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Geomorphological studies on the first-order basins
in the Siwalik Hills, Nepal

(R2%=)v, YT 7 BEBEO—RSIZET 5 IR
A XA DOER

The study aims to explore morphology of the first-order basins (FOBs) of three areas in the Siwalik
Hills, i.e., the Machheli Khola Area, the Banganga Khola Area, and the Binai Khola Area using
morphometric variables. All three areas are within the geological belt of the same orogeny, and
have comparable ranges of lithology. This study examined the multivariate nature of morphometric
variables (geometric measures) of the FOBs to find out leading variables and their spatial pattern.
The study also attempted for morphological characterizations of the FOBs and discussed their
relation to litho-stratigraphy, structure, and amplitude of relief, which has never conducted in any
geologically instable young mountains such as the Siwalik Hills.

For the study, 11,200 FOBs were identified and manually digitized from the topographic
maps (scale 1: 25, 000). Twenty morphometric variables (basin area, stream length, drainage
density, elevation rémge, standard deviation elevation, mean elevation, percent of convergent area,
average basin slope, surface-plan area ratio, stream slope, standard deviation basin slope,
maximum stream slope, stream power index, sediment transport index, basin shape index, junction
angle, hypsometric integral, valley angle, average contour sinuosity, and basin asymmetry factor)
for each FOB were obtained from maps and Digital Elevation Model of the area using GIS.

Principal component analysis identified six major components pertaining to slope, size,
valley and depression, shape, relative massiveness and basin asymmetry (in that order of variance
explained), which account for 78—82% of the total variance of the original dataset in the three
study areas. Slope and size components account for nearly half of the total variance in the data.
Unlike the previous studies, this study recognized the morphological importance of valley angle,
hypsometric integral and basin asymmetry factor of the FOBs.

Varimax rotation determined that variables strongly loaded (0.97—0.71) on the first
principal component (PC-1), in all three areas, are average basin slope, surface-plan area ratio, and
average stream slope, maximum stream slope, stream power index and sediment transport index.
The inter-correlated variables associated to PC-2 (with loadings of 0.98—0.62) are basin area,
stream length, drainage density elevation range, standard deviation of elevation, and percentage of
convergent area. Elevation range has moderate to strong loadings on both components, reflecting
its relation to both slope and size of basins. Valley angle and average contour sinuosity, which are
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inversely related, load > 0.80 on PC-3/5. Basin shape and junction angle are elements of PC-4 with
loadings between 0.78—0.67. Commonly, elongated basins are found to have smaller junction
angles. Hypsometric integral occasionally paired with standard deviation slopes is strongly loaded

with PC-5/3. Basin asymmetry factor is the isolated variable, strongly loaded with PC-6 in all three
areas. This study recognized a uniform morphometric interaction in the three areas, and identified
average slope, area, valley angle, elevation range, basin shape, hypsometric integral and basin
asymmetry factor as the leading morphometric variables of the FOBs.

Nearest neighbor (NN) analysis was performed to examine spatial clustering (in relation to
environmental controls) versus randomness. From the 1st order NN to the 6th order NN observed
versus expected mean distance were examined to see whether there was a correlation between the
NN at varying scale. The analysis discovered that, in order of relative magnitude, slope, elevation
range, area, valley angle, basin shape and hypsometric integral are generally clustered (for all six
neighbours), while basin asymmetry factor is random in distribution. This implies that first six
variables are correlated to localized spatial phenomenon.

Spatially clustered variables were used to classify the FOBs to provide meaningful
geomorphic characterizations using multiple steps of multivariate clustering method. The analysis
of the variance revealed that the importance of morphometric variables in charactering the basin
types is in the order of the elevation range, slope, valley angle, shape, area, and hypsometric
integral. Eight basin types were classified: (1) deep and low relief, (2) shallow and rounded, (3)
small, shallow and low relief, (4) small, shallow, elongated and low relief, (5) steep, small, shallow,
elongated, and high relief, (6) steep, shallow and high relief, (7) large, shallow, elongated and high
relief, and (8) gentlé, large, deep and elongated. Type-7 basin is common in the three areas of the
Siwaliks.

Finally, roles of lithology, structure, and amplitude of relief on first-order basins’
morphology were discussed. Mean values of morphometric variables such as slope, relief, shape
and hypsometric integral in the litho-stratigraphy of the Siwaliks are lower than those in the Lesser
Himalaya. Geological structure (dipping) influences the morphometric variables of the first-order
basins in the Siwalik Hills. Mean value of relief variables (average basin slope, elevation range,
valley angle, and hypsometric integral increased with amplitude of relief, whereas that of planar
variables (area and shape) decreased. Coefficient of variation of the morphometric variables
suggests that FOBs’ morphology in the Siwaliks compared to the Lesser Himalaya, and on lower
amplitude of relief compared to higher amplitude of relief, are more variable. The study
demonstrates that the multivariate approach, followed by a spatial pattern analysis, and a cluster
analysis, can be applied in the systematic study of morphology and characterization of first-order
basins.
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