
units, the choicc of an administrative unit, as a study arca, seems to
be appropriate and desirable. In a casc study such as the present
work, it is essential that thc administrative unit is selected such that
it extends over areas of contrasting land properties. These contrasts
are considered necessary to compile a composite and functional landform
map, and to facilitatz adequatc evaluation of the techniques which will
be employed.

For these reasons an administrative unit was selected as a
study area for the present work. A District was selected because the
size of Mest Malaysian Districts, usually not exceeding 2,000 sq.
Kilometres, was considecred suitable for a single investigator to work.
The Ulu Langat District was selected, in particular, because the outline
geography, which will be discussed below, was observed to highlight
diverse land and soil attributes to a satisfactory degree. The outline
geography of other Districts, including the Kuala Selangor, the
Seremban, the Ulu Selangor, and the Tampin Districts, was observed to

show contrasts in land and soil attributes not to a satisfactory degree.
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Location and size of the Ulu Langat District

The Ulu Langat District (Figure 1) is onc of the seven admini-
strative districts of the Sclangor State, Mest 'alaysia. It is situated
on the western flanks of the idalavan Main Rangc, between latitudes 2° ag'
and 3° 17' north, and between longitudes 101° 34' and 101° 58" zast.

The District occupies the eastern part of the Selangor State, and snares
borders with the States of Negri Scmbilan on the east and Pahang on the
northeast. It is adjacent to other Selangor Districts on the south
(the Kuala Langat), west (the Klang), and northwest (the Kuala Lumpur).
The Ulu Langat Pistrict has a landusc area of 110,100 hectares
f. Wong, 1962), and a landform area ! of 110,020 hectares. It has an
estimated population (1970) of 96,338 inhabitants, more than half
(50,075) of whom live in sm211 kampongs and nlantation estate houses
(Chander, 1971). The population is basically a rural one. Kajang
22,507), the administrative cecntre, is the only settioment of more than

ten thousand inhabitants in 1970 (Chander, 1971).

Climate of the Ulu Langat District

The climate of Yest “alaysia, which includes the Ulu Langat
District, is usually described as cquatorial (0oi, 1963; Dale, 1963), but
it is an equatorial type which is subjected to marine influences,
interplay of monsoon winds, and physiographic conditions (pale, 1952,
1960; Federal Department of Information, 12693 Lockwiood, 1970; Morgan,
1971b). These controlling factors affect the climate of the whole of
the Selangor State (I.Wong, 1966, 1969; Chia, 1968), including the Ulu

Langat District.

1. Landform area is calculated from the Landform map which will be discusse
in Chapter 5. ~ ;

.
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Roinfall. Although there is no dry season, there are two
"wet" seasons separated by two "less wet" ones (Dale, 1959, 1960;
chia, 1968; Douglas, 1968, 1969b, 1970; Morgan, 1970, 1971b). The
two wet periods are helieved to coincide with the two monsoon seasons
(North-east Monsoon, and South-west Monsoon) which are caused by
the movement of marine air masses over the District, while the less wet
periods are believed to coincide with the inter-monsoon seasons (Doi ,
1963). It has been suggested that the inter-monsoon seasons might be
the wetter periods, especially in the Yest Coast of the HMalay
Peninsula (Dale, 1959; !lorgan, 1971b), and that the floods which occur
during the monsoon secasons might be due to the higher rainfall intensity
during the seasons.

Essentially, the north-east air stream develops over the
South China Sea and moves south-westwards over the lMain Range where
most of its moisture is relecased. This air mass prevails over the
Ulu Langat District from Mid-October to ilarch, and is a considerable
source of rainfall in the Ulu Langat, despite the release of moisture
over the Main Range (sce Table 1). This heavy amount of rainfall is
due to the interplay of convectional disturbances, high humidity (80%
to 85%, according to 0oi, 1963), and the north-east air stream.
Conversely, the south-west air stream develops over the Indian Ocean
and moves north-ecastwards across the !Malay Peninsula from lay to
August (Wycherley, 1969). Table 1 shows that the period associated
with this air stream is the less wet period in the Ulu Langat District.

The interplay of these air streams, the mountain ranges, and

tropical temperatures has resulted in three types of rainfall, identified
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by Dale (1959) as air stream boundary, topographic and convectional
rainfall types. A1l the threc typcs act together cver the Ulu Langat
District to explain the high rainfall figures in Table 1. The District
can be divided into three rainfall belts (Chia, 1968; ‘ycherley, 1969).
The lowland belt, which includes all areas below 150m (500 ft.) above
"mean sea level (see Dale, 1963), is characterised by an annual mean
rainfall of 2286 mm. Kajang (2395 mm) and Glengowrie(243l mm) are
examples from this belt. The foothill belt is characterised by larger
rainfall amounts than the lowland belt. The mean annual rainfall
in the foothill belt is about 2540 mm (Chia, 1268; L. Wong, 1969
Morgan, 1971b). Ulu Langat Power Station (2483) is an example from the
foothill balt. The Main Range belt is usually ciaimed to be the least
wet belt (Dale, 1959, 1960; Chia, 1968), but this contention is open
to argument because measuring stations are very few and far in between
in this belt. The averajse rainfall received annually in this belt is
estimated at 2034 mm (Chia, 1968)* Low (1971) has obtained total areal
rainfall of 2105 mm, 2133 mm, and 2163 mm for three sections of the
Sungei Lui catchment during the pericd September 1968//ugust 1969. This
catchment consists of parts of the Main Range and foothill belts in the
Ulu Langat District.

As mentioned earlier, there are variations in the amount
and in the intensity of the rainfall received in the District. Dale
(1959, 1960), and Mycherley (1959) have suggested that the period June/
July shows the highest variation in the amount, and that the intensity
is highest in the period i'arch/April. It seems, however, that the

short-term (daily) variation is more effective as 2 requlator of
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surface run-off and water storage than the long-tern (seasonal)
variation (DPouglas, 1970). A great part of the rainfall over the Ulu
Langat District is lost to run-of© and evapotranspiration. The loss

is high in mountain and foothill areas where negative storage changes,
which ranga from -1.52 mm to -35.8] mm, have been nbtained from the
Sungei Lui catchment area during a one-year period. Lovw and Gieh (1971)
have obtained a negative storage change of -4.00 mm for the Sungei
Langat catchment area during another one-year period.

Temperature. Topographical conditions and marine influences
also affect the temperature characteristics of the District. The tropi-
cal marine air streams bring relatively constant warm to hot conditions
to the lowland areas of the District. The average air temperature is
affected by the elevation of any selected part of the District. Conse-
quently, both the average annual temperature, and the daily and seasonal
ranges differ between the lowland and the highland areas.

Two broad temperature regions can he identified (Dale, 1963;
Oci, 1963; Chia, 1968; Yycherley, 1959). 1) The first is a lowland
region which has an estimated mean annual temperature of 26.7% (Dale,
1963; Chia, 1968; Mycherley, 1969). The mean deviation is ¥ 1.7°C, and
the average annual range of tomperature is 2.8°C, increasing to 5.5°C,
or more, near the foothills. 2) The second is a highland region which
is not as hot as the lowland region. This region has a mean annual
temperature of about 22°C, but average minima values are generally
below 18.3°C (I. Wong, 1969). The annual range of temperature in this

highland region is usually over 7.3°C. A1l over the District, diurnal
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range of temperatura is more than 5.506, and it is highest in February
when it can be as high as 11.2% (Dale, 1963: Hycher]éy. 1969).

It can be inferred, therefore, that the climate of the Ulu
Langat District is characterised by high humidity, heavy rainfall, and
high temperaturc. The differences in the climatic conditions from
place to place over the District are not very large. Similarly, the
daily weather conditions do not vary too markedly in the study arca,
from one place to the other. For the purposes of classifying "user"
landform maps, therefore, the climate and weather of the Ulu Langat

District can be considered to be homogeneous.

Geology of the Ulu Langat District

The solid geology of the District consists of sedimentary
formations in the Towlying areas, and of intrusive granites in the
foothills and mountains (see Figure 2). Both the sedimentary formations
and the intrusive granites are believed to have been altered over larce
areas.

The sedimentary rocks, except for the Quaternary Formations
which occupy the coastal plains, are generally considered to be the
oldest rocks in the Ulu Lancat District. Thesa rocks include 1) the
argillaceous-calcareous formations of Ordovician/mid-Silurian age,

2) the argillaceous formations of Early Carbonifercus age, 3) the
arenaceous-argillaceous formations of Late Carboniferous age, and

4) the argillaceous-arenaceous formations of the Quaternary ace. The
shales, clays, and sandstones that constitute the original formations

have been metamorphosed into indurated shales, phillites, quartz schists,

1. The section on geclogy is a summary of relevant parts of the following
works: Scrivenor (1931), Burton (1964), Paton (1964), Alexander (1965),
I.Mong (1966, 1969), Newsletters of Geologkal Society of Malaysia
(1970-1972), and Gobbert and Hutchison (in press). Further reference
is not made to these works in this section.
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quartzites, and quartzite conqlomerates, especially in areas near the
contact of granitic intrusions.

It has been genarally assumed that the granites were emplaced
in the Cretacecus and Jurassic Periods, but there is new evidence to
suggest that granites along the eastern border of the District were
emplaced during the Early Paleozoic Era (Jones, in press). If this
evidence is accepted, then these granites are older than most of the
sedimentary formations cited above. Granites, also altered in contact
areas near secondary intrusions, occupy more than 50% of the surface
area of the District (Figure 2). A band of vein quartz marks the contact
zone between the Cretaceous and the Jurassic intrusions.

In the coastal plains, the solid geology of the District has
been covered by Pleistocene marine deposits, while Holocene and contem-
porary alluvia occupy the riverine arcas. These inland alluvia are
often inter-mixed with colluvia near the base of hills and ridges.

Relief features of the Ulu Langat District]

Figure 3 is a map of the absclute elevation of the Ulu Langat
District, compiled by tracing contours at 152m, 305m, 610m, and 1220m
above mean sea level. Figure 4 is a landform map of the District adapted
from Eyles's (1968a) landform map of Mast “alaysia. These two maps show
considerable similarities in the pattern of their distributions. The
pattern is also similar to the distribution of the geology man (Figure

2). It would seem, therefore, that the morphclogy of the land-surface

1. This is an "on-the-average" type of description of the landforms based
largely on the relief maps, and on landform maps of Vest ilalaysia,
or the Selangor State, which include the study area. A more detailed
description of the landforms is given in Chapter 5 of this thesis.




T
HEIGH A M.S.L.
in metres

T FRESHWATER

<TT SWAMP

e TRIG.HEIGHT
in metres

oooooo

e}
L

10Kms

FICURE 3: Relief (elevation above mean sea level) of the

Ulu Langat District




HIGH MOUNTAINS

- LOW MOUNTAINS

N T5W MooNTaINS

ISOLATED STEEP

HIGH HILLS

XXX LOW CONVEX
S HILLS

ISOLATED
STEEP HILLS
] UNCLASSIFIED
Sen o0’ NO FOURTH ORDER
STREAM

FIGURE 4: Landform types of the Ulu Langat District
(Adapted from a landform map of West Malaysia by Eyles, 1963a)



-~ 20 =

of the District, 1ike that of MWest Malaysia as a whole (Tjia, in press),
is largely controlled by the lithelogy and the structure of the rocks.

The land-surface features of the Ulu Langat District can be
discussed in four major bands, trending Morth-north-west to South-
south-ecast. These bands are : 1) the southern depression, 2) the
undulatina to rolling plains, 3) the foothills and highlands, and
4) the mountains, in an order of increasing total elevation above
mean sea level.

The southern depression in the Ulu Langat District forms the
ncrthern boundary of the coastal plains of the Kuala Langat District.
The depression is swampy, and is separated from the lTowland plains by a
rim whose crest is higher is elevation than the summits of the
isolated hills on the lowland plains. The elevation of this swampy
depression is everywhere below 15m above mean sea level (a.m.s.l.),
and the typical slope angle is 0 - i (see Chapter 3).

The lowland plains are characterised by large areas of
undulating land scparated by "Seads" of isolated hills and extensive

floodplains. The elevation is between 15m and 152m a.m.s.1. Typical

slope values are in the 5 - 10° class, although the middle values
are the most frequently recurring ones.

The elevation of the foothills and highlands ranges from 152m
to 610m a.m.s.1. The areas between 152m and 305m a.m.s.1. are characte-
rised by rolling plains, isolated hills and "amphitheatre-like"
incursions of headvalleys into the mountain side. The incursions are
characterised by ridge-spurs. The arcas between 305m and 610m a.m.s.1.

consist of deeply dissected foothills which rise in several places to
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low mountain peaks. Bukit Ulu Rerananq (811m) and bukit Ulu Semenyih
(975m) are examples of such Tow mountain peaks. Typical slupe values
in the foothills and highlands ranae from n° to 19°.

The mountains constitute part of the “alayan Main Range which
oxtends into Pahang and north-western Megri Semhilan. The mountains
rise higher than 1220 m a.m.5.1. in the mere prominent peaks. funong
Muang (1,497m), cn the Pahang border, is the highest peak in the Ulu
Langat District. The typicai slope values in the mountain arcas are
above 29°.

It can be seen that the relief features of the Ulu Langat
District exhibit contrasts in elevation, ruagedness, and form. These
contrasting features influence the soil, and the natural surface

drainagc, of the District.

Soils of the Ulu Langat District

The soils of the Ulu Langat District are influenced by the
lithology of the parent materials, the topoaraphy, the climate and time
(I.Mong, 1966, 1969). Climate has been shown to be relatively uniform
over the District. The influence of climate on the soils of the
District can be considered to be relatively uniform. Time implies
age which has been noted to be of limited importance to the agricultural
utilisation of the soils in the Nistrict (I. Yong, 1966). The 1ithology
of the parent materials, and the topcgraphical conditicns seam to be the
two main determinants of soil value in the study area. These have been
used in West Malaysia as the bases for soil classification (Joseph, 1964,
1964 Panton, 1964, 1969; Leamy and Panton, 1966 Mg, 1969; Malaysian
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Soil Survey Staff, for example, I. Yong, 196€), and for soil capability
classification (Malaysian Soil Survey Staff, for examnle, I. Hong
1966; Panton, 1969).

In general, granites weather, ceoending on their lithology, into
various types of sandy soil with, or without, laterite formation (I.Wong,
1966; Joseph, 1968; Mg, 1969). Arcnaceous rocks weather into sandy,
or silty, snils, while argillaceous rocks weather into loam, clayey, or
silty soils with, or without, laterite. Peat and alluvia are character-
istically immature in profile. Peat is basically organic in composition,
whereas alluvial soils can either be silty or sandy.

The position of the soils with r¥espect to topography largely
determines their thickness, profile structure, and drainage conditions.
Soil profiles arz thick in summit areas, on valley bottoms, and over
areas of gentle slopes. Areas on steep slopes are associated with
thin, and disturbed, soil orofiles. Flat areas are usually characterised
by poor drainage conditions, and by swampy soils in the Towlying parts.
Other soil attributes of the District are analysed and discussed in

Chapter 6.

Surface drainage of the Ulu Langat District

The natural surface drainage in the Ulu Langat District can
be discussed in terms of threa morphological units: the highland and
mountain areas, the lewland plains, and the southern depression. The
present direction of the surface flow js southwards in the highland and
mountain areas. These areas are characterised by short, swift headstreams

which are mainly rectangular in pattern probably because of the granitic
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control in the highlands and mountains (see Tjia, in press). Partial
trellis patterns are evident in ridge-and-valley areas, while hilly
watersheds are characterised by radial drainage patterns. The
direction of the surface flow in the lowland nlains is principally
southwestwards, changing to a westward flow as the streams approach the
southern depression. The lowland plains are characterised by meandering
streams with extensive floodplains, and by swift hecadstreams in the
isolated hills. The pattern is essentially dendritic, although trellis
drainage pattern is associated with ridge-and-valley areas at the edge
of the southern depression. The surface drainage becomes diffused as the
streams enter the southern depression where their channels are lost in
the swampy basins, and where man's drainage activities are evident.

The dominant river in the Nistrict is the Sungei Langat
which receives about 97% of the surface flow of the District as its
tributaries. A small section in the central-western area drains to the
Sungei Klang, and another small section in the south-eastern area drains
to the Sungei Sepang. It has been postulated that the Sungei Langat
could have, at one time, formed part of the Sungei Klang Drainage System,
and that the present broad, mcandering outlet of the Langat (an apparent
misfit) could, in actual fact, have been a former outlet of the Sungei
Klang (Barton, 1972). It would seem, therefore, that the present
drainage pattern has been evolved larazly as a result of a northern
migration of the Sungei Klang. As of the present, however, the surface
area of the Ulu Langat District belongs approximately to one of Eyles's
(1968a) Fourth-Order basins.

The natural surface drainage has been disrupted in certain
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areas by man's drainage activities. These artificial drainage efforts

are mest evident on the floodplains. In the southern floodplains, existina
river channels have been canalised, and irrigation canals have been
constructed. In other arcas of the floodplains, mining activities have
modified the natural surface flow to a considerable extent. These human
activities have far-reaching offects on the processes  of soil erosion,
debris transportation and sedimentation in the valley areas, as will be
illustrated in Chapter 6.

The contrasts in 1ithology, topoaraphy and soils as. illustrated
above constitute the main reason why the i/1u Langat District has been
selected as the study arca. It was stated earlier that contrasts in
these land and soil attributes are essential to the compilation of the
“user” landform map designed for this study, because in a work of this
type it is desirable to classify many types of land-surface forms.

Additional reasons why the Ulu Langat District has been
selected include: a) the fact that many published maps and articles
are availatle on the Szlangor State, which includes the District:

b) the fact that anproximately 50% of the surface area of the District
is classified as undeveloped (I. Wong, 1969;: Lee, 1969);
end c) the fact that up to 70% of the area is accessible.

Landuse, soil, drainage, and topographical maps, as well as
air photographs, are available for the cntire area of the District. Some
of these maps are accompanied by discussion-articles (for example, I. Yong,
1966, 1969: Lee, 1969). ~ These nublished maps and articles

contain results that are pertinent to this study.
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1t is also believed that the evaluation of land attributes,
especially in the areas presently classified as undeveloped, will aid
effective utilisation of such arcas. Timely assessment of the land
attributes in these areas will help to eliminate the incidence of
inadequate utilisation which characterises certain arcas presently
classified as developed (see Chapter 5). The inadequate utilisation
of these developed areas suggests that a study involved with a
functional landform map is relevant in such arcas, especially because
it is believed that 'as conditions change, objectives also change'
(Butler, 1955; pg. 55). Land evaluation would need to be repeated any
time there seems to be a significant change in the conditions and
objectives.

Accessibility is an important factor to be considered by a
single operator with limited time. A 4igh level of accessibility will
ensure a better, and speedir coverage of a study area than a low level
of accessibility.

The combination of the above factors to a satisfactory extent
in the Ulu Langat District, in contrast to conditions in the other
Districts examined, makes the lu Langat District a suitable area for
the investigations designed for this stucy. The techniques utilised for,
and the results obtained from, those investigations are discussed in

the remaining Chapters of the thesis.
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CHAPTER 3

COMPILATION OF A SLOPE MAP RASED ON TOPOCRZPHICAL MAPS

For reasons discussed below a slope attribute, slope angle,
has been employed as a dominant land parameter to classify the landscapc
of the Ulu Langat District into "user” landform types. In the absence
of any existing slooe map for the study area, *he compilation of a
slope map s considered a necessary first step to landform classifi-
cation in the District. Slope mapping techniques and procedures, and
landform classification, are associated with cortain problems cited in
Chapter 1 as problems of geomorphological mapping vhich must be solved,
»r accounted for, in any type of land mapping cxercise. These problems
are discussed in this Chapter, and the techniques and procedures followed

to obtain, classify, and map the slope values are also explained.

Problems of geomorphological mapping
Three basic problems have to he solved in any type of land

mapping exercise: 1) 2 suitablc scale must be selccted: 2) decision
must be made concerning an appropriate vasig of land classification:
and 3) a method of mapping must be devised to suit the scale and the
basis of classification (Thomas, 1769). The purpose of a study will
deternine the choice of a suitable sczle at which to compile the map,
and both the scale and the purpose will cetermine the basis of classi-

fication, and the method of mapping.
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Basis of classification. Eyles (1968a) contends that there

are two main bases of landform classification: a) the basis of land
classification according to thc Davisian (1899) erosional cycle theory,
and b) the basis of land classification according to Horton's (1945)
drainage basin system. Mith tho Davisian basis of classification, it
will be possible to identify landform types according to the dominant
erosional processes including fluvial, eolian, marine, and so on;
and according to the stages of erosional history which includes youth,
maturity, and old age. With the Hortonian basis it is possible to
identify landform types according to the order-rating of the stream-
basin system contained within a given land area. Landform types,
therefore, can be identified as first-order basin, second-order basin,

. , and nth-order basin. A third important basis of land classifi-
cation seems to be the geometric basis. Vith this basis it is possible
to identify landform types according to the characteristics of certain
land attribute/s obtained within given gcometric working units. The
nomenclature employed will depend on the attribute/s investigated,
but the classification will be along numerical lines. Smith (1935)
and Swan (1967) have used this basis to classify landforms according
to their relative relief characteristics. Robinson (1948) and Raisz
and Henry (1937) have also used it to classify landforms according to
the slope characteristics, while Swan (1967) has done the same with
respect to hill frequency characteristics of the land.

Neither the erosional cycle basis, nor the drainage basin-

order basis, was found adequate for the purpose of this study for the
following reasons. It has been noted that the erosional cycle does

not lend itself readily to quantification and morphometric analysis
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(Ottmann and Tricart, 1964; Mubbutt, 1968: Themas, 1969). It also
involves considerable qenetic interpretations, which Hammond (1954)
considers thooretical and of 1ittle usc to the land planner. Althouch

the drainage basin-order has heen recogniscd as o suitable basis of

12nd classiftcation (Strahler, 1958, 1960; Eyles, 1968a° Nonrnkamp and
King, 1971), it has been suggasted that landform systems cannot easily

be defined in terms of the drainace basins (Vesat, 1968: Thomas. 1969)
because the drainage basins of the third and fourth arders transqress
litholoay and geomorphic boundaries of siqnificance (Thomas, 1969).

Eyles (1966) and Faniran (1970) have noted that there is the danger of
basin order being in error because of the amission of first-order

streams on topographical maps and because of the difficulty of determining,
accurately, the pattern of streams from the air nhotographs of forest
areas with even canonies (Eyles, 1966 Nyelose ,1968; Swan, 1970b). The
inequality in the size of drainage basins at any given order casts

serious doubts on the suitability of drainace basins as sampling units.
There is also the possibility of incomplete coverage ~f a study area

with any chosen basin-order. Fyles (1968a) could not analyse his landform
type 7 (Coastal Swamps) for Mest “alaysia because this landform tyoe
could not be icentified with the fourth-order basin.

The geometric basis of land classification has been adopted in
this study because it has been found to be objective, to lend itself to
quantification and to be suitable for delimitation of equal-area sampling un
Its cbjectivity lies in the fact that the size cf the geometric units

selected are qgenerally detemined by the scale of base maps and by the
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characteristics of the land attribute/s to be investigated. These units
can be designed such that they are eoval in area, and are, therefore,
suitable as bases for sampling and statistical analysis. Such units
can be designed to cover the wvhole of any selected study area.

Method of mappina.  Three methods of maoping have been re-

cognised (“abbutt 1968: "homas, 1969): a) the aenetic approach of
mapping; b) the landscape anproach of manping; and c¢) the nararmetric
approach of manping.

The genetic approach of land meaping concerns itself with
genetic grounings of natural ohengmena (tabbutt, 1968), and is only
suitable for the compilation of smill schlc maps where broad generali-
sations, associated with the aanetic approach, cannot be avoided. The
landscape approach of land Zanping is a synthesis »f small regions
where 'no one or two characteristics of regions are isolated for study',
and where 'a general view of the area in question, and the combined
effoct of the oeographical factors, are taken into account' (Mabbutt,
1968; pg., 16). Interpretation of air photcgraphs is considered apart
and parce) of the landscape approach (Christian, 1958, Beckett and
Webster, 1955, 1969; Mabbutt, 1968), which is considered to be suitable
for reconnaissance surveys (Mabbutt, 1968) anc for general-purpose land
system maps (Thomas, 1969). It seems. though, that the landscape
annroach invnlves some inferences which can be physiographically and
morphogenetically biassed (“abbutt, 1962), and that it is more suited
to a qualitative framework than it is to 2 quantitative one. The

parametric approach of land mapping is the division of the land-surface
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on the basis of selected land attribute/s. This annroach is suftable
for general-purpose surveys vhon many attributes arc investigated, and
for special-purpose mans when very few (onc, 5r two) attributes are
investigated (Mabbutt, 1968; Thomae, 12€9). The main limitations of
this approach (which could be reduco! considerably by careful design)
arc associatad with the choice of suitable attribute/s and the grouping
of the attribute/s into suitable classos.

The parametric approach was adopt»d in this study for the
compilation of the slope map because it was realised that it would
afford precise defindtion of the slcpe characteristics of the land;
and because nefther the landscepe. nor the qenetic, *pproach would be
practicable for mappino the land-surface on the basis of the characteris-
tics of a single attribute. / combination of the parametric approach
and the landscape approach was adoptec for the compilation of the land-
form map (see Chaoter 5) because it was noted with Mabbutt (1968) that
the combination of the two methods would be of an advantage, in the
cmpilation of a functional landfcrm map, since both methods answer, o
a large extent, the requirements of landform classification for the
Tand evaluation user. It was neccssary to avoic physioarachically
and morphogenctically biassed inferancos in the classification of the
1andforms of the study arca in order tc eliminate the main limitation of
the landscape 2pproach cited above. To refuce the main disadvantages of
the parametric approach the choice of the main attribute (slonc angle)

and the comolementary attributes (soil, total relief‘, and drainage),

1. "total relief" is wused altarnatively with “elevation above mean
sea level®
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1s wc1l as the classification »f the rmain attribute, was designed and

xocuted as will be shown below.

Chinfce of attributes

It was noted above that the parametric approach would involve
the choice of one or more suitable attribute/s. ‘abbutt (1268) has
stressed the fact that the sttribute/s sclected must be suitable for
the operations involved in the cormilation, and must be relevant to
the intended use. The operations involved 17 the compilation of the
slope map designed for this study include the determinaiion of the
characteristics of land attribute/s within equal-area ccometrical units
at a scale of 1/63,360. At the scale of operation it has been suggested
that the choice of one dominant attribute is the most aporopriate
choice to be made (Thomas, 1962). The purpose of the landform map
designed for this study involves tho designation of landform types
for 1and planning uses. This impiics that the main attribute selected
must be one which is closely associated with land planning techniques,
and since the framework for this study is mainly ouantitative, such a
main attribute must bo one that can be measured. A combination of the
parametric approach and the landscape approach in the corpilation of the
functional map designed for the study arca necessitates a choice of
complementary attributes which arc associated with the main attribute
and are related to land planning technioues. F/fter a careful consi-
deration of these factors, slope angle was selected as the mein attribute,
and soil, total relief (elevation above mezn sea level), and drainage

conditions were selected as complementary attributes.
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Main attribute. Slope angle was selected as the main

attribute hecause its importance to lendform studies has been expressed
by gecmorphologists and land nlanners (Savigear, 1960, 1965, "967:
Young, 1964, 1969a, 1969b, 197Z; Curtis gg.gl.. 1965; Desai, 1968;
Beckett and Yebster, 1969). Young (1964, pe. 26) maintains that the
technique of slope analysis is of great 'value in assessing the
natural resources of areas, and consequently in geocraphical studies
of an applied nature'. He states further (Young, 1969b) that the slone
units form the basis of the technique Gf morphological mapping. Slope
angle is often selected as the main attribute in the execution of such
morphological maps as the works of Curtis et al. (1965), Savigear (1965,
1967), and Doornkamp and King (1971) would seem 1o illustrate. Morpho-
logical units based on slope angles have been shown to be important
in the compilation of landform maps for land planning purposes (Beckett
and Webster, 1965, 1969; Young, 1969a: Swan, 1969b). Such morphological
units have been observed to be associated with technical-etonomic
practices (Curtis, et al., 1965;: collert, 1967; Young, 1972), with
erodibility of soil (Ruddock, 1967; Jann, 1967; Fyles, 1968a, 1968b,
P. Wong, 1968; Emmett, 1970), and with farm sizes (Faniran and Ajaegbu,
1971). Technical-economic practices, and soil ercdibility are factors
to be taken into consideration in order to achieve adequate land alloca-
tion for different uses (Gellert, 1967, vycherley, 1969).

it can be stated, therefore, that the angle of the slope of
the land is not only important in terms of the landforms, but also (if

not more so) in terms of the lancuse. Thus the compiler of a "uyser"



- 3 =

landforn man could profitably scolect (as has been done for this study)

slope angle as the main attribute for the compilation of such a rap.

Complementary attributes. Seil, total relicf (clevation

atove mean sa2a level), and drainage type are corhined with the slene
angles to classify and man the laddfonn typec af the study area (sce
Cahoter 5), bocause these attributes have been sbserved to be associatec
with the slone characteristics of the land (Jamos, 1953, Miller and
summerson, 1960 Moss, 1963; Young 1964; Swan 1967). James (1953)
aaintains that the study of the association f slope, soi1, and drainage
is essential in land-quality maps. Millar and Summerson (1960)

contend that the slope of the land, and the elevation, arc two basic
concents of relicf, and that relief has a2 oreat influcnce on man's
activities. Moss (1963) has observed a closc association between soil,
slope, and landuse; while Swan (1970b) explains that the combination
of slope values with sofl characteristics to classify land evaluation
maps is necessary, esnecially in Mest "alaysia where soil suitability
classes are 1argely defined in terms of the siope of the land (see the
reports of the Malaysian Soil Survey Staff, 2.q. 1. ‘'ong, 1966, Panton,
1969; Mg, 1969). It has alsc been observed that, generally, areas of
high elevation are characterised by hiah rzlative relief (Swan, 1967),
and by steep #lope anales (Mycherlay, 1969; Swan, 1370b, 1970d; Khong,
1970). Further, the elevation of the land influences the Aistribution
nf croos 2s can be illustrated by the conventional rcferences to the
critical elovations for crops including rubber, cacac, and coffee

(Stamp, 1962; Alexander, 1963), and by the usual distinction between
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Padi and Upland rice. The drainage typo of the 1and is alsu essential

to the utilisation of landform types. The term “drainage type' s

used to include the type of Arainaoe pattern (dendritic, trellis,
rectangular, or radial) and the tyno of Arainage condition (well-drained,
noorly-drained, waterlogged, and the 14ve). 1t fs beliaved that both

the drainage pattern and the drainace conditinn indicate the nature

~f the available land, and the techniques that 411 be suitable for

its utilisation.

It can be concluded that the combination of the sofil,
levation, and drainage characteristics of the iand with the slope
attribute is essential in landform classification, and map compilation,
‘or the purpose of adequate land planning. /s stated earlier, the
absence of any slope map for the l/lu Langat District has made the

compilation of a slope map a necessary part nf this study.

Slope mapping exercise

The compilation of a slope map based on tonographical maps

ic associated with other problems, in addition to the general problems
nf geomorphological mappina discussed Hove. Stranier (1950) and Swan
(1970b) contend that the accuracy of slope mans Bases An topoaraphical
maps is conditionad by the scale and the accuracy ~f the topographical
maps, the size of the contour interval on the basc maps, and the nature
of the terrain of the arca to be mapred.  The accuracy nf such slone
maps will also be concitionec by the techniques ornloyed to obtain

and classify the slope values from the base 7ans.
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The accuracy of the base maos emcloyed in the present study
has been estimated by Eyles (1966), and the maps have been found by
him to be of accentable standard of accuracy vith respect to extrapolation
of contours and representation of surface dimensions. While it might
be observed with Strahler (1950) that maps on scalis smaller than
1/62,500 might not be used as base maps for slope calculation, 1t can
be argued that a scale of 1/63,360 s very closc to Strahler's (1950)
sugaested critical scale; and that Faniran (1470) miintains that slope
calculations from topographical maps arc nnt necessarily unsuitable:
much will deoend on the nature of the project for which the slope values
are obtained. Since the contours of the topogranhical mans and the
representation of surfzce dimensions on them have been found to be of
considerable accuracy, these mans have been “ccepted to be suitable
for the purpose of the present investigatinn. It is realiscd, though,
that the accuracy of the slone map compiled from values obtained from
these maps will depend largely on the suitability of the techniques
emnloyed to obtain and classify the values. It is one nf the objectives
of this study to devise techniques that will bc suitable for the comila-
tion of a relisble slope map based on the base maps. The remaininc part
«f this Chapter is concerned with “iscussions on these techniques, and

on the compilation of the slooe man.

Techniques for extracting slope values frorm topograshical maps

Monkhouse and Wilkinson (1971) have revicwed the existing
tochniques for extracting slope values from topographical maps. Three
methods are recognised.
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a) There is the Raisz and Henry (1937) m~thod whereby topo-
graphical maps can be divided into small reaions within each of which the
contours show the same standard snacing. This method involves the re-
coenition of contour-regions, and vill lead to wmequalities in the
sizes of the regions.

b) There is Robinson's (1948) methcd whoreby the topographical
raps can be divided into squares, or rectanales, »hich are equal in
area. This is a modification of Smith's (1935) method of relative
rolief. In this modified form slope angles Are calculated for each
square, or rectangle, and the valuos obtained are nlctted for each
working-area by using a corresponding number f dnts to represent the
51 0e values.

¢) There is the Miller and Sumncrson (1960) wethod whereby
base maps are divided into slope z7nes according to the values of
nre-determined guide-swles of four slone types which are classified on
the basis of somc mathematical functions. This metaod takes into account
the inter-contour spacing and agrees 'well with several imnortant
aspects of Weod's siope elements' (M‘onkhousc and wilkinson, 1971;
ng. 142).

Other slone analyses have been concirned with improving, or
refining, these three basic tachniques. For example, Strahler (1956)
introduces the use of isopleths to rcplace Paisz and Henry's use of
the choropleths. Strahler (1958) further introduces the use of the
fraquency distributicn to replace classification along the lines of Wood's
four elementsof slopes Pitty (1969) has introduced the method of

4ivided histograms to illustrate the slope values over qiven areas.
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1t would seem that the method of Raisz and Henry and that of
Miller and Summerson are not suitable for the present work. The former
is subjective and involves the use of unequal areas as campling units,
while the latter involves somegenetic assumpticns contained in Yood's
(1942) slope elements. In fact, it is believed that four slope zones will
be too few for land planning purposes, especially in a humid tropical
environment where the smallest difference in slope angle can show
distinct differences in s0il erosion (Ruddock, 1967; Eyles, 1969;
Swan, 1970c). The geometric method of equal-area working squares was
adopted in this study because the method s considered to be objective,
and to be capable of separating areas of different slope characteristics,
when a square size suitable for the scale of the base map is used. Two
refincments were made to the Robinson's (1948) method before its
application in this study.

First, isopleths were used to map the slope values instead of
mapping the values by plotting corresponding numbers ~f dots as was done
by Robinson. This refinement has been suggested by rionkhouse and
Wilkinson (1971). It is believed that the slope of the land is rere
of 2 linear and/or areal distribution than it s of a point distribu-
tion, and, therefore, dots cannot reoresent the distribution of slope
adequately.

secondly, a concept of "absolute heicht" within each working
square was introduced. "Absolute height" means the sum total of vertical
interval within a working square. The consideration of only the
differences in elevation between the highest and the lowest points of
a working square was regarded to be jnadaquate, since there is the possi-

bility of relative relief being concelled out in spur and hill working

squarcs. The concept of absolute height is similar in operation
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the
tc,Raisz and Henry (1937) method of counting the number of contours

intersected along a 1ine and multiplying this number by the value of the
contour interval on the base map,

To determine the sfze of the working scuare that would best
suit the scale of the base mans, and the nature of the terrain of the
Ulu Langat District, three trials, with cach of four different sizes, were

conducted to represent gentle, steep, and very steep slope conditions.
The four different sizes had side measurements of 3mm, 4mm, 5mm, and 6mm
on the base map. These trizls showed that squares with sides equal to,
or larger than, 6mm (actual, 380m) were too large hecause field checks
revealed that they combined areas of difforing slope characteristics.
Squares with sides equal to, or less than, 3m (actual, 199m) were too
small since they showed no slope values for some areas where actual slope
value could be anything from 1° to 4°. Squares with sides equal to 4mm,
or 5mm, were found to be suitable. Preference was given to square-side
Smm because a 1,000-yard-grid square superimposcd on the base maps was
observed to contain exactly nine Sm-sided squares. A Sam-sided square
on the base map has an actual surface area of approximately 0.1 square
kilometre, and is referred to in this stucy as a workina square, or a
sample unit. 1t should be differentiated from the 1000-yard-grid square
which 1s later referred to as a samle square.

Procedure for the calculation of slope values. For each

working square, slope angle was averaged along a linear dimension AB, or AB
+ BC, as illustrated in Figure 5. A line AB, or AB + BC, was aligned at
right-angles to the contours such that the length was not less than 5mm,
1.e. the length of the side of a working square. Each line was located
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at the section of a working squarc where the contours were observed to
Le closest to one .renother. Thus the average slope calculated along
cach 1ine was in effect the average maximum alope valuc of a given

working square. The following formula was applied within each working

square to obtain the average maximum slope value for that square.

v.1
tan 8 -  S_—
H.E.

where “ll « absolute vertical interval,

nd  MW.E. = horizontal equivalent.
This formula is different from Monkhouse and Yilkinson's (1971), and
from Strahler's (1958) only by the “absolute” sign. The reason for its
introduction has been explained above.

The length of a linear dinension /8, or AB + BC, obtained from
any working square was considered as the horizonta)l equivalent expressed
in the formula above. The number of contour lines intersected along
cach 1ine was multiplied by the value of the contour interval, and
expressed as the absolute vertical interval. Inter-contour value was
calculated in 2 nlace where the boundary of a workina square fell in-
between two contour lines. Spot heights were estimated for hill summits,
spur crests, and valleyfloors. For each working square where any of
these extra calculations was undertaken the absolute vertical interval
wis expressed as the product of the number of contours intersected and
the contour interval, plus the extra heiaht calculated as explained above.

Horizontal distances which were measured on the base maps were
multiplied by the value of the denominator of the scale of the base map

e
(i.e. 63,360). Since the base maps were on, British measuring system,the
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inch was used as the unit to obtain the gradient, cr tan g, as expresscd
in the formula. The corresponding slope value of a gradient obtained
was read off natural tangent tables to the nearcst whole degree;

and 11,073 such values were obtained for the study area. These were
eventually grouped into six classes for the purpose of the compilation
of a slope map.

Techniques for the classification of slope values

The classification of slope values into groups suitable for
land planning involves the consideration of slopc boundarics as affected
by morphological and technical-economic requirements. These requirements
were considered by a critical examination of statistical, morphological-
theorctical, and technical-cconomic tcchniques of slooe classification
(see Young, 1972). First, a frequency histogram was constructed (Figure
6) for the 11,073 slope values. Pitty (1969) has used this technique
to classify slope values by considering the major breaks in the frequency
histogram as probable "natural® slope boundaries. Secondly, theorétical
ard morphological slope boundaries suggested by workers including Hiller
and Summerson (1960), Curtis, et al. (1965), Savigear (1965, 1967), Desai
(1968), and Bryan (1968) were charted (Figure 7). The suggested boun-
daries by Savigear and Bryan 2re based on the theory that slopes gentler
than 5° are depositional, and that slopes steeper than 20° are erosional.
The boundaries suggested by Miller and Summerscn are based on the four
hillslope elements of "waxing”, 'free Face’, “constant and “waning”,
which are introduced by Wood (1942). Desai (1968) claims that the classes
he identifies are the classes commonly defined by morphological workers.
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Thirdly, the boundaries suggestod for farmina techniques (Land Advisory
Committee, Malaysia,cited by Alexandar, 1961 Intcrnational Geogranhical
Union's committee on slopes, citad by Cellert, 1967 Swan, 1970b), and
the boundarics suggested for land, or soil, canability classification
in Mest Malaysia (Leamy and Panton, 196G: Vanton, 1969: Swan, 1979b) were
also charted (Figure 8).

Major breaks are shown on the frequency histogram (Fiqure 6)
at the following slope values: 1 - 2°, 16°, 142, 19 - 20°, and 29%
“lass boundaries suggested for theoretical and morphological reasons
(Figure 7) converge at the values. 1 - 2© 4 -6° 13-15%,19 - 23",
130°, an¢ 45°. Boundaries suggestad for technical-economic reasons
(Figure 8) cluster around the values: 2°, 5 - 6%, 11 - 15°%, and 19 -
20%. This {1lustrates that boundarfes at 1 - 2°, 4 - 5%, 10 - ne,
15°, and 19 - 20° are common to at least two of the three techniques
of slone classification examinec.

The following boundary zones were cventually selected for
this study: 1 -2° 4-8% 10- 21", 19- n°, anc 29 - 30°. This
selection is biassed in favour of the'natural™ Sreaks in the frequency
histegram and the slope boundaries sugoeste? for Mest ‘lalaysian con-
ditions (Leamy and Panton, 1966). Slcpe classes were defined as 0°
to less than Z°, 2° t5 less than 5”, 5" to less than 110, 1° to less
than 200, 2n° to less than 30", and 3n° and over. Since slope values
were calculated to the nearest vhole deqrees, tnese slope classes are .
fn effact: 0 -1°, 2 - 4%, 5 - 10°, M - 19°, 20 - 26°, and 30° and
over. Each of these final class limits is one deqree less than each

of the class limits suggested by Leamy anc Panton (1966), because



the “natural” breaks in the distribution of slopes calculated for the

Ulu Lanoat District fall at these lower limits. These lower limits are
also expected to provide a wider marain of safety, as rogards sof) erosion,
in the utilisation of the land. It must be remembered that the study

arca 18 one of heavy rainfall with hinh intensity (Chanter 2). The
provision of a margin of safety will be desirable fn such an envircnment.
(onsequently, the six slope classes defined above were later usec to
compile “ap 1 - An average-maximum s1-pe map of the Ulu Langat District,

Sclangor.

Compilation of a slope map of the Ulu Langat District

A slope map, defined as an average maximum slope map, was
compiled for the Ulu Langat District after *"o slone values, and the
slope classes, discussed above hal been subjectcd to field tests (see
Chapter 4). These field tests nventually rovealad that the calculated
mep values and the field derived values are significantly correlated,
an¢ that the differences among the ‘efined slnoe classes are significant.

The fo\lloina nrocedure, suggested by Monkhouse and Wilkinson
(1971), ~as adonted in the corpilation of the slope map. The base maos
with the superimposed working squares were pinned toocther to form 2
complete map of the study area. » plece of tracing paper was 1aid over
the base maps and the working squares were traced on the paper. The
slope value of each square was nlotted in the centre of the square.
Vithout removing the tracing paper from the base maps, isopleths werc
drawn to group together workina squares that werccontained in the same

pre-determined slone classes. Adjustments were made in certain boundary



areas where the plotted values did not show any clear alignment. In
such areas, the patterns of the contour lines on the underlying base
maps were used to separate classes of steener slones from those of
gentler slopes. Any isolated out-of-class valuc contained within a
large arca of one typical class was fanored.

Since final maps are exnoccted to be on smaller scales than
the working scales, the slope man (Man 1) was reproduced on half of
the original working scale. This agrces with Hodakiss's (1979)
suggestion that original maps for books and theses should be one-
and-a-half to two-and-a-half times the scale of the final mans. The
area of each slope class is qiven in hectares (Table 2). the percentage
-area of each slope class is 11lustrated by curve C on Figure 9. It is
believed that the areal extent of sloncs will best be described in
relation to the landform types as will be discussed in Chaoter S.

fenerally (see Table 2), it is observed that slope classes C (5 - 100)

TABLE 2 : Area of slope classes in the Ulu Langat District

Slope Class Arca (hectares) % of total area
A (0- 19 14,120 12.8
B (2- 19 10,230 9.3
cC (5-10° 27,830 25.3
9 (M - 199 28,670 26.1
E (20 - 29°) 2,090 21.9
F(30° & over) 5,080 4.6

A1) Classas 110,020 100.0
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and D (11 - 190) cover slightly more than 50% of the surface area of
the District. Another 26% of the surface arca of the District is
covered by slope values higher than 19°,  The remaining part of the
District is characterised by slopc values gentler than 5°, It must
be remembered that the area-values quoted above are only approximate
figures, though it is believed that a major part of the area contained
within a given slope class will be characterised by slone values
close to the average for that class. The field investigations and
statistical analyses undertaken to test the accuracy of the slope
values and the techniques explained in this Chapter are discussed in
Chapter 4,



CHAPTER 4

TESTS OF THE ACCURACY OF SLOPE VALUES AND THE VALIDITY

OF SLOPE CLASSES

The 1imitations of direct slope measurement from topographical
maps have been discussed in Chapter 3. The influence these 1imitations
(especially the limitations associated with the scale and the nature of
the slope map) exert cn the accuracy of the <lope map, based on the
topographical maps, can be correctly estimated only by field checks of
the calculated slope values, aided by ctatistical analyses of the field
and the map values. Tield checks and ctatistical analyses are also
necessary to test the validity of the techniques employed to calculate
and classify the slope angles. In addition, statistical analyses
are essential to test the suitability and the ctatistical viability
of the slone classes. A discussion of such fic1d checks and statistical

analyses, which were undertaken in this study, is given below.

Sampling method and sample size

A technique of random sampling was used to select one hundred
working squares from the topographical maps (see Ezekiel, 1930; Bajpai,
1967 ; Monkhouse and Wilkinson, 1971). The following procedure was adopted
for the selection of the one hundred samoles. First, the 1000-yard-grid
lines, which are superimposed on the base maps, were re-nurbered to form

continuous Eastings and Northings for the District. The qrid co-ordinate
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of the extreme southwestern margin of the basc maps was reqarded as

the origin, and was identified as (00,00). From this origin, the
fastings were numbered 01, 02, 03, ..., k castwards ond the Northings
were numbered in the same way northwards. The co-ordinates of any
grid—internction on the base maps were taken together as the random
number (E,N) for that intersection. Secondly, 7 Random Number Table
(Lindley and Miller, 1953, Table 8) was used to select the first one
hundred available co-ordinates (E,N). The grid-square immediately to
the northeast of a selected intersection was determined as a sample square.
Thirdly, the central working square, one of the nine working squares in 2
grid-square, was selected as the sample unit by a random technique which
involved picking one of nine numbers designed to represent the nine
working squares.

The sample had a distribution of at least cight units from each
of the slope classes as identified in Chapter 3. Subsequent field work
revealed that a pre-determined sampie unit was not everywhere accessible
in the swampy areas and the forested mountains. Uhen this occurred,
the first accessible working square within each sample grid-square was
sampled in the field. In none of the cases was a sample square (grid-
square) completely abandoned. Despite this fact, the final distribution
of sampled units revealed that two slope classes were not adequately
covered. These are: the typical siope class in the swampy areas
(Class A, 0 - l°). and the typical slope class in the forested
mountains (Class F, 30° and over). The reason for this as noted earlier,
is associated with the inaccessibility of the sample units from these
areas. Thus when the first accessible working square within a sample

square from these areas was sampled in the field, the tendency was for
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the sampled unit to fall within a class higher than the class of the
swampy arcas, or within a class lower than the class of the forested
mountains. The distribution of the sampled units (map values) for the
six slope classes 1s given in Table 3. The relationchip betwoen this
distribution and the distribution of the ponulation is 11lustrated by

curves /i and B on Figure 9.

TABLE 3 : Distribution of map saroles by slope classes

Slope Class Frequency
Class A (» - 1°) 4
Class 8 (2 - &%) 13
Class € (5 - 10%) 38
Class D (11 - 199) 34
Class £ (20 - 299) 10
Class F (= 309 ]

A1l Classes 100

Field orocedure and techniques

The first problem to be solved in the field was associated with
the identification of the length and width of the sample units as located
on the base maps. Land marks, compass directions and measured distances
were combined to delimit each sarple unit. The most useful land marks
were found to include roads and tracks, isolated hills, streams, trans-

mission lines, estate buildings, and road- arks (milestones, benchmarks,
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road-cuttings, embankments). From a land mark, a mileage was usually
calculated along a compass direction to the ncarest corner of a sample
unit, according to a predetermined mileane nd compass direction on the
base maps. From this cormer, a square with side 300 metres was de-
1imited along predetermined compass dircctions. The accuracy of the
identification of the sample units was estimated at 90% to 95%. This
suggests that at least two, and probably all, of the three profiles
investigated in each sample unit would be contained within the map
working square.

Within each delimited sample unit, three slooe nrofiles were
investigated along apparent true slope zones. It was realised that the
investigation of three profiles, instead of one, would eliminate the
influence of any differcnce (cited to be of the order of 5% to 10% above)
that might exist between the location of asample unit and the exact
position of its corresmsonding map working square. It was also realised
that an average slope value obtained from three field profiles would
probably yield better results than a value obtained from a singie field
profile, because the average from the three profiles would reflect the
areal distribution of slope anales within a sample unit. The three
profiles investigated in each sample unit were spaced at about one
hundred metres apart, and each profile crossed a sample unit from one
edge to the opposite edge. Where 3 samnle unit was a hill, three
profiles stretched from one edge of the unit to the other were in effect
six profiles radiating from the summit of the nill.

An Abney level was used to measure slope values along each
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profile. The method of Abney levelling was preferred to other methods
in this study because 1t has been judged to be adequate for works where
an accuracy of + 0.5° fs acceptable (Savigear, 1950, 1967; Monkhouse
and Wilkinson, 1971: Doornkamp anc King, 1971). An accuracy of + 0.5
is considered acceptable for this study since the calculation of slope
values from the base maps was undertaken to the noarest whole degree.
The method of Abney levelling also provided quick field checks necessary
to investigate the three hundred profiles involved at this stage of the
study. To measure slope angles with this method, reading stations were
spaced at thirty paces apart on long and straight slopes, but stations
were located at apparent changes of slope on irreqular slopes (see
Doornkamp and King, 1971). At each reading station, the Abney was
levelled at a point on a partner (standing at the next reading station)
correspending to the reader's eye-level, or at a pre-marked point on a
pole fixed to the ground at the next reading station. Slope angles
were read to the nearest whole degree by the investigator, who also did
all the pacing.

The technique of pacing was adepted in this study because it
has been shown that this technique is adequate for investigations
where the emphasis is being placed on the average slope values, and not
on slope forms (Doornkamp and King, 1971). The technique of pacing was
considered to be a better method to nbtain averaqge slope values than a
method by which slope readings are added and averaged‘without accounting
for the length (i.e., frequency) of individual values. In order that

slope frequencies would be meaningful, carc was taken to see that the
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length of the paces employed was uniform. After several measured
trials on different terrain conditions, pacing techniques were designed
to obtain an averane pace-length of one mctrc on all terrain conditions.
This length was employed as the frequency in the analysis of the slope
values obtained from the field to cetermine for cach sample unit an
arithmetic mean (field average‘). amodal value (field mode), a
scventy-percentile value (field seventy-percentile, or field 70-p),
and a median value (field median). Thesc field derived parameters are
referred to collectively as field values, or ficld variables, and are
designated as Y.I. 72. ‘!3 and \'4 respectively. They should be diffcren-
~fated from the map values, or map variable (X),which are the one
hundred map samples drawn from the “population” (P). Table 4 is

a double-page from a field note book which shows the use of the length
of paces as slcpe frequencies to determine the field values. Four
field parameters were employed in this stucdy in preference to the use
of only the arithmetic mean in order to know which oarameter would

be the best measurc of the accuracy of the nip values, atd in order to
allow for a more specific definition of the slope values than a mere

reforence to the arithmetic average conditions.

Limitations of sampling and field technigues

The inadequate coverage of slope Classes A (0 - 1%) and F

(30" and over), and the preference for pacing over tape-measuring are

1. The term "field average" is used in this study instead of "ficld
arithmetic mean” in order to differcntiate the field arithmetic
mean (field average) from other arithmetic mean values determined
for the field and map variables.
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nrobably the two main 1imitations of the camnlina design and the field
techniques. Limitations associated with operator and instrumental errors
are believed not to be worse than are usually expected from the tyoe of
fnvestigations described above. Concerning the preference for pacing
pver tane-measuring technique, 1t was ctated above than the nacing techni-
que has been observed to be adequate for the fnvestiogations involved in
shis study. Since care has been exercised U antain relatively uniform
pace length, the slope values determined for each sample unit arc,
therefore,ccnsidered to be of acceptable accuracy for the nurpose of

the investigations.

The inadequate coverage of slope Classes A(O - 1“) and F

(30O and over) could not constitute a serious 1imi tation to the over-all
test of the accuracy of the map values. The sample size (k = 100) employed
for this exercise is considered to be sufficiently large to expect

viable statistical results. Similarly, the inadequate coverage of the

two classes could not be a serfous limitation to the test of the accuracy
of the slone classes, and of the suftability of these classes for land
planning purposes in the study arca., It is doubtful if the average

slope values for slope Class A, which is sssocizted with swampy areas,
would differ from values 0 - 1°, assuming that more samle units of this
class had becn accessidble in the field. S1ope Class F is associated with
forested mountain areas. Consequently, it will probably make very little,
»r no difference, to the land planning policies for 3 humid tropical area
whother the slope angles in such mountain areas are 30° and/or over. In
fact, the association between curves A and B on Fiqure 9 suggests that 2

sample of onc percent from slope Class F is more than an adequate re-
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presentation of this class in the population. In addition, the other
slope classcs, probably of the greatest importance to land utilisation,
arc covered to a degree which scoms capable of yielding results when

methods of small samle analysis arc adonted.

Statistical analyses and intcrprotation nf results

It was decided that it would be nocessary to ascertain that the
man samples adequately represent the nponulation before thesc samples
were compared with the field values as a measure of the accuracy of the
nopulation, Twe toets were unsertaken to measure the degree to which
the map samples represent the population. First, curves /. and B on Figurc
9 were plntted, These curves represent the percentage-proportion nf
typical slonc values in both the ponulation an” the man samles respoc-
tively. The curves show a very clnse assnciation between the percentage-
pronortion valucs of both variablos. This assaciatinon seems to be
nerfect for slone flass € (5 - 10°), since the two curves almost merqe
into onae between slane valuss 6 and 117, Sccondly, statistical tests,
‘ncluding the Nul) Mynothesis test of themean (s2e “nnendix III) and th-
coefficient of variation (CV%), wer2 applied to the arithmetic mean
(m2an) and the standard deviation (5) of '~th the population and the
map samples. The difforencos between the parametric characteristics
of the pooulation and thase of the map samples were found not to be
significant at bettor than the 5% level of significance, nredeterminad
as acequate for the statistical tosts designe? for the oresent investi-

grtions. The throe parameters (mean, @, CVE) 2re shown fn Table S

for a1l the slone classes combined together, and for each slope class
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TABLE 5: Mean, Standard doviation (A), and Coefficicnt of

variation (CV%) of bath the population and the man sample of slope values

PARAMETER 1 POPILAT A | MAP SAMPLE

Al]_slope Classes ™ = 11,773 Kk = 170

.................. e msanrseressdssrsasseansanne=e ==

Moan (dearees) 12.7 (13) ’ 1n.7 (M)

] B.9(9) | f.3(A)
cvy 69.7 i  58.6

....... Slope Class A (0 - 170t = 1,323 k=8
“ean (“eorees) 0.1 (0) ns (0)

« n.A ( "\) Nn.5 ( 'l)
cvs 251 N 10N

....... Slono_Class P (. 2.-.47) % =895 k=13 |
Moan (cearces) 3.1 ( 3) 3.3 (3)

g 0.7 (1) n6 (1)
cvy 22.9 18.2

....... Slope Class € (5. 107).1 = 2,805 k=38
Mean (“Aeareoos) 7.3 2) 7.7 ( 8)

« 1.6 ( 2) 1.5 ( 2)
cvi 21.6 | 18.8

W S10p2 Class 0_(11-107) » = 3,086k = 31 _
Moan (Aaqrens) 14.7 (15) 13.6 (17)

g 2.7 { 3) 2.6 ( 3)
(o 18." | 18.8

Slone_Class £ (20 - 29°) n = 2,588 k_= 17

--------------------------------------
- - -

Mean (<'oorees) 23.2 (?") 23.1 (23)
« 2.8 ( 2) 2.4 ( 2)
cvy 1n.2 1.1

e L L L T T D T T - e ity

Moan (‘earoces) 31.9 () n.n (30)
« 2.6 ( 3) -
cvy 8.1 a

N = size of ponulation, k = siz> of samle
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scpartely. The results ohtaincd from hoth the qraphical and the
statistical tosts 11lustrate that tho map samplos represent the
population adequately, and that those samplos can be used to test
the accuracy of the population by comparing the map samples (mao
variabla) with the corrasnonding ficld values (fiol variables).

Since the map sampl s represent the pooulation adequately,
these map samples (man variable) and the corresponding field values
(field variables) were analysed and compared. Arithmatic mean
(mean), coefficient of variation (CVY), Pearson's product-moment
crefficient of correlation (r), coefficient of determination (rz),
and 1inear regression of Y (field variables) on X (map variable)
were analysed and tested for sionificance. FAnalyses were axecuted
at two levels. First, the samples were analysed in bulk to test
the over-all accuracy of the mep valucs. This is a test of the
suitability of the tochniques emnlnye’ to ~btain the values from the
base maps. Secondly, the slope valucs were analysed on the basis
of indivicual classes, except for slonc Class F where the single
samplc was ignored since it could stand no statistical analyses.

The class-ievel analyses were undertaken to test tho accuracy ~f the
slope values contained within particular slope classes, and to
determine the ficld variable/s that would bast explain the map values.
Inter-class variations were examines in order to test whother the
classes were sufficiontly different onc from the other to justify the
grouping of the classes. This is a tost of the suitability of the
techniques erployed to classify tha slene values, anc¢ of the viability

of the slopa classes. In all the cases, methods of small samnle
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analysis were adopted, (scc Ezekicl, 1930 Bajnai, 1967; Monkhousc
and Wilkinson, 1971). The formulac associated with these methods
arc afven in Anpendix I11. The raw “ata, on which th. analyses arc
bascd, are containcd in Anpendix 1.

Tables 6 to 11 show the numcrical rosults which were obtained
for, and botween, the map and fio1¢ variables, and also indicate the
Tovel of the correlation between cach ficld variable an! the map
variable. Fiqures 10 to 12 show the rcqression lines of cach field
(Y) variable on the man (X) variablc. The rosults, 11lustrated by
these Tablos and Figures are discusscd on the basis of the two levels

of analyses stated above.

Results and interorotation for all slonc classes combined.

The contents of Table 6 and Figures 10 and 11 show that there is a
hioh degree of association botwoen cach field variable and the man

variable. The following results were obtained.

T/BLE 6 : Statistical rosults of man (X) and ficld (Y) variables

for all slope classes combined.

k = 199

PARAMETER MAP(X) FIELD AVERAGE FIELD 'OF  FIELD 70-p FIELD /EDIAN

(Yy) (Y,) (Y3) (Yq)
Mcan 10.66(11)  11.,03(11)  10.62(11) 11.62(12) 10.18(10)
« 6.25( 6) 6.57( 7) 7.62(8) 7.27(7) 6.67( 1)
cvi 58.64 59.56 71.83 62.5€ 65.52
r 0.84% 0.91%+ 0.99% 0.95%
r 0.71 0.83 0.98 0.9
Y/X Y =0,88X+ 1.62; =1.11X-1,21; =1,15X-0,66; =1,01X=0,62

* Significant at 0.1% level
+ Z-ratio demonstrates real association for the r-value
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The cocfficients of corrclation (r) which werc
obtainad botween cach fic12 variable and the
man variable arc positive an” arc sianificant
at 0.1% lowel. A Z-ratio test revealed that
gach r-valuc ranresants roal association bet-
ween the varfables comarcd. Since the coefficient
of determination (rz) is hiqhor than 0.70 in all
the cases, 't imrlies that in all these cases
at least 70% of thc changes in the field values
can be explained by the changas in the map values.
Althouch all the four fiol” variables shov siani-
ficant correlation with the map variable, the
ficld 70-p scems to be 2 s1ichtly better measure
of the accuracy of the map variables than any
other ficld variable. Its arithmetic mean nf
1.65° (12) is the closest to the ~opulation mean
of 12.76° (13) shovm in Table 5. The coefficiont
of determination (rz) hotwoen the field 70-p and
the map variable is the highest (n.98), anc it
sugaests that about 98% of the changas in this
yariable can bo oxplaines by the chanqes in the
map variable. Therefore, the field 77-p might,
probably, represont more accurately the maximum
slope values 2s calculated from the base mans than

other field variablos.
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3) A Null Hypothesis test of the mean, applied to pairs
of map and field variables revealed that the difference
between any pafr is not siognificant at better than 5%
Tevel. This means that the variables represent the
same population,
Results and interpretation for slope Class A (0 - l°). The

very small size of this slope class (k = 4) suggests that the results
should be interpreted with care, even when methods of small sample
analysis are adopted. The results obtained from this class are consi-
dered to be considerably representative oi the characteristics of this
class, in the study area, for one important reason. If it had been
possible to investigate a larger sample size in the swampy flats asso-
ciated with this slope class in the Ulu Langat District, the field values
would probably be found not to differ significantly from the map values.
Tables 5 and 7 show that all of the arithmetic mean-values obtained for
this class, including the mean for the population, approximate to |
The following results, illustrated in Table 7 and Figure 12a, were obtained
for this slope class.
1) A perfect positive correlation seems to exist bet-

ween each of tie field average and field 70-p and

the map variable. Both the r-value and the rz-value

for each of tho pairs are given as 1.00. This implies

that all of the changes in the field average and the

fierd 70-p can be explained by changes in the map

variable.



TARLE 7 : Statistical rosults of map (x) and field (Y) variables

for slonc Class A (0 - 1°)

k=4

PARAETEP MAP (X) FIELD AVERACE  FIELD '0OE  FIELD 79-0 FIELD VEDIAM

(Yy) (Y,) (Yq) (Y,)
Mean (°) 0.50(0) 0.50(0) 0.25(0) 0.50(0) 0.25(0)
o 0.50(0) 0.50(0) 0.43(0) 0.50(0) 0.430)
(W} 100,00 100,00 172.00 100,00 172.00
r - 1.0 * 0.60n.6% 1.0¢ " 0.60 n.s,*
ot - 1.0 0.3¢ 1.0 0.36
Y/X Y=X4+0; =2&4+0; =X+ 0; =3+ 0

* = Perfoct correlation
n.s. = correlation not sionificant at 5% level.
+ = Z-ratio shows real association for the r-value.

2) Conversely, the nositive correlation (r = +0.67),
which exists between cither of the field mode or
the field median and the map variable, is not
significant at 5%level, although the r2 - value
(0.36) suggests that anproximately 36% of the
changes in taese field variables can be explained
by changes in the map variable. Z-ratio tests of
r-values revoalod that the association between the

field variables and thc man variable could be real,

even if it might not bc significant at 5% Tevel.
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3) A of the man and the field variables for this
class show larqge variations in their distribution
(sce CVZ). The variations ranqc from 100% for the
map, the ficld average, and the field 70-p to 172%
for the mde and the ficl! median. This is
similar to the great variation (250%) in the
population for this class (sz»e Table 5).

%) Further analyses of the mean and the CVE (Muld
Hypothesis) revcaled that the differences in
parametric values between pairs of man and field
variables are not sianificant at 5% level.

5) An insnection of thc rav data (‘ppendix 1) revealed
that all thc field values are contiined within the
assigned class.

‘1 can be stated, therefore, that the calculatod values for this class

arc representative of ficld conditions, and that the combination of the

ficld average (field arithmotic mean) and the 70-n valucs seems to
explain the accuracy of the map valuze better than the other field

variables.

Results and interprctation for slopc Class 8 (2 - 7). The

sample size for this class (k = 13) might be exnected to nroduce fairly

reliable results when methods of small sample analysis are adopted. The
following results were obtained for this slope class by the adoption of

such methods (see Table 8 and Figure 12b).
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A positive correlation, significant at 0.1%, exists
between the ficld average and the map variable, and

a positive correlation, significant at 5% level, is
shown between the field 70-p and the map variable.
The r2~va1ues of thesc pairs suggest that approximate-
ly 66% of the changes in the field average, and 35%
of the changes in the field 70-p, can be explained

by changes in the map variable.

In conirast. thce positive correlation which was
obtained betwcen the map variable and each of the
field mode and field median is not significant at

5% level. Z-ratio tests showed that, while all the
other field variables demonstrate real association
with the map variable, the field mode does not.

This might be explained by the fact that the most
recurring value for this class in the field (2°) is
lower than the average maximum slope values calculated
from the base maps (see /Appendix I).

The internal variation of each variable is much lower
than the internal variation of the same variable in
slope Class A, but the variations within the field
variables are larger than the variation within the
map variable (see Table 8). The higher variations

in the ficld variables might reflect the combination
of steep slopes at head-valleysides and

the flat terrains at the summits, interfluves,
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TABLE 8 : ctatistical results of map (x) and ficld (Y) variablos

for slopc Class © (2 - A°)

prRUETER #AP (X) FIELD AVERAGE  FIELD MODE F1ELd 70-p FIELD “EDINY

(Yy) (Y,) (Yq) (Yq)
Moan (°) 3.1 (3) 2.92 (3) 2,08 (2) 3.54 (4) 2.54 (3)
of 0.61 (1) 0.81 (1) 1.21 (1) 1.22 (1) 1.08 (1)
cvi 18.42 28.42 58.17 34.46 42.51
r - 0,81 % 0.3 T.5. 0,59%* 0.46 n.s. *
e - 0.66 0.09 0.35 0.21
Y/X Y = 1.11X = 0,76; = 0,56X + 0.21; = 1.2 = 0.52; = 0,81X - 0.13

* o« Correlation significant at 5%, or better, icovel.
n.s. = Correlation not significant at 5% lovel.
N.S. = Correlation not sianificant at 5% level, and does
not show real association.
+ = I-ratio shows real association for r-value.

and valleyfloors, which characterise the 1and
surfaces represented by this slope class.

4) /nalyses of the m:an and CV% revealed that the
difference which exists between each field variadble
except for the ficld mode, and the map variable
is not significant at 5% level.

5) An inspection of the basic cata showed that 88.5%
of the 52 field values involved in the analyses for
this class are contained within the assigned class

Timits.
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[t seems that the field average is the best cstimate of the accuracy
of the map values for this class, but that both the field average and
tha ficld 70-p can be combined to explain the slcpe characteristics
Lf the terrain represented by this slone class.

Results and interprecation for slopc Clas C (5 - 1001. The

size of this class (k = 38) is sufficicntly larac to nroducc reliable
rosults when methods of small samle analysis are followed. The results
which were obtained for this class are illustrated in Table 12c and are
tabulated in Table 9. The following arc the relationships between the

man and field variahles.

TABLE 9 - Statistical results of map (X) an'! field (Y)

variables for slooe Class € (5 - 10°)

k = 38

PARAMETER MAP (X) FIELD AVERAGE  FIELD TOOE FICLD 70-p FIELD MEDIAK

(¥;) (Y5) (Yq) (¥,)
Mean (°)  7.71 (8) 7.55 (8) 7.% (1) 8.13(8) 7.21(7)
o 1.45 (1) 1.93 (2) 2.41 (2) 2.32(2) 2.05 (2)
(W} 18.80 25.56 32.83 28.53 28.43
r - 0.81%+ 0.58%+ o0,70%+ 0.67 *+
et - 0.66 0.34 0.49 0.45
Y/X Y = 1.09X = 0.86; = 0.93X + 0,19; = 1.08X=0.19; =0.94X + 0.16

* = Correlation significant at 8.1%
+ = Z-ratio shows real assnciztion for the r- alue.
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A positive correlation, significant at 0.1% is shown
between each field variable and the map variable.
Z-ratio tests rovealed that the r-value for each

pair shows real association between the map and the
field variables. The values of rz suggest that
approximately 66% of the changes in the field average,
49% of those in the ficld 70-p, 45% of the changes

in the field median, and 34% of those in the field
mode can be explained by the changes in the map
variable.

The internal variations of the field variables for
this class are smaller than the internal variations
of the variables in thc two lower classes. Vhen it
is considered that the size of this class is larger
than the size of each of the two lower classes,

it would seem that the slope values in the Ulu Langat
District vary less in the higher siope classes than
they do in the lower slope classes.

Null Hypothesis tests of the mean and the CV% showed
that the differences in the parametric values between
pairs of the field and map variables are not signifi-
cant at 5% level, which implies that the values
represent the same population.

An inspection of the basic data (Appendix 1) showed
that 92.8% of the 152 ficld values for this class are

contained within the class limits, while 1.3%
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of these fall below the lower class limit, and
5.9% fall above the upper class limit,
/nain, it seems that the field average combined with the field 70-p
will cxplain the accuracy of the map values more than the other field

variables.

Pasults and interpretation for slone Class 0 (11 - 19%). This

class has a sample size of k = 34, and by the adontion of methods of small
samle analysis the following results were obtained for the class

(sce Table 10 and Figure 12d).

TABLE 10 : Statistical results of map (X) ani field (Y) variables

for slope Class D (11 - 199).
K= 34

PARSETER AP (X) FIELD AVERAGE FIELD :*0DE FIELD 70-p FIELD MEDIAN
(Y)) (¥,) (¥Y,) (¥,)

Mean () 13.61 (14) 13.88 (14) 14.18 (14) 15.77 (16) 13.65 (14)

c 2.56 (3) 2.88 (3) 4.44 (4) 3.88(4) 3.31(3)

Cv% 18.81 20,74 3231 24,60 24.25

r - 0.87 *+ 0.72 *+ 0.81 »+ 0.77 *+

ré - 0.78 0.52 0.66 0.59

Y/X Y = 0,80X + 2.96; = 1.00K + 0,503 = 1.64X = 2,12; = 0.86X = 1.5¢

* = Correlation significant at 7.1% level
+ = Z-ratio shows real association for the r-ralue.



1)

- 67 =

A positive correlation, significant at 0.1% level,
is shown between cach ficld variable and the map
variable. Z-ratio tcsts revealed that each r-value
represents real association between the field and
the map varfables. The lowest cocfficient of deter-
mination (rz) is 0.52, which suggests that at least
524 of the changes in thc field variables can be
axplained by chanaes in the map variables. The pro-
portion is 78% for the field average and 66% for the
field 70-p.

2) <The internal variations (CV%) in the field variables

3)

4)

arc lowcr than the within-class variations in the
field variables of the three lower classes. This
would seem to be a further justification of the
suggestion that higher slope classes in the Ulu
Langat District vary less in individual values than
lower slope classes.

The application of the Mull Hypothesis tost to the
mean and the CVZ values of pairs of field and map
variables revealoed that the differenees in the
parametric values arc not significant at 5% level.
This suggests that all the variables represent the
same population.

An inspection of the basic data showed that 92.0%
of the 136 ficld values, involved in the analyses
for this slope class, are contained within the class

limits. Three percent of the values fall below the
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lower limit, and five nercent of the values fall
above the upper limit.
Once again, the combination of the field average and the field 70-p appears
to be thc best measure of the accuracy of the man values for this slonpe
class.

Results and interpretation for slope Class E (20 - 299). The

size of this class (k = 10) suggests that the results of the statistical
analyses for this class should be interpreted with caution, even when
such results have been determined by the use of methods of small sample
analysis. Table 11 and Figure 12e show the results for this class by

the use of such methods.

TABLE 11 : Statistical results of man (X) and field (Y) variables

for slooe Class £ (20 - 29°)

k=10

PARAMETER MAP (X) FIELD AVERAGE FIELD 0RE FIELD 70-p FIELD MEDIAH!
(¥,) (¥Y,) (Y;) ()

Mean (%) 23.10 (23) 23.30 (23) 24.10 (24) 24.60 (25) 22.7) (23)

o 2,38 (2) 2.00( 2) 638 (6) 2.33(2) 2.83(3)

CV% 10.13 8.60 26.47 9.47 12,41

r - 0.61%+ 0.45 n.s.+ 0.49 n.s# 0.64 %

r? - 0.37 0.23 0.24 0.41

Y/X Y = 0.52X 4 11,255 = 1.21X = 3.76; = 0.48K + 13.51; = 0.76X + 5,12

» = Correlation significant at 5% level
n.s. = Correlation not sionificant at 5% level
+ = Z-ratio shows real association for the r-value.
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M nositive correlation, significant at 5%
level, exists between cach of the field
averace, and field median, =nd the map variable.
The rz-va1ues show that 37% of the changes in
the field average and 41% of the changes
in the field median can be explained by changes
in the man variable.

The nositive coefficients of correlation which
were obtained between the map variable and both
of the field mocde and the field 70-p are not
sianificant at 5% level. In fact, the r'-
values for these coefficients suggest that only
23% of the chanqes in the field mode, and 24%
of those in the field 70-p could be axplained
by chances in the map variable.

The internal variations (CV%) within all the
field variables are the lowest for all the
classes analysed. The ficld average has a

CV% of 8.60% and the others, except for the
fic1d mode, have coefficientsof variation

less than 13%. These low variations sugoest
that the land surfaces represented by this
slone class are characterised by slone angles
that (iffer very little from the mean value

for the class.
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4) Further tests of tho mean and the CV% shows
that the differonces in the narametric values

of nairs of fiel! and map variables are not
sfanificant at 5% Tevel.

§) An inspection of tho hasic ¢ata showed that
77.3% of the 40 field values are contained
within the class limits. ‘onroximately 15.9%
of the values fall above the upner limit, and
6.8% 211 below the lower limit. Since the
hinher valucs are associate! with the field
mode and field 77-p (see "mpendix 1), it can
be suqggested that thes: hiaher-than-class
values constitutz the main rason why both

the fizld mode and the field 70-o fail to

measure the accuracy of the man values 2dequately.

For this slope class, it can be seen that the combination of the field
averace and the field median nrovides the hest measure of the accuracy
of the map values. This measurc is not @s adoquate as the measures which
were determinod in the case of the nther classes (comare the reqression
lines in Figure 12e with the lines in Fioures 12 2 - d).

Inter-Class variations. Thc annlication of the Null Hypothesis

of the mean to the mean valucs ancd the standarc deviation values, of each
variable for any nair of classes, shower that the ¢ifferences in these
parameters between any two classes ara significant. The lowest level of

significance (2% level) is between sloe Classes " and B, on the one hand,
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and botween slone Classes 0 and E, on the cther, "11 the other com-
binations »f classcs show sianificant differences at 0.1% level.

This imnlies that the slone classes identific! for this stucdy are
sionificantly different one from the other in torms of their narametric

values.

Discussion and Cenclusions

It will be necessary to discuss furthor three of the noints
which were raisec above. These are:
1) the pattern of the CVY% from one class to another;
2. the case of slope Class F (30° anc over) which was not
analysed; and
3) the selection of the ficld variable/s that will best
estimate the accuracy of the man values and, consequently,
the suitability of the techniques which were emnloyed to

obtain and classify the valucs.

Pattern of the CVY from one class to another. It can he

noted from the results proscnted above that the within-class variations
in the field variables decrease from the lower slope classes to the
higher ones. The highest variation which was cbtained is for slope
Class A, and it is equal to, or greater than, 177%. The lowest
variation is for slone Class £, snd it is morc than 8%, but not greater
than 27%. The decreasing change from the lower to the higher slope
classes was never observed to he reversed in any of the field cases.
The nattern is the same in the casc of the ponulation (sce Table 5).

It can be contended, therefore, that the slope values in areas associatec
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with the higher slope classes vary less than the values in arcas
associated with lower slope classes in thoe Ulu Langat District.

Slope Class F (30O and over). It was stated carlier in this

Chapter that it would makc very little differcnce to the land planning
policies to be followed in a humid tropical mountain arca whether the
slope values were actually 30%, or over. The pattern of the CV%

as discussed above, and the highly sianificant results which were
obtained for all the classes combined, scem to suaaest that the
exclusion of slope Class F from the analyses on the individual class
level could not have affected, adverscly, the test for the accuracy

of the map values, and the suitability of the techniques. Consequently,
the exclusion of the class from the class-lcvel analyses has not
adversely affected the purpose of this study.

Best measure of the accuracvy of thc rap values. In four

cases (Classes A, B, C, D) out of the six cases analysed, the field
average (field arithmetic mean) corhined with the field 70-p was
observed to provide the best measurc of the accuracy of the map
values. The field average was observed to show significant co-
relation with, the map variable in all the six cases, and the ficld
70-p is significantly correlated with the map variable in five of
the six cases. The field median is significantly correlated with the
map variable in four cases, while the correlation between the field
mode and the map variable is significant at 5%, or better, level in
three cases. The results suggest that the field average (field
arithmetic mean) and the field 70-p arc to be considered as the

two best measures of the map values. Consequently, for the purpose
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of this study, the slope map will best he interpreted in the terms
of the class mean value and the class 70-p value.

From all of the above, it can be concluded that the results

show that:

1) the map values which were obtained from the topographical
maps are highly reprosentative of the slope conditions
in the study arca;

2) the techniques cmploved to obtain and classify these
values are adequate for the purposc of the study and the
scale of the bas= maps;

3) the classification of the slone values is statistically
viable; and

4) the slope classes arc considered suitable for land planning
purposes in the Ulu Langat District, since the classifica-
tion was based on morpholocical and technical-economic
requirements (see Chapter 3).

However, the maximum slope values, as calculated from the topographi-
cal maps, will best be interpreted in torms of the combination of the
field average and the field 70-p values. In practice, individual
slope zones on 'lap (An Average-'faximun Slope “fap for the Ulu Langat
District) should be interpreted as: at lcast 70% of the surface area
represented by the slope zone is inclined at angles cqual to, or Tless,
than the mean slope anglz for that slopc zone.

The slope map is combined with maps of related indices

of terrain (cited in Chapter 3) to classify, and map, the land-
surface of the Ulu Langat District, as will be shown in Chapter 5.
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CHAPTER 5

CLASSIFICATION, COMPILATION, AND DESCRIPTION
OF A LAND CATEGORY MAP OF THE ULU LANGAT DISTRICT

The problems of geomorphological mapping which include
those of landform mapping have been discussed in Chapter 3, and will
not be discussed further in this Chapter. It should be recalled,
though, that these problems include those associated with the scale
of mapping, the basis of landform classification and the method of
mapping. The present Chapter is concerned primarily with 1) the
classification of the landforms of the Ulu Langat District, 2) the
compilation of the Land Category Map (Map 2) based on the classifica-
tion, and 3) the description of the classified Land Categories on the
basis of their various Land Units. Before these primary objectives
are discussed, two other pertinent points will be examined. These
are a) the meaning of the term "landform mapping" as employed
in this study, and b) existing landform classification in West
Malaysia and other parts of “continental" South-East Asia.] with
particular reference to landform classifications by the Commonwealth
Scientific and Industrial Research Organimation (C.S.1.R.0.) for
New Guinea.

1. "Continental" South-East Asia is taken to include the Indian sub-
continent, and the Peninsulae and islands consisting of what is

generally referred to (Ooi, 1963) as the Sunda Shelf, including
New Guinea.
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Landform Mapping

Thomas (1969), and Swan (1970b) have recognised three
main types of land-surface umppim;l which have emerged from the
works of geomorphologists in recent decades. First, there is
morphological mapping which recognises the shape and form of the land
(Thomas, 1969). With this type of land-surface mapping technique,
maps can be compiled on very large scales, and such maps are capable
of showing (among other things) breaks and changes of slope,
direction of true slope, and micro-reliefs. Savigear is the most
frequently quoted authority on morphological mapping. This type is
not pursued in this study because it would have required base maps
larger in scale than the most comprehensive topographical maps
available for the study area, and because a morphological map would
involve details that might not be of practical use, without modifi-
cations, in agricultural-type land planning. Secondly, there is
geomorphological mapping which, according to Thomas (1969), combines
the salient aspects of morphological mapping with those of landform
mapping, plus additional comments on relative ages, relict features
and processes of the evolution of the identified forms. The requirements
for this type of land surface mapping are well documented by Klimazewski
(1962, 1963). This type of land-surface mapping is not followed in
this study because it seeks to explain the present form of the land
in terms of genetic interpretations. It has been noted earlier that

(1) AN types of mapping are referred to as "land-surface mapping" ,
or "land mappi in this study.
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genetic interpretations are associated with subjective inferences
which would serve no practical purpose in the allocation of the land
for various uses. Thirdly, there is landform mapping which recognises
shape, surface materials and drainage conditions (Christian, 1958;
Mabbutt and Stewart, 1963; Speight, 1968; Beckett and Webster, 1969).
In essence this is the identification of landforms for the purposes

of qualitative and/or quantitative analyses (Weaver, 1965). The
identificd and amalysed landforms would then be assembled into broader
synthesised units (Weaver, 1965; Thomas, 1969; Swan, 1970b). Such
synthesised units characterise the C.S.1.R.0. and the Military Engineer-
ing Experimental Establishment (M.E.X.E.) Land System maps (see
Beckett and Webster, 1969). A "user" landform map, as defined in

this study, is a type of landform map wherzby the synthesised units
are delimited in accordance with the requirements of the users (Benn
and Grabau, 1968). The "user" landform type is desirable in an area

'where the accent is to be on land development' ( Swan, 1970b; pg. 91).

Existing landform classifications: West Malaysia and parts of
"Continental" South-East Asia.

Existing landform classifications in West Malaysia include
the oxperimental classification by M.E.X.E. (1964), the generalised
classification by Ho (1964) and by Beaven (1967), and a morphometric
classification for the entire country by Eyles (1968a). There has
been a morphometric landform classification by Swan (1970b) for Johore
State. A summary of these existing landform classificationsin West

Malaysia is given in Table 12. While the first four landform classi-
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TABLE 12 : Existing Landform Classifications in West Malaysia

CLASSIFIER LANDFORMS

Ho (1964)] Steep mountains, undulating to hilly land, and plains
often swampy.

M.E.X.E.(1964)] Dissected upland, rounded hills with moderate relief,
undulating lowlands, isolated limestone hills,
matured rivers, lowland plains and mangroves, and
East Coast sand complex.

Beaven (1967)  (Provisional) mountains, steep hills, low hills,
and plains.

Eyles (1968)2 High mountains, low mountains, deeply dissected low
mountains, isolated steep high hills, isolated steep
hills, low convex hills, and (land with no 4th-order

stream)
Swan (197df (Simplified form) Denudational: Mountains, high hills
Johor and ridges, low hills and ridges, high plains,

dissected lowlands;

(Simplified form) Depositional: Terrace fluvialite),
alluvial plains (sub-divided into W\, Am, ' according
to drainage conditions), "raised" beaches, and tidal

Swamps .

1. Source: Table 1 in Swan (1970b).
2. Source: Original work cited.

fications in this table are indicative of the terrain conditions in
West Malaysia, they are too generalised for practical use in land
planning (Swan, 1970b). In fact, the classification by M.E.X.E. (1964)
was undertaken to test whether, or not, the landforms of West Malaysia
could be classified by Land System mapping techniques designed by the
group (Beckett and Webster, 1969). The result was, therefore, very



.78 =

experimental. The last landform classification in Table 12 (Swan,
1970b) is better than the others for land planning purposes,
because limitations for agricultural landuse are incorporated

in the final map based on the classification.

Examples of landform classifications in other parts of
“Continental" South-East Asia include classifications 1) by P.Wong
(1968) for Singapore, 2) by Jalal-Ud-Din, et al. (1970) for the
Indus Delta, 3) by Mabbutt, et al. (1965) for Port Moresby-Kairuku
area in Papua, and 4) by Ruxton, et al. (1969) for Kerema-Vailala
area in Papua. P. Wong's classification is similar to Eyles(1968a)
classification for West Malaysia by which landform hierarchy is not
clearly indicated. The classification by Jalal-Ud Din, et al. (1970)
shows a major landform order based on processes of lard evolution,
and a secondary order based on drainage conditions. Criteria used
in this work are highly qualitative, and there is no indication
of the utilisation of the landforms identified. The last two
classifications are examples of Land System classifications commonly
adopted by the C.S.I.R.0. Such classifications usually show land-
form orders on the basis of both qualitative and quantitative
criteria, specify the extent of individual land types, and suggest
the use capability of these types.

The landform classification designed for this study is
closer to the Land System classifications by the C.S.I.R.0. than
the others cited. In addition, the landform classification adopted
in this study incorporates some aspects of the morphometric analysis
contained in the landform classification by both Eyles(1968a) and
Swan (1970b).
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C.S.1.R.0. Land System mapping and this study. The basis of

landform classification, the method of compiling landform maps based
on the classification, and the scale of preparatory and final maps
employed by the C.S.1.R.0. are contained in the Land Research Report
Series by the organisation. Such reports include those by Christian
and Stewart (1953), Mabbutt, et al. (1965), Speight (1966, 1967), and
Ruxton, et al. (1969). They are also discussed in reports of, and
discussion-articles on, land evaluation projects. Works in this
category include those by Christian (1952, 1958), Mabbutt and Stewart
(1963), Stewart, ed. (1968a, 1968b), and Scott and Austin (1971). The
objectives of these Land System classifications are discussed by
Christian (1952), Haantjens (1965), and Renwick (1968).

Briefly, the Land System classifications are undertaken
largely in under-developed areas (Renwick, 1968) in order to compile
reconnaissance survey maps which would be suitable as a basis for
regional development and for agricultural researches (Haantjens, 1965).
The final maps are generally at a scale of 1/250,000 on which Land
Systems and Land Units are shown. A Land System is described as 'an
area, or group of areas, throughout which there is a recurring pattern
of topography, soil and vegetation' (Speight, 1968; pg. 240). A Land
System is made up of Land Units grouped morphogenetically in order
of increasing slope and altitude (Ruxton, et al., 1969). More recent
Land System maps are compiled by extrapolating maps of parametric
indices of terrain which include relief, slope, vegetation, soil, and

drainage. The maps are supplemented with plans and block-diagrams,



and the identified Land Systems are described in tables on the basis

of component units, area, slope, vegetation, and capability.

There are three broad arcas of similarity between the

C.S.1.R.0. Land System mapping concepts and techniques and the concepts

and techniques of landform mapping designed for this study.

1) The present study, 1ike the C.S.1.R.0. surveys,

2)

is expected to yicld information which would be
suitable for agricultural land planning. The fact
that only 40% of the study area is classified as
undeveloped is no deterr®® to this objective,
because land evaluation is expected to be repeated
as often as changes occur in the need of the land,
and in the needs of thec poeple (Butler, 1955;
Stewart, 1968).

The criteria for, and the method of, landform classi-
fication followed in this study are basically the
same with those usually employed byC.S.1.R.0.. Maps
of parametric indices of terrain, supplemented by
air photograph interpretation, were extrapolated

to identify areas of recurring patterns of topo-
graphical characteristics. A recurring pattern was
classified as a Land Category which is similar to

a Land System. A different terminology is adopted
because a Land Category is not exactly the same as
a Land System for the following reasons.
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a) The recurring patterns mapped as Land Categories are

based on total relief and the steepness of the land,
, and not on tonal patterns of vegetations as usually
practised for Land Systems.

b) The scale of mapping and the nature of the investiga-
tions followed in this study have made it possible
to discuss the Land Categories in greater detail than
is generally possible in the case of Land Systems.

c) The term "Land Category" makes it possible to imply
these differences and, therefore to prevent any mis-
interpretation that would have arisen if the term
“Land System" had been adopted. Each Land Category
was subdivided into Land Units on the basis of soil,
slope, and drainage conditions. These Land Units are
basically the same as the Land Units of C.S.I.R.0..

3) The techniques adopted to compile and describe the
Land Category ﬁap (Map 2) follow the techniques
employed by C.S.1.R.0..Compilation involved the
superimposition of base maps in order to draw
land-type boundaries. A point of difference from
the C.S.1.R.0. procedure is that the boundaries
of the Land Categories and Land Units identified in
the study area were checked in the field for
necessary adjustments. A second difference is that
panoramic coloured photographs have been preferred
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to block diagrams in the description of the
landforms. Land Categories and Units are
described on the basis of physiography., geology,
slope, sofl, landuse conditions; as against the
practice of describweg the Land Units by

Tables 2lone. The latter practice is usually

adopted by the c.S.1.R.0..

Classification of Landforms.

The dominant parameter used to classify the landforms of the
Ulu Langat District is the slope angle, for the reasons discussed in
Chapters 3 and 4. The complementary land attributes are total relief
(elevation above mean se2 level), soil characteristics, and drainage
types as defined in Chapter 3. These land attributes were supplemented
by air photograph interpretation undertaken to identify associations
of forms and their orientation, because air photograph interpretation
is regarded as an essential part of landform mapping (Christian, 1952;
Maantjens, 1965; Speight, 1966: Mabbutt, 1968; Dosai, 1968; Beckett
and Webster, 1969).

Air photographs covering the study area were interpreted in
order to a) obtain a general over-view of the terrain of the study
area in terms of the associations of forms and their orientation, b)
produce a land-surface map based on recurrina patterns of "hilliness”
and "steepness”. To this end, 2 Casella Desk Stercoscope wad used to
read the air photographs which were taken in August 1966, and were
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produced at an average scale of 1/25,000. Recurring patterns were
identified and mapped. Certain photographs on which "form regions"
could not easily be identified with the aid of the Desk Stereoscope
were scrutinised on a Hilger and Watts (SB 115-1) Sketchmaster to
facilitate separation into component form-regions. Form-regions
were not identified by the use of tonal patterns of vegetations
because the artificial vegetation covering up to 60% of the study
area is at different stages of growth. Tonal patterns in such
areas might reflect the relative age of the plantations and not
necessarily the nature of the terrain.

The "form region" maps sketched from the air photographs
were combined into a single land-surface map of the District (Figure
13). This map was combined with Map 1 (A Slope 'fap of Ulu Langat
District) and the map of total elevation (Figure 3) to identify Land

Categories. The Land Categories were sub-classified into Land Units
by reference to soil and drainage base maps. Slope characteristics

were used to readjust the domain of cach Land Unit.

Seven Land Categories were identified in the study area.
Six were numbered 1, 2, .... 6 in their incrcasing order of total
relief and slope characteristics. The seventh was identified as Major
Active Floodplains and was numbered 7. The following are the Land
Categories:

1. Southern Depression,

- Lowland Plains,

Depression Rim,

SowN

. Deeply Dissected Highlands,
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FIGURE 13: Land-surface map of the Ulu Langat District based
on air photograph interpretation
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5. Dissected Foothills and Low "ountains,

6. Hiah “ountains,

7. Major Active Floodplains.
The total relfef and slope characteristics of these Land Cateaories
are shown in Table 13. The number of Land Units in each Land Cate-
qory rangos from two in Land Category 1 to six in Land Category 3.
These Land Units are shown in Table 13.

Compilation of A Land Category “fap of Ulu Lanoat District

"A Land Category Map" means » landforn map showing both the
Land Categories and their component Land Units. Such a map was
compiled for the study area by a technique of superimposition of base
maps. There were tyo stages in the compilation 1) thc delimitation
of the Land Categories and 2) the delimitation of the Land Units.

Delimitation of the Land Cateaordcs . Threc base maps were

used in the delimitation of the landforms into Land Categories. These
were the slope map (“ap 1), the elevation map (Figure 3) and the land-
surface map based on air photograph interpretation (Figure 13). AN
the basc maps were at a scale of 1/63,360, and were drawn on tracing
sheets. As a first step a fusion of the slope and elevation maps was
effected by tracing the elevation boundaries (as shown in Fiaure 3) on
the slope map. The land-surface map w#as then superimposed on the
combined slope-elevation map. A tracing sheet was placed over the
superimposition of the base maps. Land Category limits were drawn on
this tracing sheet at boundaries common to slope, elevation, and land-
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surface maps, or at boundaries common to any two of them. Vhere 2
boundary common to at least two of these base maps was not obtained,
the Land Category 1imit was drawn to coincide with the slope boundary.
The Land Category limits were later checked in the field for necessary
adjustments before they were conf irmed.

Delimitation of Land Units. The tracing sheet on which the

Land Category limits had been drawn was placed on a superimposition
of two other base maps in order to delimit Land Units. The two base
maps, soil map and drainage map, had been redrawn on tracing sheets on
a scale of 1/63,360. The soil map was taken from I. Wong's (1966)
report. The drainage map was obtained from the Drainage and Irriga-
tion Department, Ulu Langat District 0ffice, Kajang. Soil boundaries
were exclusively employed to draw Land Unit limits in the Southern
Depression and in Major Active Floodplains because the drainage types
(patterns) in these Land Categories had been observed to be relatively
uniform. A combination of both soil and drainage boundaries was
generally adopted in the other Land Categories, though some Land Units
were delimited exclusively on the basis of the drainage type. Such
Land Units include the watersheds. Other Land Units, especially in
the Lowland Plains, were delimited mainly on the basis of the soil type.
In all the cases, the limits of the Land Units were adjusted on the
basis of slope characteristics. These limits were confirmed after
subsequent field work and analysis of soil and land attributes had
been undertaken.



Mining flats, quarries, and nucleated settlements occupying
at least 4 hectares (10 acres) have been mapped as Disturbed Land to
differentiate them from Land Units, since such areas require land
planning techniques which differ from the tcchniques of agricultural
land planning. The term "Disturbed Land" has the connotation ascribed
to it by the Malaysian Soi) Survey Staff.

Description of the Land Categories and the Land Units

A Land Category as identified in this study is an area, or
group of areas, throughout which there is a recurring pattern of
topography, slope and elevation. A Land Unit is a land area over
which slope values, soil types, and drainage conditions are approxi-
mately the same. A Land Unit is contained within the same total
relief zone. Land Categories and Land Units shown in Map 2 are
Nustrated ¢ in Table 13, Figures 15 to 17, and Plates 1 to 15,
These illustrations are found with an outline description of the
Land Categories and the Land Units in an annexe to this Chapter.

The soil Capability Classification shown in Table 13 is
based on I, Wong's (1966) soi1 report for Selangor. Figure 14 is
a summary of the Capability Classification contained in the report.
In essence, soil types have capability classes ranging from 1 (soils
with little or no Timitations to agricultural use) to § (soils with
at least one very serious limdtation). This soil Capability Classifi-
cation has been combined with the landuse at the time of field
investigation, the slope Characteristics, and the drainage conditions
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of the surface area of the Ulu Langat District as i1lustrated
in Figure 15 and Table 13. A view of the category from one of
the Land Units in Land Category 3 (Depression Rim) is shown in
Plate 1.

Geology

The Southern Depression is underlain by sedimentary
formations (typically arenaceous) of the Quaternary Period.
These sedimentary deposits have been covered by Holocene alluvium

and peat, at the edges of which current alluvium is still forminge

Phys iography
From Table 13 it can be seen that this Land Category

is level and swampy. The characteristic slopeis contained within
the Slope Class A (0° - 19), and the elevation above mean sea
level (a.m.s.1.) is below 10 metres. The local relief is less

than 5 metres. The lack of a sloping surface combined with very
low elevation a.m.s.1. has resulted in 2 Jand-surface characterised
by permanently waterlogged basins separated by areas slightly above
the permanent surface water-level (Figure 16). The main streams

in this Land Category meander in large loops over the areas

above the permanent surface water-level. They generally lose
their channels in the swampy basins. Poor conditions of drainage
would seem to be the most serious physiographic limitations to

agricultural use of the Southern Depression.
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Land Units

On the basis of drainage and s0i1 conditions two Land
Units have been identified from this Land Category. The swampy
basins are classified as Land Unit 1a: Permanently Waterlogged
Basins. The areas above the surface water-level are classified
as Land Unit 1b; "Raised" Level Land. An avea of "Disturbed Land”
has been recognised within the Land Category. A1l the areas
classified as Disturbed Land in the District are discussed as one

at the end of this annexe.

Land Unit la: Permanently vaterlogged Basins. This

Land Unit occupies 56.6% (5,170 ha) of the land-surface classified
as Land Category 1. Brackish water remains on the ground surface
permanently over the Unit beneath a swampy vegetation. Figure

16 shows that these basins which make up this Land Unit are

separated one from the other by Land Unit 1b.

Slope Characteristics - Theoretically there is no sloping surface

in this Land Unit because the slope angles calculated from the area

are zero in value.

Soil and Drainage Conditions =~ The s0il under the swampy water

has been mapped as Inland Swamp Association by I. Wong (1966). This
Inland Swamp soil Association is made up of 35% to 65% peat, or
organic matter, and of 65% to 35% silt + clay material. Where the
peat is shallow and drainage is nct a very serious problem the soil
is rated 3 on the soil Capability Classification scale (see Figure
14). Where the peat layer is deeper than 60 cm and drainage would

be a very serious problem, the soil has a rating of 4.
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Present Landuse = This Land Unit is largely covered by fresh-

water swamp forest, or herbaceous vegetation.

Use Classification = The first Usc Classification is B2. This

implies that a large part of the area could be developed into an
exploitable lowland forest. The second classification is AZ,
which means that certain parts could be used as croplands. Such
A2 areas would include the parts over which the soil has been
rated 3. Special techniques would be required before such areas
could become productive. Other forms of agricultural landuse
(for example, fish-farming) might be more suited to these areas

than crop-farming.

Land Unit 1b: “Raised" Level Land. This Land Unit

averages about 10 m a.m.s.1., and occupies 34.4% (3,090 ha) of
the surface area of Land Catagory 1. Although this area is not
permanently waterlogged, it is seasonally flooded, especially
after periods of heavy rainfall.

Slope Characteristics - The average slopeangle calculated in

this Land Unit is between 0° and 12, but there are transitional
arcas near Land Unit 3c, discussed later, where slope angles of

2°, or 30. have been obtained. The land surface is generally level.

Soil and Drainage Conditions - The inland Swamp soil Association
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sti1) prevails in the areas characterised by slope angles 0° and
1°. The soils of the arcas on higher slope angles belong to the
Serdang-Munchong soil Association, which is formed over sandstones
and sandy-shale parent materials. The soils in this Association
are characterised by 44% to 57% silt + clay fraction. On both
soi] types drainage is not as serious a problem as it is on the
soils of Land Unit 1a. Consequently, the soils of Land Unit 1b

have been rated 1.

Present Landuse - Most of the surface area of this Land Unit is
covered by "belukar" and "lalang". In such arcas shifting culti-
vation is widely practised. Rubber and pineapples are grown

over limited areas.

Use Classification - On account of gentle slopes and relative

well-cdrained soils, this Land Unit is classified as Farmland,
parts of which are considered developed (A1). Scasonally flooded
areas presently occupicd by rubber plantations, and areas over
which shifting cultivation is practised could be redeveloped (A3)

into more productive farmlands.

LAND CATEGORY 2: LOWLAND PLAINS

The Lowland Plains are "walled-in" by the Depression Rim
in the south-west and the Deeply Dissected Highlands in the northeast.
They extend into other Districts in the northwest and
southeast. These Lowland Plains
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are separated from the Southern Depression (Land Category 1) by
the Depression Rim (Land Category 3). They form the most
extensive Land Category mapped in the study arca since they make
up 23.9% (26,280 ha) of the total surface arca of the District.
Map 2 shows the extent of these Lowland Plains. It can be seen
that this Land Category is thc most densely inhabited Land
Category in the Ulu Langat District.

Geology

Early Carboniferous sandstones and sandy-shales occupy the
west and southwest parts of this Land Categery (see Land Units
2c and 2d). These formations border the Late Carboniferous
Formations of the Depression Rim which 1ie to thc southwest. The
remaining parts of the Lowland Plains are underlain by granites
of Jurassic age. Most of the igneous rocks have been altered and
the sedimentary rocks have becn metamorphosed in several sections
into various types of schists which are reflected in the soil

types found in the Land Category.

Physiography

These Lowland Plains are lower in elevation than the two
surrounding Land Categories, but they are higher than the Southern
Depression. The clevation of the plains ranges from 10 m to 150 m
a.m.s.1. The land-surface is characterised by broad arcas of

gentle to hilly plains separated by wide alluvial flats and long



distances from the crests (Figure 21a). The local relief is
usually below 50 m. Generally this is a well-drained Land Cate-
gory. The enclosed poorly drained valleyfloors have been mapped
as Land Category 7.

Land Units

Five Land Units hawe been identified from this Land Category
on the basis of soil, slope and drainage conditions. These are :-
Land Unit 2a: Level to gently-inclined Plains; Land Unit 2b:
Undulating Plains; Land Unit 2c: Rolling to Hilly Plains;
Land Unit 2d: Major Lowland Watersheds; and Land Unit 2¢: Foothill

Plains. Some of these Land Units arc shown in Plate 2.

Land Unit 2a: Level to Gently-inclined Plains. This

Land Unit is developed on sandstones and has a surface area of
1,820 hectares which is approximately &.0% of the total surface
arca of Land Category 2. It occurs on both banks of Sungei
Langat immediately to the north of Kajang. Its local relief is
between 15 m and 20 m.

Slope Characteristics - The typical slope angles of this Land

Unit are 2° to 4°. There is usually a single rectilinear slope
component which grades gently into a floodplain. This slope
component is usually more than 100 m long.

The results of field investigations Ciscussed in Chapter 4
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have shown that at least 70% of the surfacc area of this Land

Unit is inclined at angles equal to, or less than, 3°.

Soil and Drainage Conditions - Soils over this Land Unit have

been mapped as Disturbed Local Colluvium Association. Field
checks by the investigator revealéd that this sofl nssociation
phases out into Disturbed Alluvium at the edge of the floodplains.
The upper part of the slope component is well-drained and has 2
capability rating of 2. The lower part is suspect to periodic
flooding and is rated 2 for padi, and 3 for dryland crops.

Present Landuse -~ Rubber is grown on the upper part of the slope

component, but the lower part of the slope component is disturbed
by quarrying, mining and "urban activities. The middle- and
foreground part of Plate 3 shows the slope component and the
“urban" buildings on the Tower section of it.

Use Classification - The upper part of the slope component in

this Land Unit is considered developed (A1). Abandoned quarries

and tin mines could be developed into, for example, vegetable gardens
(A2). The present farmlands encro@ched upon by building- and other
sottlement-activities could be reserved exclusively for urban use

(A8).

- Land Unit 2b: Undulating plains. This is the most ex-

tensive Land Unit in the Ulu Langat District. Its surface area
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of 10,530 hectares makes up 9.57% of the surface area of the Dis-
trict and 40.4% of the surface area of Land Category 2. It is

composed largely of low, gently sloping ridges and low interfluves.

Slope Characteristics - Slope values of the Slope Class C

(5° - 100) type are common in this Land Unit. Three slope
components have been identified. These are the convex crest com-
ponent, the middle rectilinear component, and the foot-slope
rectilinear component. The more common slope angles on the crest
and the middle slope components are 6° and 7°. Headvalleys and
steepened valleysides are inclined at angles usually steeper than
10°, whereas the crests of ridges and interfluves, and the lower
slope component are inclined at angles of 2° to 4°. The double-
page from a field notebook shown in Table 4 (Chapter 4) is an
example of slope distribution in this Land Unit.

Soil and Drainage Conditions - The Munchong-Seremban soil Asso-

ciation, developed from schists and indurated shales, is found

in this Land Unit. Soils in this Association have silt + clay
content of 57% to 62% The capability rating is 2 for areas sloping

at 4° to 6°. and 3 for areas inclined at 6° to 12°. Interfluves
and ridge crests which show lateritic horizons in the soil profile
are rated 3 1*pite of the low anglc of inclination.

Present Landuse - Most of the area of this Land \Nait is used

to grow rubber, although ccrtain areas are being re-planted with



- 102 -

oi) palm. Some tributary valleyfloors are covered by grass and
other herbaceous vegetation.

Usc Classification = This Land Unit is Farmland most of which

is considered to be adequately developed (A1). Redevelopment (A3)
is possible in the valleyfloors on which rubber is grown since

these flats are usually inundated after heavy rains. Valleyfloors
covered by grass and herbaceous vegetation could be developed (A2),

especially for short-term crops.

Land Unit 2c: Rolling to Hilly Plains. This Land Unit

(2,960 ha) occupies about 12% of the surface area of Land
Category 2. It extends over areas of low rolling hills and ridges
inclined at 6° to 8°, which are separated by isolated steep hills
inclined at angles 11° to 12°.

Slope Characteristics - The typical slope over this Land Unit

is within the Slope Class C (5° - 10°). Slope angles 6°, 7° and 8°
are the most frequently recurring. On the steep isolated hills
and at the valley sides of headstreams, angles of 11°, 12°, and
13° are comon. The summits, bevels as defined by Morgan (19713,
and the lower slope components are inclined at angles of 2° to 4°.
Three slope components are common in this Land Unit. The crest
component is convex, the middle slope is rectilinear, while the
lower slope component is concave.
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Soil and Drainage Conditions - The Serdang-Munchong soil

Association davelops on the gentle slopes of the low rolling hills
and ridges. The soils of this Association are well-drained. This
Association 1s replaced on stecper slopes by the soils of the
Serdang-Munchong-Kedah Association. Both soil Associations have
sil1t + clay contents of 40% to 71% and are developed from Early
Carboniferous argillaceous-arenaceous formations. The capability
rating of the soils of these Associations is 2 for slopes of 6°
to 12°, and 3 for steeper slopes. ‘here they occur on slopes
gentler than 6°. they can be rated 1. The rating is 3 for soils
with laterite in their profiles.

Present Landuse - This Land Unit is utilised in the same way

as Land Unit 2b described earlier.

Use Classification - The use recommended for this Land Unit is

the same as the use recommended for Land Unit 2b. Care should
be exercised in using the isolated hills on which clear-cutting
is to be avoided because the Serdang Soil Series could be easily
eroded when its plant cover is removed, and when proper cover

is not provided in new fields (I. Wong, 1966).

Land Unit 2d. Major Lowland Watersheds. The Major

Lowland Watersheds occupy a total surface area of 2,420 hectares,
or about 9.0% of Land Category 2. Lowland Watersheds are dden-
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tified in two scparated areas (see Map 2). One of these is found
to the southwest of Kajang. It is developed over schists and
indurated shales of Late Carboniferous agc. The second watershed
is located to the southeast of Semenyih. It is developed on
Jurassic granites. Both areas arc highly dissccted by radiating
headstreams. The local relief of about 100 m is much higher

than the average local relief for Land Category 2. These water-
sheds are characterised by steep-sided convex hills with summit
laterites.

Slope Characteristics =- The typical slope angles found in this

Land Unit belong to Slope Class D (11 - 19°). Gentler slopes

are obtained only on summits, elongated spurs, bevels and valley-
floors. Slope angles in these arcas can be as low as 0°, though
angles 2° to 4° are typical. Slope angles stecper than 19° are
obtained at incised valley-sides and undercut banks. Two slope
components are recognised as part of this Unit. A third component
has been mapped as part of Land Category 7. The crest component
is convex, while the "middle" component is rectilinear. This
component contrasts sharply with the third, valleyfloor component.
A discontinuity of about 10° usually scparates the middle recti-

linear component from the valleyfloor . component.

Soi1 and Drainage Conditions - The soils over the western water-

shed belong to the Munchong-Seremban Asgociation which has a silt
+ clay content of 57% to 62%, and is rated 3. The watershed t0



- 105 -

the southeast of Semenyih is occupied by the Rengam Soil Series.
The soils of this Scries are developed from granites and have
silt + clay content of 51% or less. The capability rating is

3. Both sofl types are well-drained, but they develop laterite

zones in their profiles.

Present Landuse - Rubber is grown in this Land Unit. Some

rubber plantations are being replanted with oil palm. A fow

sunmit areas are covered by dry forest.

Use Classification - This Land Unit is classified as Farmland

(A) because it is presently used as farmland. The nature of
terrain suggests that it is a unit that should be left under
protective forest, especially in the summit arcas. Parts of the
present farmland could be forested (A4), while the gentler areas
are considered either adequately developed (A1), or redevelopable
(A3). Redevelopable areas would include tributary valleyflats

on which rubber is presently grown.

Land Unit 2e: Foothill Plains. The Foothill Plains

are a southern extension of Land Unit 5¢ discussed below. They
occupy about 34.2% of Land Category 2. Their surface area of
7,630 hectares is developed over granites of Jurassic age, and
stands at an elevation of 60 m to 150 m a.m.s.1. The foothill
plains constitute an area of rolling plains broken into hilly-
blocks with broad summits. Many summit areas higher than 100 m
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a.m.s.1. develop laterite zones at depths ranging from 25 cm to
50 cm in their soil profiles. These plains end sharply at the

foot of the highlands.

Slope Characteristics - The typical slope class for this Land

Unit is Slope Class D (11° - 19°). The sumit areas are in-
clined at low angles of 1° to 4°. There are four slope components
identified in this Land Unit. There is a convex crest slope
component followed by a middle, or hillslope rectilinear component.
This hillslope component becomes a steepened valleyside slope
component near the valleyfloor. /. fourth component is the footslope
(defined as piedmont slope by Swan 1970c) which has merged with
the valleyfloor. The valleyside slope component is the steepest,
but is the shortest. Typical slope angles for this component
range from 18° to 25°. Slope angles in the hillslope component
range from 11° to 19°. The slope values over at least 70% of the
Land Unit is expected to be less than, or cqual to, 13° (see
Chapter 4),

Soil and Drainage Conditions - Soils over a greater part of this

Land Unit belong to the Rengam soil Series. On summits, and at
the bases of hills and ridges, local colluvium has either replaced,
or covered, the Repgam soils. In either case, the capability
rating is 3 because of the occurrence of laterites in the

profile, especially on sumits. A second recason for the rating

is the steepness of the hillslope and valleyside components.
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Present Landuse = This Land Unit is exclusively under rubber.

Use Classification = The Foothill Plains arc classified as

developed farmland (A1) because it has been noted (1. Wong, 1966)
that there is hardly any other crop that could replace rubber

on steep slopes with Rengam soil Series. Redevelopment is possible
on the lower footslope-valleyfloor components and summit areas

if it is so desired. Areas around incised headvalleys and on
conical summits should not be farmed (A4). Rather, such areas
should be left under protective forest. The soil in this Land
Unit is suspect to slumping and gullying (I. Wong, 1966;

see also Chapter 6); hence clean-clearing and the practice of

uncovered new fields should be avoided.

LAND CATEGORY 3 : DISSECTED DEPRESSION RIM

The slope, geology, and relief characteristics of a
zone separating the Southern Depression from the Lowland Plains
have led to the identificatian of thiszone as a separate Land
Category. It is termod "Depression Rim" because it has been
dissected into a rougher terrain than the Lowland Plains, and
because its position at the edge of the Southern Depression is
analogous with the rim of a bowl. This Land Category occupies
14,600 hectares, or 13.3% of the surface arez of the Ulu Langat
District. The elevation ramnges from 3L m - 200 m a.m.s.l.
(Table 13).
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Geology
The Depression Rim is developed on Late Carboniferous

sandstones and schists which are younger than the metamorphosed
argillaceous formations that occupy the plains to the west of
the Rim. These younger formations nppear to be more resistant

to subaerial erosion than the argillaccous formations.

Ph!siggrag!x

This Land Category is bounded on the west and southwest
by the Southern Depression. Parts are scparated from the main
Rim by the basins and the raised plains of the depression. The
main Rim rises gently eastwards from this depression to a crest
of parallel ridges and deeply dissected isolated hills. From
this crest it rolls southeastwards and castwards into the Lowland
Plains. The crest is the main axis of the Rim where summits
are higher than 100 m a.m.s.1. The largest hill in this area

is Bukit Tunggul ithose peak, 279 ™ a.m.s.1., is the highest point.

Land Units
Six Land Umits have becn mapped from this Land Category
as shown in Table 13 and Map 2. The Land Units have been identified
on the basis of slope, soil and surface forms. The 1and Units
are: - Land Unit 3a: Undulating !lest-sloping Land; Land Unit
3b: Ridge-and-Valley Southern Rim Crest: L2nd Unit 3c:
Northern Dissected Hilly Land; Land Unit 2d: Central Rol1ling
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Land; Land Unit 3e: Western Outlicr Plains; and Land Unit 3f:
Deeply Dissected Isolated Hills.

Land Unit 3a: Undulating West-sloping Land. This Land

Unit drains westwards to the Southern Depression. Consequently,
the general slope of the land-surface is westwards. The surface
area of this Land Unit is 4,350 hcctares, or 30% of the total
surface area of the Rim. It is the largest Land Unit in Land
Category 3. The elevation ranges from a little less than 30 m
to about 75 m a.m.s.1. Plates 4 and 5 show the lower and the
upper main components of a typical arca in the northern section
of this Land Unit. The middle ground in Plate 1 shows a typical

area in the southern section.

Slope Characteristics - In general, this Land Unit slopes

westwards. A typical slope profile shows three slope components
which are a) a crest convex component which slopes at angles
ranging from Q- 120. b) a middle rectilinear component

which slopes at angles ranging from 2° to 7°, ind c¢) a footslope
component which is inclined at angle 2° or 3° (see Plates 4 and 5).
The footslope component merges with the Depression at angles of 0°
or 1°, Generally, the slope profiles in the northern section of
this Land Unit are gentler and more regular than those in the
southern section. (Comparc Plates 4 and 5, northern section, with

the middle ground in Plata 1, southern section). More than
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half of the surface area of the Unit is inclined at an angle

gentler than 5°.

Soil and Drainage Conditions - The soils on the footslope com-

ponent belong to the Munchong soil Scries which are usually well-
drained. These soils are flooded in flat sections of this
component during the monsoon seasons, and after any heavy rainf211.
On the upper slope components soils of the Serdang-Munchong
Association prevail. These soils have a silt + clay content

which ranges from 44% (Serdang) to 56% (Munchong). Soils on the
footslope component are vated 1, while those on the upper slope
components are rated 2.

Present Landuse =~ Most of the surface area of this Land Unit

is devoted to the production of rubber. Short-term crops which
include vegetables, topioca, and corn are grown around compounds
in the estate villages. Other parts are covered by grass and

herbaceous vegetation.

Use Classification - Many parts where rubber is grown are con-

sidered to be adequately developed (/1). Areas under grass or
herbaceous: plants on geMtler slopes could be developed (AZ).
Some seasonally flooded valleyfloors that are presently used to
grow rubber could be redeveloped (A3) by introducing more
suitable crops such as padi.
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Land Unit 3b: Ridge—and-Vallcy Southern Rim Crest.

This Land Unit consists of three paralicl ridges which form the
southern crest of Land Category 3. It has a surface area of 2,690
hactarcs, which constitutes 18.0% of the total surface arca of
Land Category 3. The three ridges trend NNW-SSE in direction and
onclose two major valleys. Platc 6 shows the gencral alignment
of these ridges and valleys. The ridge at the western margin

of this unit is the most cxtensive and the highest of the three
ridges. Plates 1 and 6 show this western ridge in their

jmmediate foregrounds. The highest point on this ridge is 192 m
a.m.s.1. The aiddle ridge is the narrowest and the lowest. All
the three ridges have becn dissected into conical hills and
elongated hilly interfluves by short headstreams, and the drainage

pattern in ¥he unit is trellis-cum-dendritic.

Slope Characteristics - Tha typical slope angles over most of

this Land Unit are contained in the Siope Class D (M° - 19°).
Valleyfloors, bevels, and summit areas are inclined at angles of
1° to 4°, while steepest valleyside and hill slopes measured in
the field are up to 26° in anale (Figure 21). Five or more
slope components are identifiable on 2 typical slope profile
from this unit. There is a convex crest component which shows
an average slope of 10° to 12°, and there is a convex footslope
component which shows an average slope stceper than 20°. This

footslope component changes sharply into 2 valleyfloor component
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at a2 discontinuity as high as 20°. The slope components between
the footslope component and the crost component alternate between
rectilinear and concave forms. The convex footslope component

is more prominent on west-facing slopes than on cast-facing ones,

as the profiles in Figure 21b show.

Soil and Drainage Conditions - Munchong soil series occupy the

lower slope components, and Kedah-Seremban soil Association is
developed on the steeper, upper components. Soils of these soil
types are well-drained, and have a slit + clay content generally
over 50% except in summit areas where laterites are developed
at a depth of 16 cm to 32 cm in the soil profile. Current

alluvia which are not well-drained occupy the valleyfloors.

Present Landuse - This Land Unit is used mainly to produce rubber.

Some summit areas are occupied by light forest of sccondary type,

while. the vaileyfloors arc covered by herbaccous bushes.

Use Classification - Based on the present landuse this Land Unit

can be classified first as developed faraland (A1). The light
forest on summit areas could be developed into exploitable low-
land forest (B2) , while the valleyfloors could be made to pro-
duce wetland short-term crops which could include padi, and sugar
cane. Clean-clearing should be avoided in the present farmlands,

and new fields should be provided with adequate cover crops because
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the soils in this unit are susceptible to gullying and slumping

processes.

Land Unit 3c: Northern Dissected Hilly Land. The

Northern Dissected Hilly Land is drained southwards by Sungei Chuau
and its tributaries. The northwest 1imit of this unit coincides
with the low water-divide between the south-flowing Sungei Chuau
and Sungei Gajah, and the west-flowing Sungei Rasau. Sungei Bisa,
a tributary to Sungei Chuau, marks the southern boundary. The

unit has a surface area of 2,310 hectares which comprises about

174 of the total surface area of Land Category 3. This is an

area of low ridges and isolated low hills with summit areas
generally below 100 = =.7.s.1. Hills found within the limits

of this Land Unit, but which are higher than 100 m a.m.s.1.

have been mapped as Land Unit 3f and are discussed below. It
would seem that this Land Unit is divided into two physiographic
and landuse sections by the Kajang-Puchong Road. MNorth of this
road is an extensive ridge dissected by y-shaped headstream
valleys. South of the road are low ridges and hills widely separated

by broad valley fiats and fringing undulating plains.

Slope Characteristics - The typical slope values obtained from

this Land Unit are contained in Slope Class D (110 - 19%). This high
aderage is @ reflection of the stecp valleysides incised in.the
ridges and hills. Such valleysides slope at engles steeper than

20°. On the valleyfloors of the southern section of the unit
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slope angles are between 0° and 2°; and on the fringing plains
slope values of 2° to 5° are common. There are three main slope
components. The crest component is convex and is followed by 2
rectilinear middle component. The footslope component is concave

and grades smoothly into the valleyfloor.

Soil and Drainage Conditiont =~ The s0ils of the Munchong-

Seremban Association are found in this Land Unit. They are well-
drained and have 2 capability rating of 2 on slopes gentler than
120. but a capability of 3 on steeper slopes, or summits with
laterites. Poorly-drained current alluvia occupy the larger

valleyfloors.

Present Landuse - The dissected section north of the Kajang-

Puchong Road is covered by light forest. Rubber and 0il palm

are grown on the section south of the road.

Use Classification - The southern section of this Land Unit is

largely developed farmland (A1). Redevelopment (A3) is possible
in areas which are flooded scasonally, but which are presently
used to grow rubber. The section north of the road is forestland
which should be left under protective vegetation cover (B4).

The possibility of logging in this forest area is not completely
excludad.
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Land Unit 3d : Central Rolling Land. The Central

Rol1ing Land is situated south of Sungei Bisa and east of Sungei
Chuau. This unit is drained mainly southwards, though about 10%
of the surface area drains castwards to Sungei Langat. The

unit consists of three parallel ridges in a northern section and
grouped hills in a southern section. Plates 7 and 8 show the
southern grouped hills. The surface area of the Land Unit is
1,800 hectares, and takes up about 12.3% of the total area of
the Depression Rim. The average clevation is 120 m a.m.s.1.

The central ridge which is higher in elevation than 120 m has
been mapped as Land Unit 3f.

Slope Characteristics - The average maximum slope angles typical

of this Land Unit are contained in Slope Class D (1° - 19°).
Hillslopes are usually between 1° and 170, and steepened head-
valley slopes (shown in the foreground of Plate 8) can be 2s steep
as 20° to 24°. The low interfluves, ridge crests, hill summits,
and valleyfloors are inclined at gentler slope angles of 2°. or
3°. Two slope components are common in the headvalley areas:

a convex crest component and a rectilinear component which is a
combination of a middle and a footslope component. Three slope
components are distinct in other areas. The crest component is
convex and is followed by a rectilinear middle slope. The
footslope is concave and grades smoothly into the valleyFloor.
The smooth grade is interrupted in some areas by undercut channel

banks.
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Soi1 and Drainage Conditions - The soils in this Land Unit belong

to the Prang Series developed from cchists. These soils are well-
drained, but are subject to sheet erosion and slumping processes
when their vegetation cover is removed. Laterite zones are
present in the soil profile, especially on summit areas (sce also
Eyles 1968a, 1968b). The clay fraction of these soils could be
as high as 80%. The soils are rated 2 where the slope angle is
less than 12° and where there is no laterite zone in the upper

50 cm of the profile. Where there is a laterite zone, or the

slope is stceper than 120. they are rated 3.

Present Landuse - Almost all the surface area of this Land Unit

js used to grow either rubber, or oil palm. Some valleyfloors

are covered by herbaceous vegetation.

Use Classification - This Land Unit is regarded as 2 developed

farmland (A1). Redevelopment (A3) could be undertaken in valley-
floors presently occupied by rubber because these areas are flooded

after heavy rains.

Land Unit 3¢ : MWestern Qutlier Plains. This Land Unit

is a westward extension of Land Unit 3a, but it is separated from

Land Unit 3a by the basins and raised plains of the Depression.

Slope Characteristics - The slope componeiits in this Land Unit
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are exactly the same as the slope components described in the case
of Land Unit 3a. Since Land Unit 3e consists of isolated plains
their land-surfaces slope to all directions, although south-
facing slope forms are the longest. More than half of the area

of the unit is inclined at angles less than 5°.

Soil and Drainage Conditions - The Serdang-Munchong Soil Asso-

ciation occupies the higher lands, while the Inland Swamp Sofl
Association prevails on areas bordering the Depression. The
drainage conditions and the structurc of these soils have been

discussed earlier.

Present Landuse - Tea and 0i1 palm arc successfully grown on

the southern plains. Coffee is produced on experimental plots.

The northern plains are used to producc rubber.

Use Classification - This is a devcloped farmland (A1), although

the swampy sections presently uscd to produce rubber could be re-
developed (A3) by the introduction of more suitable crops which
might include sugar cane.

Land Unit 3f: Deeply Dissccted Isolated Hills. On the

crest of the Rim there arc several isolated hills and ridges with
summits gencrally higher than 120 m a.m.s.l. These hills and
ridges have been mapped as Land Unit 3f which occupies 2 surface
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area of 1,330 hectares, or 9.0% of the arca of Land Category 3.
The main physiographic characteristics of the surface forms of
this Unit include: deeply incised, narrow headvalleys; steep

hillslopes; and narrow (in the case of ridges), or conical (in
the case of hills) summit areas. The summit areas are usually

higher than 140 m a.m.s.1. They are the highest parts of Land
Category 3.

Slope Characteristics - The typical slope values in this Land

Unit belong to Slope Class £ (20° - 29°). Under-cutting at

valleysides produce slopes steeper than 30°, whereas the middle
0

slope components show slope angles of 11 to 19°.

Soil and Orainage Characteristics - The soils over this Land

Unit have been mapped as Steepland Soils. These soils are rated
5 because they are considered unsuitable for agricultural purposes.

They are well-drained, but are generally very thin in profile.

Present Landuse - The larger hills and ridges are forested,

whereas the middle and footslope components of the smaller ones
are used to grow rubber. Patches of bushes and/or light forests

perch on the summit arcas of these smaller forms.

Use Classification - Since the hills and ridges in this Land

Unit are minor watersheds which are characterised by steep slopes,
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it would be advisable to leave this unit under protective forest
(B4). Components on slopes gentler than 25° in angle could be

developed into exploitable forest, or nature parks (B2).

LAND C/TEGORY 4 : DEEPLY DISSECTED HIGHLANDS

This Land Category is found to the north and northeast
of the Lowland Plains. It is enclosed by the Foothills and
low Mountains (Land Category 5). These deeply dissected highlands
occupy a surface area of 23,640 hectares. This area is 21.5% of
the total area of the Ulu Langat District, and is second in size
to the Lowland Plains as illustrated in Figure 15 and Table 13.

Geology
Land Category 4 is developed largely on granites of

Jurassic age. Corestones outcrop on the middle and the upper units
of this Land Category. These outcrops are shown in Plate 11.
According to Alexander (1965), some limited arca of this Land
Category is underlain by “"hyperbysal vein quartz" (see Figure 2).

Physiogra

This area is essentially a penctration of the Lowland
Plains into the mountain arcas along the valleys of the principal
streams. The highlands identified in this study are similar to
the land-surface Eyles (1968a) has identified as "Decply Dissected
Low Mountain" (see Figure 4). The clevation of the highlands
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ranges from 76 m to 450 m a.m.s.1. This land-surface encircles
the two major rivers (Sungei Langat, Sungei Scmenyih) near the
foothills and low mountains. It is an area of in-facing slopes
which are very steep on the high hills and ridges, steep on the
intermediate Tow hills and ridges, and undulating on the fringing
plains of the valley incursions. These zones arc illustrated in

Plates 9 to 11.

Land Units

Three Land Units have been mapped from this Land
Category. These Land Units were identificd on the basis of the
slope and form characteristics cited above. They are : -
Land Unit 4a: Undulating Valley Incursions; Land Unit 4b: Stcep
Low Hills and Ridges; and Land Unit 4c: Stecp High Hills and
Ridges.

Land Unit 4a: Undulating Valley Incursions. The term

“valley incursion" is used in this study to define extensive areas
of low relief, and undulating fringing plains which occur in high-
land environments. These incursions are partially enclosed by
two-tiered, in-facing high ridgc-walls (sce Plates 9 and 10), and
are similar to the "Highland Plains" identified from Johore State
by Swan (1970b). They occupy a surface area of 5,880 hectares
which forms about 25.0% of the total surface area of Land Category
4. The elavation ranges from 75 m to 150 m a.m.s.1., and the
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surface is broken into low interfluves, clongated spurs and bevels.

Slope Characteristics =- This unit has a typical slope range of

57 to 10°. though many headstreams have steepened their valleysides
to anglos as steep as 20°. Confluence zones and summit arcas are
generally inclined at about 2% to 4°. Therc arc basically two
slope components, a convex crest component, and a concave footslope
-valleyfloor component. In the headstream scctions the footslope
is rectilinear and changes to a valleyfloor with a discontinuity

as high as 20° to 30° (see Figure 21c).

Soil and Drainagg Conditions - Local colluvia are found at the

bases of the interfluves and on bevels, while current alluvia
occupy the valleyfloors. The soils found on other areas belong
to the Rengam Series. These soils are well-drained and are rated
2 wherever slope angles are gentler than 12°, but they are rated

3 on steeper slopes, or where there is laterite in the soil profile.

Present Landuse - Rubber, vegetables, fruit trees, and upland

rice are grown in several parts of this unit. Tin mining is
practised on a few valley flats. The remaining part, which is
more than half, is used for shifting cultivation.

Use Classification - This Land Unit has been classifiod as

farmland because of its gentlor slopes and undulating terrain.



Large arcas of this farmland are still to be developed (A2).
The present croplands are regarded as developed (A1), and the
arcas on which shifting cultivation is practised could be used
more intensively (A3).

Land Unit 4b: Steep Low Hills and Ridges. A zone

of Tow parallel ridges and low hills is situated between the
valley incursions and an upper zone of high stcep ridges. This
zone of low ridges and hills has been mapped as Land Unit 4b.
It is the lower part of the two-ticred ridge wall partially
enclosing the valley incursions (sec Plate 9). In certain
areas wherc the high ridges and hills of Land Unit 4c grade
directly into the highland plains, Land Unit 4b is not clearly
defined. The total surface area of the unit is 7,510 hectares
which constitutes about 33.0% of the total area of Land Category
4. The average clevation ranges from 150 m to 300 m a.m.s.l.,
and local relief is shown by Figure 21c to be under 100 m. It

is often as low as 50 m in several areas.

Slope Characteristics - Slope angles calculated, and determined

in the field, from this Land Unit are distributed within Slope
Classes D (ll° - 19°) and E (20° - 290). There are three slope
"regions” in the Land Unit. The footslope component, valleyfloor,
bevels, and summit areas are inclined at angles 2° to 4°. Angles

on the hillslope component, and the convex crast slope component
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arc distributed in Slope Class D. Stecpencd valleysides and
rocky outcrops have slope angles of 20° to 30°. Generally,
there is a sharp break of slope between the gently sloping and
the strongly sloping areas (sec Figurc 21c). This sharp dis-
continuity has been observed in the forest areas of West
Malaysia by Young (1969a).

Soil and Drainage Conditions - The soils on slopes gentler than

20° have been mapped as Rengam Series. Soils on stecper slopes
have been grouped as Steepland soils. Field observations revealed
that current alluvia occupy the valleyfloors, while local colluvia
are found at the feet of the hills and ridges. The Rengam, local
colluvia, and current alluyvia have a capability rating of 3,

whereas Steepland soils are rated 5.

Present Landuse - Rubber is widely grown on the gentler slopes

including the valleyfloors. Other arcas are covered by light

forest.

Use Classification - Forestlands on this Land Unit could be

developed (B2) into exploitable forests, or tree plantation.
Headvalleys and high summits should be reserved for protective
vegetation (R4). The prasent rubber plantations might be left

as they are, except for those on the scasonally flooded vaileyfloors

where redevelopment could be undertaken (A3).
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Land Unit 4c: Steep High Hills and Ridges. This

unit is the upper tier of the ridge-wall which partially encircles
the valley incursions. This is the most extensive of the three
Land Units of Land Category 4. It occupies 42.8% of the total
surface arca of the category. It is the second:gﬂiensive Land
Unit in Ulu Langat, and its area of 10,120 nectarcs makes up
9.20% of the total surface arca of the District. Its long in-
facing slopes, and its elevation which ranges between 300 m and
460 m a.m.s.1., diffcrentiate this unit from the low mountains.
It is made up of short ridges with clongated spurs and isolated
steep hills. Plate 11, taken on one of the hills of Land Unit

4b, shows a section of Land Unit 4c. This section slopes generally
to the southwest.

Slope Characteristics - Slope Distribution in this Land Unit

covers Slope Classes D and £, but the more frequently recurring
values are contained within Slope Class E. Hill summit areas are
conical, while ridge crests are narrow. Conscquently, the gentle
slopes, generally inclined at 3° to 6°, found in such areas are
very limited in area. A typical slope profile in this Land Unit
shows two slope components: a convex crest component, and a
rectilincar hillslope component.

Soil_and Drainage Conditions - The soils over this unit are Steep-

land soils which are well-draincd, but are rated 5. Plate 11 shows
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that these soils contain corestones in this Land Unit. Some of

the stones measure up to 3 m in diameter.

Present Landuse = A small section of this unit is planted with

rubber, or bananas. The larger part is covered by grass (Plate

11) or light bush.

Use Classification - The gentler slopes of this unit could be

used for tree-plantations and selective logging (B2). The other
parts should be left under protective vegetation (B4). The areas
presently used for crop-farming could be converted into ‘tree-

plantations (A4).

LAND CATEGORY 5 : DISSECTED FOOTHILLS /ND LOW MOUNTAINS

Stretching from the crest of the Steep High Hills and
Ridges of Land Category 4 to the zonc of High Mountains is a land-
surface characterised by steep parallel ridges and stecp isolated
low mountains. This land-surface has becn classified as Dissected
Foothills and Low Mountains. This Land Category has an area of
21,280 hectares which constitutes 19.3% of the total surface area
of the Ulu Langat District.

Geology
Granites of Jurassic/Cretaccous age underlie most of

the area of this Land Category. Sedimentary rocks of Early Carbon-



- 126 -

iferous age have been mapped in certain parts of the unit (see
Figure 2). Thesc sedimentary rocks are of argillaceous-calcareous
formations. They have been metamorphosed into schists on which
the high, extensive ridge of the central part of this Land

Category has been doveloped.

Physiography
Land Category 5 is the main physiographical watershed

of the Ulu Langat District. Many of thc headstreams of Sungei
Langat and Sungei Semenyih risc from the arca. The average
elevation ranges from 300 m to 610 m a.m.s.1. It is different
from the High Mountains mainly becausc of its lower elevation.
It is distinct from Land Unit 4c because headvalleys are not as
deeply incised into the hillslopes in this Land Category as they
are in Land Unit 4c, and because the general slope of the land
in Land Category 5 is not in-facing as it is in Land Unit dc.
The foothills and low mountains identified in this study are
similar to the land type classificd as "Low Hountain® by Eyles
(19682).

Land Units
Ther2 are three Land Units differentiated largely on
the basis of land-form assemblages and drainage types. They are :-
Land Unit 5a: Dissected Foothills and Ridges; Land Unit 5b:
Low Mountains; and Land Unit 5¢c: Central Main Hatershed.
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Land Unit 5a: Dissected Foothills and Ridges. This Land

Unit is an area of steep hills characterised by elongated spurs.
These hills constitute sections of cxtensive, but broken, ridges
which are aligned parallel with the major tributary valleys. The
clongated spurs of the hills appcar as interlocking spurs when
viewed from the summit of onec of the hills as shown in Plate 12,
but the main stroams show U-shaped valley profiles (see Figure
21d). This Land Unit covers an arca of 9,980 hectares which con-
stitutes 46.6% of the total areca of Land Category 5, or 9.07%

of the total area of the District (see Table 13). The elevation
averages 300 m to 460 m a.m.s.). but Figure 21d shows that the

local relief ranges from 30 m t» 80 m.

Slope Characteristics - The typical slope values in this Land

Unit fall within Slope Class E (20° - 297). Slope profiles on
principal valleysides show three slope components. There is a
convex crest component which is characterised by slope angles of 20°
to 30°. but by angles 5° to 6” on the surmits. There is a middle,
or hillslope, component on which slope angles of 5° to 10° are
common. This middle component is rectilinear in many areas, but

it can be concave wherever the footslope component is not
distinctly differentiated from the valleyfloor. There is a foot-
slope component, often merged with the valleyfloor, which is

either rectilinear or concave. This component is inclined at

angles 2° to 40; it either changes to,or merges with,a valleyfloor
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which is inclined at 0° to 2° (see Figure 21d).

Soil and Drainage Conditions - The soils over this Land Unit have

been classified as Steepland. Soils of the Rengam Series are found
on the elongated spurs, while Local=Colluvium=A1Tuvium Soil
Association occupies large parts of the valleyfloors. Corestones
arc exposed on the valleyfloors of the principal streams. Some

of these stones measure up to three metres in diameter.

Present Landuse - Most of the surface area of this Land Unit

is covered by rain forest. Lumbering is the main economic
activity in the area. One of the hills in this unit has been
planted with mountain pines. A recreation park is located within
this tree plantation.

Use Classification - The occurrence of the elongated spurs

makes the developmant of cxploitable forests, or tree-plantations,
possible in several parts of the unit (B2). Areas on steep slopes,
summits, and around headvalleys should be reserved for protective
vegetation (B4). Some areas in which indiscriminate logging is
presently practised should be considered for selective felling
practices (B3).

Land Unit 5b: Steep Low Mountains. This unit is an

area of steep ridges and hills which have a general elevation of



I LAND UNIT Sb (Steep Low Mountain)
II LAND UNIT 6 @(High Mountain)

SCALE © HORIZONTAL 163,360
VERTICAL  1:36,000 VERTICAL EXAGGERATION 176

fIGURE 17s A block-diagram to illustrate parts of Land Unit 6b. and
Land Unit 5b
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460 m to 560 m a.m.s.1. The ridges are largely unbroken and
are parallel to enclosed arcas of relatively gentle slopes. A
typical ridge in this area is shown in the background of Plate
12, while Figure 17 shows a section of the unit in relation to
Land Unit 6b. The low mountains have a surface area of 8,370
hectares which forms 39.9% of Land Category 5. The northwestern
section of the unit, shown in Figure 17, constitutes part of the

Sungei Langat/Sungei Klang watershed.

Slope Characteristics =~ Typical slope values over this area are

distribeted in Slope Classes E and F. There are areas of gentler
slope angles in the enclosures between the ridges and hills. In
these enclosures typical slope angles range from N° to 19°. Three
slope components, which are the same with the components identified

from Land Unit 5a, are shown by slopc profiles from this unit.

Soil and Drainage Conditions - The Steepland soils found in

this Land Unit are well-drained, but they develop lateritic zones
in their profile. The capability rating is 5. These soils are
susceptible to slumping processes especially when disturbed.

Present Landuse - The area is covered by forests which are

exploited in the more accessible parts. Other parts are occupied

by protective forests.
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Use Classification - This Land Unit would best be reserved for

protective cover (B4). The cnclosures characterised by relatively
gentle slopes could be developed (B2) into hill resorts if desired.
Selective felling might be undertaken in arcas which are not

steeper than 26°.

Land Unit 5¢: Central Main Watershed. This unit consists

of a very extensive ridge developed over metamorphosed argillaceous-
Calcarcous formations. The ridge has been dissected into narrow,
steep-sided spur-ridges by deeply incised headstreams. As the

title implies this is a main watershed in the Ulu Langat District.
The average elevation is 300 m to 610 m a.m.s.1., but this unit
extends southwards where parts lower than 200 m a.m.s.1. have been
classified as Land Unit 2e. The drainagc pattern is radial,

and the headstreams which start from the unit flow into Sungei
Langat situated to the west and into Sungei Semenyih situated

to the east.

Slope Characteristics - Typical slope angles in this Land Unit

are within the Slope Class E (20O - 290). Ridge crests slope at
angles which range from 5° to 10°. The footslope component has
slope angles of N° to 19°, and changes sharply to a valleyfloor
inclined at angles 2° to 4°.

Soil_and Drainage Conditions - The soils in this unit have been
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mapped as Steepland. These soils are well-drained, but are rated
5 on account of steep slopes. Soils of Local Colluvium-ATluvium

Association arce found on the vallcyfloors.

Present Landuse = Rubber occupics the southorn lobe of this

ridge-unit. Logging is practised in tho accessible parts of the

forests. The remaining parts are covered by protective forests.

Use Classification - This is 2 major watershed in the Ulu

Langat District. It should be left under protective forest cover

(B4).

LAND CATEGORY 6: HIGH MOUNTAINS

This is the highest Land Category in the Ulu Langat
District. It is situatéd on the cxtreme northern and northeastern
section.of the District, and it is part of the Main Range of the
Malay Peninsula. It has an area of 7,520 hectares which makes
it the least extensive Land Category in the study area (see Map 2,
and Figure 15).

Geology
The High Mountains arc developed over granites of Jurassic/

Cretaceous age. Jones (in press) contends that granites of Early

Palaeozoic age are found in parts of the eastern section of this
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Land Category. Generally, the younger granites occupy the northern

section, while the older granites occupy the southeastern section.

Ph!siggragg!

The northern section is part of the peninsular water-
divide between easteand west=flowing major river systems. The
eastern section is the Sungei Langat-Semenyih/Sungei Muar watershed.
The general elevation is higher than 610 m a.m.s.1. The peak of
Gunong Nuang (1,496 m) is the highest point in this Land Category,
and in the District. This peak is situated on the border with
Pahang in the northern section. The drainage pattern in this

granitic landscape is mainly rectanguiar.

Land Units

Two Land Units have been classified from this Land
Category on the basis of assemblage of forms, and of total relief.
These units are : - Land Unit 6a: Eastern "peaked" Mountain

Ridge; and Land Unit 6b: Northern Mountain Range.

Land Uit 6a. Eastern "peaked” Mountain Ridge. The

Eastern "Peaked” Mountain Ridge is classified "peaked” because
it is an extension of the Main Range into the Lowland Plains
which has been dissected into a chain of peaks. The average
elevation of the peaks is about 1,000 m a.m.s.1. These peaks

increase in elevation from the south to the north, for example,



Bukit Ulu Semenyih (975m), Bukit Payong (1,070 m), and Bukit
Ambat (1,149). The surface area is 5,100 hectares, and it occupies
66.7% of the total area of Land Category 6.

Slope Characteristics - The typical slope values in this Land

Unit are within Slope Class F (30° and over), though there are
areas on the lower parts of the Mountain Ridge where slope angles

range from 20° to 29°.

Soil and Drainage Conditions - The soils over this Land Unit

belong to the Steepland soils which are well-drained, but are
rated 5.

Present Landuse - This Land Unit is a rain forest which is

unexploited.

Use Classification - The terrain of this Land Unit precludes it

from agricultural utilisation; this includes forest exploitation.
It is best left under protective forest cover (B4). Very valuable
trees could be selectively felled if they are situated on the less

steep lower parts of the Mountain Ridge.

Land Undg , 6b: Northern Mountain Range. This Land

Unit is part of the crest of the Main Range of the Malay Peninsula.
Its area of 2,420 hectares (33.3% of the surface area of Land
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Category 6) is everywhere higher than 650 m a.m.s.1. Figure 17
shows that this area rises steeply from Land Unit 5b to a high
surface which is high@r than 900 m a.m.s.1. This high surface
has been dissected into parallel ridges, isolated hills, and
major mountain peaks. The highest mountain peak is Gunong Nuang
(1,496 m).

Slope Characteristics - A scarp slope which rises from Land

Unit Sb,and hillslopes in Land Unit 6b are characterised by slope
angles steeper than 30°. Rocky outcrops (identified on air
photographs) which are present in the northeastern section of this
unit are cliffs. Slope values of 20° to 209 are obtained on the

lower components of the hills and ridges.

Soil and Drainage Conditions < The soils in this mountain area

have been mapped as Steepland. The s0ils are thin in profile.
These soils are well-drained, but they are rated 5 on account of

stecp slopes and4thin nrofiles.

Present Landuse - The high mountains are covered by dense

tropical rain forest.

Use Classification - This is an area which should be left ex-

clusively under protective forest cover.
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LAND CATEGORY 7: MAJOR ACTIVE FLOODPLAINS

Throughout the District of Ulu iangat, active, and
semi-active floodplains 100 metres, or more, wide have been
mapped as one Land Category. Narrower fleodplains have been
discussed as parts of the other Land Categories in which they
occur. The width of 100 metres has been chosen because areas
that are as wide as this are considered large enough for land
planning independently from the adjacent valleysides and hills.
The valleysides that make the edge of the classified active flood-
plains are not mapped as part of Land Category 7. A total surfece
areaof 7,500 hectares (6.9% of the arca cf the District) has.
been mapped as this Land Category.

Geology
The floodplains are developed on the geologic formations

and intrusions discussed earlier in this annexe (see Figure 2).

Physiography
The terrain over this Land Category is essentially riverine.

The floodplains are extensive flat lands which usually end abruptly
at the bases of hillslopes. Some of these valley flats are as
wide as 300 m, especially at confluence arcas. These flats might
locate wholly on onc side of a stream channel, or unevenly on both
sides. The river channels, generally less than 30 metres wide,

have been cut into the plains at depths which range from a few
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centimetres to 3, or 4, metres. Plate 13 shows a stream channel
which is about one metre deep on thc coneawe section (middle ground)
and up to three metres deep on the convex section (foreground,

blocked from view).

Land Units

On the basis of soil anc draiiage conditions, five Land
Units have been identified in this Land Category. These are:-
Land Unit 7a: Leovel, Permanently Waterlogged Plains; Land Unit
7b: Level, Seasonally Flooded Plains; Land Unit 7c: Level
Occassionally Flooded Plains; Land Unit 7d: Inclined Lowland
Floodplains; and Land Unit 7e: Inclined Hichland Floodplains.

Land Unit 7a: Level, Permanently Waterlogged Plains. This

45 a poorly drained riverine extension of the Southern Depression,
although small areas of permanently waterlogged plains have been
identified in other areas (Map 2). Such flcodplains occupy a
total surface area of 1,330 hectares which make up 17.5% of Land
Category 7.

Slope Characteristics - Theoretically there is no slope in this

Land Unit since the average maximum slope angle calculated for

the unit is 0°.

Soil and Drainage Conditions - The soils in this Land Unit belong
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to the Inland Swamp soil Association, and arc characterised by
poor drainage. The twigs and brackish water which could be seen
in the swamp, suggest that the soils might have developed a deep
layer of peat, in which case the capability rating would be 4.

Present Landuse - This Land Unit is covered by swampy herbaceous

vegetation.

Use Classification - If this land is drained, wetland crops

could be grown on it (A2). Drainage might be the most serious

factor which would bar the land from agricultural utilisation.

Land Unit 7b: Level, Seasonally Flooded Plains. This

is the most extensive unit in this Land Catcgory. It has a surface
area of 2,000 hectares which constitutes 26.1% of the total area
of the Land Category. It is found along Sungei Langat and along
Sungei Semenyih as shown in Map 2. The unit is flooded seasonally
during the monsoon periods, but pools of flood water may remain in
several areas throughout the "less" wet periods. Plate 14, taken

during one of the "less" wet periods, shows some of these pools.

Slope Characteristics - This Land unit is flat. Slope angles

obtained from more than half of the surfacc area are approximately
0°. An average slope angle of 1° was determined for this Land
Unit mainly because slope angles of 29 and 3% occur at the outer
edges of the plains.
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Soil and Drainage Conditions - Soils in this unit beleng to the

Local Colluvium-Alluvium soil Association. These soils are not
well-drained, and develop peat layers under the stagnant pools.
They are generally sandy near the channels and become progressively

silty away from it.

Present Landuse - This Land Unit is laraely under grass, "nipah"

palms and swampy herbaceous plants. Active tin mines, and abandoned

mining flats occupy a large area just south of Bangi.

Use Classification - This is a developable farmland (A2), though

special techniques would probably be required.

Land Unit 7¢: Level, Occasicnally Flooded Plains. This

unit remains relatively well-drained for the greater part of the
year. These plains are not flooded during every monsoon season
because the present stream channels and their fringing meander

belts are cut into the plain to a depth up to 2 metres in many areas.
The Land Unit occupies the area immediately to the north of Land
Unit 7b on Sungei Langat and Sungei Semenyih, but it is most ex-
tensive along the Sungei Beranang. The total surface area of the
unit is 1,880 hectares, and this aree makes up 24.7% of the surface
area of the Major Active Floodplains.

Slope Characteristics - This Land Unit is level. An average
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maximum angle of 1° has been obtained for the floodplains. The
outer edges of the plains are inclined at angles of 2°, or ¥,
The $ide of the channels cut into the plains can be as steep as
20°, but the proportion of the plains occupied by such steep
undercuts is negligible.

Soil and Drainage Conditions - The soils of this unit have been

mapped as Inland Swamp Association. Field observation has shown
that Alluvium-Colluvium soils have developed on the swampy soil

Association, especially in the arcas which are cultivated.

Present Landuse - Padi is extensively grown in the section near

Kampong Benerang. Other areas are either covered by bushes, or
are usad to grow rubber. Tin mines cccupy @ limited area of

this Land Unit.

Usc Classification - The arca around Kampong Bencrang is consi-

dered developed (A1), though it could be put to morc intensive

use by double-cropping. Sections on Sungei Langat on which

rubber is grown could be redeveloped (A3), while the parts covered
by bushes could be developed (/2).

Land Category 7d: Inclined Lowland Floodplains. This

Land Unit occurs in two different areas within the Depression Rim.
Both of the areas are situated between Land Unit 7a and Land Unit
7o (see Map 2). The floodplains are narrower than . 100 metres
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in the more hilly parts as shown in Plate 15.

Slope Characteristics - The average slone angle in this Land

Unit is 2° - 3° Steeper slope angles occur near the hillslopes

where slopc angles 4° and 5° are typical (see Plate 15).

5011 and Drainage Conditions - The soils of this Land Unit belong

to Inland Swamp soil Association, and arc poorly drained. The
soils of this Association have been covered in several arcas by

alluvial deposits and colluvial soils.

Present Landuse - Tin mining is practised on the plains of Sungei

Langat shortly before it joins Sungei Semenyih. Rubber and grasses
occupy the plains along Sungei Ramal. The other parts of the 700-
hectare Land Unit are too narrow for agricultural use, especially
along the Kajang-Dengkil Road. Figure 15 shows that this narrow
belt is being dredged, presumably to facilitate better drainage
conditions in the upper parts of the floodplains.

Use Classification - Some sections covered by grass along Sungei

Ramal could be developed (A2). Short-term Crops including padi
could be grown successfully in such areas. Areas in the Sungei
Ramal section on which rubber is grown could be redeveloped (A3).

Other parts are too narrow for farm use.



- 141 -

Land Unit 7@ Inclined Highland Floodplains. This Land

Unit is found mainly along the Sungei Langat and it extends from
just south of Ulu Langat town to Kampong Batu Lapanbelas. Its
surface area of 900 hectares occupies 11.7% of the total surface
arca of Land Category 7. The Land Unit is flooded only during
periods of severe flooding such as the onc which occurred in
January, 1971, The main reason for this is that thc stream channel
is one to three metres below the general level of the plains (see
Plate 13). This channel is actively under-cutting the plains in

the process of widening its meandering belt.

Slope Characteristicc - The average slope angle on the floor

of the channel is 1°. The typical slope on the floodplains is 2,

but this rises to 40 or 60 near the foothills.

Soil and Drainage Conditions - The scils of the highland flood-

plains have been mapped as Local Colluvium-ATluvium Association.
These soils are very sandy on, and near the stream channel, but
are silty, or clayey away from thc channel. They are generally

well-drained when not flooded and are rated 1 and 2.

Present Landuse - Rubber, padi, corn, fruit trees, and vegetables

are grown in many areas of the unit. A considerable section of
this unit is occupied by homesteads, while certain areas are covered

by tall grasses.
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Usc Classification - Parts of this Land Unit which are covered

by grasses could be developed (A2). Areas where rubber occupies
floodable flats could be redoveloped (A3). Other areas are
considered developed (A1).

DISTURBED LANDS

A total of 2,970 hectares,occupied by settlements,
quarries, and tin minesyhave been mapped as Disturbed Lands.
This total area represents a combination of single units which
occupy areas equal to, or larger than, 4 hectares (10 acres).
It constitutes 2.7% of the total surface area of the Ulu Langat
District, Table 13 shows the distribution of these disturbed

lands in the various land Categories.

Use Classification - Urban planning techniques would improve

the general use of the areas occupied by settlements, while

better management is evidently required in many mining and quarrying
lands. For the purpose of this study lands occupied by settlements,
worked tin mines and worked quarries are classified as developed
(C1). Abandoned mines and quarries could be redeveloped (C3).

The needs of the pcople, and the technology at their disposal

would determine the best alternate use for thesc wastelands.
Wieslawa (1964) has shown how wastelands similar to these could

be converted into sett1ement—forest—recreation complexes.
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CHAPTER 6

MORPHOMETRIC ANALYSIS OF SOME LAND CATEGORIES T' THE

ULU LANGAT DISTRICT

A combination of the parametric and the landscape land-
form mapping approaches (Mabbutt, 1968) was adepted to compile
the Land Category map for the Ulu Langat District. Some standard
of quantification was achieved with.this combined approach, but
further morphometric analysis of some Land Categories was under-
taken because such analysis was, and is, considered necessary to
agricultural land planning purposes. The morphometric analysis
in the sampledland Categories is concerned mainly with indices
of soil erodibility and measures of mass wasting, because it has
been observed that the degree to which the lest Malaysian soils
are resistant to soil erosion and mass wasting is to be considered
seriously in the utilisation of the land (Eyles, 1968a; P.Wong,
1968; Wycherley, 1969). Consequently, field work, followed by
laboratory and statistical analyses, was designed to estimate
soil erodibility and mass wasting, and also to test the validity
of the Land Categorics on the basis of inter-category differences
shown by the soil and land attributes investigated. To satisfy
these aims a selection of land and soii attributes was made ,
bearing in mind the time and the facilities (including equipment)

which were available.
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Choice of attributes and sites

The following soil and land attributes were measured
or determined in each sampled Land Category, because these
attributes have been described variously as indices of soil

erodibility and land morphology, as will be shown below.

Soil attributes. The soil attributes which were investigatcd
are: 1) aggregate stability, 2) sand/silt + clay ratio
(clay ratio), 3) silt + clay fraction (clay content), 4) shear
strength (shearing resistance), and 5) shear ratio.

1) Aggregate stability measures the structural stability
of the "bounded" soil particles under different ground-water
conditions (Terzaghi and Peck, 1967). /Aggregate stability has
been widely applied as an index of soil erodibility (McCalla,

1944; Moodburn and Kozachyn, 1956; Bryvan, 1968). The contention

is that aggregate stability indexcs the ease with which soil
aggregates might be broken into erodible separates (Bryan, 1968:
Eyles, 1968a). This implies that the more stable the soil aggre-
gates, the more difficult they are to break into separates. It
has been noted that the percentage-weight of Water Stable Aggregates
(W.S.A.), greater than three millimetres in diameter, is a reliable
index of soil erodibility (Bryan, 1968).

2) Clay ratio is a measure of dispersion based on the
theory that only materials in dispersed form can be eroded
(Bryan, 1968). This ratio has been employed as an index of soil
erodibility by many workers including Bouyoucos (1935), Leopold
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et al. (1964), and Eyles (1968a, 1968b). The use of this index

as a measure of the erodibility of certain scil types has been
criticised by Bryan (1968), because it is known that fine aggre-
gates are moved by low-velocity run-off. Bryan (1968) admits that
clay ratio might be an accurate index of the erodibility of soils
with high silt + clay content, and that a content of 30% might

be a significant threshold value. The soils of the Ulu Langat
District have been shown to contain more than 30% silt + clay
content (see Chapter 5, and also I. ‘“ong, 1966; and ilg, 1969).

It is believed that the combination of thc clay ratic with the
measure of aggregate stability will provide an adequate indication
of the erodibility of the soils in the District.

3) Silt + clay fraction is also a measurc of dispersion
based on the theory which governs the clay ratio, but the clay
content is inversely related to the clay ratio. The clay content
(silt + clay fraction) has been used as an index of soil erodibi-
lity (Bennett, 1926; Middleton, 1930; Eyles, 1968a). In addition,
Jahn (1967) has obtained a direct correlation between slope angles
and "silty fraction" (silt + clay content). This index is used
in this study mainly as a measure of structural differences among
typical soils of different Land Categories.

4) Shear strength is a measure of the cohesion of
"bounded" soil (Eyles, 1968a, 1968b). The index has been used
to estimate soil erodibility (Chorley, 1959; Eyles, 1968a, 1968b),

and its importance as a measure of mass movement has been recognised
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(Terzaghi and Peck, 1967; Bryan, 1968: Eyles, 1968a, 1968b).
While it might be contended that shearing resistance influences
mass movement mere than it does soil erodibility (Bryan, 1968),
it must be noted that mass movement is a factor of slope develop-
ment (Jahn, 1967; Savigear, 1967). hny factor of slope develop-
ment will affect the utilisation of the land on which the slope
is developed. Therefore, an index of mass movement is relevant
to the present study.

5) Shear ratio is a derivative of shear strength, and
it is introduced in this study to measure the degree of the
uniformity of the shear strenath within the top 45 cm of the soil
profile. The ratio is the quotient obtained by dividing the
shear strength value of the top 15 cm of the soil profile, at a
given site, by the corresponding valuc determined for a depth
of 30 cm to 45 cm of the profile. The ratio was introduced as
a result of casual observation in the field, which revealed
a) that the top 45 cm of the soils in disturbcd areas is
characterised by uniform and high shearing resistance, probably,
because of the removal of the /. horizon in such areas; but b)
that the top 45 cm of the soils in areas covered by forests is
characterised by stronger shearing resistance with increasing
depth, apparently because of the presence of the A horizon.

A numerical explanation of this relationship is considered

necessary.
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Land attributes. Indices of soil erodibility arc not

necessarily limited to soil attributes. Topographical attributes
which are believed to affect soil erodibility include: 1) form
of slope (slope profile), 2) angle of slope, 3) local relief,
and 4) distance from the crest.

The form of the slope (1) and the angle of slope
) have been found to affect particle distribution of the soils
which are formed, or deposited, on any land area (Jahn, 1967;
Terzaghi and Peck, 1967). They are also regarded as indices
of valleyside properties (Curtis, et al., 1965; Savigear, 1965,
1967; Swan, 1970b). The investigation of slope form and angles
of inclination is relevant to the purposes of the present study,
because these land attributes exert limiting effects on the
activities of man and his machines (Curtis, et al., 1965).

Local relief (3) and the distance from the crest
(4) have been shown to be associated with the length of slope
(Swan, 1970b) which is an indcx of soil erosion (Lallarche, 1968;
Emmett, 1970). They are also associated with the slope form
and the angle of slope (Swan, 1967; 1970b). An investigation
of these attributes is considered necessary because their combina-
tion will indicate the proportion of the land-surface that is
available for utilisation (see also Sitwell, 1971).

Sample sites. Three sites were selected on each slope

profile as sample stations for soil samples, shear strength deter-

mination, and slope angle reading. These are: 1) summit area,



- 148 -

2) steepest slope, and 3) valleyfloor.

The sumit area (1) 1is considered the highest point
within a given land-surface, and is the place where down-slope
surface flow is initiated (Gustafson, 1937). It is also the
ultimate source of materials to be transported (Eyles, 1968a).

The steepest slope (2) 1s highly rclated to soil erosion (Jahn,
1967), soil stability (Eyles, 1968a, 1968t ), and run-off rate
(Butler, 1955; Emmett, 1970). The valleyfloor (3) 1is the likely
place of sedimentation in the context of a given land-surface,

and, consequently, the place where the miterial removed from

the other parts of the profile arc deposited, at least temporarily
(Ahnert, 1967; Demek, 1967). It is believed that measures of.

soil attributes at these three sites will indicate the distribution
of the attributes over three different, and significant, morphological
elements of the valleyside.

Soil samples were drawn from a depth of 30 cm to 45 cm,
primarily, to avoid surface disturbances in cultivated areas.

The depth of the soil profile which is usually exposed on terraces
in such areas ranges, most frequently, from 30 cm to 45 cm.
Secondly, the depth of 30 cm to 45 cm is contained within the
depth of 15 cm to 120 cm suggested by Mohr and Baren (1954) as

the optimum level of regolith stability and tree-crop root pene-
tration. Shear strength was sampled from two levels at each sites:
a) the top 15 cm of the soil profile, and b) a depth 30 cm to
45 cm of the soil profile. A depth of 30 - 45 cm was sampled for
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the same reasons stated in the case of the soil samples. The top
15 cm was investigated because it has been suggested that it is
from the top of the soil profile that processes of rill and wash

start, and are most active (LaMarche, 1968).

Indicators of soil erosion

In addition to the investigation of the soil and land
attributes, indications of soil erosion were observed within a
belt, approximately ten metres wide, on either side of a slope
profile. An indication of soil crosion is required to facilitate
meaningful interpretations of the measures of soil erodibility.
Ideally, simulated erosion, and/or mcasures of debris waste, can
provide numerical determination of the rate and quantity of soil
erosion, but the nature of this study does not absolutely require
such ideal investigations, and, - in any case, there was no equip-
ment suitable for simulated crosion, and/or the time for adequate
measurement of debris waste. Consequently, a qualitative-
quantitative appraisal of soil erosion was followed, based on an
idea suggested by Professor lan Douglas during a personal discussion.
The qualitative-quantitative scale of the appraisal of soil erosion,
which is illustrated in Table 14, i based on suggestions contained
in the works of Gustafson (1937), Ellison (1945), Osborn (1954),
Butler (1955), Douglas (1967), Ruxton (1967), and LaMarche (1968),
and also on results of field investigations which vere discussed

in Chapter 4.
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TABLE 14 : Qualitative-Quantitative appraisal of so
erosion in the Ulu Langat District.

RATINGS
INDICATOR a) Very Serious b) Serious
1. Tree Roots i. Roots 8 cm in diameter i. Roots 8 cm in diameter
exposed fully gn slopes half exposed slopes
gentler than 5°. gentler than 5°.
ii. Roots 8 cm half exposed o ii. Slightly exposed roots
.............. on §1999§-§sggpsr-'.cbgn-!g-;-_--§199§§-999§19£-§b§n_19-
2. Type of i. Bare ground with patchy i. Bare ground with comple
vegetation upper canopy upper canopy
and nature
of canopy ii. Single-stand cropping gn ii. patchy grass cover
slopes steeper than 107 445 sprubland with patchy
bare spaces
iv. Single-stang cropBing 0
sttt o e g i cm e 8 e i S 5 S --slopes of 5 - 107.--=
3. Management i Cross-contour cropping,or 1. Wleak, or crumbling ter
unterraced planting on, mounds
slopes steeper than 10 ii. CIeaB-c1ea51ng on slope
ji. Cross-contour footpaths ik gfis - 10 ik -
on_slopes steeper than . Criss-crosg tracks on S
10° P of 80 - 100
iii. Inadequate diversions of iv. Terraces 3 metres apar®
surface drainagg on slopes V. Inadequate diversions C
................ .----_sysspsr-1:!:99-19-;-----------..--Qreinssg-gu-slgpga-sen :
4. Signs of i. Head gullies i. Ri11 8 gm deep on slopé
Active ii. Gullies deeper than 50 cm than 10
erosion iii. Basal sapping ii. Coarse surface materi?
b deeqogn i ifi ::i:d p holloys on sl
teeper than ; . ro Of
i steeper than gB. s
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Table 14 shows that threc ccological indicators of soil
arosion have been combined with signs of active erosion to appraise
the rate of soil waste in the Ulu Langat District. These are:

1) tree roots, 2) type of vegetation and the nature of its
canopy, and 3) soil and land management. Three levels of
crosional conditions are also shown in the Table.

Tree roots (1), except for prop roots, which are
exposed on any type of slope are considered as indicators of soil
erosion on that slope (Latlarche, 1968). The vegectation, especially
the nature of its canopy, (2) has been obscrved to influence the
amount and the intensity of the raindrops that reach the ground under
the vegetation (Osborn, 1954; nouglas, 1967). Raindrops are capable
of braaking down the aggregates of the surface soils (E1lison, 1945;
Rosc, 1962; Meyer and Monke, 1965; Ruxton, 1967). The separates
which are produced in this way can then be casily washed down thc
slope (Jahn, 1967; Bryan, 1968; Emmett, 1970). Soil and land
management (3) is an encrgy input into the process-response
system of the soil, the slope, and the surface run-off. This
input energy can induce disequilibrium in the system. The demaging
effects of bad management on the soils of disturbed lands are well
documented (Si1'vestrov, 1963; [0sS, 1963; Jahn, 1967; Panton, 1969;
Wycherley, 1969; Emmett, 1970).

The numerical valucs employed to jdentify the three

levels of soil erosion estimates are: slopc angles of 5 and 100,
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size of the diameter of roots in centimetres (8 cm), and depths of
rills and gullies in centimetres (8 cm, 50 cm).

A slope angle of 5° was selected as a likely lower limit
of serious soil waste mainly because this angle has been accepted
as the theoretical boundary betwecn depositional gentler slopes,
and erosional steeper ones (Savigear, 1965, 1967; Bryan, 1568).
Subsequent field work revealed that serious erosion can occur on
slopes gentler than 5% in the Ulu Langat District. Where this was
observed, necessary adjustments were made in the ratings. Similarly,
it was observed that very serious soil erosion can occur on slopes
gentler than 10 ©which was selected as the lower Timit of very
serious soil erosion. Adjustments were made in the ratings where
this was observed. The diameter of 8 cm, and the depths of 8 cm
and 50 cm were selected becausc these measurements represent the
upper of the depth-range of optimum tree-crop root penetration,

suggested by Mohr and Baren (1954).

Sampling Technique

A stratified random sampling technique was followed
because of its advantages over ordinary random sampling technique,
especially in geographical investigations of morphometric nature
(Monkhouse and Wilkinson, 1971; Doornkamp and King, 1971). Land
Categories 1 (Southern Depression), and 6 (High Mountains) were
omitted from the analyses because of their inaccessibility (see

Chapter 4). From each of the remaining Land Categories, two Land
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Units were selected by a random sample technique. The main stream
which flows through a selected Land Unit was determined as the
focus for field investigations. A/ strcam was sclected because it
has been explained that streams, especially their valleyside
properties, are dominant elements of the landscape (Strahler, 1958,
1960; Eyles, 1968a, 1969; Swan, 1970b, after Horton,1945).

Four valleyfloor-to-crest profiles (at least one from
either bank of the stream) were investigated along each selected
stream, except in Land Unit 52 (Dissected Stecp Foothills) where
only three profiles were accessible, and in Land Category 7 (Active
Major Floodplains) where the flat nature of the terrain precluded
the measurement of slope profiles. In Land Category 7, therefore,
only soil samples were obtained for laboratory analyses. In the
other investigated Land Units, the profiles were spaced at intervals
of one kilometre (approximately half-a-mile). These profiles were
aligned at such angles to thc stream channel ac were considered
adequate both to represent the typical characteristics of the
valleyside properties, and to obtain base-to-summit transects
(after Tivy, 1962). The numerical values of soil and land
attributes, which were obtained from field and laboratory techniques

for each profile, are contained in Appendix II.

Field Techniques

An Abney level was used to measure slope angles along

each slope profile. Slope stations werc made to coincide with
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apparent breaks of slope, but where a slope unit was very long,
slope stations were evenly spaced at 20 m apart. This aarees,

in principle, with the suggestion of Doornkamp and King (1971)
concerning the use of the Abncy level for slope measurcments. The
instrument was levelled at a point on a partner corresponding to
the reader's cye-level in order to read the inter-station slope
angles. A1l readings were taken to the ncarest whole degree to
comform with the method employed earlier in this study.

Along a slope profile, shecar strength was measured 2t
the valleyfloor, the steepest slope, and the summit area, for the
reasons discussed above. A two-inch shcar vane was used to measure
shear strength. This vane was mounted on an iron shaft at the end
of which was attached a 200-1b torque-wrench handle. Two levels
were sampled at each site. First, the fifteen-centimetre-long
shear vane was buried into the surface of the soil, at a selected
site, to determine the torque value for the top 15 cm level.
Secondly, a two-inch soil auger was used to excavate a hole 30 cm
deep. The vane was lowered into this hole, and was gently buried
intc the soil at the base of the hole, such that the s0il remained
undisturbed. This was undertaken in order to determine the torque
value for the 30 - 45 cm level. In all the cases, after a complete
burial of the vane had been achieved, the torque handle was wrenched
until the soil began to yield. The torque value was then determined
as indicated by a scale on the torque-handle. The value was ex-

pressed in pound/sq. inch shear force by the use of the formula:
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Mma x
T = for one-end shearing
2 3
piCH 4 2)
where
T = shear strength, in pound/sq. inch force,
Mmax = net applied torque,
D = diameter of shcar vane,
and H = vertical height of shear vane.

..... See Jumikis (1962, pg.509).

The pound/sq. inch force was then converted to gram/sq. centimetre
force. The shear ratio for each site was obtained by dividing
the value of the top 15 cm by that of the deeper Tlevel.

Soil samples were taken from the depth of 30 - 45
cm with a two-inch soil auger. The samples were later analysed to
determine silt + clay fraction, sand/silt + clay ratio (clay
ratio), and aggregate stability. The soil samples were drawn
from the same soils which were tested for shearing resistance
in order to make later comparisons meaningful. Care was exercised
to see that the soil aggregates were not disturbed significantly
by the shear vane.

Both the local relief and the distance from the crest
were determined graphically from the slope profiles as illustrated
in Figure 19. The local relief was determined as the height of the
summit above the cdge of the strcam in the valleyfloor. The total

length of the slope units that constitute a sicpe profile was
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determined as the distance from the crest.

The state of soil crosion within 10 metres on either
side of a slope profile was recorded in the field, according to
the ratings in Table 14. For example, a section of a slope
profile where a head gully was obscrved tc occur was marked 4a1
on the field note, and 2n arrow was drawn to show the length
of the gully. The code 4a1 was intcrpreted later as: "an area

of very serious gully erosion".

Laboratory Techniques

a) Aggregate stability. The laboratory techniques by

which the aggregate stability of a soil sample can be determined
have been described by various workers (for cxample: Rosenak, 1963;
Yong and Markentin, 1966; Terzaghi and Peck, 1967; Bryan, 1968;
Eyles, 1968a, 1968b). The tochnique followed in this study is
exactly that of Eyles (1968a, pg. 141) because the apparatus which
was available for the laboratory analysis of aggregate stability was
the one designed, and used, by him. The appswus (sec Figure 18)
is based on the Mater Stable Aggregate method of Keraitis and
Ferguson (1957).

The procedure of this method is as follows (see also
Eyles, 1968a, pg. 142).

1. Sieve a sample of oven-dried soil with British

Standard (B.S.) sieves No. 72 (to remove particles

smaller than 0.83 mm in diameter) and No. 10 (to
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remove aggregates larger than 11.9 mm in diameter).
Hand=-pick visible vegetable matter from the sample
retained on the B.S. sicve No. 72, and mix sample
thoroughly.

Weigh out 20 grams from the sample rctained on the
B.S. sieve No. 72.

Place a B.S. sieve No. 72 with air escape holes as
illustrated in Figure 18. Move the sieve up and
down water current to rcomove trapped air from the
mesh.

Pour the 20-gram sample onto the mesh, and start to
rotate the sieve. Continue to rotate the sieve until
water is clear. Then rotate occasionally until
fifteen minutes have clapsed since the beginning

of the experiment.

Remove the sieve with the fraction retained on it,
and place in an oven set at 90° Centigrade for one,
or two hours (until sample is dry).

Remove samplc from the oven and allow to ccol.
Yeigh the fraction retained, and determine this as
a percentage of the original 20-gram sample.
Express the percentage as the aggregate stability

of the larger soil sample.
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b) Particle-size distribution (clay content, and clay

ratio). Techniques by which the particle-size distribution of a
soil sample can be determined arc well documented (Herdan, 1960;
Capper and Cassie, 1963; Yong and Markentin, 1966; Terzaghi and
Peck, 1967; Eyles, 1968a, 1968b). Since the present study does
not require the separation of the clay fraction from the silt
content, a technique of wet-sieving was considered adequate to
determine the silt + clay content (see, for example, Yong and
Varkentin, 1966; Terzaghi and Peck, 1967). The B.S. sieve No.
200 is accepted as the lowest level of practical sieving
(Herdan, 1960; Rosenak, 1963). The mesh, approximately 0.076 mm
in diameter, is the closest mesh in the B.S. range to the re-
cognised boundary (0.066 m) between fine sand and silt particles
(Herdan, 1960; Capper and Cassie, 1963).

The following is the procedure adopted in this study

to determine the silt + clay fraction and the sand/silt + clay ratio.

1. Pick visible organic matter from oven-dried
soil sample.

2. Mix sample thoroughly and weigh out 50 grams.

3. Soak the 50-gram sample in a solution of sodium-
hexametaphosphate, 2 chemical dispersing agent, for
at least two hours. Stir the 50-gram sample
thoroughly in this solution to break the sample

into component particles.
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4. Pour content cnto a B.S. sieve No. 200, for weshing.
Wash under running tap until sample is clean.

5. Dry the fraction retained on the sieve in an oven
set at 90° Centigrade for two hours (or until
sample is dry).

6. Remove sample from the oven, allow retained fraction,
to cool, and weigh the fracticn. This is the sand
content of the original 50-gram sample.

7. Determine the difference between the sand content and
the original 50 grams as the silt + clay content.
Express this as a percentage of the 50-gram sample.
This is the silt + clay fraction of the larger
sample.

8. Divide the sand content by the silt + clay content,
and express the quotient as the sand/silt + clay

ratio (clay ratio) of the larger sample.

Limitations

Certain limitations are inherent in studies of this
nature. These include Timitations connected with data, instru-
mentation, experimentation and observation.

In geomorphological studies, it is often impossible to
collect data for the whole of a given area (Doornkamp and King,

1971). Consequently, points were sampled to represent areal
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dimensions in this study. It is belicved that the transect
technique, which was followed, improves the coverage of the
sampled Land Categories. The cight profiles that formed the
basis of the analyses in cach Land Category might be regarded as
constituting a very small sample sizc, but there are 24 samples
of cach attribute determined for a Land Category (except for
Land Categories 5 and 7, with 21 and 15 respectively). The
size is, therefore, considered to be large enough for small-
sample methods of statistical analysis (see Bajpai, 1967,
itonkhouse and Wilkinson, 1971). In fact, at least 93 samples
of each soil attribute are considered in the combined analysis
for the sampled Land Categories.

Instruments used, both in the field and in the Laboratory,
are of standards usually recommended for the type of investigations
undertaken. Limitations associated with these instruments are
believed to be the same as those generally accepted in respect
of such instruments. Such limitations arc considered to be
uniform in all the cases investigated with the same instrument.
It is suggested, therefore, that the real association among the
attributes is not impaired.

Experimental errors are, most likely, at the minimum
and uniform because the same opcrator performed the experiments,
and recognised procedures were followed as discussed above.

Second checks, by an 1|dependent operator, viere used to comfirm the
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accuracy of the procedurcs and the numericai results, in the
case of the laboratory experiments. It is likely that the
silt + clay content determined by the technique of wet-sieving,
vhich was followed in this study, contains some fine particles
of organic matter. This, in itself, is an advantage because the
organic content of the soil is recognised as 2 part of the cohesive
element of the soil (Bryan, 1968).

Observational errors are believed to be uniform because
the same operator was involved throughout the investigations.
The errors are probably, at the minimum because the observations

were based on the actual, and not on the inferred.

Analyses of data, and interpretation of results

The data in Appendix I1 were analysed in their three site-
locations on the basis of individual Land Categories and all the
Land Categories combined. Tables 15 to 19, and Figures 20 and
21 show the results of the analyses. Figure 22 shows 2 combina-
tion of these results with the estimates of soil erosion based on
the adjusted content of Table 14. The statistical methods and
formulae followed are the same as the ones followed in the former
analyses, and are given in nppendix ITI.

The results of the analyses arc given on the basis of
the statistical parameters of the attributes because the analyses
have shown that the attribuics combine to influence soil erosion.

It appears that a discussion of the results on the basis of
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individual attributes will not adequately emphasize this combined
influcnce. The basis of statistical parameters brings the
attributes together within each Land Category and at each site-
location. This makes it easier to determine the inter-relationships
of these attributes within the locations.

The statistical parameters arc: 1) the arithmetic mean
(x), 2) the coefficient of variation (CV%), 3) Pearson's
product-moment coefficient of correlation (r), 4) the coefficient
of multiple correlation (R), and 5) the regression equation,
and line, of selected Y variable on selected X variable. Selected
slope profiles (Figure 21), which adequately represent the
typical slope forms in the sampled Land Categories, are discussad.

Arithmetic mean (x). The mean values (Table 15) were

analysed to determine the inter-category differences in the domain
of the attributes, and to obtain the pattern of the distribution

of the attributes from one site-location to the other. The test

of Significanc:;;:kference of mean values was used (Appendix III).
It was decided that the 5% level of significance must be achieved
before a difference was considered adequate. Test values were read
on the two-tailed Table of t-Distribution as suggested by Doornkamp
and King (1971).

A1l the attributes, except for the gatios and the local
relief, show significant differences in the mean values between one
Land Category and the other, and between one site-location and
another. The t-values range from 2.09 to over 15.50, and three-

quarters of these values are significant at better than 5% level.
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TABLE 15 :

Mean-values of soil and land attributes investigated in some Land Categories

Local Maximum Distance _ Shear silt +
SITE L.C relief slope from nnnudwn# ww.muw:. mwuu. wwwnn:.o -ﬂmwnw.ﬁm“ou
S (@) ©) crest (g/em”) fraction clay :
- (m) ratio
% “ * * -
o 2(k=8) 26.00 - - 279.05 0.71 60.13 0.85 64.18
s |3 . 43.62 - - 294.43 0.64 65.20 0.66 51.06
.m CRE = 41.62 - - 296.62 0.57 60.03 0.67 62.67
0 5(k= 7) 47.14 - - 293.75 0.41 46.14 1.33 75.04
A1l (k=31) 39.35 — - 290.87 0.59 58.08 0.86 62.67
i 2(k=8) - 14.13 - 265.86 0.65 55.51 0.88 67.35
513 " = 20.00 - 274.65 0.67 62.46 0.61 61.87
eafs " - 24.00 - 272.45 0.58 60.08 0.70 62.34
- 5(k=7) - 26.71 = 238.55 0.59 S1.73 0.94 77.16
= All(k=31) = 21.03 - 263.66 0.63 57.70 0.78 66.86
2(k=8) - - 240.13 136.23 0.99 45.76 1.90 74.57
m. - S . - 265.00 94.48 0.93 55.47 0.86 83.59
‘ 3 Nig * - - 223.13 276.82 0.61 61.93 0.79 66.72
= .m 5(k=7) - - 192.14 291.29 0.63 41.20 1.70 88.78
>« | A1l (k=21) - - 231.32  196.76 0.79 53.98  1.30 78.08
250.43 0.67 56.86  0.98 69.27
PROFILE (k=93
A.leww 39.35 21.03 231.32

L.C. 7(k = 15)

% Difference in value

k = sample size

between one Land Category and

another significant at 5%,

or better, level.
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Distribution of the silt + clay fraction - Thc following patterns

are noticeable in the distribution of the silt + clay fraction.

1) There is a decreasc in value from Land Category 2
(Lowland Plains) to Land Category 5 (Dissected
Foothills and Low Mountains).

2) The fraction decreascs with increasing slope angle,
especially in Land Category 3 (Dissected Deprcssion
Rim) and Land Category 4 (Deeply Dissected Highlands).
The result is that silt + clay fraction less than
50% is common on slopes steeper than 10%. This
result is similar to Eyles (1968a) contention that
silt + clay fraction greater than 55% is common on
slopes gentler than 13°.  However, Land Units
developed on argillaccous formations show values which
increase with slope angle and local relief.

3) The fraction also differs from the sumit to the
valleyfloor, probably in respcnse to the lithology
of parent materials. Summits on argillaceous forma-
tions show the highest values, and the valleyfloors
on arenaceous formations the least (sce Table 16).
In granitic arcas, and on summits with laterite for-
mations, silt + clay fraction is generally Tow. In
such areas the highest fraction is found on the

steepest slope, and the least on the summits.
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Distribution of the sand/silt + clay ratio =~ The values of the

sand/silt + clay ratio have the following distributional patterns.

1) The clay ratic (sand/<ilt + clay ratio) increases,
generally, with increasing slope values, although
the highest ratios from Land Category 2 are found
at the valleyfloors. This suggests that other
factces, apart from the anglc of slope, govern the
distribution of the clay ratio.

2) The lithology of thc parent materials appears to be
one of the factors that influence the distribution
of the clay ratio. High ratios characterise areas
on granites, or sandstones, while the lowest ratios
are associated with areas devcloped on argillaceous
formations.

Distribution of the aggregate stability - The values of the aggre-

gate stability are distributed as follows.

1) Generally, the mean values of aggregate stability
are highest on the vallcyfloors, and also on
summits with lateritic cappings (Table 15).

2) The lowest values occur in Land Category 3 at all
the site-locations, cspecially on summits that have
no lateritic cappings.

3) It appears that the lithology of the parent materials

and the silt + clay content of the soils are related
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to the aggregatc stability of the soils. Areas
on granites and sandstones which have low silt +
clay content shov high agaregate stability.

Distribution of shear strenoth and shear ratio - The following

patterns of the distribution cf the shear strength of the 30 -
45 cm depth, and the shear ratio arc shown in Table 15.

1) The shear strength values are lowest at the
valleyfloors and highest in areas with lateritic
cappings. The highest mean value (296 grams/cm )
js associated with summit arcas of Land Category
4, and the lowest value (94 grams/cmz) is asso-
ciated with the valleyfloors of Land Category 3.

2) In general, the shear strength decreases with
increasing slope angle.

3) The shear ratio decrcases with increasing slope
angles and altitude.

4) The type of yegetation, and the nature of the A
horizon of the soil profile seem to affect the
shear ratio. The influence of these factors
on the ratio will be discussed below.

Distribution of the mean values of the Land attributes. The mean

values of the threc land attributes, which were investigated, are
distributed as follows.

1) Local relief and average maximum slope angle
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TABLE 16: Mean (x) values of silt + clay fraction (%) by Land Units
Land Dedt Summit Steepest Valley- Profile fverage Geology
area slope flcor (k) slope
2a(k=4) 61.54 57.87 28.31 49.24(12) typically Arenaceous
(sandstones)
2e(k=4) 58.72 53.15 63.20 58.36(12) Argillaceous
(schist, idurated shale)
L.C. 2(Rk=8) 60.13 55.51 45.76 53.80(24) 6°
3b(k=4) 54.21 56.41 54.07 54.90(12) Arenaceous
3d(k=4) 76.20 68.51 56.76 67.16(12) Argillaceous
L.C. 3(k=8)  65.20 62.46 55.47 61.03(24) 10°
ha(k=4) 58.50 56.67 55.67 56.89(12) Older granites
4b (k=4) 61.56 63.65 62.80 60.68(12) Older granites
L.C. 4(k=8)  60.03 60.08 61.93 60.67(24) 12°
Sa(k=3) 50.57 53.87 30.07 44,.83( 9) Younger granites
5b (k=4) 41.07 50.12 49.56 46.92(12) Younger granites
1.C. 5(k=7)  46.14 51.73 41.20 46.02(21) 15"
A1 (k=31) 58.08 57.70 53.98 56.86(93) 11°
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increase from Land Category 2 (Lowland Plains) to
Land Category 5 (Dissccted Foothills and Low
Mountains).

Distance-from-the-crest decreases from the low-
land plains to the low meuntains. The absolute
longest distance is associated with the Towland
plains (see Appendix 11), although the longest
average distance is associated with the depression
rim. Both the absolute shortest distance and the

shortest average distance are associated with low

mountains.

Coefficient of variation (CV%). Table 17 shows the

CV% values of the soil and land attributes for each Land Category

on the basis of tho site-locations. This coefficient measures

the degree of the internal variations in the domain of these

attributes. The following results are contained in Table 17.

1)

2)

A1l the attributes appear to be more variable in
Lard Category 2 than they are in the other sampled
Land Categories. Land Category 2 scores eignt of
the possiblc fifteen "most-variable" frequencies.
The attributes are least variable in Land Catego-
ries 4 and 5, which share equally twelve of the
possible fifteen "least-variable" frequencies.

The relatively low variation of the attributes
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TABLE 17 . The cocfficicnts of variation (CV%) of the soil and land attribuics which were
investigated in somc Land Categories
¥ il Local iaximum Distance Shear Shear- Sand/silt
Cat mﬂ relief s Jope fro.crest strength ratio + clay SITE
eyl m () (m) (g/cn 2) ratio
2 50.8" - - 18.5_ 19.8  28.2,
3 20.6, - - 18.6_ 29.7 86.47
. 35.8 - - V.1 24.6, 14.9 Summit area
5 36.7 - - 16.2_ 56.2 41.3,
AN 35.3 - - 16.9 35.6 6.8
o |
2 - 36.7 - )5 24.6 47. w
3 - 31.6 - 18.6 26.9 39. u+
4 - 35.3 - 20.4, 17.2 N4 Steepest slope
5 - 13.5 - 33.2 28.8 11. o
All - 37.1 - 23.8 25.8 A
2 - - 15.17 57.6, 9.4 <71
3 - - 37.4_ 54.1 36.6 36.0,
4 - - 14.9 25.1 22.9 67.1, Valleyfloor
5 - - 24.5 23.7 36.5 45.3,
AR - - 24.1 56.4 43.0 109.9
S

vy east variable" in cach Land Category, or all, at the site-location.
"Mosi variable" in each Land Category, or all, at the site-location.
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in these Land Categories might be due to the fact
that these areas arc not as disturbed as Land
Categories 2 and 3.

3) Of all the attributes, the sand/silt + clay ratio
is the most variablec in its values. It shows
an extreme variation of 109.9% et the valleyfloors.
This high variation reflects the extreme values
of silt + clay fraction which characterise the
valleyfloors (see Table 16).

4) The aggregate stability varies least. It has
average variations of 23.9%, 17.5%, and 17.8% in
the valleyfloor, steepest slope, and summit area,
respectively.

5) Both the shear strength and the shear ratio are not
as variable as the clay ratio. In summit areas
and at the stcepest slope, the variations in the
values of the shear strength are as low as those in

the values of the aggregate stability.

Product-moment coefficient of correlation (r), and

multiple coefficient of correlation (R). The product-moment

coefficients of correlation (r-values) which were calculated between
"independent” (X) variables and "dependent” (Y) variables are given
in Table 18. The multiple coefficient of correlation (R) among all
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TABLE 18 ;: Coefficients of corrclation (r) between pairs of attri

coefficient of correlation (R) among attributes at each s

Sand/silt and/silt |Sand/silt Sand/silt Aggrega
Land |+ clay ratio pclay ratio[+ clay ratio| + clay ratio stabili
Category | (X) and X) and (X) and (X) and (X) and
i.ocal ear A\ggreoate - Shear~- - : Local re
relief (Y) [strength(Y)|stabitity(Y)] ratio (Y) (Y)
Z - 0.26 - 0.15 + 0.60* - 0.64* - 0.40
3 + 0.1 + .27 + 0.13 - 0.30 - 0.71%
4 + 0.07 + 0.14 + 0.25 - 0.70* - 0.21
5 + 0.59* el + 0.02 - 0.55*% - 0.51*
ATl + 0.15 + 0.05 + 0.43* - 0.51* - 0.31*
R'l.2345 = 0.976; where 1 is sand/silt+clay ratio
Sand/silt and/silt Maximumo !1ax1mum ax1mug
+clay rat. lay rat. [slope () slope ( ) slope (")
(X) and (X) and (X) and (X) and (X) and
Aggregate ear- sand/silt+ [ Shear Shear-
stability(Y)jratio(Y) clay rat.(Y)|strength(Y) ratio
27 + 0.49*% + 0.61* - 0.07 + 0.1 - 0.17
3 + 0.03 + 0.10 + 0.06 + 0.78* - 0.96*
4 + (.29 - 0.3] + 0.50* - 0.13 - 0.51*%
5 + 0.40 + 0.37 - 0.16 - 0.54* + 0.32
AN + 0.35% + 0.20 + 0.1 - 0.02 - 0.36*%
Ry 2345.= 0.961;where | is Maximum slope
P Sand/siTEs Fand/sﬂﬂ- Sand/sTTE+ Distance from | Distancc fr
clay rat. |clay rat. [clay rat. rest (X) and crest (X) a
(X) and (X) and (X) and and/silt+ Shear-ratio
Shear str- |Aggregate Shear- clay rat.(Y)
ength (Y) |stability(Y) ratio(Y
Z = Vs + C, ¢ + 0. + 0.63% + 0.05
3 - 0.76* + 0.61* + 0.15 + 0.75*% + 0.24
4 + 0.53*% + 0.69* - 0.19 - 0.14 +0.19
5 + 0.07 + 0.89* - 0.80* + 0.48 - 0.50%
All + 0.13 + 0.51* - 0.07 + 6.01 + 0.16
f] = 00, 860;where 1 is sand/silt+clay ratio
2 BT 'i 23 15 et
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the soil and land attributcs at cach site-location is also given

in the Table. The r-values werc transformed into Z-ratios (see
Appendix I11) in order to determine whether there is any real
association between the X and Y variables. The r-values which
were observed to show real association were tested for significance
level. The coefficient of multiple correlation which was obtained
among the attributes at each site-location is higher than the
individual r-values between pairs of variables at the same site-
location. This implies that the correlation among the atiributes
is a "reinforced" type (Chorley and Kennedy, 1971). For this
reason, a 10% level of significance was determined as an adequate
measure of the relationship betwcen analysed pairs. Table 18

shows the r-values and indicates the values that are significant

at 10%, or better, level. The R-value for each site-location is
also given. The following relationships exist among the attributes

at cach site.

Summit areas:-

1) There is a negative correlation between the sand/
silt + clay ratio and the shear ratio which is
significant at better than 10% level. The correla-
tion between these attributes is significant at 1%
level when the Land Categories are considered toge-

ther. This negative relationship implies that, in
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the summit arcas, the higher the sand/silt +

clay ratio, thc lower the shear ratio.

A positive correlation exists between the sand/
silt + clay ratio and the aggregate stability in
all the Land Catcaorics combined, and it is
significant at 2%. Thesc attributes also have a
positive corrclation which is significant at 10%
level in Land Category 2.

There is a negative corrclation between aggregate
stability and local relicf which is significant at
2% level in Land Category 3, and at 10% level

in Land Category 5 and in all the Land Categories
combined.

No significant correlation is found between other
pairs of attributes in the summit area.

The coefficient of multiple correlation (R) which
was obtained among the attributes is 0.976, when
the sand/silt + clay ratio is held constant. Since
this valuc is higher than any r-value between
pairs of attributes in the summit area, the rela-
tionship among the attributes is one of reinforcement.
The square of R (R2 = 0.952) shows thc proportion
of the chances in the sand/silt + clay ratic which
can be explained by the combined influence of the
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other four attributes. This can be expressed

as 95.2% (see Doornkamp and King, 1971).

Steepest slope:-

1)

2)

3)

4)

5)

There is a positive corrclation between shear strength
and maximum slopc angle which is significant at 2%

in Land Category 2. This implies that, in this

Land Category, shcar strength increases, cor
decreases with the slope angle at this site-location.
A negative corrclation exists between the maximum
slope angle and the shcar strength in Land Category
5, and it is significant at 10% level.

There is a negative corrclation between maximum slope
angle and aggregate stability which is significant

at 5% level in Land Category 3, and at 10% in all

the Land Categories combined.

The corrclation between maximum slope angle and

shear ratio is negative. This negative correlation
is significant at 0.1% level in Land Category 3, at
10% in Land Category 4, and at 5% in all the Land
Categorins combined.

A positive correlation is shown between the ma x i mum
slope angle and the sand/silt + clay ratio in Land
Category 4, and it is significant at 10% level.
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6) There is a positive corrclation between the sand/
silt + clay ratio and aggregate stability in Land
Category 2. Thc level of significance is 5%.

7) Other pairs do not show significant correlation at
the steepest slope.

8) The R-value is 0.961, when slopc angle is held
constant. This shows a rcinforced association among
the attributes, and it scems that 92.3% (R® x 100)
of the changes in slope angles can be explained by
the combined chanaes in the other four attributes.

Valleyfloor:-

1) There is a positive correlation between sand/silt
+ clay ratio and aggregate stability in all Land
Categories (individualiy, or combined) which is
significant at better than 10% level.

2) The sand/silt + clay ratio has a pesitive correlation
with the distance-from-the-crest in Land Categories
2 and 3. The significance level of the correlation
is better than 10% .

3) A negative corrclation exists between the sand/silt +
‘clay ratio and the shear strength in Land Category
2 (significant at 10% level), and in Land Category

3 (significant at 2% level).
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%) There is a negative correlation between the sand/silt
+ clay ratio and the shear ratio which is significant
at 1% level in Land Category 5, and at 10% in Land
Category 2.

5) The distance-from-the-crest has a positive correla-
tion with aggregate stability which is significant
at 2% level in lLand Category 2.

6) A negative correlation cxists between the distance
-from-the-crest and the shear ratio in Land Category
5, and it is significant at 10% level.

7) Other pairs of attributes show no significant
correlation althe valleyfloor.

8) The R-value is 0.860, when the sand/silt + clay
ratio is held constant. This suggests a combined
influence of the other attributes on the clay
ratio. The proportion of the changes in the
ratio that might be explained by this combined
influence is as high as 73.9%.

Regression cquations and lincs of Y on X. Table 19

and Figure 20 show the results of thc regression analysis of
selected (Y) variables on the maximum slopc angle (X variable).
Regression analysis was undertaken only in the case of the

steepest slope because angles of slope havc been found to correlate
with many indices of erodihility as indicated earlier (see also
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Jahn, 1967; Khong, 1970; Doornkamp and King, 1971). Maximum slope
angle was sclected as the X-variable for the same reason. Only
the combinations for which the r-values arc significant at 10%,
or better, level have been analysed at this stage. The sign of
the b constant in the expression Y = a + bX indicates whether the
general relationship between two analysed variables is positive,
or negative. Although the r-values also show this indication, the
indication by the regression cocfficient is more readily appre-
ciated because it can be illustrated graphically as shown in
Figure 20. It is shown in Table 19 that the relationship bet-
ween a selected Y attribute and the maximum slope angle is
negative, except for the case of the sand/silt + clay ratio which
is shown to be positively related to maximum slope angle. Since
the silt + clay fraction (clay content) is the inverse of this
ratio, it means that the aggregate stability, shear strength, and
silt + clay fraction are inversely related to the maximum slope
angles in all the Land Catcgories which are shown in Table 19.
Maximum slope angles rangc from as low as 7° on some profiles

in Land Category 2 to over 30° in Land Categories & and 5. For
this reason, it can be contended that, generally, these selected
attributes are inversely rclated to slope angles in the Land

Categories which were investigated.
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TABLE 19 : Linear Regression equations of Y (selected attributes)
on X _(maximum slope angle) at the steepest slope.

Shear Shear ratio/ <and/clay Aggregate
Land strength/ ma ximum ratio/ Stability/
Category maximum slopc angle maximum maximum slope
slope slope angle
angle angle
2 Y = n.S. n.s. n.s. =71.43-0.29X
3 Y = 148.31-6.32X  =1.15-0.02X n.s. =91.28-1.47X
¢ Y = n.s. =0.73-0.01X -0.3240.02 =74.77-0.52X
5 Y = 540.33-11.31X n.s. f$s =114.51-1.40X
AN Y = n.s. =0.79-0.01X n.s. =74.16-0.35X

n.s. r-value for the combination is not significant at 10% level

Slope profiles. Figure 21 shows selected slope profiles

which represent each of the eight Land Units where slope profile
measurements were undertaken. The profiles show slope units and
slope components (after Savigear, 1967: Doornkamp and Kifg, 1971).
The following results are illustrated by these slope profiles.

1) The distance-from-the-crast determines, to a large
extent, the number of slope units and components
which are obtainable on a slope profile. The longer
the distance, the more the aumber of units and

components, and the 1onger the lengths of these units

and components.
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2) A convex crest slope component is common to all
the Land Categorics. This crest component consists
of a steep upper-slope unit, or sub-component,
which changes sharply to a gentle summit slope unit.

3) Footslopes ("lower picdmont slope”, Swan, 1970c)
are generally concave and merge with rcctilinear valley-
floors, except in the hecadvalley areas of Land Unit
3b (Southern Crest of Depression Rim) where footslope
components are convex. In the headvallay areas of
Land Category 4, the footslope component canneb. be
distinguished from the valleyfloor which changes
abruptly to a rectilinear, or convex, hillslope
component, along 2 discontinuity which is often
as great as 30°.

4) Valleyfloors are usually rectilinear components
vhich are inclined at angles of 1° and 2°.

§) In between the crest component and the foots lope
component, may be onc, two, or more, slope
components, depending on how long anc/or irreqular
a slope, profile is. ‘“hen there is only one component,
the hillslope (*middle", Chapter 5) component is
either rectilinear, or convex. When two, or more,
slope components separatz the crest and the footslope
components, hillside components alternate between

concave and convex forms.
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Discussion and Conclusions

The soil and land attributes which were investigated
have been found to differ in their mean values from one Land
Category to another, and from one site-location to the other.

The association among these attributes have been determined to

be one of reinforcement. It remains to be seen how the character-
istics of the distribution, and the association among, these
attributes further justify the classification of the Land
Categories, and how these attributes indicate soil erodibility
and mass movement in the Land Categories.

Further justification of land classification. The

. inter-category differences in thc mean values of the attributes

are significant at petter than 5%, and other parameters of these
attributes differ from one Land Category to the other, significantly.
These significant differences seem to suggest that there are real
differences in the landscape properties fram one land type to the
other. Therefore, the classification contained in the Land

Category map (Map 2) is considered to be further justified, and

is suitable for this study. It follows that the map can be
recomended for future use as a basis for land planning purposes.

Indication of soil erodibility. Four of the attributes

discussed above were found to be most related to soil erodibility
in the study area. These are: 1) slope angle, 2) sand/silt
+ clay ratio (which reflects the silt + clay fraction), 3) aggre-
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gate stability, and 4) shear ratio. These attributes and the
shear strength were found to influence mass movement.

Figure 22 is a schematic diagram which illustrates the
inter-relationships among these attributes, on the one hand, and
the observed, or induced, land characteristics, on the other. The
Figure shows that all the other attributes are inversely related
to maximum slope angle. The direct relation between the clay
ratio and maximum slope angle reflects the inverse relationship
which exists between the silt + clay fraction and the maximum slope
angle. Since the observed indicators of soil erosion (Table 14)
show that erosion of the soil increases, other factors held con-
stant, with increase in slope angle, it follows that the lower
the values of the other attributes the more serious will be
soil erosion on steep slopes. Thus a low aggregate stability,
combined with a low shear strength and a low silt # clay fraction
(high sand/silt + clay ratio) implies a small combined restriction
of the influence of slope on soil erosion. Such a combination
will result in serious soil loss and mass movement. The various
combinations of these attributes and the Tand characteristics
associated with the combinations are shown in Figure 22.

It must be remembered that these attributes do not
exert high influence on soil erodibility and mass movement
individually (cf: the relationship betweem the r-values and R-

values, as discussed earlier). Consequently, emphasis is placed



PIGURE 22: A schematic triangle-diagran to illustrate the
relationship betweem combinations of soil attributes

and lsnd Ohaxacteristies

1. Silsy valleyfleor, usually waterlogged.

2. Silty valleyfloor, or sandy summit area. Well-drained with uniform shearing.

3. Sandy moderate slope, or inolined summit area with ¥he A horison removed

4. Sandy to silty valleyfloor, more cohesive with depth, or sandy to olayey
sunmit ares with A horison removed. Zone of rill and wash.

5. Summit under vegetation cover. Clayyy with possible laterite sone at 30 om
to 45 om of the msoil profile.

6. Moderstely sloping land under matured plantation. Sandy to olayey, and
subject to rill and wash if bare.

7. Rolling land, or steepland with developed A horizom. Clayey, and subject
to gullying and slumping processes if bare.

8. Sandy to olayey steepland, compsct under plantation. Gullying and slumping.

9. Clayey, very steep land, compact under plantation. Gullying and slumping.

10. Possible combinations not determined in the Ulu Langat Distriot.

Other combinations are not real in the Ulu Langat Distriot.

hmhpplu gone of influence between adjacent land characteristios.



- 182 -

on the combined influence of the attributes. It must be noted
that Tow silt + clay fraction in the context of the statistical
interpretations in this study mcans a fraction vgenerally higher
than 40% (see Table 15 and 16). A silt + clay fraction of this
order, combined with low aggregate stability and low shear
strength, must be expected to result in creeping, slumping, and
gullying processes, even on slopes gentler than 10°, in a humid
environment such as the Ulu Langat District.

Since the combination of the attributes is more effective,
in the study area, than the consideration of individual attributes,
a graphic illustration such as Figure 22 seems to be the best
method to explain the influence of the attributes on soil erodi-
bility and mass movement in the Ulu Langat District. The combined
effect of these attributes explains, at least partially, the
fact that Land Categories 3 and 4, where the effect is most
noticeable, are the most actively eroded areas. It might also
explain why summits with lateritic cappings, where shear strength
and aggregate stability are very high, remain higher than summits
with no lateritic cappings. It can be argued, though, that Land
Categories 3 and 4 are presently more actively eroded than Land
Category 5, mostly because they are more actively cultivated than
Land Category 5. They are more actively eroded than Land Category
2, probably, because the 1and-surface of these Land Categories is
steeper than the land-surface of Land Category 2. Slumping
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(Plate 16) and gullying processes occur in Land Category 5

near logging-tracks and access-terraces, while isolated hills in
Land Category 2, which are characterised by steep slope angles,
are actively eroded.

In addition to the above, the shear ratio seems to
index the state of the soil profile in relation to soil wash and
human disturbances. The ratio is low in areas with well developed
humus layer, or leaf litter (A horizon). Such areas are associated
with soils under protective natural cover, or fallow. Where
the humus layer is thin, or is completely removed, the ratio
tends to 1 (unity). Such arcas (characterised by high shear
ratio and high shear strength) are associated with soils in
cultivated, or bare, lands. Exposed tree-roots are common in such
areas, even on slopes as gentle’ as 3°. when a ratio of 1 occurs
in an area which is characterised by high shear strength over
200 grams/ sz. it implies that a considerable part of the
surface scil has been washed away. A shear ratio of 1 on the
valleyfloors might not refiect scil wash, rather, it might show
a uniformity in the structure of the sediments within the top
45 cm of the soil profile. Further quantitative analysis of
the relationship between the shear ratio and the other soil and
land characteristics might provide valuable information on the

valleyside properties.
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From the discussion above three main conclusions can

1)

2)

3)

1)

The steeper the slope angle the less cohesive is
the soil of the top 45 cm in the Ulu Langat
District.

The 1ithology of the parent materials influences
soil attributes investigated.

The attributes combine to indicate that the top
45 cm of the soil profile in the Ulu Langat
District is delicately balanced, and that poor
s0il and land management tips this balance in
favour of serious soil erosion, even on slopes

as gentle as 3°.

The fact that slope angle correlates negatively with

aggregate stability, silt + clay fraction, and shear strength,

suggests that the higher the slope angle the less cohesive

is the soil. The widespread incidence of slumping processes

(Plates 16 and 17) which occur on steep slopes in the District

bears this out. Yet this conclusion is in contrast with Eyles's

(1968a, pg. 129) findings in another study area that "slopes on

soil of higher shear strength stand at steep angle'. This

difference in results might be explained by the fact that Eyles

(1968a, 1968b) conducted his investigations on soils under matured
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rubber plantations, especially since the difference is most
marked in the present Land Categories 4 and 5. Soil samples
drawn from these Land Categorics were largely from areas under
bush, or forest, cover. It might be argued, therefore, that
the condition of the shear strength is affected by cultural
disturbances.

2) The lithology of the parent materials influences
the characteristics of the soil attributes investigated,
especially the silt + clay fraction and the aggregate stability.
In general, low silt + clay fraction (high clay ratio) is asso-
ciated with soils developed on arenaceous formations, younger
granites, and summit laterite. The highest fractions are
associated with soils developed on argillaceous formations.
Soils with low silt + clay fraction are associated with high
aggregate sk@bility. The coaser the sand content of such soils,
the greater is the aggregate stability. Soils on sumits with
laterites are associated with high aggregate stability and high
shear strength. These characteristics of the soil attributes,
as conditioned by the lithology of the parent materials, affect
soil erosion as explained earlier.

3) The soil and land attributes investigated in the
Ulu Langat District indicate that the top 45 cm of the surface
soil is so delicately balanced that poor management can tip the
balance in favour of soil erosion on slopes as gentle as .
Evidence of poor land and soil management is abundant in

the Ulu Langat District, in ferm- and forest- lands, as well
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as in mining areas. Human and machine tracks are located across
contours in steep areas. Surface drainage channels are inadequate-
ly diverted in farm and mining areas. Plate 18 shows a diversion
which is “carved" for surface run-off on a slope steeper than

20°, where other signs of poor land management (for example,

bared hillslope) are also evident. Plate 19 shows the diversion
of a stream in a mining area. The man-made channel is evidently
inadequate to carry the floodwaters of this stream, and the channel
is so close to the raod that parts of the road might be flooded
during periods of heavy rains. In many areas terraces are cut

so deeply, and inter-terrace distances are soO short that terrace
walls easily slump and crumble, as shown in Plate 20.

There is no doubt that these forms of poor land manage-
ment accelerate the rate of soil waste in the study area, where
the soils are very susceptible to soil erosion and mass movement.
Silting in the valleyfloors indexes, among other things, the
soil wasted through bad land management. Reports on the amount,
of silting from various parts of Vest Malaysia, including the
Ulu Langat District, usually cite poor management as the escalator
of soil erosion (see Wycherley, 1969; Douglas, 19692). The
importance of the surface soil to land utilisation has been
indicated. Good soils 'are a national heritage, and should be
preserved from decimation' (Henderson, 1961; pg. 71). It becomes

the responsibility of man, therefore, to see that this important
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national resource is not wasted away, by poor land management,

from where it is needed most.
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CHAPTER 7

DISCUSSION AND CONCLUSIONS

It was stated in Chapter 1 that the central aim of this
study was to show how a geomorphologist, aided by maps of other
land indices, could compile a "user" landform map, as a contribu-
tion to man's contemporary development needs. It was sugges ted
that the compilation of such a land evaluation map would involve
the selection of a suitable land parameter as the dominant attrihute,
and that the slope of the land could be employed as such to classify
and compile such a landform map. It was also suggested that tech-
niques would be designed to obtain and classify slope values
from topographical maps, and that the accuracy of these techniques
and the validity of the landforms, which were to be based on the
slope values, would be tested. In addition, it was specified
that soil erodibility and mass movement would be studied within
classified land types. These objectives were to be attempted by
a combination of morphometric analysis and landform mapping
techniques, which would involve the designation of land types
for utilisation.

It seems that the techniques employed to obtain, and

classify, slope values from the base maps are suitable for these
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operations at the scale of the base maps. Statistical tests
(discussed in Chapter 4) have shown that a high, and positive,
correlation exists between map and field-derived slope values.
The correlation between each field variable and the map
variable has been shown to bc significant at better than 0.1%
level (r-values range from +0.84 t0%0.99). This correlation
compares favourably with the correlation obtained between map
and field variables by Swan (1970b) who has employed a different
method of slope determination. The slope classes, which were
determined in this study, have also been found to be sufficiently
different, one from the other, for them to be viable as individual
classes. It has been demonstrated that at least 70% of the area
within a slope class has slope values which might be less than,
or equal to, the mean slope value for the class. Since the classi-
fication of the slope values was based on existing slope
classifications for West Malaysian physiographic conditions
(Leamy and Panton, 1966; I.long, 1966), combined with slope
classifications based on theoretical, morphological, statistical,
and technical-economic requirements, it can be concluded that
the slope classes can be used as 2@ basis for the compilation
of a "user" landform map.

The discussion in Chapters 5 and 6 suggests that the
slope of the land, which implies the slope classes, has been employed

successfully as a dominant 1and attribute to classify, and map,
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the land-surface of the Ulu Langat District. The Land Categories,
identified principally on the basis of the slope of the land,
have been shown to be real, and to be sufficiently different
(in terms of soil and land attributes), one from the other, for
them to be valid as separate Land Categories. The use of the slope
of the land as the main -land attribute for the classification of
land types has made it possible to show that different slope
components are potentially suitable for different uses.
Differentiations of this type are essential to adequate allocation
of the land for utilisation.

Morphometric analysis of the valleyside properties -
in most of the Land Categories (Chapter 6) has stressed the
influence of the slope attribute on soil erodibility and, hence,
on the utilisation of the land. It was shown that very serious
s0i1 erosion and mass movement occur in Land Categories 3 and
4 where steep slopes have been. disturbed by human activities, and
that serious soil wash occurs on slopes as gentle as 36 in
disturbed areas. It scems, therefore, that the hypothesis which
states that slopes gentler than 57 are depositional ones is an
illusion in the cultivated, or disturbed, areas of the Ulu Langat
District. Similarly, it appears that a slope angle of 1° is not
an adequate threshold value to indicate the lower boundary of slope
values for which a terrace-cropping technique should be recommended.

Very serious gullying and slumping processes have been shown to
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occur on slopes which are as gentle as 5° in the Ulu Langat
District (Figure 22). A similar result has been obtained in

the Johore State where gullies of 1 - & m deep occur on picdmont
slopes which average 4.25° (Swan, 1970c). It was also shown that
the soil attributes analysed act in combination to limit the
influence of slope angles on soil erosion, but that their
combined effect is low and inversely rclated to the angle of
slope. Consequently, the top 45 cm of the soil profile in the
study area has been found to be delicately balanced and poor

land management wastes away this valuable soil layer. It appears,
however, that the presence of laterite in the soil profile is a
stabilising factor. It might be in the best interest of soil
conservation not to disturb laterite zones in the soils of

summit areas.

Since the central objective of this study is the
compilation of a "user" landform map, precise designation of the
classified land types for utilisation has been an integral part
of the study. It can be seen (Chapter 5) that the Use Classifi-
cations of these land types have been based on the results
of morphometric analysis, and on the results discussed in
connection with published soil, drainage, and landuse maps. The
emphasis on agricultural-type land utilisation is deliberate
because the study area is agricultural land, and because the

current concern of the Malaysian Government is the diversification
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of both cash and food crops (for example, the speech of the Sultan
of Selangor, The Malay Mail, Movember 30, 1970, pg. 2; and part

of the objoctives of the Sccond Malaysian Plan). Although agri-
cultural landuse has been emphasised, the importance of slope
values to a "user” landform classification does not end with
farming-type land utilisation.

Slope values arc considered an essential land attribute
by workers concerned with non-agricultural landuse. For example,
Chigarkin (1963), Dowling (1968),. and Beckett and Webster (1969)
have discusscd the importance of the slope of the land in relation
to the construction of Highways and rail-roads. It has been
shown that the slope of the land is an important consideration in
land evaluation for hydrological purposcs (Beckett and Webster,
1969; Emmett, 1970), and for military intelligence purposes
(Pc1tier and Pearcy, 1966, fiiller, 1967).

It follows, therefore. that goomorphological studies,
especially those involved with land-surface maps, can be of practical
utility. If it is agreed that geography is 'an inescapable basis
to land planning' (Freeman, 1958: pg. 13), then applied, or
functional, geomorphology is ~n ossential basis to land evaluation.
It has been contended that thc nature and the content of applied
geography involve 'investigation, interpretation, and integration
of the various varied earth fcatures, in so far as they help
solve world's problems' (Stamp, 1963; Pg. 10). The nature and
the contant of applied gcomorphology also involve these factors.
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This applicd aspect of geomorphology is an important challenge
in the discipline today, especially in developing countries
such as Malaysia where emphasis is still placed cn land develop-
ment projects of various types.

It is certain that geomorpho]cgica1 contributions of
tha applicd nature would help land users to understand the resources
at their disposal better than might otherwise be possible. This
acquired insight would help the planners to ‘work with, instead
of against,the matural processes® (Mycherley, 1969; pa. 9); for
unless the totality of the resources, attributes and limits of
land types are recognised, ¢ count-y faces the prospect of un-
balanced dovelopment (Renwick, 1968; Pullan 1970). It cannot be
agreed more that the system torrain evaluation represents 'a
major, cven reveiutionary, advance in the field of physiographical
analysis', and that it 'should be developed at both the national
and the international levels' (Desai, 1968; pg. 263). It seems,
therafore, that the main contribution of the present work is the
concept that binds together the verious aspects of the study;
namely: the combination of tcchniques. results, and the utility
of the results, plus the assessment of the accuracy of the

techniques and the validity of the classified landforms.

Suggestions for further studies

Certain aspects of this study, especially the morphome-

tric aspects, indicate apparent lines for further studies.
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2)

3)

4)

5)
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The technique used to calculate slope values from
the topographical maps would necd to he converted
to a form suitahlc for computerisation before it
can be of gencral, and quick use. This would
involve the recognition of different pattern-
systems for different scales, and unit sizes.

The slope classification designed for the study
area could be tested in other humid tropical
environments, in order to determine whether the
slope classes will be suitable for land planning
purposes in such areas.

The land classification and Use Classification
designed for the study area could be undertaken ona
national level. lore precise Use Classifications
can be effected by a study of soil/crop-suitability
relationships.

The influence of cultivation on s0il structure and
strength could be determined quantitatively by
controlled analyses of selected soil attributes

in both cultivated and non-cultivated areas. The
shear ratio, defined in this study, could be one
of the soil attributes to be selected.

There is a need to quantify the relationship
between types of 1and management on particular



- 195 -

slope forms and the rate of soil waste on such
slopes. Admittedly, this type of investigation
lies outside the scope of this study, but field
observations revealed that investigations along
this 1ine would be valuable to soil preservation
and, therefore, to adequate and effective land
utilisation.

It is believed that studies in terms of these suggestions would
explain the characteristics of land types in greater detail.
More detailed explaination of land types would, certainly, make
the capability, and the designation, of the land types for

various uses more precise.

********ﬂi*ﬂ*ﬂm
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APPENDIX I

SLOPE SAMPLES: MAP AND FIELD VALUES

No. | Map(X)° sz:z;: 1,)° Miéﬂgz)" F.70-p(1y)" uegigc(l‘fa)
1| 13 12 12 15 11
2 | 4 6 5
3 4 4
4 2
51 0 0 0
6 | 21 21 21 20 18
7|1 11 10 12 10
8 | 11 7 7 11 7
9 | 11 12 13 10

10| 0 0 0 0 0
1| 1 13 14 14 13
12 | 11 12 14 16 14
13 | 10 11 11 10
“wl| 2 7 6 7 6
15 | 3 19 28 26 23
16 | 16 13 14 14 13
17 | 14 17 16 19 17
18 | 10 11 10 11 10
19 | 15 14 15 15 14
20 3 2 1 2 2
21 | 16 15 18 16 14
22 | 17 17 17 19 17
23 3 3 1 3 2
24 - 4 b4 b 4
25 6 5 6 6 5
26 | 7 8 7 8 7
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e o o
(¥,) (¥,) (¥,)

o]
(¥,)

x)°

13

15

12

14

12

11

i 5

12

14

11

10

13

14

12

11

12

12

11

10

17

18
19

17

16

18

18
18

18

18

12

15

12

13

12

12

10

14

18

10

19

14

11

10

12

12

11

No.

27
28
29

30
31

32

33
34

35
36
37

38
39
40
41

42

43

44

45

46
47

48
49

50
31

52

53
54

55

56
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APPENDIX I (contd.)

No. | (x)° X, 3 o i (¥,) (x,)
57 4 3 3 3 3
58 | 26 24 26 26 26
59 5 5 4 5 4
60 18 20 18 26 18
61 8 8 8 8 8
62 | 26 25 26 26 26
63 | 12 11 15 14 10
64 30 29 31 31 30
65 | 13 13 15 13 13
66 11 9 4 9 8
67 9 8 9

68 3 2 1

69 15 17 17 20 17
70 11 11 11 11 11
71 8 7 8 8 8
72 | 25 24 22 25 22
73 8 6 7 7 6
74 14 15 16 19 16
75 | 17 17 13 17 13
76 6 7 3 7 7
77 | 14 14 20 14 12
78 21 22 16 22 22
79 | 21 23 28 27 22
80 | 20 19 17 21 18
81 | 24 23 18 25 22
82 7 7 7 8 7
83 1. 318 12 13 13 13
84 | 11 10 13 12 11
8s | 2t 26 29 29 26
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APPENDIX I (contd.)

No.| (X)° (Y1)° )° (¥y)° (x,)
86 8 8 9 7
87 | 10 5 6
88 | 10 10 11 11 10
89 | 15 15 18 18 15
90 0 1 0
91 5
92 7 7
93 4 5
9 | 11 12 11 13 11
95 2 2 2 2
96 8 8 2 14 3
97 | 13 14 13 13 13
98 | 17 15 17 16 16
99 | 26 25 28 26 24

100 | 14 18 10 21 19

K = 100.



= 423 -

APPENDIX 11

BASIC DATA OF SOIi. AND LAND ATTRIBUTES INVESTIGATED

(a) : SUMMIT AREAS

silt + S/S = Agg. Shear Shear Elevation

clay %7 Clay Stabi- strength Ratio (metres)
Ratio lity 7 g/cm (Y2) (Y3)

) x) (1)

79.04 0.27 65.95  210.93 0.92 16
o 2654 2.77 95.45  246.09 0.50 14
> 59.64 0.68  58.30  351.55 0.75 17
S 80.94 0.24 74.40  281.24 0.75 34
§54.72 0.836r. 53.95  316.40 0.67 56
60.22 0.666r. 49.75  246.09 0.50 31
g 57.75 0.73 57.35  228.51 0.77 18
62.20 0.61 58.30  351.55 0.85 22
32.87 2.04 60.80  351.55 0.45 36
w 57.60 0.74 35.10  316.40 0.67 76
> 69.20 0.45 43.70  316.40 0.56 40
3 57.16 0.75  41.70  175.78 1.00 69
g 76.56 0.30 42.50  333.97 0.63 31
g 64.44 0.55 61.85  281.24 0.44 23
87.00 0.15 62.45  246.09 0.86 30
76.80 0.31 60.55  333.97 0.47 44
62.86 0.59 67.95  351.55 0.70 33
<+ 55,15 0.81 49.85  316.40 0.22 56
g 60.98 0.64 73.65  298.82 0.71 52
5 55.03 0.82 76.50 246.09 0.57 16
64.58 0.55 72.50  281.24 0.56 49
% 57.16 0.75 60.70  281.24 0.63 63
64.86 0.54 39.75  246.09 0.64 36
59.64 0.68 60.45 351.55 0.50 28
61.70 0.63 58.27  316.40 0.56 58
RN AT.080.0,030 . 8535351, 55 0490 ciniome SiNE
& 42,90 1.33Gr. 94.00  193.35 0.45 48
g 42.00 1.38 59.20  316.40 0.22 59
S 28.10 2.56 71.05  316.40 0.17 77
g 48.40 1.07 74.05  298.82 0.29 28
45.80 1.18 83.35  263.33 0.27 30
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APPENDIX II (contd.)

(b): STEEPEST SLOPE AREAS

Maximum Silt + S/S - Aggregate  Shear Shear

Slope v clay clay Stability Streggth Ratio
x,) % Ratio % (Y)) g/cm”(Y,) (Y3)
(X,)

64.52  0.55 65.65 351.55 0.75

o 8 36.20 1.76 71.20 210.93  0.83
o 7 62.80  0.59 71.50 210.93  0.50
3 15 67.96  0.47 66.80 246.09  0.64
g 19 65.79  0.52 46.60 333.97 0.32
20 48.92  1.04 73.57 193.35 0.82

% 18 4550 1.21 73.55 263.66 0.67
18 52.60 0.90 69.95 316.40 0.67

29 66.16  0.51 43.20 316.40  0.45

| A 52,30 0.91 51.10 333.97  0.42
¥ 17 51.24  0.95 72.45 210.93  0.83
g 17 55.96  0.79 58.60 246.09  0.86
g o 77.64  0.29 60.75 263.66 0.67
g 18 59.87 0.67 72.05 298.82 0.71
8 67.56  0.45 76.25 193.35 0.91

20 68.87  0.31 60.55 333.97  0.47

16 64.90  0.54 67.80 351.55 0.65

. 29 59.82  0.67 50. 30 281.24  0.44
g 35 40.54  1.47 67.85 351.55  0.50
E 11 60.76 0.65 80.75 281.24 0.63
S 31 62.38  0.60 60.77 228.51  0.69
%‘ 32 63.60 0.57 57.75 210.93 0.42
23 66.46  0.50 53.80 281.24 0.69

15 62.15  0.61 59.67 193.35 0.64

26 57.70  0.73 61.95 351.55  0.60

: 21 50.20  0.99 87.07 316.40 0.67
& 28 53.70  0.86 91.75 246.09 0.36
é 31 49.36  1.03 73.75 228.51 0.62
3 32 51.94  0.92 63.30 105.47 0.83
§ 24 52,10 0.92 76.45 158.20 0,33

47.10 1.12 85.85 263.66 0.73.
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APPENDIX II (contd.)

(¢) : VALLEYFLOCR AREAS

Silt + S/S = Distance Shear Shear Aggregate

clay Clay from Streggth Ratio Stability 7%
% Ratio Crest g/cm (Yz) (Y3)
X)) @ X)) (%)

7.02 13.24 260 210.93  0.75 95.85

o 29.97 2.3 300 35.16  1.50 87.70
> 38.84 1.58 255 87.89  1.40 76.85
S 37.44 1.67 230 193.35  0.64 77.28
S 64.72 0.54 268 263.66  0.47 66.60
% 63.94 0.56 200 105.47  0.67 53.90
48.96 1.04 228 158.20  1.00 77.90
75.20 0.33 180 35.16  1.50 60.47
73.38 0.36 153 158.20  0.78 72.25

- 46.64 1.14 270 105.47  0.33 90.25
> 50.28 0.99 255 35.16  1.00 95.10
% 46.00 1.7 497 35.16  1.00 76.00
S  59.76 0.67 180 140.62  0.88 78.70
g 69.94 0.43 205 158.20  0.89 82.70
45.52 1.20 300 87.89  1.60 94.75
51.82 0.93 260 35.16  4.50 79.00
52.82 0.89 228 316.40  0.39 82.90

<« 69.87 0.43 200 281.24  0.44 62.95
% 49.56 1.02 165 316.40  0.56 72.95
g 50.42 0.98 277 246.09  0.57 70.50
S 93.10 0.07 245 316.40  0.72 37.12
% 41.80 1.39 250 333.97  0.63 77.12
39.36 1.51 195 298,82 0.76 69.40

98. 54 0.01 225 105.47  0.83 60.85

= 27,6 2.62 240 175.78  0.70 90.75
B 41.90 1.39 160 351.55  0.60 94.50
g 20.66 3.84 215 351.55  0.25 99.10
< 52.56 0.90 230 316.40  0.56 88.30
49.42 1.02 240 316.40  0.56 82.90
%"*sm'gv TU0.96% 140 4 27% - B w3 G ¢ 7, a2
45.38 1.30 120 333.97  0.63 93.40
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APPENDIX 1I (contd.)

(d) : ON SOME FLOODPLAINS

silt + clay gand/silt + clay Aggregate

A Ratio stability %
75.58 0.32 86.75
85.80 0.17 32.25
S 27.00 2.70 87.20
o 32.26 2.09 79.10
&  69.98 0.43 64.35
% 94,42 0.06 42.55
57.26 0.75 80.70
72.54 0.38 67.45
91.74 0.09 92.25

9 33,60 1.98 96.55
= 88.58 0.13 81.20
8 9144 0.09 87.25
% 53.06 0.88 89.40
76.74 0.30 67.00
64.58 0.55 98.00

——
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APPENDIX III

Statistical formulae and notations employed in the study.

Arithmetic mean (X)
G . ..........co08000
f
wherez- sum of all,
X = wariable analysed
f = frequency of each domain of X.

Standard Deviation (o)

—
2 288 - X)
6 = . Ceiee dansesrvaayd, (BEASLAY, 19041
n~-1 Monkhouse and Wilkinson, 1971)

where n-= 2§

Null Hypothesis : t (of mean)

52 ]

t = . P,

/ 33 " sz ] (Monkhouse and Wilkinson, 1971)
“n_ - n-1 )

where S = sample standard deviation
aand b = variables X and Y respectively

Coefficient of variation (CVZ)

o
CVZi = —— X 100 PR

X (Harper, 1965; Bajpai 1967)

Pearson's Product-moment Coefficient of Correlation (r)

T = w‘ ..........-5

Mo yOy (Harper, 1965)

waere X,Y = variables X and Y respectively
and n = number of pairs of variables
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Coefficient of determination (rz) ... (Bajpai, 1967; Doornkamp
and King, 1971)
Fisher's 2 transformation of r z)

7 = 1.151290 10gI(——T) ceerieieanaeentb

L wE (Bajpai, 1967)
Standard error of 2 (ﬂ‘)
1
SE = e o---a--.n--t.on-v--o.oo-?

(Bajpai, 1967)

where n = number of pairs

z = L . S e e R
z (Bajpai, 1967)
where Zs w Z.0f nq'nle

zp = 7 of population, assumed to be O.

Student's Test of Significance .... t of r (t)

' rz(n- 2)
t = 3 .l el A

1=z 'with n - 2 degrees of freedom

(Monkhouse and Wilkinson, 1971)
where n = number of pairs

Regression of Y on X .. Y/X

Y/X _ {:(Y-?) 8 _ff_(x—izl......lfl

X
(Monkhouse and Wilkinson, 1971)

Coefficient of Multiple Correlation (R)

Iy o 2 2 oA L
R, .2345 7 1- 087" )0 - 1,07 14:23)(1 15,234

(adapted from Ezekiel, 1930; Croxton and
Cowden, 1955)

where 1 is the dependent variable
and 2,3,4,5 are the independent variables.

R2 = coefficient of multiple determination.
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