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The results of the author’s detailed quantitative analysis of the Karawan and
Bankri drainage basins around Sagar, M.P., are presented and discussed in
this paper.

The basins have, respectively, the following characteristics :—(i) Bifurcation
ratios : ordinary mean : 3.99 and 6.07; weighted mean : 3.932 and 3.86;
(ii) length ratios : ordinary mean . 2.19 and 4.23; weighted mean :
1.785 and 1.8; (iii) area ratios . ordinary mean : 4.514 and 8.247; weighted
mean @ 4.142 and 4.005; (iv) form factors . 0.414 and 0.183; (v) circularity
ratios . 0.55 and 0.37; (vi) elongation ratios : 0.726 and 0.484; (vii) drainage
densities © 3.79 and 3.63; (viii) stream frequencies : 11.4 and 8.23; (ix)
lengths of overland flow : 0.21 km and 0.22 km; (x) channel gradients :
3.5 mfkm and 3.26 m/km; (xi) slope ratios : ordinary mean : 2.039 and
1.779; weighted mean : 2.648 and 1.615; (xii) relief measures . 172.2 m
and 228.7 m; relief ratios : 0.006 and 0.005; relative relief : 0.2131 and
0.2; (xiii) ruggedness numbers . 0.405 and 0.516; (xiv) hypsometric
integrals : 0.36 and 0.40; (xv) mean slopes : 2° 06’ to 7° 22’ and 1° 30’ to
11° 247,

These data satisfy the following Laws of morphometry :—Horton’s (1945) Law
of Stream Numbers, Law of Stream Lengths and Law of Stream Slopes,
Chorley’s (1957) revised Law of Stream Lengths, Schumm’s (1956) Law of
Drainage Basin Areas and lLaw of Contributing Areas, as modified by
Strahler (1956).

It is concluded on the basis of these data that the erosional development of the
area by the streams has progressed well beyond maturity and that lithology has
had an influence in the drainage development.

INTRODUCTION

The drainage basins of the Karawan Nala*, a sixth-order stream and the Bankri
Nala, a fifth-order stream, located around Sagar (23°50’: 78°45’), Madhya Pradesh
(Fig. 1), were quantitatively analysed using modern morphometric techniques, as a
part of the detailed geomorphic analysis of the country around Sagar which the author
has carried out. This piece of country falls at the eastern end of the ‘Malwa Plateau’
(National Atlas, Plate 41, 1964), a prominent physiographic region in Central India.
"A tropical, monsoonic type of climate prevails in the study-area and in the region.
Only the pre-Cambrian Vindhyan quartzites and the early-Tertiary Deccan Trap

*Nala means a stream in local parlance.
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Fig. 1. Map showing the location of Sagar in the Malwa Plateau.

basalts, with a few bands of Intertrappean limestones, are the major rock formations
present in the area under consideration.

DRAINAGE ANALYSIS

Drainage system—The Malwa Plateau is drained by the Yamuna river system
which has its components flowing north and north-east. The study-area forms a
small part of the Yamuna basin at its lower end. The Dhasan and the Bewas are the
main rivers of the area and the Karawan and the Bankri are both tributaries to the
Dhasan (Fig. 2).

Methodology—The morphometric analysis of the two drainage basins was
carried out, for the most part, on the Survey of India topographical maps Nos. 55 I/9,
I/13 and 54 L/16 on the scale of 17 to 1 mile (1:63, 360). Drainage studies in the
field were directed mainly at checking whether the drainage network has undergone
any significant change subsequent to the surveys for the preparation of these maps
which were done during the years 1907-1911. The lengths of the streams were
measured using twine pieces and the areas of all the drainage basins of the various
orders were measured using a Polar Planimeter.

The linear aspects were studied using the methods of Horton (1945), Strahler
(1953) and Chorley (1957), the areal aspects using those of Schumm (1956), Strahler
(1956, 1968), Chorley (1957), Miller (1953) and Horton (1932) and the relief aspects
employing the techniques of Horton (1945), Broscoe (1959), Melton (1957), Schumm
(1954) and Strahler (1952). The frequency distribution analysis of the drainage basin
areas was done using the conventional statistical procedures.
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(i) Linear Aspects :

(a)

()

Stream orders—Out of the four systems of ordering the streams that are
available (Gravelius 1914; Horton 1945; Strahler 1957; and Scheidegger
1970), Strahler’s system, which has in fact slightly modified Horton’s was
followed because of its simplicity. Accordingly, the smallest unbranched
stream segment was designated the first order stream, the one formed
by the merging of two such first order segments, the second order stream
and so on. In this ordering, the Karawan was found to be a sixth order
stream and the Bankri, a fifth order stream.

Stream numbers—The number of the stream segments present in each order
was counted and tabulated (Table I). The number of the streams decreases
as the stream order increases. Graphical representation of these data on
semilogarithmic paper yields straightline plots (Fig. 3). The best-fitting
regression equations of the exponential form were obtained; these are given
on the plots themselves. By relating the number of streams of one order to
the number of streams in the next lower order, bifurcation ratios were
obtained and from these the mean ratios were computed. Using Strahler’s
(1953) method of taking into consideration the actual number of streams

TaBLE 1

Bifurcation Ratios

Karawan basin Bankri basin

Order
1 2 3 4 1 2 3 4
1 938 877
3.86 1182 4563.0 3.61 1120 4042.0
11 244 243
4.00 306 1224.0 4.34 299 1298.0
11 62 56
4.77 75 357.8 4.33 68 294.4
v 13 12
4.33 16 69.3 12.00 13 156.0
\'4 3 1
3.00 4 12.0
\%! 1 0
1583 6226.1 1500 5790.4
Mean = 3.99 Mean = 6.07

Weighted mean from the totals of

Weighted mean from the totals of
columns 4 and 3 = 3.932

columns 4 and 3 = 3.86

Column 1 = Number of streams; 2 = Bifurcation ratio; 3 = Number of streams used in
the ratio; 4 = Product of columns 2 and 3.
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Fic. 3. Semi-logarithmic plots of the stream numbers against stream orders.

that are involved in the ratios, weighted mean bifurcation ratios were also
calculated (Table I).

Stream lengths—The lengths of the various stream segments were measured
orderwise and the total length as well as the mean length for each order
were computed. The length ratio, which is the ratio of the mean length of
the streams of a given order to the mean length of the streams of the next
lower order, was then calculated for each pair of orders. The mean lengths
of the streams increase with the order in direct proportion and Fig. 4
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FiG. 4. Semi-logarithmic plots of the msan stream lengths against stream orders.

brings out this exponential relation clearly. The best-fit regression equa-
tions were obtained as before. The total and mean lengths and the length
ratios are given in Table II, apart from the weighted mean length ratios
that were also calculated. Since Strahler’s (1957) method of ordering the
streams, which the author followed, differs fundamentally from that of
Horton (1945) with regard to the stream lengths, logarithmic plots of the
total stream lengths against the stream orders were also made as suggested
by Strahler (1956). These are given in Fig. 5.

(ii) Areal Aspects :

(a) Mean basin areas—The area of a drainage basin is another important para-
meter like the length of the stream draining it. And so all the areas of the
various drainage basins of the different orders were planimetrically measured
and from these the mean area of the basins of each order was computed.
Then, taking pairs of stream orders, the area ratios were obtained between
the mean area of the basins of one order and that of the next lower order.



()

QUANTITATIVE ANALYSIS OF DRAINAGE BASINS 81

1000

K ARAWAN 8 ANKRI

o
o

stream{length in miies)

Total

o

1 2 3 4 567891 2 3 4 56785
STREAM ORDER

FiG. 5. Logarithmic plots of the total stream lengths against stream orders.

From these arca ratios, an ordinary mean area ratio and a weighted mean
area ratio were calculated. These are given in Table 1II. Fig. 6 shows
the plots of the mean drainage basin areas against the stream orders.

Schumm (1956) established another interesting relation between the total
drainage basin areas and the total stream lengths which are supported by
these contributing areas. To illustrate this relation, the total areas and
the total length given in Table IV were plotted on logarithmic paper
(Fig. 7).

Logarithmic regressions were also obtained for the mean basin area of
each order on the mean stream length of the corresponding order (Fig. 8).
Basin configuration—For determining the shape of the drainage basins, a
quantitative study of them was made using three dimensionless ratios.
The form factor suggested by Strahler (1968) is the ratio of the basin area
to the square of the basin length; this was determined for the sixth and
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TasLE 11
Stream Lengths and Length Ratios

Stream order

Karawan basin

Bankri basin

Stream length Length Stream length Length
(in miles) ratio (in miles) ratio
Total Mean Total Mean
1 219.4 0.234 281.6 0.321
1.47 1.56
1I 83.9 0.344 121.5 0.500
273 2.15
111 58.2 0.939 60.2 1.075
2.88 2.50
v 33.8 2.600 32.3 2.692
1.87 10.70
v 14.6 4.866 28.8 28.800
1.99
\%! 9.7 9.700
Mean = 2.19 Mean =  4.23
Weighted mean = 1.785  Weighted mean = 1.8
(calculated as before) (calculated as before)
TasLe 111
Area Ratios
Areas are in square miles
Karawan basin Bankri basin
Stream
order Mean Area Mean Area
area ratio area ratio
1 0.064 0.085
4.10 3.69
1 0.261 0.312
412 4.00
11 1.075 1.243
4.47 5.95
v 4.804 7.393
6.10 19.55
v 29.291 144.531
3.78
V1 110.723
Mean area ratio = 4,514 = 8.247
Weighted mean = 4,142 = 4.005
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Fic. 6. Semi-logarithmic plots of the mean drainage areas against stream orders.

TaBLE IV
Total Areas and Total Lengths

Karawan basin Bankri basin
Stream
order Total Total Total Total

area length area length
I 57.87 219.4 74.29 281.6
1I 63.67 303.3 75.91 403.1
III 66.66 361.5 79.62 466.3
14Y% 62.46 395.3 88.72 498.6
v 87.87 409.9 144.53 527.4

VI 110.72 419.6 - -

(Areas in square miles and lengths in miles)
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Fig. 7. Logarithmic plots of the total basin areas against total stream lengths.

fifth order basins of the Karawan and the Bankri (which is a fifth order
basin). The Karawan is found to have a factor of 0.414 for its entire
basin and 0.417 at an average for its fifth order basins, while the Bankri
has a factor of 0.183 for the whole of its basin.

Miller’s (1953) Circularity Ratio is the ratio of the area of the basin to
the area of a circle having the same circumference as the perimeter of the
basin. Table V gives the data used to calculate the circularity ratios.

These circularity ratios were obtained using the equation

Ky — 4;2,4

where Ka is the Compactness Ratio, A is the drainage basin area and P its
perimeter.

Schumm’s (1956) Elongation Ratio is the ratio between the diameter of
a circle of the same area as the drainage basin and the maximum length of the
basin. The Karawan has an Elongation Ratio of 0.7236 for the whole of its
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FiG. 8. Logarithmic plots of the mean basin areas against mean stream lengths.

TABLE V

Circularity Ratios

Karawan Bankri
Particulars VI order V order
Basin perimeter 50.2  miles 71 miles
Radius of the circle 8 miles 11.14 miles
Area of the circle 201.14 sq. m.  390.03 sq. m.
Circularity ratio 0.55 0.37

basin and 0.726 at an average for its fifth order basins: the Bankri has a
Ratio of 0.4842 for the whole of its basin.
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The Karawan basin is somewhat horseshoe-shaped, with the lower

end closed by a concavity; it measures 16.35 miles (26.16 km) X 8 miles
(12.8 km) at the maximum. Its boundary is rather irregular, with two
pronounced projections at the lower end. The Bankri basin, on the other
hand, is gently crescentic in outline, longer than it is broad (28 miles X 8
miles at the maximum). Its boundary is also irregular, with two projections
at the lower end, somewhat similar to the Karawan basin.
Drainage Density (Da)—Horton’s (1932) drainage density gives the mean
length of the streams within a basin per unit area and it is obtained by divi-
ding the total stream length (L) by the total basin area (4). The Karawan
is found to have a drainage density of 3.79, while the Bankri has as density
of 3.63.

Stream frequency (F:)—This refers to the number of the streams per unit
area (Horton, 1945) and is obtained by dividing the total number of
streams (N) by the total drainage basin area (4). The Karawan has a
stream frequency of 11.4 and the Bankri, 8.23.

Length of Overland Flow (l))—Horton (1945) used this term to refer to
the length of the run of the rain-water on the ground surface before it gets
localized into definite channels. Since this length of overland flow, at an
average, 1s about half the distance between the stream channels, Horton,
for the sake of convenience, had taken it to be roughly equal to half the
reciprocal of the drainage density. Calculated thus, the lengths of over-
land flow for the Karawan and the Bankri basins are 0.132 mile (0.21 km)
and 0.137 mile (0.22 km) respectively.

Frequency Distribution—Using the data on the whole population of the
basin areas oi the various orders so laboriously collected, a frequency-distri-
bution analvsis was carried out of the areas of the basins of all the orders
(except the first order, since the areas were so infinitely small that it was not
found feasible to handle such a laige number of them). The standard
deviations and variances were computed and histograms were constructed
(Figs. 9 and 10). The three fifth-order basins of the Karawan have a mean
area of 29.29 sq. miles (74.98 sq. km); the computed standard deviation is
7.48 and the variance is 56.12.

(iif) Relief (Gradient) Aspects :

(@)

(b

Channel gradients—The total drops in elevation from the source to the
mouth were found out for the Karawan and the Bankri streams and the hori-
zontal distances were measured along their channels. Their gradients
computed from these are :  18.2/mile (3.5 m/km) and 18’/mile (3.26 m/km)
respectively. Their longitudinal profiles were drawn on arithmetic paper
(Fig. 11) and also on semilogarithmic paper (Fig. 12).

Channel slope as a function of order—The drops in elevation along all the
stream segments of the various orders were determined from the base maps
for the Karawan and the Bankri basins; the mean drop in elevation for
each order was obtained from these. By relating these mean drops to the
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Fic. 9. Frequency distribution histograms for the mean basin areas, Karawan stream.
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respective mean lengths, the mean slopes were calculated for the stream
segments of the various orders. From these mean slope values, the slope
ratios between the various orders, their ordinary mean values and their
weighted mean values were all calculated. These data are presented in
Table VI

The mean slope ratios are : 2.039 and 1.779 and the weighted mean
slope ratios are : 2.648 and 1.615 respectively for the Karawan and the
Bankri basins. Semilogarithmic plots of the mean channel slope against
the stream order were obtained (Fig. 13).
Composite Profile—Employing Broscoe’s (1959) techniques, composite pro-
files were constructed for the Karawan and the Bankri separately. In this
arithmetic plot, a triangle for each order was drawn in sequence, with the
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average vertical drop on the ordinate and the average horizontal distance

on the abscissa, starting from the top left-hand corner (Figs. 14 and 15).
The mean channel slope of each order is given by the slope of the hypotenuse
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TaBLE VI
Mean Stream Slopes
Karawan basin Bankri basin
Stream
order Mean Slope Mean Slope
Slope ratio Slope ratio
(ft/mile) (ft/mile)
1 265.5 115.00
2.735 1.506
1 97.07 76.38
2.484 1.959
111 39.08 38.98
2.299 1.857
v 17.00 21.00
1.306 1.795
\% 13.02 11.70
1.371
VI 9.50

of the right triangle of that order.

The composite profile combines the

various segments into a single average segment, the total vertical drop of
which is the mean drop of all the segments, its horizontal distance being
the mean horizontal length of all the segments.
have been annotated with data on the vertical drop, horizontal distance,
order number and the tangent of the mean channel slope.

The constructed graphs
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FiG. 15. Composite profile of the stream segments, Bankri Stream.
(d) Relief Measures—The maximum basin relief was obtained from the highest

(e)

)

point on the basin perimeter to the mouth of the stream. The figures for
the Karawan and the Bankri basins are : 565’ (172.2 m) and 750 (228.7m)
respectively. Using this relief (H), a Relief Ratio was computed (Rxr) as
suggested by Schumm (1956) by dividing the relief by the maximum measured
length of the drainage basin. The ratios so obtained are : 0.006 for the
Karawan and 0.005 for the Bankri basins.

Melton’s (1957) Relative Relief (R,,) was also calculated using the

formula

100 H
5280 P

where P is the basin perimeter (in metres). This comes to 0.2131 for the
Karawan and 0.2 for the Bankri.

Ruggedness Number—Strahler’s (1968) ruggedness number (HD) is the
product of the basin relief and the drainage density and usefully combines
slope steepness with its length. Calculated accordingly, the Karawan
basin has a ruggedness number of 0.405 and the Bankri basin, 0.516.
Hypsometric (Area—Altitude) Analysis—Hypsometric analysis relates
ground surface to altitude; more precisely, it studies the distribution of
horizontal cross-sectional area of a part of the earth’s surface with respect
to elevation. Langbein and coworkers (1947) appear to have been the
first to have used such a line of study to collect hydrologic data. It is,

Rrp =
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however, again Strahler (1952) who popularized it in another of his excellent
papers.

The author used the percentage hypsometric method in which two
ratios are computed from map measurements : a/4 where, a is the area
enclosed between a given contour within the basin and the basin boundary
and 4, the total area of the basin, and h/H, where h is the height of the
contour above the base and H, the total height of the basin. A graphical
plot is made keeping a/4 on the abscissa and #/H on the ordinate. The
resulting hypsometric curve starts at the top left-hand corner of the square
at 1 and ends at the bottom right-hand corner, again at 1. In between, the
curve takes any shape anywhere in the square.

To measure a, alternate contours at every 100’, from 1550’ to 2050
were chosen in the Karawan basin and from 1350’ to 2050 in the Bankri
basin. With the help of the Polar Planimeter, the areas between these
contours and the upper perimeter of the drainage basins were carefuly
measured. Using the total areas of the drainage basins (4), as many a/4
ratios were computed and likewise #/H ratios were also calculated. These
data are shown in Table VII. The hypsometric curves were obtained in the
graphical plots (Figs. 16 and 17). The areas below the curves were also
planimetrically measured and related to the total area of the graph and
the hypsometric integrals were thus obtained.

Clinographic (Slope — Altitude) Analysis—Similar to the relation between
area and altitude, there is an equally meaningful relation between the ground

1
Karawan

-8 -
.6 A

h

H
<

0.36
2 .
o 2 4 a/A -6 -8 1

Fic. 16. Hypsometric curve for the Karawan stream.
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slope and altitude. This is brought out by constructing clinographic curves
from the hypsometric data. Qut of the seven methods available for the
same (Clarke 1967), Strahler’s (1952) method was found to be the best and
was adopted.

The unique feature of Strahler’s method of mean slope is thaf it uses
the contour lengths effectively. The lengths of two adjacent contours are
measured, totalled and averaged to get their mean length. The infer-
contour area is divided by this mean length to give the mean width of the
strip of the country lying between the two adjacent contours. The tangent
of the angle of mean slope is calculated using the contour interval and this
inter-contour width. A clinographic curve is constructed with these slope
angles, starting at the highest elevation and working down to the base.
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Alternate contours were used by the author and the clinographic curves
so obtained are given in Fig. 18. The data collected for the construction
of the same are given in Table VIII.

DiscussioN

(i) Bifurcation Ratios—The straight-line plots in Fig. 3 satisfy Horton’s (1945)
first Law of Stream Numbers which states that the numbers of streams of different
orders in a given drainage basin tend closely to approximate an inverse geometric
series in which the first term is unity and the ratio is the bifurcation ratio. The
Bifurcation Ratio, as defined by Horton is the ratio of the average number of branch-
ings or bifurcations of strcams of a given order to that of streams of the next lower
order.

It will be seen that, out of the nine bifurcation ratios calculated for both the
drainage basins, eight fall between 3 and 4. This seems to be the universal range for
maturely dissected drainage basins. However, an unusually high ratio of 12 was
obtained between the fifth and fourth order streams in the Bankri basin. Thisis
because there is only one fifth order stream even though there are as many as twelve
fourth order streams; of the latter, only two join to produce the single fifth order
stream and all the rest (ten) drain directly into this fifth order stream, without joining
among themselves. This is a drainage peculiarity, which, in the opinion of the
author, is due to the presence of more of the harder Vindhyan quartzites in the lower
part of the Bankri basin, they having retarded a higher degree of integration of the
fourth order streams.

The regression coefficients of the plots in Fig. 3 are 0.59 and 0.80 for the
Karawan and the Bankri respectively. These represent the logarithms of the
Bifurcation Ratios (Strahler 1968). The bifurcation ratios obtained from these
cocflicients arc 3.82 and 6.31 respectively. It will be seen that these values agree
well with the ordinary mean Bifurcation Ratios given in Table I (which are 3.99
and 6.07, respectively).

The weighted mean Bifurcation Ratios, calculated by taking into consideration
the actual number of streams that are involved in the ratios, appear to be more mean-
ingful. it is seen that the weighted mean ratio for the Karawan basin (3.92) is more
in line with the ordinary mean ratio (3.99) as well as the ratios individually (3.00 to
4.77). Such a high degree of correspondence that is seen among the different types
of the bifurcation ratio denotes a normal development of the Karawan basin. In the
case of the Bankri basin, the weighted mean ratio (3.86) compares fairly well with
most of the individual ratios (3.61 to 4.34).

@ity Length Ratios—With reference to the stream lengths, the semilogarithmic
plots of the mean lengths against orders are more or less straight lines (Fig. 4) and
thus satisfy Horton’s (1945) second Law of Stream Lengths which states that the
average lengths of streams of each of the different orders in a drainage basin tend
closely to approximate a direct geometric series in which the first term is the average
length of the streams of the first order. The length ratios obtained from the regres-
sion coefficients for the two basins are 2.153 and 2.075 respectively, while the weight-
ed mean length ratios are ] 785 and 1.8 respectively. Only the ordinary meaun ratio
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for the Bankri basin is rather high (4.23) and this is due to the drainage peculiarity
pointed out earlier.

The logarithmic plots of the total stream lengths (Fig. 5) are also linear and thus
satisfy the revised Law of Stream Lengths (Chorley 1957) which states that the total
lengths of streams of each of the different stream orders in a drainage basin tend
closely to approximate an inverse logarithmic series in which the first term is the
total length of streams of the highest order.

(iii) Area Ratios—The aica ratios given in Table I1I show more or less the same
pattern as the bifurcation and length ratios, with only one ratio (that between the
fourth and fifth order streams in the Bankri basin) abnormally high (19.55) while all
the others fall within a range between 3.69 and 6.10. The visible advantage in
weighting the ratios by duly considering the number of streams actually involved
in the ratios has been the toning down of the local abnormality and the emergence of
a more realistic figure (cf. the ordinary mean for the Bankri, 8.247, with its weighted
mean, 4.005, which agrees well with the others). It is also noteworthy that the
weighted mean area ratios of the two basins are about the same as their weighted
mean bifurcation ratios.

Schumm’s (1956) Law of Drainage Basin Areas states: «“The mean drainage basin
areas of streams of each order tend to approximate closely a direct geometric series
in which the first term is the mean area of the first order basins.’ To this Chorley
(1957b) has added, ‘*..the coeffcient of the fitted regression represents the mean area
ratio.” The plots given in Fig. 6 are linear and illustrate the law cited above very
well. The regression coefficients are 0.6666 and 0.625 and the mean area ratios derived
from these are 4.64 and 4.217 respectively. These agree well with the calculated
mean area ratios, particularly, the weighted means (4.142 and 4.005).

As a result of detailed studies of the badlands at Perth Amboy, New Jersey,
Schumm (1956) established another interesting relation between drainage basin
areas and the sum of the channel lengths which are supported by these contributing
areas, in his Law of Contributing Areas. Strahler (1956) has modified the same
which may be stated as, “The relationship between the drainage basin areas
of each order and the fotal stream lengths contained within and supported by these
areas is a direct logarithmic function, the regression coefficient of which is unity and
the value of the area when the total stream length is unity equals Schumnr’s Constant
of Channel Maintenance.”

To illustrate this law, the total areas and total lengths given in Table IV were
plotted to obtain logarithmic regressions. The points plotted for both the drainage
basins fall on one and the same straight line (Fig. 7) for which the regression equation
of the power form was worked out. The intercept on the ordinate, viz.,—0.5666,
gives the value of the Constant of Channel Maintenance cited above. This, in
simpler terms, is the value of the area which supports a channel of unit length.
The value obtained from the graph is 0.28 sq. mile (0.72 sq. km). Schumm (1956)
has shown this Constant to be equal to the reciprocal of the drainage density; the
same, so obtained, is 3.57. It will be seen that the regression coefficient for the plot
is unity. This proves the law under discussion.

The logarithmic regressions for the mean basin area and the mean stream length
for the Karawan and the Bankri basin show the linear relation existing between them.
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(iv) Basin Configuration—The low circularity ratios and the high elongation
ratios for the two basins show that the basins are moderately compact and more
elongated. The shape of a drainage basin is significant since it affects the stream
discharge characteristics (Strahler 1968).

(v) Drainage Texture—Cotton (1935) and others used the term Drainage Tex-
ture to express the composition of a drainage net, as related to the drainage density
and stream frequency. The texture of the drainage of the Karawan and the Bankri
basins, accordingly, can be described as medium. The drainage densities are 3.79
and 3.63 respectively. The drainage density as calculated from the Constant of
Channel Maintenance is 3.57, which compares very well with the above-mentioned
figures.

(vi) Length of Overland Flow—The figures of 0.21 km and 0.22 km for the two
basins mean that the rain water has to run over these distances before getting con-
centrated in stream channels and corroborate the medium texture derived for the
basins.

(vii) Frequency Distribution—The histograms (Figs. 9 and 10) bring out a
right skewness in the distribution of the areas in most of the cases.

(viii) Channel gradients—The longitudinal profiles of the Karawan and the
Bankri drawn on arithmetic paper show broad upconcaviiies (Fig. 11) and the pro-
files drawn on semilogarithmic paper are more nearly straight for which regression
equations of the exponential form were found out.

It is seen from Table VI that the mean channel slope decreases with increasing
order number. This testifies to the validity of Horton’s (1945) Law of Stream
Slopes which states that there is a fairly definite relationship between the slopes of the
streams and their orders which can be expressed by an inverse geometric series law.
The law is further illustrated by their logarithmic plots (Fig. 13). The mean slope
ratios derived from the regression coefficients of the plots are 2.512 for the Karawan
and 1.845 for the Bankri basins. These compare well with their calculated weighted
mean slope ratios which are : 2.648 and 1.615 respectively.

(ix) Relief Measures—Relief is an important attribute of a terrain in general
and the drainage basin in particular. According to Strahler (1968) these relief
measures may be indicative of the potential energy of the drainage system because
of its elevation above the mean sea level . Schumm (1954) was able to correlate the
Relief Ratio with the sediment loss per unit area. The relief measures determined
for the two drainage basins are considerably small; this again corroborates the
inference carlier drawn that the erosional development of the drainage basins has
advanced well past maturity. The ruggedness numbers are also indicative of a region
of moderate to low relief.

(x) Hypsometric Curves—The areas below the curves (Figs. 16 and 17) stand
for the volume of the landmass yet fo be removed by erosion. These areas are
36 per cent and 40 per cent respectively in the two basins which indicate that the
basins are in the early monadnock stage, beyond the mature stage. These figures
are the most conclusive proof for the author’s conclusion that the drainage basins
under study have reached beyond maturity in the erosion cycle.
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(xi) Clinographic Curves—The clinographic curves (Fig. 18) give a more
realistic picture of the mean slopes in the basins.

ACKNOWLEDGEMENTS

The author wishes to express his gratitude to Prof. W. D. West for giving
facilities, and Shri K. N. Das, Reader in the Department, for his guidance and
the U.G.C. for the financial assistance.

REFERENCES

Broscoe, A.J. (1959). Quantitative Analysis of Longitudinal Stream Profiles of Small Watersheds.
Project NR 389-042, Tech. Bep. 18, Columbia Univ., Dept. Geol., ONR, Geography
Branch, New York.

Chorley, R. J. (1957). Illustrating the Laws of Morphometry. Geol. Mag., 94, 2, 140-150.

Clarke, J. L. (1967). Morphometry from Maps in Dury G.H., Ed., (1967). Essays in Geomorpho-
logy, Heinemann Ed. Books Ltd., London, 235-274.

Cotton, C. A. (1935). Geomorphology of New Zealand, 1, 57.

Gravelius H. (1914). Flusskunde, Goschen’sche Verlagshandlung, Berlin, as cited by Horton,
R. E. (1945).

Horton, R. E. (1932). Drainage Basin characteristics. Trans. Amer. Geophys. Un., 350-361.

{1945). Erosional Development of Streams and their Drainage Basins; Hydrophysical
Approach to Quantitative Morphology. Bull. geol. Soc. Am., 56, 275-370.

Melton, M. A. (1957). An Analysis of the Relations among Flements of Climate, Surface Pro-
perties and Geomorphology. Project NR 389-042, Tech. Rep. 11, Columbia Univ., Dept.
Geol., ONR, Geog. Branch, New York.

Miller, V. C. (1953). A Quantitative Geomorhic Study of Drainage Basin characteristics in the
Clinch Mountain Area, Virginia and Tennessee. Project NR 389-042, Tech. Rept. 3,
Columbia Univ., Dept. of Geology, ONR, Geography Branch, New York.

National Atlas Organization (1964). India, Physiographic Regions, Plate 41.

Scheidegger, A. E. (1970). Theoretical Geomorphology. 2nd ed., Springer-Verlag, Berlin, 22.

Schumm, S. A. (1954). The Relation of Drainage Basin Relief to Sediment Loss, Int. Asoc.
Sci. Hydrol. Publ., 36, 1, 216-219

——-——(1956). Evolution of Drainage Systems and Slopes in Badlands at Perth Amboy,
New Jersey, Bull. geol. Soc. Am., 67, 597-646.

Strahler, A. N. (1952). Hypsometric (Area-Altitude) Analysis of Erosional Topography, Bull.
geol. Soc. Am., 63, 1117-1142.

—(1953). Revision of Horton’s Quantitative Factors in Erosional Terrain : Paper read before

Hydrology Section of the Am. Geophys. Un., Washington.

————(1956). Quantitative Slope Analysis. Bull. geol. Soc. Am., 61, 571-596,

————(1957). Quantitative Analysis of Watershed Geomorphology. Trans. Am. Geophys.
Un., 38, 913.

————(1968). Quantitative Geomorphology in Fairbridge, R. W. Ed. (1968) The Encyclopedia
of Geomorphology, Reinhold Book Corp., New York.




