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ICHTISAR.

Sifat-sifat geometri c/ari bentangalant teluh diuku' setiara kwanlitas, se-
perti uttuk kebctniakan usur-tutsu' 4aerah oliran don bebcrapa mengenai
gunung dan penlebarcn dari darotatt tkut air. Hantpir senaa siJut daerah
aliran didasarkail aios suotrl sistint tetil-otilr alircu (streant ordering)

Dalant praktek telah dapat tlipastikan bcberapa ltuburtgcut antata uilsur-
unsur bentangahtnt nnsing-nnsing, scpert i hukunt-lrukuin dluntlah surgai,
pandjang sturgai, terdjw sungai, luas tlaerah aliran,'contiibuting areas':
'cottstant 

oJ' chamtel mainlenrttce'; 
'tlraittage 

tlettsitl' oud te,\ta'e ratio';
'reliefratio';'ft1,ps6n1etric 

intcgral' utul; duerqh aliran cltut untuk gu-
nung; 

'frequency 
distributioti lari pandiang smrgai; maksinam dari

lereng lembah. Seluwliutdia trtasih dupir ililnropkur husil-hasil iang
menarik dari konsepsi' 

'giometrical 
sinilurity' dttri duerah aliran .serta

c{qri teori pola peniebcror tlaralnn dan sir.

Peta-peta topografi Indonesia iottg ketelitiarilie sattgat baik sudah me'
mungkhrkan penjelidikart geonrorJblogi kwantitatif tlisitri. Sebagai per-
mulaan penlelidikan rnarrye n<ti 

'tlruittage 
<lensitt, and te.rture ratio' ,

hypsometric' itttegral', lereng lcnbah nnksintum dan'relief rctio' dapat
dilakukan guilo nrcmperoleh arryka-cngka utruk nembeda-bedakan ben-
tangalonr sebogcti hasil iori iklint trrtpiku lenbab dan iang dibentuk
oleh ikllm s<'dang letnbab 1l;eritig.

ABSTRACT.

Quantificatiotr of IandJbrms ltqs been e.\ecuted for most watershed
elements ancl adjacent sl<tpes nul sotne corrcerning nrountain and dis-
tribution pqttern of latul artrl water. Alncst ull watershed choracteristics
are based o,r the s)'stetn of streant orderifig.

Empirically certain statistical rclotions of lattdscape elements have been
proren to e.rist betotd tlcubt, like the laws of streamnunbers,stream
!engths, strcan slopes, drainage basin areas, contributing areas; also',
conslant oJ' chanrcl naintenance; draitnge density and texture ratio;
relie/ ratio; hypsometic itilegtals for drainage basins arrl mountains;

frequency clistribution of streairt lengths ; ttraxintunt valley side slopes.
Furtherntore, interestiilg re.sulls mav bc expccted from the coilcepts of
geometricai similarity oJ'drainage basirts, and the distribulion paltern
oJ'land and wttler.

The good to e.tcellent quality of Iilclotrcsien topographic ntaps invite an
inunediate investigaliott of clrainoge density and te.Yture ratio, h''pso-
ntetric integra!, nvxinuun rallc.v sicle slopes, ancl relief ratio in order
to obtuirt quatttitative prooJ's i;t distinguishing landfornts as products

of the hurnid tropics from those of tlrc temperate hunidldry clitttates.

tl

i$
' !

1

I : {S ' i ' I f 'U] '  TEK\OLOGI B\ \DUNG



126 CI'.Olrli 'rRIC PROPERI'IIrS OIr L.1.\DSC-{.Pt,lS

I N T R O D U C T I O N

The irnportant paper by Horton (1945) provided the science of landscape s,
geomorirhology, with mealts for kinematical analysis beside the usual geome-
tric analysis. This evolution was made possible by quantif ication of lar-rdform
elements -l ike length of streants, areas of drainagc blsins - both i l lustrating
dimensional propertics, and stream numbers representing a dimensionless
feature of iandfonns. Quantif ication of landfonns was already practiced
before Hortoir 's contribution in 1945; however, it wes trot done in a compre-
hensive way. Examples may be given l ike by himself (1932), Gilbert (1914),
Juday and Birge (1941),  Putnam (1917),  Rubcy (1933),  Shaler  (1899),  and
Shulits (1936).

Quantitative analysis of these dimensional and dimensionless properties
of landiorms during thr past fifteen year has resulted in remarkable statistical
relatioirs, such as coitstant number of stream segment per unit basin area
in given physical conditions, number of streams decreasing statistically with
increasing stream order (to bo defined). Statistical tests and recurrence of
similar or equivalent relations in dift-erent areas under different physical
conditions, e.g. ciimate and lithology among others, have proven the validity
of these relations b:yond doubt. In fact several students of quantitative
geomorphoiogy see morphometric laws in these relations (Strahler, 1957;
Chorley, 1957 a).

At present most countries rvith advanced scicntific knorvledge practice
quantitative geomorphic analysis, although the nurnber of quantitative geo-
morphologists is sti l l  very small.

Next to Horton, Prof. A.N. Strahler of Columbia University, New York
City, N.Y. in the United States has dorre much to promotc the knorvledge of
quantitative geomorphology as is apparent from his work (Strahler, 1950,
1952 a, 1952 b, 7954 a, 1951b, 1956, 1957 , 1958) and his students' l ike Smith
(1950, 1958), Schumm (1956 a, 1956 b, 1957), Morisawa (1957 a, 1957 b),
ar id  Mel ton (1958 a,  1958 b,  1959).
Otlrer Americans arc Langbein (1947), Chapman (.1952), and Maxwell(1955).
Fronr Great Britain lve kuow Chorley (1957 a, 1957 b, 1957 c,1959, and 1961
rvith Carter), Drury (1951). From Japan Tanaka (1957) andYoshikawa (1956)
are knoivn to have analyzed landforrns in a quantitative way.
In the Netherlands tsakker and Le Heux (1946, 1947, 1950, 1952) contribu-
ted to larrdform qurntif ication from a ditferent angle than Strahler's School;
sti l l  another apptoach is being nursed by Wickman (1962).
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The practical value of quantitative geornorphology has bcen largely recogni-

zed, although some geomorphologists are sti l l  reluctant to give this modern

development in landscape analysis its due credit (Thornbury, 1954). In the

U.S.A. quantitative geomorphology is extcnsively rrsed in studying practical

problerns of streams, l ike by tsrush (1961), Hack (1960 a, 1960 b), Leopold
(1953,  1956,  1957),  Mi l ler  (1958),  Wolmrn (1957).  A wel l -deserved recogni-

tion may well be illustrated by the firct that at Columbia Univelsity research

of quantitative analysis of crosional topography is sponsored by the Office

of Naval Research, Geography Branch, Project NR 389 - 042. Qua.ntitative
geomorphology is norv applicable in problems of soil erosion, sedimentation
engineering, hydrology, and rnil i tary science (Strahler, 1954 a).

By its quantitativc and dynamic nature this modern extension of geomor-

phology leans heavily on statistics and hydrology beside the generally

rcquired knowledge of physics, chemistrl,, and mathernatics of gcologic

cducation at Indonesian or American universit ies.

GEOMBTRIC PROPERTIES MEASURED AND CALCULATED.

Certain relations betwecn different dimensional and/or dimensionless
properties of landscapes can be plotted as strai-eht-l ine functions on semi-
logarithn,ic or double logarithmic paper. Others are graphically reprcsented

by bar-graphs, or by a combirtation of concave, straight and convex curves -

l ikc hypsornetric functions -; sti l l  others are adequately i l lustrated by mere
algebraic functions.

In the follorving paragraphs some representative sanrples of morphome-
tric relations are grouped into (l) straigJrt-line functions on semi-log or
logJog scales, (2) concavc-straight-convex functions on arithmetic scales, (3)

histograms, and (4) other graphical or algebraic representations.

Sorne subjects in the following discussion are only touched in a sketchy
w&!r others are treated more extensively. For a more or lcss complcte
coverage of this subject the reader is referred to the cited original papers
lvhich are l isted according to author at the end of this discussion.

This paper tries to give some insight of the achievemcnts of the modern
branch of geornorphology and to awaken interest among studcnts of Indo-
nesian geomorphology for the subject.

Strednt orclers. The basis of most geometric properties of drainage basir-rs is
the concept of stream ordering. On topographic maps the network of stream
charrnels in a given rvater-shed is classed into orders of channel segmcnts.
Ordering is done as follorvs (see also fig. l).
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Fig. l .  The systent of st leanl otdering. Basin
l lh  (K .  Kandr i .  S .  o f  Gunung N4 idangan,
Lokulo region, C. Java). The largcst part is
underlain by hornfels, i ts northern quaricr
by marls. Scale I : 25.000.

Order Number of stream Lcngth Total
segments (k-nr) lcngth

(km)

3 1  6 . 9
7  2 . 1
2 .9 10.4
t  . 5

perimetcr(km) 3.9 Birsin area(kmr; .81
rel ief (m) 325 Nurnber of crenu-

Iat ions
Basin length, max. (m) 1600
Mean basin rvidth (m) 700

t 9

The unbranched channel segments
are given tl le order 1. Two or more
first older segments .join to form a
channel segmellt of 2nd order; two
or nlore 2nd order segments join
into a 3rd older chall l lel, and so
on. A first order segment which
join one of higher order does not
chalige ihe order. The trunk stream
of any given basin has the highest
order, a-nci t l-ris order is also as-
signcci to th:' particullr drainagc
br.sin.

Th: a.bove given systenl of stream

orde ring has becn advoca.ted by
Str:rhler (1954 a), rvhich cancels out
aln.rost ev€ry subjective interpreta-

tion ir, sclecting stre am segments for

orderiug. It is preferred above the

more subjcctive syilterns of Grave-

i ius (1914) and Horton (1945).

For acle qriate accuracy Stral-rler
( i954 a)  has a lso advcr t ised the use

oi  l r . rgc scc ie to;ographic maps of

tire order' 1 : 24.000 or larger. Fur-

ther on, all charir"rel segments should

be counted in the analysis, i.e. each

inflection of contour l ine represent

mav bs. This coircept has been tested

I
2
J

4

Basin
Basin

a streanl chtnuel, horv sr.nall or dr.y it
to be tme (Morisarva-, i957 a).

The system of stream ord:ring proJoses that older number is directly
proportional to drainage brsin dinension, channel size, and stream discharge
at that place in the network. Thc dimensionless nature of order number
facil i tates comparing drainage basins of different scale (Strahler, 1957).

I. Straight-line functions on semi-log or log-log scales.

Law of stredm nwnbers. Hortou (1945) found tirat the numbers of stream
segments of each order form an inverse geometric series with order num-
ber. Numerous investigations has proven this laiv to be valid(Strahler, 1952;
Schumm. 1956 a) .

vo l .  3 .  r .o .  3 .  pRoc l : r ; I ) I \ . ( i s  1965
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Figure 2a i l lustrates this law for the drainage basin of f igure I in the
Lokrrlo area, Ccntral Jlrva. The numbcr of strea.r.r.rs of cach order on the
logarithrnic ordinatc is plottcd against the l iucar abcissa designating strealn
order. The straight-l ine plot obtrrined for this casc is f ittcd by inspectiorr
and is reprcsented by the gencral formula:

Log No.  - -  a  -  bo

Wrerc No is numbcr t.rf strea.ms of order o, a is a corlstaltt, b represer.rts
the slopc of the l ine or also called reglcssion cocfficiclt, and o is the
particular ordcr. ' lhe 

tnti-loga.rirhm of b is equivalent to Horton's (1945)
bifttrcutiort rctio rt). fhe bif.urcation ratio is the ratio bctrveen mrmber of
stteam segments of a given order to thc number of segrnents of the next
higher orcier. lt hns bcen found that the trifurcation ratio is a very stable
nunber from regiclrr to region, cxoept wherc gcologic controls dominatc
(Strahler ,  1957).

La.w o/ stream Iengths. Horton (1945) dcfincd the Larv of Strcam-lengths as
"the average lengths of streams of each of the clifferent ordcrs tend closely to
approximate a dircct geornetric serics in which the first terrn is the averagc
length of stream of the first ordcr" (f ig. 2b). Thc mathernatical function is

L o g  L . o  - _  L o g  r r  o  - - - c  . . . .

wherc Lo is nrcan length of streams of orclcr o. r, is the rncan length ratio
(which is the mcnn ratio of t l 'rc mean strcxm lengths of one ordcr to those
of the next lotver ordcr), o is the particulrrr ord.er, ancl c is a collstant.

Eutpirically it was found that the above said relation rarely is a str.right
l inc. This fa.ct is probably due to Strahler's system of stream oldering,
which cli l fers from Horton's (1945) and chorley's (1957 a). Therefore, Strah-
Ier (1957) suggcsted to plot the logarithms of total stream lengths of each
order (Log )J lo) ngainst the logarithms of strerm ordcrs (Log o). I{ere a
straight-l inc Plot bccomcs rrppnreut as an irrvclsc loglrithmic scqlrellce
(Fie.  2c) .

Law of strcotn slopcs. Agrin Horton (1945) suggested that slopc of
streams a.nd stle am ordcr arc rclatcd by an inverse geonctric series.
Chorley (1957 a) fourtd this to be largely truc for thc three areas he stucliccl.

Law of t lrainagc basin ureus. Schumm (1956 a) found that drainage basin
arcas increase u'ith increasiug nrestcr strclln (i.e. basin) ordcr according
to a dircct gcometric scrics. This law hrs trecn verif icd, lr lorrg others by
Chor lcy (1957 a) .

( r )

(2)

] i l ) . .D t  i rG
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o a

a. Law of streanl nulrlbers; No is number of streams
of order o, o is stream order.

b. Law of stream lengthsl lo is arerr ige streanr lengtlr
of order o. o is stream order.

c. Revised law of streanr lengths; I  ln is total
stream lengths of order o, o is streanr order.

r

Lurr of contributittg rlrcaslConstant of channel ntaintenunce,. Sclinrnm (l95tj a)
i l iso noted a reiation betwecn dlair.rage basiu areas and the sunr of the
channei lengths u'hich drain these corrtributing arer.s. Str.ahler (1957) mo-
difiec tl i is law and cholley (1957 a) coined rhe term for this relation as
Schumur's Lavz of Contributing areas' which is: "The relationship between
drainage basin areas of each order and the total strc:rm lengths contained
vrithin and supported by these arcas is a direct iogaritJrntic fuuction, the
regression coefficient of rvhich is unity, and thc vahre of the area when
the total stream length is unity cquals Schumm's (1956 a) "Constarrt of
Chlnnel Iv{rri nte ria.nce".
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Chorley (1957 a) fo.;nd in three rcgions of inaturely dissected sendstone
terrain withr-rut pronoriirce.j structnral cc'ntiol, t irat their geometiy is
indicated by uniform, dimensionless ratios. This fact r,vas discovered rvhen
he plotied the mearr areas of basins agaitist the mean leugths of con'cs-
ponding second, tir i id, and fourih order stieiims for rcgions on log-1og
scale. The straight-l ine piot is given by tire lormlrla:

Log A" :  c  : -  b  Log l "  (3)

where Ao is rnean basin area of order o, c is a constant, b indicatcs the
slope of t lte l ine, and 1" is mean stream length of order o.

Relief ratio. Schunrm, (195tia) defined the relief ratio as the ratio betrveen
total basin reliel ', i .e. ctifference in elevation of basin mouth and snmmit, and
basin length, measurcd xs the longest dimension of the drairrage basin. The
relief ratio thus indicates the overall slope of a drainage basin. Schurnm
(1954) i l lustrated the value of relief ratio with sediinerrt loss. By plotting nrean
annual sedimeut loss it-r acre feet Der square miie against the relief rrrt io
for a variety of small drainage basins in the Colora.do Plateau provinc,',
a n.)ore or less str;right I ine relation was found (Fig. 3).

Drainage clensill' snd ter-
ture ratio. Smith (1950)

has elaborated on the term
drainage density rvhich

he.s been defined by Hor-
ton (1945) as the a.verage
length of streasrs within
the basin per unit area
(Da : L/A). Smith added
a property to erosional
topogr:phy r rh ich he ter-
n:ed texture ratio: "The
r:rtio of tire numbcr cre-
nril i-t ions N on that con-
tour traving the maximurn
rlumber within a giver drai-
nage basin to the length (in

rniles) of the perimcter P

of  thc basin ( ' i  :  N/P)" .
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Fig. 3. Regression of sediurent loss
Schurnm (1954):

Ci.-\ O B

on rel ief rat io,

Plotting drairiage density (ordinate) against- 'Le;{iufe ratio (abcissa) on log-
Iog paper, h,: obt:i irrcd a strsight-l i i- ic ir lot rvhich is given by the general
f . rnnula:
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Plersfocene sedrments
- '  Coos t  Ronges,  Soufhern
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Fig.  4.  Drainage dcnsi ty und
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texture r.rt io, Strahler (1954 a).

L o g Y " - L o g a  f  b l - o g X  ( 4 )

In lris f irst study Smith (1950) found the function to be Log Y. : .220 *
1.11 Log X. In thc Badlands of Sor,rth Dakotr (Smith, 1958) this function is

Log Y" :  .225 - l -  1 .15 Log X.  Thc rnarkcd c lustcr ing onthe graph of  D6

and T enablcs Srnith to assign numbcrs to coarsc, utediunt, f ine, tnd ultra-

finc tcrtures of topography, rvhicit trc rcspcctivcly lcss thln 4.0, 4.0 - 10.0,

10.0 -  100.0,  aucl  norc than 100.0 (Smith,  1950,  1958).

Distributiort pallern o.f lanl otrti x'dter. Rcccntly Wickntatr (19(r2) began in

a statistical way to en:i lyze the distribution prttcrn of land and rvatcr in thc

glacial-lake coi.l l l try of Erstcrn Srvetlen (Fig. 5).

Hc madc usc of topographic maps of t ltc scalc I : 50.000 across rvhich

parallel l incs, mostly in E - W direction, ale laid irt regular intcrvals. Along

these lines distances are measurcd betwecrt onc sltorc and tlte ncxt across
land and across water. Distanccs of cach type are classificd according to

length end arc l isted as uurnbcr of distanccs larger thln l valnc t kilornetcrs.

Plotting uurnbcr of distr,nces on the ioglrit l turic ordinrrtc tgainst l incar

r, Sun ol chonnel lenglhs
ud 

Bos. or"o -

Pelflt ied Foresl

'  
I  l C o l r l o r n r o l i  I-T-|-+-i-{-Ffil+---J

l gneous,  me lomorp^rc ,  
|  |

c o m p l e x . C o o s t R o n g e s ,  l l l  i  |  |

S.Cofrfornro -1--4--1..1 | | N' nuntocl Jl

-J/
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valucs of distancos on- ti1? ab;issrr gcucr':r. i iy ;"iclcls a strr. ight-l i irc plot. I ir
f igrrrc 6 the heavy l ine depicts ihc stlaiglrr:-l ine rclr ', ioir anC the i ight curves
shorv the standard deviation- for this l i ire.

trVickman (1962) is of the opii i ion that this ana.lysis rnight ire vallable in
tlie fofmulation of a theory conceririnl; the relirtionships Lret,,veeir tectonics,
secliments, and othei relevant f lrctois. I{e proposeci a fr.rrther arralysis on
scr.les differctlt, thi.rr tlre one usecl in this strrd,,, aud for diffcrent i'egions of
the r,,'orld.

II. Concave-straight-convex ciJrves on arithmetic scale.

H.r'psornetric integral. Strahl.er (1952) a.rrd his s"ud-ents (Miller, 1953; sciiurnm,
i956; Coates, 1956) applied tl ie hypsornetric analysis - i.e. the relation of
horizontal cross-sectional draina.ge br,sins area to eieva.tion -to nunlerous
drainage basins of loiv order. Stra-hler (1957) described the method as follorvs:

"Figure 8 (Fig. 7 in this discussioir) i l iustrates the definit ion of ihe trvo
dimensioliess variabies involve<l. Tali ing thc dra.inage basin to be bounded
by vertical sides r,nd a horizoiital base piane passing tirrough the rnouth,
the relatir,e height is the ratio of i ieight of a gi., 'en contour h to total basin
height I{. Rela.tive area is the ratio lrorizontal cross-sectional aree a rrr
entire basiir arca A. The percentage hyilsornetl ic curve is a plot of thc
continuous function relating relative heiglrt y to relative area x.

As the lorver right-hand diagram of Figure S (Fig. 7) shorvs, the shape of
the hysornetric curve varies in early gcoiogic stages of development of thc
drainage basin, but once having a.ttaincd a.rr equil ibr.ium, or mature stage
(middle curve on grerph), telds to vary l itt le theleafter. Several dimension-
less attributcs of the hypsometi ' ic cur'\ 'e are me,n.surable and can be used for
cor'rlparativc purposes. These include the integ-iai, or relative area lyiirg below
the curve, the siope of the curve ai i is irf lection point, and the degree of
sinuosity of the curve. lVlany hypsonetric curves seeln to be closely fittecl
by thc model functiou shorvn in the lorver icft corner of Figure S (Fig. ?)
although no rational or mechanicrl br.sis is knor,l 'n lor ihe function.

Now that the hypsometric curves ha.ve been plotted for hundreds of smali
basins in a wide valiety of regioirs a.nci conditions, it is possibie to obscrvc the
extent to which variation occurs. Generally the curvc iriopcriics tcnd to be
stable in homogeneous rock lnasses and. to adhere generally to the sarne
curve family for a given geologic and clintrLtic coml;i iration."

Choricy and Morley (1959 a) have advanced a siinplc solutiorr in ap-
proxirne,ting the hyrrsometlic integral through rnathematical ana.lysis.

Yoshikawa (1956) applied hypsornetric analysis io rnouirtain regions and

to r . .  3 .  : s i t .  3 .  p i l r t c i , i :D I \cs  1955
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found some paralnetcrs indicative of geomolpli ie age and the nunbcr of
mountairl summits.

ilI. Histograms.

f rcquency distributiort o.f streant lengths. Length o1'stream channel geoerally

i l lustrates the scale of other units of a drainage basin. For certain drainage
basins Schurnm (1956 a.) studied their stream lengths riccording to their fre-
quency distribution (Fig. 8). It has been found that stream lengths are

skewed right, but by using the logarithrrr of le ngtJr the skewness can be largely

corrected. Strahler (1954 b) used arithmetic mean, estimated population

variance, and standard deviation to describe differcnt drainage networks.

W. Other representations.

Dimensioncl dnaly5it antl geornett ' ical sitnilarity. For correlation studies

of drainage basins which only differ in size but are geometrically similar,

Strahler (1954 a) proposed an ingenious rnethod. Figure 9 i l lustrates tlre
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principles of the concept of similarity. ln thr: follorving scction we rnay
ci te St t 'nh lcr 's  (1957,  p.913-913) orvn cxplanrr t ion.

C r l A r , l N E L  1 - E N G T H  ( f F E t  j "Ilasins A irnd B are assumed
to bc gcometrically sirnilar, diffe-
riug ouly in sizc. The larger may
be clcsigua"tecl as the prototype,
thc snaller as thc model. All
mclsurculcrlts of icngth between
col'rcspondirr-r points iu the two
basins bear a fixcd scrile ratio, )..
Thus, if oricrrtcd with res|cct to
:l coull l lou cclitcf of simil itudc,
the basiu nrouths Q'  and Q are
locatcd at distances r' and r,
respcctivcly frour C; the ratio of
r' '  to r is ).. In short, ir l l  corres-

1'onding le ngth nreasul'ements,
ri 'hcthcr they be of b:rsin peri-
l.nctcl ', basin lcngth or lvidth,
sttcirm lcngih or rclief (h' and h
iu lorver plol ' i lc), arc in a fixed
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Fl is togram of  the logar i thms of  st rcam

channel  lengths.  (Schunrm, l9- i6 a) .

Prrnc tples ol dtme,Tstoncl onotysls
onci geomelr/C o/ simiktrily op?//Ad
ro ch.o/noge bosrts (Sfrohler /(l5t )

Fig. 9. Illustratcs the principles of the concept
geometrical similarity

ratio if :; iuri lality exists.
Ail corrcsl,.t-rnding anglcs

arc cqrritl in prototype
and nodcl (f igurr:). Tli is
'.rpplics to stream junction

anglcs a' alld fl, and to
ground slop.c anglcs p' and
p. Angles ale diurcnsion-
lcss plopeltics; hencc the
gcuclaiizl.t ion thiit in tu'o
gcomctricll ly sirnilar sys-
te t1'rs all colrcsponding
dimeusionlcss numbers or
products describing thc
geomctly urust be cqual.

Studies of actual dra.i-

of 
na.ge basins in differing
euvironments sho\./ that in

rnany cor]]plir isorts in b{,-
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mogeneous rock masses, geometrical similarity is closely approximated when

mean values are considered, whereas in otirer comparisons, where geologic

inhomogeneity exists, similarity is definitely lacking. One advantage of using
the principles of similarity as a basis of operation is that it focusses atten-
tion upon (a) linear scale differences that arc independent of form or shape
properties, and (b) form differences existing indcpendently of size differences.

Mdximunt valley side slopes. Maximurn valley side slopes are measured at
intervals along the steepest slopes of valley walls from divides to the local
stream channels. In numerous areas of different geology and climate it has
been found that intra-areal variance of maximum valley side slopes is rela-
tively small compared with inter-areal differences. This fEct may be a valua-
ble mean to calculate sediment production (Strahler, 1957).

Slope maps. Strahler (1956) devised a method to determine slope conditions
in a drainage basin. Follorvitg Strahler's 1957, p.918) discussion on the

subj ect:

"(l) A good topographic map is taken. (2) On this map the slopes of a
short segment of l ine normal to the trend of the contours is deterrnined at a
sarge number of points. These may be recorded as taugents or sines, depen-
ding upon the kind of map desired. (3) These readings arc contourcd with
lines of equal slope, here called isotangents. (a) The areas between succes-
live isotangents are measured with a planimeter and the areas summed for
each slope class. (5) This yields a slope frequency percentage distribution.
Because the entire ground surface has been analyzed, the mean, standard devia-
tion, and variance are treated as population parameters, at least for purpo-
ses of comparision with small samples taken at random from the same area.

Lines of equal sine of slope or isosines, may also be drawn. The interval
between isosines on the map becomes the statistical class on the histo-
gram. Sine values are designated as g values because the sine of slope
represents that proportion of the acceleration of gravity acting in a down-
slope direction parallel with the ground surfaee."

Drumlin geometry. Reed et al. (1962) found in quantitativc studies on
drumlins that these landforrns approximates ellipsoids ir-r shape and show a
normal distribution of orientation within small areas.

Chorley (1959 b) related the plan-shape of dmmlins rvith lemniscate loops;
generally in a succesfull way.

CONCLUSION

The quantification of landforms has proven its worth during thc past
fifteen year since Horton's (1945) comprehensive forrrrulation of quantitative

L 3  l

INSTITUT f'EKNCLOGI B.\NDT]NG



138 GEO\ I I ]TRIC PROPERI ' IES OF L . {NDSC. \PES

geomorphology. Nunerous aspects of watershed morphology, slopes, channel
segments, stream orders, junction angles of streams, topographic texture,
drainage density, etc. have received most of the attention, particularly
through the leadership of Strahler's school. Other aspects of quantitative
geomorphology have been tacl<led at e smaller scri le, l ike the hypsometric
analysis for mountains, the distribution pattern of land and water, and
drumiin geometry.

Most morphometric studies require good topographic maps at an ade-
quate scale of 1 : 50.000 or larger. Quantitative morphological studies in
Indonesia may be practiced imniediately b;' virtue of the good to excellent
character of its topographic maps (Pannekoek, 1946). ln this way we may
probably arrive at figures for ciifferentiating landforms of the humid tropics
from those of the humidLdry temperate climate-s, where most of the known
morphometric investigations have been executed unti l now (Tjia, 1962).
Interesting prospects seern to be promised by studies of drainage densities,
texture ratios, hypsometric integrals, maximum vril ley side slopes, and relief
ratios in Indonesia.
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