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Chapter – II 

Geomorphology of the Chel Basin 

2.1 Introduction 

The piedmont tract of North-Bengal Duars is dominated by number of river courses 

dissecting the base of Darjeeling-Bhutanese sub-Himalaya and reaches the piedmont 

surface at an elevation varies from 320 m to 200 m at the mountain front (west of the 

Chel river). The characteristics of the mountain fronts of Darjeeling sub Himalaya 

show a great diversity depending both on tectonic activity as well as on hydrological 

regime and sediment load of particular streams (Sarkar, 2012). The surface represents 

the coalescence of number of alluvial fans of Quaternary sand deposition. The alluvial 

fan deposits are mainly classified into poorly sorted coarse pebbles and fine sediment. 

The composition is an admixture of boulder, gravels which dominates with the 

healthy proportion of sand and silt. The situation of river terraces by the side of the 

river beds are the bearers of multi-cyclic erosional activity of the channels due to the 

Neo-tectonics (Obruchev, 1948) movements along the active fault-scarps 

(Gorubathan scarp, Matiali scarp and Chalsa scarp) in this region. The drainage 

system of the study area is controlled by the structure and neo-tectonic activity within 

the poly-genetic activity (Biswas, 2014). The significant topographic expression at the 

mountain front of Darjeeling-Bhutanese sub-Himalaya is highly controlled by tectonic 

processes that have been trying to keep pace with the dynamics of fluvial processes 

since long. The river channel has its 16.11 km of length (upper catchment), first 

passes through by cutting a deep gorge at the lower Darjeeling Himalaya. It originates 

from Pankhashari Khasmahal of Kalimpong district at an elevation of 1500 m a.m.s.l. 

The upper catchment falls under the (97 km
2
) hilly terrain of Pankhashari Khasmahal, 

Nim Khasmahal and Ambeok forest. The two small channels namely Kali and Sel 

supply the head water to the main channel of Chel. These two rivulets join together 

below the sharp snout of a semi-circular ridge at an elevation of 550 m a.m.s.l. The 

eastern bank of Sel rivulet is adjacent to a butte (Mandal, 2016) type of escarpment 

where the vertical descent up to the channel floor is 150 m. This ‘Butte’ type 

landform is actually the downthrown land-block of a fault where the up-thrown block 

is the flat surface of Dalingma Khasmahal (900 m) on the eastern bank of the Chel. 

This concave escarpment up to the bed of the Chel has an inclination of 24 degree and 
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two break of slope has been identified at the toe of the footwall at an elevation of 780 

m a.m.s.l and another is found at the hanging wall part at an elevation of 642 m 

a.m.s.l. On the same bank side, the steep tilted escarpment wall of Gorubathan 

Khasmahal (gradient 29% and slope 16°) merges with the flat terrace of Gorubathan 

locality (340 m). The valley floor with the erosional terraces less than 0.4 km wide in 

the hills spreads rapidly into a large fan with a declining gradient between 25% and 

15% at 7 km distance (Starkel et. al., 2008). At the piedmont surface, the eastern bank 

of the Chel is carrying the sign of poly-cyclic river terraces, the lower Fagu tea 

garden is situated on the high terrace (400 m) and it flanks towards the Mal forest 

which is the old fan surface of the river Chel. The upper course of two rivulets (Kali 

and Sel) is structurally controlled by the Main Central Thrust (MCT) (Dasgupta et al., 

2000 and Mandal et al, 2016). The course of Chel finally joins with the two small 

creek channels namely Manzing and Sukha Khola at 5.2 km downstream of the outlet 

from the mountains. From Gorubathan up to 6 km downstream, the river has revealed 

a tendency of high braiding. The old fan surface on the eastern bank is separated by 

an E-W aligned scarp that controls the course of the river (Starkel et al, 2008). The 

composition of this old fan surface is contributed by the layered deposition of Siwalik 

beds along the margins of frontal tectonic line (Nakata, 1972, Basu and Sarkar, 1990). 

Between Chel and Diana-Jaldhaka rivers the active latitudinal faults dismembered the 

piedmont into several rising and subsiding blocks (Sarkar, 2012). The part of the river 

below Manabari gradually converts almost into a large meandering bend up to east 

Damdim. This behavior of the channel is associated with the gradual lessening of the 

gradient of the alluvial surface further to the south. After its debouchment on the 

Manzing khola fan (260 m), the main channel of Chel widens out and the width of the 

channel cross-section beside the Patharjhora tea garden is measured as 1.8 km. From 

the outlet up to its junction with Manzing and Sukha khola, at a distance of 2.4 km, 

the gradient along the channel bed is measured as 2.3%. The change in the channel 

width is noticeable i.e. the channel width near Gorubathan is 266 m, near Turibari it 

is 1.16 km , near Odlabari the width is 397 m and beside east Damdim it is 298m. The 

eastern bank of the river basically the inter-fluve region between Chel and Mal river is 

composed of 5 alluvial fans of contemporary fluvial deposits of the river Chel, Kumlai 

and Mal (Mandal et al., 2016). Presently, the upper fan surface is now under the thick 

coverage of Mal forest. The entire fan surface slopes towards North to S-E (gradient 
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1.2%) and is covered by various tea gardens (TG) i.e. Lower Fagu TG, Rangamati 

TG, Nidam Jhora TG, Ranichera TG, Sisubari TG and Haihaipathar TG etc. The 

tendency of the progressive shortening and upslope movement of the fan components 

have been observed through successive generations (Mandal et al., 2016).  

2.2 The River Chel 

2.2.1 Identity of upper catchment 

The river Chel finds its origin in the dense Pankhashari reserved forest which is 

situated on the semi-circular scarp at an elevation of 2484 m a.m.s.l. The upper 

catchment of 97 km
2
 falls under the virgin forest tracts of Kalimpong district (Fig. 

2.1). The head streamlets have become dissected by the extension of Gorubathan 

ridge, Pankhashari ridge, Fagu ridge and Dalingma ridge. These elongated ridges are 

bordered by parallel fault scarps composed of stratified gravels of 30-60 KaBP 

(Starkel et. al., 2008). The main channel of Chel has been tributed by two streams 

namely Chel Khola at the east and Kali khola at the west. The left bank tributary Chel 

Khola has been originated from the dense Pankhashari reserved forest at an elevation 

of 2484 m a.m.s.l. The Chel khola has been connected by Majhua khola at its left 

bank just above the Pankhashari settlement. The small streamlet Majhua khola 

originates from Rechila reserved forest at an elevation of 800 m a.m.s.l (above mean 

sea level). The joint flow of Chel and Majhua khola connects with Chunge khola 

below the Pankhashari settlement. This small stream gets a right bank tributary 

namely Ramite Khola.The joint flow of Chel and Chunge Khola flow further south in 

a sinuous fashion.  It then meets with another left bank tributary namely Sir Khola. 

This stream flows between Char Dhunge and Sita Dhunge settlement. The Sir Khola 

originates from Ambyok reserve forest. Another right bank tributary, Ambyok khola 

meets the channel of Chel below the Ambyok tea garden. The Kali khola joins the 

channel of Chel khola from the west (Fig. 2.3). The channel finds its origin below the 

Labha reserve forest at an elevation of 1250 m a.m.s.l. The Samabiyong tea garden is 

situated on the right bank of the Kali khola. Another branch of dendritic streamlets 

originate from the Nim forest and meets with Kali khola on its right bank.  
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Figure 2.1 Location map of the study area. 
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Figure 2.2 Identity of Chel basin and its confluence with Tista River. 
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Figure 2.3 Drainage network of Chel basin. 

2.2.2 Identity of lower catchment 

The lower catchment covers a wide zone of 219 km
2
 below 300 m contour elevation 

below Gorubathan. Beside Patharjhora tea garden (right bank), the main channel of 

Chel on the right side mixes with Fagu or Sukha Khola at the middle and gets 

Manzing Khola at the left. From Patharjhora, the channel of Chel covers a distance of 

27 km and merges with Mal nadi at Rajadanga mouza. On the left bank side at 200 m 

elevation, the lower river terrace is covered by Sakkam reserve forest. Below the 

forest land, the ineter-watershed between Chel and Mal river is drained by many small 

seasonal rapid streamlets namely Chaiti nadi, Nidam Jhora and Gurung Jhora etc. 

The landscape is mainly composed of many tea gardens like Minglass, Syli, Nidam, 

Ranichera, Rangamati, Gurungjhora, Dalimkot, Batguri and Damdim tea garden etc. 
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The part of watershed at Ranichera tea garden on the left bank is heavily affected by 

the gully erosion of small rivulets. 

The major tributary on the left bank namely Mal Nadi finds origin from 

Sakkam reserve forest in Kalimpong district. This Mal river is formed after the joining 

of Mal khola and Khar khola (left). This river comes down through the Mission Hill, 

Dalimkot, Mal Nadi and Tunbari tea gardens. At 120 m contour elevation between 

Betguri tea garden and Paschim Hai-Hai Pathar tea garden the Chaiti nadi mixes 

with Damkajhora and Kumlai Nadi which creates many meandering bends along its 

course while passing through Nipuchapur tea garden. Near Rajadanga, the course of 

Chel merges with river Murti from right (left bank) and converts into Dharala, finally 

debouches in Tista river.  

 

Figure 2.4 Three dimensional view of Chel basin (ASTER DEM data). 

 



Chapter II 

16 

2.3 Methodology 

The general geomorphological characteristics of the basin has been generalized after 

the analysis of the extracted basin from the Survey of India (SOI) topographical maps 

(78 A/8, A/12, B/5, B/9) and its superimposition on the DEM data sheets like the 

Shuttle Rader Topographic mission (SRTM, 90 m) and the Advance Space borne 

Thermal Emission and Reflection Radiometer Global Digital Elevation Model 

(ASTER GDEM, 30 m). The contours (interval-20 m) are taken from SOI 

topographical maps (1: 50,000) for further analysis. The morphometric parameters 

have been studied on basin scale. The longitudinal and cross-valley aspects of 

analysis have been considered basically from the Topographical maps and enhanced 

analysis has been performed on the same scale under GIS environment (Arc GIS 10.2, 

Q-GIS 3.2 and Global Mapper 13.0). The basin morphometric parameters have further 

been divided in categories of relief, areal and linear aspects. The terrain analysis and 

basin extraction have been done form the analysis of SOI topographical maps and 

ASTER DEM (30 m, free sourced). The extension of the derivation of linear stream 

channels is not only confined in using Topographical maps rather to use rectified 

ASTER DEM and SRTM DEM data sheets of same projection layout (Universal 

Transverse Mercator’s) and scale. The basin geology and lineaments have been 

identified from the Geological map of the basin area and geological descriptions of 

Nakata (1972), Acharyya (1980), Wiejaczka (2016), Mandal et al. (2016), Biswas 

(2015) and Starkel et al. (2008). The followings are the systematic steps of the full 

analysis: 

2.3.1 The Geomorphological map of the basin has been reproduced from the 

previous Geomorphological map of North-Bengal foothills by Nakata (1972). 

The filed observations have been cross-checked with the existing map of 

Nakata. The preparation of the Geomorphological map has been accomplished 

under the GIS environment (Global Mapper 13.0) and Google earth software. 

Surface lithology was mapped from Geological and Mineral map of West 

Bengal (1990) (Scale 1:2,000,000) after map registration, overlaying and 

digitization of litho units in GIS environment. The secondary source in 

Geological mapping is also considered from the maps of Acharrya (1980) and 

Wiejaczka (2016) and Seismo-tectonic map of Dasgupta, 2000 (Geological 

Survey of India). The structural control of relief on drainage has been analysed 

from lineament mapping in Arc-GIS environment. 

2.3.2 The serial and superimposed profiles of the basin have been generated from 

the contour analysis (20 m) of topographical maps and ASTER DEM data at a 
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regular distance of 10 km and the superimposition of the serial profiles has 

been done within a same base frame of 1: 50,000 horizontal scale and 1 cm to 

500 meter vertical scale to know the pattern of the chronology of denudation 

processes on the topography and reduction in the relief. The support of 

ASTERDEM (30m) data framework is merged with the contours of 

topographic maps.  

2.3.3 The Chel river runs almost parallel to a tectonic lineament (Dasgupta et al., 

2000). The neo-tectonic imprints on the topography have been studied from 

the analysis of valley floor width to height ratio (Vf) (Bull, 1977, 1978; Bull 

and McFadden, 1977). The area of the basin affected by the dynamic wheel of 

erosion has been studied from hypsometric curve and hypsometric integral 

value (Strahler, 1952).  

2.3.4 The composition of drainage lines has been studied from SOI topographical 

maps and DEM sheets. Before that, the basin boundary has been delineated on 

the basis of contour crenulations, position of water-divides, extension of the 

alluvial fans and alignment of the tributary channels. The digitized streams of 

various orders has been extracted from SOI topographical maps and then 

superimposed on the geo-referenced ATERGDEM tiles of 1 km
2
 smallest unit 

pixel matrix. The projection and datum of the topographical maps (SOI) have 

been maintained into UTM projection layout with WGS84 datum.  

2.3.5 The morphometric parameters have been classified on three aspects of analysis 

i.e. linear, areal and relief aspects. The calculation of various indices has been 

performed on the basis of morphometric grid overlay (1 km
2
 small grid) on the 

extracted basin from topographical maps and the matrix overlay for derivative 

data accumulation has been done on geo-referenced ASTERGDEM digital 

elevation data sheet under GIS environment (Arc GIS 10.2). 

2.4 Geological setup of the basin 

The geological set up of the basin is controlled by the alignment of three tectonic 

thrust zone i.e. the northern most thrust is known as the Main Central Thrust (MCT), 

the next in the succession is Main Boundary Thrust (MBT) and the southernmost is 

the youngest major thrust, known as Main Frontal Thrust (MFT) (Geddes, 1960). The 

stratigraphic unit below the MCT is over-thrusted along MBT on the Neogene-

Quarternary Siwalik beds (Starkel et al., 2008). The pattern of fault lines in the 

piedmont zone is parallel or rectangular to the mountain front and the alignment is 

directed to the W-E and WNE-ESE in form of scarps which follow shallow anticlines, 

bending faults and back-tilting thrust (Starkel et al., 2008). It also accommodates with 
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the Tista fault running NW-SE (Chakrabarti et. al., 2010). The geology of the 

piedmont tract is correlated with a longitudinal zone of relative upheaval along the 

Siwalik border with an anticlinal ridge at Chalsa and synclinal depression at Matiali 

that forms the main geological outlook of the surface (Nakata, 1972). Several tectonic 

units of Darjeeling Sub-Himalaya overthrusts successively towards the foreland tracts 

of fluvial cut and fill deposits and the basic metamorphic constituents are the 

Darjeeling gneiss, Daling quartzite and shale (Starkel et al., 2008). The interfluve 

between Chel and Mal river is controlled by the E-W alignment of Matiali thrust with 

the formation of ramp anticline at the east of Mal river and the surface is dissected by 

the incision of the flowing rivers and rivulets on the Gorubathan thrust (Biswas, 

2014). The geological formation is dominated by the Quaternary glacio-fluvial sand 

deposits of the river. The foreland basin of Darjeeling-Bhutanese Sub-Himalaya was 

originated by flexural subsidence in response to the neo-tectonics and the main thrust 

zone migrates several times (Chakraborty et al., 2010). The extension of a relief thrust 

zone towards the east of Tista river controls the courses of the rivers Chel, Mal and 

Murti etc. (Nakata, 1972). Heim and Gansser (1939) observed the presence of multi-

cyclic river terraces on both the banks of the Chel also discussed about the crustal 

deformation of such cyclic landforms. Sukla et al., (2001) and Ghosh et al., (2005) 

has identified three distinct group of Quaternary sediment deposition in the Darjeeling 

Sub-Himalayan foreland and the old Chel fan surface falls under category of coarse 

gravely piedmont sediment laying close to the mountain front and retreats back to the 

mountain valley. The geological formation of the upper catchment of Chel is 

attributed by the sequence of Darjeeling gneiss, Daling Schist and Daling slate form 

north to south (Acharyya, 1982 and Wiejaczka, 2016) (Fig. 2.6). But, the continuation 

of Siwalik molasses bed along the foothill of Kalimpong ridge has been disrupted to 

the east of Gish Channel. This is due to the progressive retreat of the apex of the Chel 

fan into the mountains and rapid avulsion of the channel beside Patharjhora TG. The 

channel of Chel khola separates two elongated ridges above the outlet namely upper 

Fagu ridge and Gorubathan ridge which is composed of Daling slate. The distribution 

of the geomorphic surface as classified by Nakata (1972) extend in the Chel basin as 

in form of the Gorubathan surface and Rangamati surface. The boulder gravel bed of 

river Chel (90 m thickness) is made up of Daling Phyllite and the higher terraces are 

covered by red soil (Nakata, 1972). At the south of Gorubathan surface, the elevated 
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fan surface of the river Chel is covered by 30 m thick deposit of fluvial deposits like 

boulder, gravel and Siwalik sandstone and this surface is identified as the Rangamati 

surface (Nakata, 1972). The remnants of Gorubathan surface is composed of rounded 

boulders (2 m in diameter) and the surface is covered by the deposits of debris flow 

with iron-crust sediments (Starkel et. al., 2014). The middle part of Chel river is 

controlled by a fault scarp where the part of Chel-Mal interfluve is turned into a 

depositional surface. The Lingtse granite has been sandwiched between Chungthang 

formations of Proterozoic geological era (Fig. 2.5). The distinction of sediment 

stratification has been made by the thrust zone i.e. MBF. The eroded pocket of Chalsa 

formation still exists on the right bank of Chel river. It forms the basic geological 

matrix between Chel-Gish watersheds. Below the MFT, the piedmont and fan surface 

is composed of quaternary fluvial wash deposits on vast rolling plain. The MFT 

recedes to the upper catchment due to the progradation of alluvial fan in hills. The 

middle river terraces and elongated ridges of Upper Fagu and Dalingkot TG are 

composed of Pleistocene undifferentiated Siwalik group of rocks in a narrow band of 

5-7 km.   

The piedmont deposits display distinct litho-facies variation from the 

mountain front of Gorubathan to the plain of lower part of Murti river (Biswas, 

2014). The formation of the river terraces is associated with tectonic activity of the 

recent past. There are two steps of river terrace has been observed by Nakata (1972) 

on both the banks of Chel at the foot of Gorubathan surface (Fig. 2.9). The upper 

Fagu tea estate is located on the middle terrace surface (600 m) which is composed of 

gneissic boulder and the base rock is composed of Phyllite. The tendency of stream 

piracy of river Mal near MBT leads to increase the channel width of river Chel which 

is bordered by unpaired river terraces near Gorubathan (Biswas, 2014). The lower 

river terraces on the right bank of Chel are situated on the palaeo course of Chel 

beside Baitguri TG, Ranichera TG, and Syli TG etc. The lower river terraces are 

basically the area of alluvial depositions. The high terrace surface (550-500 m) can be 

observed near Ambeok TG, Dalingma Khasmahal and Dalingkot forest on both the 

sides of Chel and Kali rivulets. 
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Figure 2.5 Geological map of Chel basin. 
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Figure 2.6  Geological set up of Chel and adjacent Rivers (after Acharyya, 1986 & 

Wiejaczka, 2016). 

 

Figure 2.7  Seismo-tectonic Map of Darjeeling Himalaya & Piedmont Duars of North 

Bengal (GSI). 
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Figure 2.8 Identification of minor lineaments in Chel basin. 

2.5 Geomorphological set up & soil characteristics 

The geomorphology of the Darjeeling sub-Himalayan foothills along a long stretch of 

80 km to the west of river Jaldhaka up to river Tista exhibits a tendency of 

coalescence of alluvial fans of Lish, Gish and Chel rivers and the river terraces are 

fringing on the boulder beds. Several horsts and grabens with fragments of 
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Pleistocene terraces are to be noted on both the valley sides of the rivers (Guha et al., 

2007). The upliftments and over-thrusting during the Neogene and Quaternary era has 

been expressed by the gradual rejuvenation and slow maturation of the relief (Starkel 

et. al., 2015). The position of a river base profile changes in response to tectonics and 

climate (Biswas, 2014). The piedmont zone can be sub-divided into three distinct fan 

surfaces viz. Proximal fan, Intermediate fan and Distal fan (Chakrabarti et. al., 2015). 

The flash flood depositions have been transforming this ‘Fan-in-Fan’ surface 

(Chakrabarti et. al., 2015) every year. The course of river Chel is transverse to the 

thrust zones and confined by the elongated sub-Himalayan ridges (Fagu forest ridge- 

600 m, Upper Fagu ridge- 500 m, Gorubathan Khasmahal- 600 m and Dalingma 

Khasmahal- 800 m) act as divides between Sukha Khola and Chel as well between Sir 

and Kali rivulets. The overall geomorphology of the basin can be classified into the 

following categories: 

2.5.1 High dissected mountain tract 

The hilly catchment of the river Chel is 98 km
2
 and this zone represents a highly 

dissected terrain with maximum elevation of 2428 m a.m.s.l and the minimum 

elevation of 400 m. A butte enclosed within semi-circular ridge forms the watershed 

of Chel (Mandal et al., 2016). The geomorphology of this zone is carrying the 

imprints of several neo-tectonic upliftments inform of escarpments, ramp and 

subsided anticlines. The change of slope from the anticlinal crest above Pankhashari 

Khasmahal is 8.6 degree at a distance of 14.5 km up to the mountain outlet.  The 

measured gradient along the channel thalweg is 11% that sharply defines the way of 

the channel through deep gorges enclosed between elongated ridges of Darjeeling 

sub-Himalaya. The width-depth ratio of the V-shaped profile drawn between Nim 

Khasmahal and the front of Pankhashari Khasmahal is measured as 8.0 from DEM 

data. The lower value (0.04) of the river valley floor width to height ratio (Vf) of the 

same place denotes the asymmetric valley side where the right divides has been 

eroded at a much faster rate (height difference between left and right divides is 22.74 

m) and the valley floor is confined by high elevated ridge (300 m). The next cross-

section has been drawn by connecting the two high ridges between Dalingma 

Khasmahal and the left divides on the western bank of the Kali rivulet and the value 

of Vf is 0.33 and the result represents the symmetry on both the valley sides. But the 
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right divides is exhumed in two-cyclic terrace formation. The analysis of cross 

profiles reveals the unequal rate of erosion on the valley profiles. The decrease of 

elevation from maximum (> 2250 m) to the minimum (250 m) shows the high relative 

relief (2000 m) of the terrain which is controlled by the neo-tectonic upliftments and 

the high vertical down cut of the rivulets. The river Kali passes through a deep-gorge 

just above the Nim TG where the depth of the valley floor is 390 m from the left 

divides. Here, on the eastern bank of the rivulet Kali, Dalingma Khasmahal is situated 

on a flat topped ridge that is adjacent to an elevated terrace at the base of the slope. 

This ridge acts as water divides between the two rivulets Kali and Chel. The eastern 

bank of Chel rivulet is confined by a steep scarp of the downthrown block of a fault at 

an altitude of 620 m a.m.s.l. The W004 category of soil cover of this region with 

moderately shallow, well drained gravelly loamy soil causes moderate erosion of the 

surface (Fig. 2.10). The length of the fault scarp is 568 m and this part of the rivulets 

Sir and Kali is controlled by the E-W stretch of MBF. The dissection index value of 

this zone is 0.87. In this segment, the rivulets are almost straight and confined within 

deep gorges cut through hard metamorphic rocks only allowing short channel 

diversions along the channel bars. The development of dendritic drainage pattern and 

the neo-tectonic upliftments are the main cause of such high dissection of the surface. 

 

Figure 2.9 Geomorphological divisions of Chel basin (after Nakata, 1972). 
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The channel length of 15 km in the hilly terrain having a stream gradient index 

(SI= H/L) value of 0.11. The plot of valley altitudinal difference (H) against the 

stream length (L) represents the high variation in the channel gradient. Only on the 

plain alluvial tracts, the length of the channel is found large than the basin area below 

the contour elevation of 300 m. But, above 300 m, the total channel lengths of various 

order is less than the flowing area bounded between two successive major contour 

lines of the basin. This indicates the higher elevation of the topography develops 

number of gullies on the slope of escarpment, rivulets between the dissected ridges 

although the contributing length of these small streamlets within small areas is less. 

That may promote the flash-flood conditions within the basin and high amount of 

sediment yield directed to the main channel. The vast alluvial tract below 300 m 

elevation is composed of number of attributing streams (Kali Jhora, Nidam Jhora, 

and Kumlai river etc.) of higher length that often intensified the flood occurrences 

during monsoon.  

2.5.1.1 Analysis of serial profiles 

The analysis of serial profiles (Fig. 2.12) is a way to find out the rate of change of the 

gradient of the surface and the chronological decay of the absolute height of the 

surface. The profiles (A1- A12) have been drawn on an east-west stretch by 

maintaining an equal interval. The A1 and A2 profiles represent an extension in form 

of valley-ridge topography where the rate of channel incision is very high. The narrow 

streamlets are vigorously down cut the under laying Darjeeling-Kanchenjunga gneiss. 

Here, number of gullies have been developed on the steep valley side walls. The A2 

profile represents a highly rugged surface where the right edge extends up to 2200 m 

of height. Both the profiles are much eroded on their left-hand side. This part 

represents the gradually concave surface Nim Khasmahal where the valley extends up 

to the channel of Kali Khola. A3 and A4 profiles rise from 1600 m height but the 

middle part is highly eroded by the two rivulets Sel and Kali khola. 

The A4 comes down below 1250 m at the middle of the profile. This profile is 

bordered by the steep escarpment of Dalingma Khasmahal at the right. The A5 profile 

represents a prominent V-shaped gorge of the Chel beside the Ambeok TG. The A6 

profile has been drawn at the mountain outlet of the river Chel where the Upper Fagu 

TG is situated on the left ridge and Gorubathan locality of its right. 
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Figure 2.10 Soil Map of Chel basin and adjacent area. 

 

Figure 2.11  Morphometric relational measures of Chel basin: a. Relational plot between 

stream length &area, b. Distributional curve of stream length & area. 

Along this profile, the channel floor gradually widens out just after attaining the 

piedmont surface. Form the analysis of superimposed profiles, it is clear that the 

profiles do not achieve any planation surface. Rather, the distribution of relief energy 

is still very high as it is evident from the value of high relative relief. The existence of 

sharp ridges and steep valley side slopes represent the high dissected topography (35-

48%) of youthful stage of normal cycle of erosion. Only the Dalingma ridge along 

eastern bank of Chel represents flat topped displaced part of the ridge that reflects on 

the right hand side of the A4 and A5 profiles (Fig. 2.14). The neo-tectonics along the 

MBF (Main Boundary Fault) and HFF (Himalayan Front Fault) attributes to the 
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maximum relief disorder and the drainage development with their intensive valley 

incision reflect on the profiles. The profiles A9 to A10 represent the rolling surface on 

extended alluvial fan surface. The profile A7 and A8 indicates the eroding watershed 

of Chalsa formation between Gish and Chel rivers (Fig. 2.14). The superimposed N-S 

oriented profiles present the relatively small variations on the hilly catchment and 

extended flat on rolling plain. The dissection of the relief of hilly terrain is responsible 

for such variation (Fig. 2.13). 

 

Figure 2.12 Frame-work for serial profile analysis. 
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Figure 2.13 Superimposition of N-S oriented serial profiles (based on SOI topographical 

map and ASTREM DEM). 

 

Figure 2.14 Superimposition of E-W oriented serial profiles. (based on SOI 

topographical map and ASTER DEM). 

2.5.2 Piedmont tract with terrace formation 

The piedmont tract is a landform where several alluvial fans coalesced along the 

floodplain range of the rivers. The foreland of the sub-Himalaya is built up of 

Quaternary sediment which show a distinct fractional differentiation starting from 

boulders and gravels in the root part of piedmont fans and terraces (Sarkar, 2012). The 

remnants of old fan surface are located on the litho-strata of Siwalik beds which are 

preserved on both the sides of the frontal tectonics line (Nakata, 1972, Basu and 

Sarkar, 1990). The discrete lobes of fans along the mountain front has formed due to 

the prevailing energy condition of the N-S, NW-SE and NE-SW directed rivers came 

down from the lower Himalaya (Chakrabarti et. al., 2015). The division of ‘Fan-in-

Fan’ morphology has been arranged by the sequence of Samsing-Thaljhora formation 

(600 m-280 m), Chalsa-Matiali formation (280 m-80 m) and Baikunthapur-Saugaon 

formation (180 m-30 m) (Chakrabarti et. al., 2015). The river has its source ensconced 

by the oldest thrust belt (MCT). It flows transversely through the two other younger 

thrusts (MBT and MFT) and debouches on to the piedmont forming a formidable 

alluvial fan system (Mandal et al., 2016). The W002 soil group dominates the portion 
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which indicates Typic Udorthents group of soil with the tendency of moderate erosion 

(Fig. 2.10). The loss of slope is rather very gradual from the outlet up to the tri-

junction of Chel, Manzing and Sukha khola. The measured gradient along the channel 

form the outlet at a distance of 2.4 km is 2.2%. This tract extends below the 

Gorubathan market and lower Fagu TG at an elevation of 400 m a.m.s.l. The 

formation of the fan surface is attributable to the deposition of eroded sediment 

supplied from the head streams of Chel, Manzing and Sukha khola as well as the 

small rain fed rivulets originated from the escarpment of Gorubathan Khasmahal. The 

alluvial fan system of the river Chel is comprised of five morphogenetic fans stacked 

one above another with a tendency to shrink and shift progressively upward (Mandal 

et al., 2016). From the analysis of high resolution satellite imageries and 

corresponding ground checking, total five alluvial fans have been identified by 

Mandal and Sarkar (2016). Biswas (2014) classified the inter-fan surface between 

Chel and Mal rivers into three categories viz. the upper fan surface which is 

composed of boulder beds, middle fan surface where the channels transform into 

braided courses and the lower fan surface is characterized by fine sediment deposits. 

The fan surface has a tendency to move upslope and each new deposit is under laid by 

the successive old depositions. The study related to the development of the fan 

surfaces is concerned with the morphological arrangements and mode of occurrences 

both in a quantitative and qualitative aspect with time and space (Biswas, 2014). The 

study area is composed of the Chel micro fan surface (Biswas, 2014) which is the part 

of Tista mega fan. The upper fan surface is situated on both the banks of Chel river. 

Below the Lower Fagu TG, the upper terrace surface is situated at an elevation of 350 

m a.m.s.l. On the right bank of this surface, a small fan is situated at an elevation of 

270 m a.m.s.l below the junction of Manzing and Sukha khola. The middle fan surface 

extends at a stretch of 9 km from the mountain outlet (average elevation >230 m) 

which covers the areas of Syli TG, Rangamati TG, Nidam-Jhora TG etc. The lower 

fan surface extends below Damdim and merges with the vast plain alluvial tract.  

The high river terraces with extensive flat alluvial fan deposits are formed by 

the result of progressive flattening of the gradient of the major rivers and their 

tributaries (Biswas, 2014). The process of upliftment along the main thrust lines has 

distinctive link with the dissection of the scarp surfaces along the frontal fault (Starkel 



Chapter II 

30 

et. al., 2015). Heim and Gansser (1939) observed the development of three levels of 

terraces and their deformation by crustal movements to the east of Tista river. The 

landscape of the piedmont area of Duars is the manifestation of the propagating 

components of MFT within the alluvial fan depositions. The observations at 

Gorubathan thrust has revealed the condition of MFT at its early stage of 

development and where the drainage linkages are yet to be established. Along the foot 

of the escarpment of the Gorubathan thrust, paired two-cyclic river terraces are 

observed on both the banks of the channel. 

2.5.3 The Alluvial Plain 

The southward extension of the alluvial fan converts into a flat rolling surface with 

number of meandering channels and cut-offs. The upper boundary is demarcated by 

200 m contour elevation and the southern tip of the basin is bordered by 100 m 

contour. A swamp tract with old sand deposition is found along the eastern bank of 

the main channel of Chel. The W008 code of soil consists of very deep, poorly 

drained, coarse loamy soil which occurs on level to nearly level lower extension of 

piedmont tract with loamy surface (Fig. 2.10). The vast area in this plain falls under 

scattered vegetation cover and tea gardens. The evolution of this surface is possible 

for the reason as the number of southerly flowing jhoras tribute high amount of 

surface run-off to the main channel of Chel and Kumlai. The event of past tectonics 

created mass-flow of large debris that gradually spreads over the surface and left the 

ferruginous coats and rootlet debris concentrations on the surface of the soil (Mandal 

et al., 2016). The succession of the Chel fan with various fluvial deposits on the 

surface develops a distinct soil profile in this region. The general slope of the surface 

(0.6 degree) directs from north to S-E. The presence of mud facies of overbank origin 

carries the omission surface that indicates the intervals between the successive floods 

(Mandal et al., 2016). Over this large area, the genesis of soil profiles is attached with 

the process of overlapping of new flood deposits over the older one and with the 

phase of time this upper soil horizon converts into reddish brown in appearance.  

2.6 Analysis of channel longitudinal profile 

The channel longitudinal profile of Chel (Fig. 2.13) is the indicative of the existing 

balance between stream erosion and deposition. The longitudinal profile has been 
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drawn at a stretch of 45 km and elevation difference between source and mouth is 

2100 m. The gradual decline of slope has been observed at 910 m of elevation. The 

change of the surface gradient from 910 m elevation at a forward stretch of 5 km is 

8.5%. The first break of slope has been observed at an elevation of 1478 m. Below 

this point, the profile represents a uniform slope where the top and bottom of the slope 

indicates a gradient of 23% at a stretch of 4 km. Below the break of slope at 1478 m 

of height, the long stretch of 44.5 km is representing an almost smooth concave 

profile. The concaveness of the profile has been extended below the Pankhasari 

Khasmahal (970 m) up to the snout of Dalingma Khasmahal ridge (420 m) where the 

channel gets a tributary at the left bank. The flatness of the profile has been started 

form 320 m of contour elevation beside the Gorubathan locality. The average 

gradient of the longitudinal profile from the source up to its junction with river 

Kumlai (45 km downstream from the source) is measured as 9.5%. The average 

elevation difference of the profile is 1686 m that represents a high relative relief and 

exposure of tectonic upheaval with low entropy. The calculated relief ratio (Rh=Basin 

relief/Channel length, Schumm, 1956) of the basin is 36.7 that represents a well 

developed drainage network with their erosional activity on the terrain and the 

attainment of high dissection of the upper catchment (lowest- 400 m) that reflects 

through the structural regularities of drainage network evolution.  

2.6.1 Quantitative analysis of Longitudinal profile 

The analysis has been carried out to know the state of rare equilibrium along the 

longitudinal profile of the Chel river (Fig. 2.15) and the influence of complex 

epierogenetic movements on the channel longitudinal profile. As well it helps in 

understanding the formation of channel thalwegs by the multi-cyclic fluvial erosion. 

The analysis helps in revealing the act of complex process-response system on a 

channel longitudinal profile. The length of the profile is computed as 48 km and it 

divided into number of identifiable break-of-slope elevation points 2003 m, 1478 m, 

941 m, 575 m, 380 m and 198 m and 152 m. These points are indicating the phases of 

small sub-cycles of fluvial erosion after being interrupted by tectonic upliftments. 

Such points exist on the longitudinal profile as the profile oscillated to attain 

equilibrium between upliftment and fluvial actions. These sub-cycles reveals the 

complex short term changes in the profile. The longitudinal profile has been divided 
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into 19 parts of mostly visible well defined changes of channel slope to compute the 

channel thalweg lengths (point to point). The state of channel equilibrium is a 

function of specific elevation and length of thalweg. The relationship between channel 

thalweg length and specific elevation is presented through power regression fit with 

R
2
 (coefficient of determination) of 0.95 i.e. 95% variation in Y can be explained by 

X variable. It provides a high negative correlation of 0.97 and it goes with the 

statistically significant status at 1, 17 degree of freedom at 95% level of significance. 

The plot of longitudinal profile following the channel thalweg (Fig. 2.16) shows 

distinct fluctuations of height due to such epierogenetic movements and interruption 

of normal cycle of erosion. The longitudinal profile of a river always tends to attain an 

ideal curve of erosion-deposition balance. It is rare in areas of tectonic disturbances. 

The deviations from the ideal curve have been plotted by computing channel thalweg 

length and specific elevation ratio in respect of measured height from river mouth and 

length from the mouth at the head-water. The ideal curve has been adjusted by power 

regression model fit (Fig: 2.16) with R
2
 value of 0.99. The model represents rapid 

upliftment in the upper catchment and continuous lowering at the middle part. The 

middle part of the computed curve does not match with the continuous aggradation at 

the foreland basin. The foreland basin and valley along the lower river terrace area are 

rapidly eroding with irregular renewal of fluvial cycle of erosion. The extrapolation of 

the longitudinal profiles also indicates the existence of many profiles of equilibrium 

during different sub-cycles of erosion. The mathematical curve (Fig. 2.17) interprets 

the long complex history of epierogenetic movements deviates the observed curve 

from their close association. The basin proceeds towards quasi-equilibrium as the 

hypsometric integral value of 48.56 indicates (Fig: 2.28) its maturity.  

 
Figure 2.15 Longitudinal profile of Chel River (based on SOI topographical map and 

ASTER DEM). 
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Figure 2.16 Power regression model of channel length (m) & height (m). 

 

Figure 2.17 Adjusted mathematical equilibrium curve of longitudinal profile. 

[Note: H/H0- Observed specific height ratio, Yc- Computed specific height ratio, H= Maximum 

Stream altitude from the river mouth, H0 = Stream altitude at the point of measure, L-Stream length 

from river mouth at point (m), L0-Maximum stream length from the mouth at the head waters.] 

 

Figure 2.18 Positive & negative deviation of elevation along the longitudinal profile. 
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2.7 Broad physiographic divisions 

The broad physiographic division has its importance in the physiographic 

regionalization of an area on the basis of absolute height distributions, surface 

corrugation and the effect of active erosional agents on the surface. The physiography 

has been divided on the basis of contour crenulations (Fig. 2.19) extracted from the 

Topographical maps (SOI). The division is based on the alignment of the major 

contours (1600 m, 1200 m, 800 m and 400 m)  (Fig. 2.20) after extracting from the 

Topographical maps on the basin. The head part of the basin is situated in the lap of 

lesser and eroded Siwalik Himalaya where the maximum elevation has been observed 

as 2464.87 m. The semi-circular shape of the ridge below the Westner forest slopes 

gradually to the Ambeok Tea garden where three parallel ridges (Nim Khasmahal 

ridge, Pankhashari Ridge and Ambeok ridge) meet the initial valley beside Ambeok 

TG (540 m a.m.s.l). The slope of the parallel ridges act as the path of overland flow 

and generates the chances of slope failure during rains. The region above the contour 

of 1600 m is called as high dissected hills where the land masses stay in proximity of 

land-slip threshold and geo-evolution through active gully channels. The Kolbong and 

Westner forests are protecting the arc of the upper margin of the basin which acts as a 

steep scarp slope faces on the south. The arc runs to the west and again turns to the 

south beside Samabiyong TG. This old sharp ridge (1800 m a.m.s.l) act as a water 

divide between Git khola (tributary of Gish River) and Kali khola. The surface has 

been eroding by the phases of catastrophic rainfall events (1992, 1996, 1998, 2000 

etc) and the formation of gulley heads on the slopes enhances the chances of slope 

instability. The physiography between 1600 m to 1200 m (5.71 %) is genetically 

attached with evolution of relief on the lengths of the gully channels and the un-even 

rate of sheet-erosion on the slopes. The stream junction angels corresponds to the 

sharpness of the ridges. In this part, the physiography of the valley-walls creates the 

source of many un-concentrated run-offs to the main channels. The valley wall 

gradually experiences an active retreat due to the active head erosion of Kali and Chel 

rivers. The physiography of the lower dissected hills (1200 m to 800 m: 7.37%) 

inherits the similar relief aspects as the previous. The upper part of Pogu and Noam 

forest falls under this part. On the left of the basin, the E-W alignment of a ridge 

(1200 m) gradually slopes to the Chel valley (540 m) above the Ambiok TG. The 

southern face of this ridge generates land-slides and gives the birth of two active 
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channels namely Noam and Pogu Khola at the right of the course of Chel. The 

Pankhashari Khasmahal (1100 m) at the middle of the basin divides the channels of 

Kali and Chel. The regions falls less than 800 m to 400 m (9.9 %) is the extension 

region of lower dissected hills. Mainly four consecutive ridges namely Noam, Pogu, 

Upper Fagu and Gorubathan extend to the piedmont region and meet the piedmont at 

280 m a.m.s.l. These snouts of the low extended hills act as a divide between three 

main channels namely Manzing, Fagu and Chel khola. Below 400 m (70.36%), the 

surface has been rolled out by the fluvial action of Chel river. The surface can be 

divided into proximal and distal fan surfaces. The surface is a large depositional 

ground of Chel river. The nature of sediment shorting changes rapidly from coarse to 

fine to the flat plains of Kranti (70 m a.m.s.l). The surface is identical with multi-level 

fan surfaces and depositional flats. The formation of this surface is also related with 

the effect of recurring flash floods and alternative depositions. 

2.8 Altimetric frequency curve 

It is the graphical form of presentation (Fig. 2.21) of various elevation points above 

mean sea level. The erratic distribution of surface heights presents the un-equal rate of 

the tendency of surface planation. The graph reveals the distribution of spot elevations 

of a basin and the tendency of its variation. The various positions of spot heights 

reveal the un-eroded summit levels, existing ridges, structural benches and valley 

shoulders. The numerical frequency of the height distribution can be presented in 

form of different class groups. The presentation is suitable in identifying the old 

erosional surfaces in respect to the rejuvenation of the cycle of erosion. The Chel 

basin has been divided into 300 grids of 1 km
2
 size for generating the spot heights of 

the respective grids (20 m contour interval). The study can be inferred with following 

aspects: 

2.8.1 Total 13 elevation class categories have been generated from the statistical 

frequency analysis (200 m to 2400 m) of the spot heights. The curve presents a 

uni-modal (100 m) frequency distribution with principle modal frequency lies 

at less than 200 m category. The 100 m elevation distribution covers 

maximum 12% area of the basin. The height distribution less than 200 m 

covers an area share of 47.62 % for the Altimetric frequency curve.  

2.8.2 The occurrence of 100 m spot height is calculated maximum as the 74.3% of 

basin area is falling under gently rolling extension of alluvial fan surface.  
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2.8.3 The frequency distribution is positively skewed towards to the increasing data 

value on right hand side. In the distribution 25% of the area falls under the 

range of 80-120 m, 50% area lies between 80-200 m and 75% area lies in 

between 80-940 m respectively in case of maximum elevation distribution in 

the basin.  

2.9 Analysis of morphometric parameters of the drainage basin 

The drainage basin may be defined as the area which contributes water to a particular 

channel or set of channels (Leopold et al., 1964). The topographic, hydraulic and 

hydrological unity of a drainage basin can be elaborated through the analysis of 

morphometry (Horton, 1945). The quantitative description on various parameters of 

basin and channel especially about their configuration, structural control and 

evolution is termed as the analysis of morphometry. Morphometry is the measurement 

of geometry of a drainage basin or a part of it (Saha & Basu, 2010). Morphometry 

defined as the measurement and mathematical analysis of the configuration of the 

earth surface and of the shape and dimension of its landforms (Clarke, 1966). Basin 

morphometry is a ways of numerically analyzing or mathematically quantifying 

various aspects of drainage channel and its characteristics that can be measured for 

comparison which includes the number, length, drainage density and bifurcation of 

rivers as well as shape, area, relief and slope of the basin. The morphometric analysis 

of the Chel basin can be helpful in depicting the gradual evolution of the surface with 

the establishment of drainage network. The change in hydraulic geometry has a keen 

relationship with the morphological changes of the channel. The phases of neo-

tectonics affected the hilly terrain under the great opposition of fluvial gradation. The 

basin area of river Chel is 316 km
2
 and the length of the channel is 47.6 km. The 

morphometric analysis of the basin will be carried out into the three distinctive 

segments (Chorley, 1969) which are as follows: 

2.9.1 Relief aspects of the basin 

The concept of relief is associated with the difference of elevation between the valleys 

and the summit of the mountains. The relief is an expression of the distribution of 

endogenetic activity on the earth crust. Maximum relief of a region is simply the 

elevational difference between highest and lowest points. Schumm (1956) measured 

the basin relief along “the longest dimension of the basin parallel to the principle 

drainage line”. Relief measures are indicative of the potential energy of a drainage 
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system presence by virtue of elevation above a given datum (Chow, 1959). The form 

and shape related geometric parameters are included in relief aspect of a basin. The 

erosional expression of running water on a terrain can be depicted by relief ratio (the 

quotient of relief and channel length). The elevational difference of the basin 

expresses through the distribution of relative relief. As well the height of any 

topography from the datum is considered as the absolute height. The varying rate of 

erosion of the rocks up to its non-resistance limit decreases the absolute height of 

topography. The gradual decrease of the channel gradient is an indicative of valley 

widening with high sediment debris accumulation within the channel. The shape of 

the basin controls the amount of run-off that comes down through the streamlets at the 

outlet and the height of the storm hydrograph at a specific basin lag. The slope of the 

terrain is considered as important control over the magnitude of the run-off peak. The 

slope of the valley side escarpments controls the length of overland flow. The 

character of the distribution of valley side slope angles controls the erosion of the 

valley walls and the amount of sediment yield.  

2.9.1.1 Relative Relief (RR) 

Relief measures are indicative of the potential energy of a drainage system present by 

virtue of elevation above the given datum (Chow, 1959) (Fig. 2.24). The basin has its 

own history of morphogenesis. The diastrophic forces have been acting on the surface 

to re-establish the orientation of basin gradient, channel length and the amount of 

deviation in the absolute relief of the basin. The index of RR expresses the present 

amount of relief displacement in relation to the previous existence of the base level of 

erosion. The dynamics of relief distribution and the amount of deviation of the present 

relief from the steady-state of relief equilibrium (variability of absolute height, re-

establishment of stream length-gradient and morphogenetic effects on the surface) can 

be express by using Relative Relief. The index equates the amount of maximum relief 

displacement from the pre-existing base level of erosion. The oscillation in the 

disequilibrium reflects the multi-cyclic genesis of the relief in connection to the 

orogenetic forces. The dynamic effect of multi-weather agents on the surface unveils 

the superimposed landscapes and refits the surface on a new selected base level.  
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Figure 2.19 Contour map of Chel basin (based on SOI topographical maps). 
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Figure 2.20 Broad physiographic division of Chel basin. 
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Figure 2.21 Altimetric frequency curve of Chel basin. 

 

 

Figure 2.22 Grid-wise (1km
2
) distribution of maximum elevation. 
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Figure 2.23 Histogram of maximum elevation distribution. 

This phenomena of weathering composed new adjustments in the elevation 

adjustments of the surface. The adjustments directly influence the length of gradient, 

valley-wall steepness and dip of the rock structures. The parameter is helpful in 

analyzing the overall terrain characteristics and morphogenesis of the surface. The 

analysis of Relative Relief (Fig. 2.24) is indicative of the ‘Amplitude of available 

relief’ as first defined by W.S. Glock (1932). Where, it defines as the vertical distance 

of a vertical flat surface up to the initial grade of a stream (Glock 1932 and Sing, 

2011). It also can be expressed as the variation of altitude in a unit area (1 km
2
 grid) 

from its local base level (Ghatowar, 1986). Here, the calculation method of Smith 

(1935) has been followed to prepare the isopleths map of the distribution of various 

categories of Relative Relief (Table 2.1). For each grid of 1 km
2
 the following 

formula has been considered:  

Relative Relief (RR) = Maximum Elevation of the grids- Minimum Elevation 

of the grids    (2.1) 
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Figure 2.24 Relative relief map of Chel basin. 
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Figure 2.25 Histogram of frequency distribution of Relative Relief values. 

(Note: Mean: 254.95, SD: 197.91 & N: 97) 

 

Table 2.1 Statistics on Relative Relief analysis 

Relative Relief Classes Area (km
2
) Area in % Cumulative Area (%) 

40-95 181.5 57.26 57.26 

95-151 11.93 3.76 61.02 

151-207 6.81 2.15 63.17 

207-263 13.099 4.13 67.3 

263-319 9.707 3.06 70.36 

319-375 14.58 4.60 74.96 

375-431 28.13 8.87 83.83 

431-487 42.67 13.46 97.29 

487-543 7.19 2.27 99.56 

543-599 1.39 0.45 100 

Source: Computed by the author. 

The maximum area of 78.99 km
2
 falls under the relative height of 100 m and 

the area are occupied by the flat shallow foreland basin. The area is composed of five 

successive alluvial fans and gentle flood plain. The foreland basin is continuously 

filling with wash load carried from the upper catchment. The sequential arrangement 

of alluvial fans creates little variation in the relative heights of the surface. The two 

patches of maximum RR (500-550m) are confined separately in the N-W part of the 

basin that occupies only 0.67 km
2
. Another area of 13.38 km

2
 ranging between 400-

450 m is confined in the N-W part of the basin. The frequency distribution of the data 
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reveals the slight positive skewness of the data distribution (0.25) and platykurtic (-

1.3) shape of the distribution. The modal frequency distribution indicates 10 m of 

Relative Relief (RR). The median value of frequency distribution lies at 250 m. The 

piedmont and flat featureless flood plain of Chel basin (181.5%) rolled up with the 

movement of Quaternary Glacio-fluvial deposits and water discharge. This flat 

surface starts below 300 m contour and extends up to 80 m contour elevation and 

caring a low relative relief of 50 to 100 m. The western margin of the basin comprises 

a relative relief of 400 to 500 m (41.67%). The discrete patches of high relative relief 

above 500 m are observed on the western part of the upper catchment. It represents 

various forested sharp conical hills and escarpment faces (1.39%).  

2.9.1.2 Slope analysis and aspects 

The movement of water has been controlled by the inclination of the surface over 

which it flows down under the directional gravitational pull. The length of slope can 

be presented as what amount of inclined surface is held within x as linear tangent path 

on the irregular geoid and y as the difference of initial altitude and the destination 

altitude on x from a definite datum. Slope has many aspects amongst those bearing of 

the slope extension (Patel, 2012), length of slope and the amount of dip of the 

combined surface on x is important in calculation. Surface slope determines the 

velocity of water and earth flow. On gradual slopes with high length, the amount of 

run-off length becomes higher and the weathered earth materials stay at rest for long 

time on an angle of repose. In mathematics, the slope or gradient can be used as 

synonymous by meaning the vertical change happens over a certain horizontal change 

along a straight path. Slope can measure the steepness, inclination and grade of a 

surface. In basin morphometry, the analysis of slope produces logical relationships 

among average slope versus dissection, ruggedness of the terrain, flow convergence 

and divergence, length of overland flow, amount of infiltration and flow path of 

weathered debris. In traditional slope derivation methods mostly used is the 

calculation of average slope by Wentworth’s method (1930) (Fig. 2.26). The tangent 

value of average slope of a surface is calculated on the basis of 2 cm
2
 or 1 km

2
 grid 

drawn on the basin extracted from Topographical map. Although, it is associated with 

a tedious counting of the number of contour lines intersections on the limbs of the 
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square grid. Then, the intersections are also to be noted on the two oblique drawn 

from two opposite directions within each grid: 

Average Slope= tan
-1

 = N*I/636.6  (2.2) 

Where, N= Average No. of Contour crossing per km and I= Contour interval and 

636.6 is the constant in metric system. 

The average number of contour crossing is to be considered for the further 

calculation. The modern GIS tools have the capability to attempt the analysis on DEM 

(Digital Elevation model) sheets to represent the gradient values of each grid, 

orientation of slope and aspect of slope within the basin. The digital analysis is quite 

effective in elucidating the flow paths of streams on the slopes, the length of flow 

paths, point of flow convergence and divergence, arrangement of ridgelines etc. The 

directional slope variability along the channel of river Chel can be measured from 

Stream-length Gradient index (SL) or stream gradient index (Hack, 1973 and Mandal 

et al. 2016) (Fig. 2.27). For the analysis, contours with successive interval have been 

extracted from Topographical maps and other measurements have been done over 

ASTER DEM sheet (1 arc second/30m grid of elevation posting) under Global 

Mapper 13 and Q-GIS (3.2) environment. The analysis requires measurements of 

successive contour intervals ignoring the directional variability along the river course 

and uses the formula S=H/L (where, H is the elevation difference and L is the 

horizontal distance between the two end points of a measured stretch) (Mandal et al., 

2016). The SL index value is calculated as maximum 1172 for the N-E corner on 

Pankhasari ridge which extends near the MBT. The high value indicates maximum 

topographic disturbance due to neo-tectonics.The semi-log graph of L (x=successive 

distance of a stretch contained within two contours) against Stream-Length Index 

value (SL=y2) and altitudinal difference (H=y1) of the same stretch generates the 

Hack’s profile which further elaborates the erosional potential, stored entropy and 

stage of the basin in cycle of erosion. The wide extended alluvial fan surface 

(57.38%) having a minimum slope varying from 4-8 degree. This slope amount is 4 

degree and less below the 200 m contour elevation. A patch of 8.23% having a slope 

amount of 28-32 degrees extends from north to South-west (Neora Valley to Nim  
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Figure 2.26 Average slope zone map of Chel basin. 
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Figure 2.27 Stream-length gradient Index map of Chel basin. 
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Table 2.2 Statistics on average slope analysis 

Average Slope  Classes (in 

degree) 

Area (km
2
) Area in % Cumulative Area (%) 

0-4 181.89 57.38 57.38 

4-8 25.35 7.99 65.37 

8-13 3.29 1.03 66.40 

13-17 8.35 2.63 69.03 

17-22 32.405 10.22 79.25 

22-26 20.65 6.52 85.77 

26-31 26.10 8.23 94.00 

31-35 13.89 4.38 98.38 

35-39 5.05 1.59 100.00 

Source: Computed by the author. 

 

Khasmahal). The slope area ranging between 20 to 24 degrees (10.22%) extends from 

N-E to S-W (eastern margin of Neora Valley, Gorubathan and Fagu Khasmahal). 

The discrete patch of high slope amount of 40 to 44 degrees is visible towards the left 

of Chel mainly around Nim forest and Neora valley. The formula of the calculation of 

Stream-Length index is a quotient of altitudinal difference versus length aspect of a 

stretch. Seeber and Gornitz (1983) introduced symbol ‘K’ as ‘gradient-index 

(topographic)’ for the entire river profile under study and the calculation of SL/K 

(Gradient index ratio) is suitable for the analysis of topographic altitudinal variations 

within the studied basin and for Chel basin the value comes as 1352 (Mandal et al., 

2016). The maximum value indicates high topographic discordance (Fig. 2.27).  

2.9.1.3 Analysis of Hypsometric curve  

The Chel basin has been altering in a systematic way by the cyclic activation of 

upliftment processes and tendency of planation on an un-equal rate. The basin 

comprises many autogenic processes of cut and fill that evolves through the pattern of 

climatic variability. The basin itself holds a tendency of active incision on hilly 

terrains and continuous erosion keeps alive the system of basin fill at the outlet. The 

accretion of the piedmont fans is indicative of the dominance of basin erosion in the 

upper catchment. The increasing height of the river terraces indicates the rejuvenation 

of the fluvial system. The gradient of the valley slopes (1 in 7.56 m from maximum 

spot height to mountain outlet) amplifies the non-channelized initial run-off to shape 

up the youthful morphology of the basin. The basin is still responsive to the changing 

pattern of rainfall and process of valley incision. It bears the possibility of multi slope 
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failure which may change the transportation capacity of the river on its variable 

channel slope. The X-Y plot adjusted with the distribution of an erosional land surface 

in relation to its relative height. The area below the curve is representative of the state 

of in-equilibrium, maturity or peniplane of a land surface. It is known as hypsometric 

integral; a standard value derives from the ratio of the square grid to that of the area 

falls under the curve.  The curve shows (Fig. 2.28) sharp decline in height and a 

tendency of gradual flattening towards maximum relative area. The curve is an 

irregular concave profile that holds maximum relative height within small proportion 

of relative area i.e. only 10% of relative area holds above 50% of relative height 

distribution. The curve presents a peculiar tendency of sharp fall up to 25% of relative 

area and 75 % relative area falls below 19% of relative height. It is a complex 

discussion why the HI value of Chel basin is only 48.56. The value indicates that the 

fluvial system is approaching to late youthful stage. The reason of tectonic instability 

and complex cycle of epierogenetic upliftments have been controlling the process of 

dynamic rejuvenation in this basin. The increasing depth of the valley bottoms 

between MBT and MFT establishes the high efficiency of two adjacent 4
th

 order 

streams namely Fagu khola and Chel khola. 

 

Figure 2.28 Hypsometric curve of the Chel basin. 

The 25% area falls under upper catchment demarcated by 300 m contour is 

significantly evolved by high stream power through the valleys. The sinuous course of 
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This is indicative of the increasing heights of the terraces. The activeness of the 

channels is associated with the steepness of the gully walls. The semi-circular shape 

of the ridge at origin supplies maximum 1
st
 order streams to the initial 4

th
 order stream 

of Chel khola. The existing fluvial processes cause the maximum relief disorder with 

minimum entropy. The mountainous course of Chel has a gradient of 156.6 (per 

thousand) with only 9.5 (per thousand) stream gradient on the piedmont area (Dutta 

1966; Starkel et al. 2008; Wiejaczka 2016). This sharp change in the stream gradient 

values matches with the shape of the hypsometric curve. But, the shape of the basin 

below 300 m contour is related with the successive deposition of eroded materials. 

The area of 225 km
2
 is covered up by the extension of five successive fan surfaces of 

various orientations. The Gorubathan fan surface near MFT has a tendency to retreats 

back to the mountain part. It causes the head ward lengthening of the fan surface and 

finally proves the extension of maximum area under minimum relative height.  

2.9.1.4 Dissection Index (DI) 

It represents a ratio between the maximum Relative Relief to the maximum absolute 

height of a basin. The analysis has the capability to evaluate the process of maturation 

of the terrain and the magnitude of exogenetic dissection on the same surface. The 

attainment of a stage by a river can be elaborated by the index value. Dov Nir (1957) 

focused on the dynamic potential state of a drainage basin with the help of his 

calculation. He suggested the following formula: 

Dissection Index (DI) = Relative Relief (m)/ Absolute altitude from a datum (m)     

(2.3) 

Table 2.3 Statistics on Dissection Index analysis 

Dissection Index classes Area (km
2
) Area in % Cumulative Area (%) 

0.05-0.1 8.09 2.56 2.56 

0.1-0.15 238.86 75.59 78.15 

0.15-0.20 23.19 7.33 85.48 

0.20-0.25 16.70 5.28 90.76 

0.25-0.30 11.42 3.61 94.37 

0.30-0.35 09.75 3.08 97.45 

0.35-0.40 3.46 1.09 98.54 

0.40-0.45 2.13 0.67 99.12 

0.45-0.50 2.01 0.64 99.85 

Source: Computed by the author. 

The 1 km
2
 grid method has been followed for the calculation of the index 

values. The results varies from 0 to 1 (above 1 for vertical cliffs and 0 is hypothetical 
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consideration) (Singh, 2007). The dissection index is also used as a determinant of the 

stage of cycle of erosion wherein old, mature and young stages are related to the 

dissection indices (Patel, 2012). The spatial variation of the dissection values in each 

grid presents the differences of denudation activities on the surface. The cross-

sectional analysis of a highly dissected surface reveals the unequal rate of erosion on 

the profile. The western part of the basin at Noam and Fagu resrve forest, the 

dissection index value is very high (Fig. 2.29). The 4
th

 order channel Manzing khola 

developes a dendritic drainage pattern on this surface.  

 

Figure 2.29 Dissection Index map of Chel basin. 
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Figure 2.30 Histogram & frequency distribution of Dissection Index values. 

(Note: Mean-0.26, Std. Deviation- 0.196, N-69) 

2.9.1.5 Ruggedness Index (RI) 

This index is a representative of surface corrugation attained by various exogenetic 

weather and surface processes i.e. amount of rainfall, occurrence of landslides and 

action of running water. It causes surface undulation depending on the resistance of 

underlying rock structure and amount of stream power that actively involved in down-

cutting. The amount of surface slope always exaggerates the chance of slope threshold 

exceedence combining the influences of weather agents. The ruggedness of 

topography is the result of continuous form-process interactions within the basin. The 

multi-cyclic changes of the local base level with a new dynamic adjustment in the 

fluvial system generate new power of surface erosion. The surface of a basin always 

changes through auto-cyclic processes of erosion and sedimentation. So, the 

expression of surface corrugation is quite a natural phenomena that alters with newly 

adjusted power of erosional processes i.e. rainfall water or glacier-melt water. The 

value of Ruggedness number is the result of multiplication of Relative Relief and 

Drainage Density. So, the values can only indicate the amount of surface corrugation 

attempted by fluvial network and its close association.  

Ruggedness Index = RR* DD/K (where, RR=Relative Relief in meter, DD= 

Drainage Density Km/Km
2
, K= Constant 1000).                (2.4) 
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Table 2.4 Statistics on Ruggedness Index analysis 

Ruggedness Index 

Classes 

Area (km
2
) Area in % Cumulative Area (%) 

0-0.111 238.18 75.14 75.14 

1.11-2.22 32.77 10.34 85.47 

2.22-3.33 30.50 9.62 95.09 

3.33-4.44 6.60 2.08 97.17 

4.44-5.55 5.10 1.61 98.78 

5.55-6.66 1.25 0.39 99.17 

6.66-7.77 1.09 0.34 98.51 

7.77-8.88 0.83 0.26 99.77 

8.88-9.99 0.68 0.21 100.00 

Source: Computed by the author. 

 

The N-E part of the basin where Chel and Majhua khola originate from 

Rechela reserve forest experiences high surface ruggedness (Fig. 2.31). The presence 

of high stream frequency and scarp face of Pankhasari ridge favour the situation of 

continuous erosion on varying rock surface.On the N-W part, at the origin of Kali 

khola, the value of ruggedness is also found very high. 

2.9.1.6 Co-efficient of Relative Massiveness 

This co-efficient value is quite similar to that of the calculation of hypsometric 

integral. Pal (1972) stated that the valley openness and steepness in relation to the 

dynamic wheel of denudation can be interpreted by this value. A quite similar value to 

that of the hypsometric integral is obtained. The value range between 0 to 1 (where, 0 

indicates maximum denudation of the surface and 1 indicates the surface has 

maximum elevation from a base level) (Patel, 2012). Merlin (1965) presented the 

revised formula of such calculation and the co-efficient value is named as ‘Elevation-

Relief Ratio’ by Wood & Snell (1960). The value is attached with orogenetic changes 

in elevation, rate of erosion on the surface and eustatic changes in cycle of erosion. 

The formula of the calculation is:  

Coefficient of Relative Massiveness (CRM) = (Mean Elevation - Minimum 

Elevation)/ Relative Relief                              (2.5) 

The calculated value of Co-efficient of Relative Massiveness for Chel basin is 

0.08. It indicates the dynamic nature of the basin in relation to neo-tectonics which 

causes the time bound adjustment of the whole fluvial system with interruption. 
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Figure 2.31 Ruggedness Index map of Chel basin. 
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2.9.2 Areal aspects of the basin 

The drainage network develops over a space and creates temporal changes within the 

basin. The whole basin area is a uniform space over which variations can be measured 

among drainage channel lengths, proportionate increase of drainage orders (biological 

rule), basin area for each drainage order, frequency distribution of streams and their 

relative spacing. The variability is significantly related with space-time development 

and distribution of the drainage network within the basin. The areal support to each 

drainage route creates the form factor and the relative texture of the drainage system. 

The compact stream development in the basin affects the probable shape up of the 

basin margin. The geometry of the basin shape can be categorized on: a. circular 

(rotund), b. elongated and c. indented. The area-length proportionate relationship 

established the law of allometric growth (Morisawa, 1959, Strahler, 1969). The 

successive development of the drainage orders with the progress of fluvial cycle of 

erosion indicates the time dependent procedure of the maturation of a drainage 

system.  

2.9.2.1Drainage Density 

Drainage density (Fig 2.32) is an important morphometric tool of analysis which 

establishes the rule of drainage channels-area adjustment on the scales of relative 

variations of drainage development, order wise distribution of stream length and basin 

erosivity. The spatial variation in drainage density is related with precipitation 

effectiveness, vegetation index, permeability of the terrain and rainfall intensity etc. 

(Sing, 1998). Horton developed the index- as a ratio of total stream length in a grid 

and the area of the same grid (1km
2
).  

Table 2.5 Statistics on Drainage Density Analysis 

Drainage density Index 

Classes 

Area (km
2
) Area in % Cumulative Area (%) 

0.40-1.5 103 32.59 32.59 

1.5-2.60 143 45.25 77.84 

2.60-3.70 46 14.56 92.40 

3.70-4.80 17 5.37 97.77 

4.80-5.89 7 2.21 100 

Source: Calculated by the author. 

The value of the index has correlation with amount of surface run-off, 

infiltration, hardness of under-laying rock structure, amount of surface dissection etc. 
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Drainage density (Dd) is an important indicator of the linear scale of landform 

elements in stream eroded topography. Low drainage density leads to coarse drainage 

texture while high drainage density leads to fine drainage texture (Strahler, 1964). A 

high value of drainage density is the result of impermeable sub-surface material, 

sparse vegetation, mountainous relief which influences low infiltration capacity and 

higher runoff and soil loss. The following formula has been used in the calculation: 

Drainage Density (Dd) = Total length of the streams of all order in a grid/ the area of 

the same grid (Km/Km
2
)  (2.6) 

 
Figure 2.32 Drainage Density map of Chel basin. 
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The N-E corner of the basin experiences high drainage density (Fig. 2.32). The 

presence of 1st order streamlets is very high on the steep scarp slope of Pankhasari 

ridge. As well below Gorubathan, many 1
st
 order strems originate from Mal forest 

and these channels are basically rainfed creeks. This forest area is located on eroded 

river terrace and partly on the fan surface. So, the spatial distribution of Dd index 

value is quite unorthodox below mountain outlet especially on the eastern segment of 

the basin. 

 

Figure 2.33 Histogram & frequency analysis of Drainage Density Index values. 

2.9.2.2 Stream Frequency 

This index is suitable in understanding the amount of drainage association, areal 

spacing, texture of the surface rock structure etc. The high frequency of drainage 

channels is inevitable in increasing amount of channel discharge, sediment yield and 

basin peak discharge etc. Stream frequency (Horton, 1932) is the measure of the 

number of streams per unit area (1km
2
). It has positive correlation with the drainage 

density developed on hard metamorphic rock structure. The index is quite helpful in 

expressing the texture of the topography. The orientation of the overall drainage 

network by means of its linearity can also be understood from the analysis. Stream 

frequency mapping (Fig. 2.34) displays the haphazard frequency distribution within 

basin. The upper catchment holds the maximum index values of frequency 

distribution. As well the eastern part of the basin between Chel and Mal river shows a 

small patch of high stream frequency (9-7) because of the presence of many small 

rivulets beside Chaiti Khola and ultimately merges with Kumlai river. 

2.9.2.3 Constant of Channel Maintenance (CCM) 

Schumm (1956) used the inverse of drainage density as a property known as Constant 

of Channel Maintenance (CCM). This constant, in units of square feet per foot, has 
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the dimension of length and therefore increases in magnitude as the scale of landform 

units increases (Chow, 1959). The index expresses the drainage area required to 

maintain 1 unit of channel length. It is used as the measure of basin erodibility. High 

value of CCM reveals the low magnitude of erodibility of surface topography due to 

hard geological structure and thick forest cover. The formula of the calculation is 

following: 

Constant of Channel Maintenance= 1/Dd= Au / Sum of Lu (where, Au = Area of the 

basin, Lu = Length of streams of all order and Dd = Drainage density)               (2.7) 

The average value of CCM for the whole basin is calculated as 1.86 which indicates 

high amount of basin erodibility. The range of CCM varies from 0.155 to 50.0.  

 
Figure 2.34 Stream Frequency map of Chel basin. 
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Figure 2.35 Histogram & frequency distribution of Stream Frequency analysis. 
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Figure 2.36 Power Regression between RR & DI. Figure 2.37 Power Regression between DD & RI 

Figure 2.38 Power Regression between RR & RI. Figure 2.39 Power Regression between DD & DT. 

Figure 2.40 Power Regression between DD & DI. Figure 2.41 Power Regression between RR & AS. 
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2.9.2.4 Length of Overland Flow 

After a passage of storm, the non-channel flow quickly appears and they direct to the 

nearest flow paths of a given order. These non-channelized flow paths cumulatively 

create a thin film of sheet runoff immediately after a storm rainfall. This runoff 

originates on the slope of the drainage divides and meets with the channel of a 

particular order. The average length of overland flow is approximately half of the 

average distance between the stream channels. Therefore, approximately equal to half 

the reciprocal of drainage density. The equation is as follows:  

Length of overland flow (Lu) = 1/2Dd (Horton & Schumm, 1968) (2.8) 

Horton generalized and redefined the calculation by considering the effect of 

slope of the stream channels and valley-sides. Length of overland flow (Lu) = 1/2 Dd 

√1- (Sc / Sg) (where Sc = the mean channel slope and Sg = average ground slope).The 

high values of Lu indicate more overland flow and related sheet erosion of the basin. It 

is also indicative of the stage of the basin in cycle of erosion as the formula includes 

the aspects of channel slope and valley slope. The average calculated value of Lu for 

the whole basin is 0.90. It indicates less overland flow intercepted and obstructed by 

the dense vegetation cover in the upper catchment. The range varies from 0.01 to 

3.25. 

2.9.3 Geometry of the basin shape 

The basin of Chel river covers an area of 316 km
2
 and the watershed boundary forms 

an enclosure of 99.5 km. The upper part of the basin is almost rounded below the 

Neora valley national park at an elevation of 7470 feet. It looks like an amphitheater 

like depression where the contour elevation difference is 980 m. The upslope face of 

the ridge is retreating back due to the development of dendritic drainage pattern on the 

metamorphic constituents of the Darjeeling gneiss, Daling quartzite and shale (Starkel 

et al., 2008). Five individual dendritic form supplies head water from Sambiyong tea 

garden (TG) at the west, Ambeok TG at the east and Westner forest at the north. High 

value of elongation ratio represents proper surface run-off through the 1
st
 and 2

nd
 

order channels and reduces the chances of flash flood occurrences in the basin 

although the high phases of rainfall can alter the theoretical chances. The shape of the 

drainage basin is actually the projection of its boundary on the horizontal axis from 
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source to the confluence. The amount of gradient is the important determinant of the 

basin form. The form of the basin determines the stream discharge characteristics. The 

elongated basins with high bifurcation of streams would have expected to experience 

attenuated flood-discharge phases and rotund basins of low bifurcation would be 

expected to have sharply peaked flood discharge (Chow, 1959). The general concept 

about the shape of a normal drainage basin is a pear-shaped ovoid as described by 

Horton (1945). The following quantitative parameters of basin geometry have been 

considered: 

2.9.3.1 Form Factor (FF) 

Horton outlined the important dimensionless ratio of the form analysis of a drainage 

basin. 

Form Factor (Rf) = Au / Lb
2
  (2.9) 

Where, Au = Basin area and Lb
2
 = square of the basin length. The value of             

Rf = 0 = highly Elongated shape and Rf = 1 = Perfect Circular shape. The basins with 

high Form Factor have high peak flows of shorter duration and elongated basins with 

low Form Factor will have flatter peak of flow for longer duration. The calculated 

value for Form Factor is 0.19 which is indicative of moderately elongated basin 

shape. As per Horton, the basin with form factor of 0.19 or less than 0.19 indicate 

elongated basin. The low value of Form factor indicates the basin receives less 

amount of rainfall over its entire area.  

2.9.3.2 Circularity Ratio (CR) 

Miller (1953) invented the ‘Circularity Ratio’ for the analysis of basin shape. 

Circularity Ratio (Rc) = Area of the basin / Area of a circle having same perimeter as 

the basin (2.10) 

The ratio bears an inverse relation to the basin area (Zavoiance, 1985). High 

Rc value reflects rapid discharge from the basin and low value causes channel storage 

with low sediment yield from the basin. Chow (1959) observed that Rc value 

remained uniform in the range of 0.6 to 0.7 for the first and second order basins in 

homogeneous shales and dolomites. The calculated value for this ratio is 0.35 

indicates low yield form the upper catchment and chance of floods on the less 

gradient flats. 
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2.9.3.3 Elongation Ratio (ER) 

Schumm (1956) used an important ratio of basin shape analysis as Elongation ratio. 

Elongation ratio (Re) = Diameter of a circle having same area as the 

basin/maximum basin length (2.11) 

 This ratio varies from 0.6 to 1.0 in wide variety of climatic and geologic 

conditions (Chow, 1959). The value of Re varies from 0 (highly elongated shape) to 

1.0 (circular shape). The calculated value for this index is 0.5 i.e. the basin is 

moderately elongated. It has a tendency of channel storage at the termini of the basin 

and low lag time on hydrographs if associated with well-coordinated drainage 

network. Chorley (1969) suggested that if the Lemniscates Ratio (K) value is below 

0.6 then the basin is circular in shape, if between 0.6 to 0.9 presents oval and when 

greater than 0.9 elongated in shape.   

Table 2.6 Statistics on basin shape parameters 

SL No. Shape parameters Index values 

1. Lemniscates Ratio (K) 1.3 

2. Elipticity Ratio 4.09 

3.  Length-width Ratio 3.0 

4. Compactness coefficient 1.70 

Source: Calculated by the author 

 

2.9.4 Linear aspect of the Channel System 

The analysis of a drainage basin depends on the development of drainage structure. It 

grows on the surface on the basis of area-length proportions and shows hierarchical 

development of on slope directions. The upper-catchment of Chel is expressive of the 

growth of dendritic pattern of drainage system. The semi-circular ridge of Lava hill 

provides the surrounding slope alignment for the development of the first order 

streamlets. The extension of Gorubathan fault transverses the longitudinal course of 

Chel. It generates a contradiction of dendritic pattern development without any 

structural control and the structural control of the lineament on the main trunk 

channel. The area-length proportionality has greatly been interrupted by the process of 

rejuvenation (neo-tectonics).  

2.9.4.1 Stream Ordering 

The drainage network of a basin develops from higher altitude with maximum 

numbers and ends in the form of a large channel stand for singularity. Thus, the 
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position of each stream in the network is gorgeously arranged in a hierarchical pattern 

from lower to higher order. A basin can be treated as the areal unit of fluvial function 

of the maximum order. It expresses the systematic growth of drainage lines and 

function ability on controlling the channel dimension, area-length proportions and 

amount of discharge. Thus, stream order is defined as a measure of the position of a 

stream in the hierarchy of tributaries (Leopold et al., 1969). Here, Horton’s (1932, 

1945) method of stream ordering has been followed to carry out the analysis. The 

ordering initiates from the finger-tip tributaries which are independent in terms of the 

supply of discharge. The combination of two equal order converts into the next higher 

order- is the main principle of Hortonian scheme of stream ordering. Strahler (1964) 

modified the scheme of Horton by proposing the law of renumbering the streams. 

According to this scheme, at the junction of two lower order streams, a new higher 

order stream produces. He mentioned that the hierarchy of stream order increases only 

when two streams of equal order meet and form a junction.  

This popular ‘Stream segment’ method is based on the law of combinational 

stream analysis. The principal is it gives highest order to one segment rather to the 

whole of the main stream (Gregory & Walling, 1973). In the Chel basin, the 

contribution of the 1
st
 order streams to the whole network is 75.7% which is far larger 

than the contribution of 2
nd

 order streams (18.6%). The development of 1
st
 order 

streams can replenish the activeness of the network. It can produce channelized flow 

of water from the head of the catchment and reduces the risk of areal soil wash from a 

large area. It can also distribute the stream energy on the associated relief. The paths 

of 1
st
 order streams can maintain the sub-surface flow passages and their seepage 

pressure on the inclined phreatic level. The 5
th

 order channel of Chel becomes 

prominent at the mountain outlet where it disposes the transported sediments by the 

braided courses on low gradient (Fig. 2.42).  On the right hand side, the Chel khola at 

its 4
th

 order lengthens its valley up to 1000 m contour and supported by five 

respective 3
rd

 order basins. It merges with another 4
th

 order stream from the left side at 

300 m contour. The left 4
th

 order stream (origin at 450 m contour) is supported by 

only two 3
rd

 order basins. It reveals the un-equal efficiency of two streams of same 

order on the basis of the connectivity of the number preceding lower order streams. 
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Figure 2.42 Stream ordering map of Chel basin. 
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The tendency of valley lengthening of a higher is also dependent on the maximum 

short length bifurcations of the preceding lower order streams. The basin is occupied 

by 30 3
rd

 order streams contributing a length of 78.07 km. In network analysis, the 

proportional length of 3
rd

 order channels with next higher order leads to the 

development of allometric growth of the drainage basin where most of the basins 

depict an elongated orientation. The combination of Sel and Kali khola above 

Ambeok TG converts into 5
th

 order stream. The Manzing khola appears as a 4
th

 order 

channel.The Sukha khola or Fagu khola gets the identity of 3
rd

 order basin in stream 

ordering process.  

2.9.4.2 Bifurcation Ratio 

This ratio is extremely helpful in identifying the branching pattern of a drainage 

network. The number of streams of any order is obviously greater than the next higher 

order. The ratio is the number of stream segments of a given order (Nu) to the number 

of segments of higher order (Nu+1). 

Bifurcation ratio (Rb) = Nu / Nu+1 (where, Nu = No. of streams of a given order & 

Nu+1 = No. of streams of next higher order)  (2.12) 

Bifurcation ratio is the dimensionless property of a drainage basin is 

controlled by drainage density, stream entrance angles, lithological characteristics, 

basin shape and area etc (Singh, 1998). The Rb has a tendency to decrease with 

increasing order. Mean bifurcation ratio is another tool of morphometric analysis to 

know the stream bifurcation in relation to the underlying geological structure. Horton 

(1945) produced the results of his observation- 2.0 mean Rb value for flat and rolling 

surface and 3.0-4.0 mean Rb value for mountainous and highly dissected terrain. But, 

the value of mean Rb slightly varies from 3.0 to 5.0 in mountainous and highly 

dissected terrain (Singh et al., 1984). It indicates the development of such drainage 

network where geological influence is very less. The high value of Bifurcation ratio 

expresses the less drainage integration and slow rate of valley incision. The moderate 

value of basin elongation (0.5) with high bifurcation ratio (9.7) indicates the quick 

discharge of storm runoff with shorter lag period (Table 2.7). But, the quick 

accumulation of the discharge on the piedmont surface often promotes creates peaks 

in hydrographs. It also reduces the risk of flash flood occurrence although the risk of 

potential flash flood related to catastrophic rainfall events still persists in this basin. 

As well the regulated runoff through the stream channels reduces the risk of 

occasional landslips. 
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Table 2.7 Calculation on channel Bifurcation Ratio 

Stream Order Calculated Numbers Bifurcation Ratio (BR) 

1
st
 729 3.4 

2
nd

 213 7.3 

3
rd

 29 9.7 

4
th

 3 3 

5
th

 1 0 

Source: Calculated by the author. 

2.9.4.3 Law of Stream Numbers 

This analysis of bifurcation ratio is attached with the ‘law of stream numbers’ of 

Horton (1945) which states that the number of stream segments of each order form an 

inverse geometric sequence with order number. The law can be represented by means 

of negative exponential function model. It says that “ the number of stream segments 

of successively lower orders in a given basin tend to form a geometric series 

beginning with the single segment of the highest order and increasing according to 

constant bifurcation ratio”.  

Nu (No. of stream segments of a given order) = Rb
k-u

 (2.13) 

(where, k = the order of the trunk stream, u= basin order, Rb= Bifurcation ratio) 

Table 2.8 Statistics on Stream Analysis 

Stream Order Calculated Numbers Numbers following Horton 

1
st
 455 731 

2
nd

 112 140 

3
rd

 30 27 

4
th

 3 5 

5
th

 1 1 

Source: Calculated by the author. 

 

Figure 2.43 Regression line of negative exponential model. 
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The solved equation for the Chel basin is Nu = (4.68)
5-u

. The model represents 

a high negative correlation with r value of -0.996 and R
2 

value is 0.994. The R
2 

value 

represents that the model has explained total 98.7% of variations on Y by X with less 

un-explained variation in Y. The decrease of stream number follows an exponentail 

rate of 103 stream numbers with successive increase in order. 

2.9.4.4 Law of Stream Lengths  

The stream lengths are the passage of advancement of the concentrated discharge. It is 

the linear vector property in a drainage network that establishes connection between 

various source points of concentrated flow. The law possesses three dimensions- a. 

the total channel length decreases with increasing drainage order, b. the mean stream 

lengths increases with increasing drainage order and c. “the cumulative mean lengths 

of stream segments of successive higher orders increase in geometrical progression 

starting with the mean length of the 1
st
 order segments with constant ratio”.The law 

presents the functional one directional growth of a drainage network.It runs by the 

connective flow and even distribution of flow through the order conversion of pair of 

streams. The law depends on exponential functional model of stream lengths and 

constant stream length ratio (the proportion of increase of mean lengths of stream 

segments of two successive stream orders; SL). 

Lu = L1 RL
 (u-1)

 (2.14) 

Where, Lu= Mean length of streams of order ‘u’; L1= Mean length of 1
st
 Order; RL= 

Constant Stream length ratio. 

The relationship between stream order and stream length ratio is inversely 

proportional. It is due to the maximum number of streams at the first order and their 

successive decrease with increasing order. The solve equation for the Chel basin is as 

follows: 

Lu = (0.615) (2.358) 
(u-1)

   (2.15) 
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Figure 2.44 Regression line of positive exponential function model. 

The regression model of Y (SL) on X (Stream order) represents high negative 

correlation between the selected parameters with r (coefficient of correlation: 

Pearson) is 0.998 and R
2
 (Coefficient of determination) is 0.997. The model has 

explained 99.7% of the total variation on Y by X. The calculated value of ‘F’ (16.57) 

is greater than the tabulated value (10.13) at 1, 3 degree of freedom in one-tailed test 

at 0.05 level of significance. Thus, the regression is significant. It signifies the best-fit 

of the model with the population and the previous hypothesis of order wise variation 

with the increase of stream lengths do exist.  

2.9.4.5 Law of Basin Area 

The Chel basin is composed of maximum 5
th

 order basin. The maximum basin order 

is composed of 5 next lower order (u-1=4), the u-1 basin order is composed of 27 next 

(u-2) lower basin order, the u-2 basin order is composed of 140 next (u-3) lower basin 

order and finally u-4 basin order is carrying 731 numbers of smallest basin order. This 

law accommodates with the statement– as the stream order increases, the mean basin 

area also increases with a constant basin area ratio (the proportion of increase of mean 

basin areas between two successive orders is called as Basin Area ratio or Ra) 

(Chorley, 1969). The exponential law expresses as below- 

Au = A1. Ra
(u-1)

                  (2.16) 

Where, Au= Mean Area Drained by the Stream of Order ‘u’, Ra= Basin Area Ratio 

Solved equation for the Chel basin: 

Au= (0.31). (5.92) 
(u-1)

    (2.17) 
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The order-wise increase of basin area in Chel basin is progressively increase at 

smaller geometric fashion from 2
nd

 order to 4
th

 order and it shows higher increment 

for 1
st
 to 2

nd
 order and 4

th
 to 5

th
 order. The 2

nd
 order basins are equally distributed on 

both the side of main channel of Chel. The source of overland flow generates form 1
st
 

order basins of 0.31 km
2 

mean basin area. The 1
st
 order basin area is important to 

determine the volume of non-channelized flow. The progressive development and 

connection of lower order streams are able to flash out quickly the basin run-off to the 

highest order channel. The increment of basin size also indicates the maximum length 

of channels can be supported by it. So, it is closely associated with the value of 

constant of channel maintenance. The alignment of the ridges separates the two 

upstream 4
th

 order with their ideal growth on the scarp slopes. It significantly connects 

with another 4
th

 order basin at the piedmont region. This development fashion 

relatively keeps the fluvial system alive on the left bank of the main course of Chel. It 

also indicates the high reception of tributary water on the left side of Chel river. The 

position of the 4
th

 order basin is related with the complex course shift phenomenon of 

Chel. The cluster of 3
rd

 order basins on the left side establishes the clarity of the 

present drainage connectivity on alluvial fan system and originates from low 

elevational ridges near the outlet. The cluster of the 3
rd

 order basin at the upper 

catchment ensures the well integration of the drainage system and quick flash out of 

storm run-offs.    

 

Figure 2.45  Regression of positive exponential model between Stream Order & Mean 

Basin Area. 
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The semi-log exponential regression model presents a high positive correlation 

between the variables where ‘r’ value is 0.997 and the goodness of fit of the model is 

poor as the value of R
2
 is 0.996 (Fig. 2.45). It means 99.6% variables on Y can be 

explained by the X. The regression is significant at 0.05 level of significance in one-

tailed test as the calculated F (5.79). So, the order-wise variation in basin area is 

significantly different. The variation in the population mean is assumed to be 0. The 

change in x does not always mean a same amount of increase in the Y.  

2.9.4.6 Law of Constant of Channel Maintenance 

The increase in the mean basin area relates with mean stream length in linear function 

to produce a high positive correlation between mean basin area (X) and mean stream 

length (Y). The CCM expresses the idea of maintenance of one unit channel length by 

a unit area. As the area for stream length support increases, the basin runoff well 

regulates within the basin area. For Chel basin, the value of CCM is 2.16 means at 

least 2.16 km
2
 area is needed to give support 1 km channel length. The value does not 

match with 1
st
 order mean basin area. The geometric progression of increases is not 

maintaining the ratio of 2.16: 1 of CCM, rather the appearance of coarse drainage 

density in higher basin orders reveals well maintenance of channel lengths. It holds 

the possibility of the maintenance of wider channel length. The large basin area of 

successive higher orders may not act as the risk of pocket flood zones and it gets 

sufficient time of even discharge distribution.  The linear regression between mean 

basin area and mean stream length produces a good fit of the regression model with 

R
2
 value of 0.997.  It is able to explain 99.7% dependent variables with 0.99 value of 

correlation coefficient. Although, the morphology of stream network cannot be 

discussed on the basis of the law of allometric growth. The effect of neo-tectonics 

should have been considered to draw a final result. The solved equation for Chel basin 

of the law:   

Au= C. ∑u=1 Lu
b
          (2.18) 

(Where, Lu= mean stream length of different orders, C= constant of channel 

maintenance of the basin) 

Au= 3.92 (Lu) 
0.116

   (2.19)  
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2.9.4.7 Law of Allometric Growth 

The law of growth is the linear relation between the basin area and cumulative mean 

stream length. This law indicates the biological rule of growth of human body as it 

proceeds from center to periphery. It means the growth of successive channel orders is 

attached with the increase in the mean basin area. It associated with the development 

of basin under the time bound fluvial action. The increment in basin area causes by 

the continuous lateral expansion of the channel controlled by basin lithology and 

climatic factors. The change of basin area with order reflects in the increment in 

cumulative increase of channel lengths. The proportionate growth of area and length 

ultimately establishes the law of core to periphery growth in its full extension. The 

basin divides plays a key role in the determination of lengths of the small order 

channels. The diminishing height of the divides indicates the lateral widening of the 

channels with increasing basin area. The development also succeeded by the 

continuous head-ward extension of the channel from its mountain outlet. The law 

established a linear function between basin area and length with a constant slope of 

CCM. Schumm (1956), Woldenberg (1966) and Strahler (1969) formulated a new law 

of drainage network, which related basin areas and channel lengths as a linear 

function whose slope is designated as the constant of channel maintenance. The high 

percentage of explainded variance between orderwise means basin area and 

cumulative mean channel lengths validates the law of allometric growth with chance 

of deviation due to tectonic adjustments (Fig.2.46). 

 

Figure 2.46 Log-log plot of Mean Basin Area (MBA) & Cumulative Mean Stream 

Length    (CMSL) and regression line of positive power function model. 
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2.10 Statistical analysis of morphometric parameters   

2.10.1 Descriptive statistics 

This study is related to establish the rule of correlation among the selected 

morphometric parameters on the basis of correlation matrix and the shape of the 

distribution of frequency. The parameters are taken as Relative relief (RR, X1), 

Dissection Index (DI, X2), Drainage Density (DD, X3), Stream frequency (SF, X4), 

Ruggedness Index (RI, X5), Drainage texture (DT, X6), Maximum Elevation (Max. 

Elev., X7) and Minimum Elavation (Min. Elev., X8). The amount of high variability 

has been observed for X1, X7 and X8 as because of their large distribution. The X1, 

X2, X7 are negatively skewed and X3, X4, X5, X6, and X8 are positively skewed 

distribution. The shape of frequency distribution for X2, X3, X7, X8 are platykurtic 

distributions, X1 and X6 are mesokurtic and X4, X5 are considered as leptokurtic 

distribution. The statistics has revealed a multi-modal frequency distribution for X1, 

X5 and X6.    

From the analysis of correlation matrix as it reveals the amount of statistical 

relationship among the morphometric variables. The RR is strongly correlated with 

DI, RI, Max. Elevation and Min. Elevation, DI is strongly correlated with RR, RI and 

DD, Drainage density is with RI and DT, Stream frequency (SF) is correlated with 

DT, Ruggedness index (RI) with RR and DI, Drainage texture with DD and SF. The 

Relative relief has highest correlation with RI as the amount of working erosional 

agents on the surface is maximizing the relative difference of height. The amount of 

surface corrugation thus reflects on the relative relief and it has a positive relationship. 

The highest correlation is observed for DI and RI. 

Table 2.9 Descriptive statistics on Morphometric parameters 

 RR DI DD SF RI DT Max. Elev. Min. Elev. 

Mean 341.59 .26460 1.81873 3.35 .59866 6.76777 1390.97 1040.63 

Std. Error of Mean 18.066 .01337 .135100 .211 .05933 .706590 70.961 65.088 

Median 360.00 .27000 1.80000 3.00 .53000 5.70000 1500.00 990.00 

Mode 300
a
 .3000 1.4000 2 .5800 1.2000

a
 1540 990 

Std. Deviation 143.394 .10619 1.07232 1.677 .47092 5.60838 563.239 516.623 

Variance 20561.95 .011 1.150 2.812 .222 31.454 317238.09 266899.59 

Skewness -.288 -.104 1.268 .631 .990 1.090 -.448 .151 

Kurtosis .208 -.841 4.607 -.328 1.017 .507 -.548 -.840 

Minimum 10 .0400 .0200 1 .0070 .0200 160 150 

Maximum 660 .4800 6.5000 8 2.1000 23.1000 2270 2040 

Source: Computed by the author. 
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It is one of the simplest logic that if surface dissection increases, the surface 

would bear maximum ruggedness. The maximum amount of correlation between DD 

and DT is due to the fact of maximum number of streams spaced in a minimum area. 

It reveals the truth of finer drainage texture depends on higher values of DD. It goes 

same for the highest correlation between SF and DT. Lastly, the maximum surface 

height must have strongest correlation with minimum height.  

Table 2.10 Correlation matrix of morphometric parameters 

Correlation Matrixa 

  RR DI DD SF RI DT 

Max. 

Elev. Min. Elev. 

Correlation RR 1.000 .802 .362 -.096 .743 .251 .817 .701 

DI .802 1.000 .464 -.076 .756 .321 .454 .310 

DD .362 .464 1.000 .223 .531 .767 .199 .125 

SF -.096 -.076 .223 1.000 .276 .667 -.131 -.121 

RI .743 .756 .531 .276 1.000 .550 .445 .322 

DT .251 .321 .767 .667 .550 1.000 .155 .117 

Max El .817 .454 .199 -.131 .445 .155 1.000 .981 

Min Elv .701 .310 .125 -.121 .322 .117 .981 1.000 

Source: Computed by the author. 

In multiple regression analysis based on one random vector variable (y) and set of 

independent variables (X1, X2,……Xn), we can set many relational aspects from a 

single equation. The base of this analysis is dependent on the significant statistical 

correlation among the variables (dependent) in correlation matrix. The RR, DT and RI 

variables are taken as dependent vector variables (y) for multiple linear regression 

analysis and the regression equations established some significant results: 

RR= -35.720+0.610 Max. Elev.-0.549 Min. Elev. +294.654DI+43.670RI 

(F= 505.749, Significance p= 0.000, Adjusted R
2
=0.956)      (2.20) 

DT = -5.221+0.965 RI +2.923 DD+1.709 SF (F= 183.356, Significance 

p= 0.000, Adjusted R
2
=0.848)    (2.21) 

RI = -0.525+0.057DD+0.001RR+0.095 SF+1.480 DI (F= 73.739, 

Significance p= 0.000, Adjusted R
2
=0.748)   (2.22) 

2.10.1.1 RR is positively associated with DI, RI and Maximum Elevation and 

negatively associated with Minimum Elevation. The regression and 

ANOVA test are found significant and the model with each parameter has 

been explained with low multi colinearity for DI and RI and vice versa for 

Maximum and minimum elevation. The adjusted R
2
 value implies 95.6% 

variation in RR has been explained by the predictor variables. 



Chapter II 

74 

2.10.1.2  DT is positively associated with DD, SF and RI. In Chel basin, DT and SF 

parameters are highly correlated than others. As, the parameter DT is the 

multiplication form of DD and SF so the high positive correlation has been 

observed between two. In Chel basin, maximum 5.0 value of DD indicates 

the finer texture of DT in the upper catchment. The multi-variate 

regression model able to explain 84.8% of variation in DT which is an 

optimum fit for a basin with tectonic adjustment. 

2.10.1.3  The RI is positively associated with RR, DI, SF and DD. But, the rate of 

change of b slope is comparatively higher in RR and RI comparison. So, 

the tectonic upliftment and relief disorder has quite visible impact of the 

amount of dissection. The DI shares a comparatively high positive 

correlation (0.603) with RI. The model explains 73.4% variation in RI.  

2.10.2 Factor Analysis  

This analysis is considered as a sophisticated tool in multivariate analysis. It expresses 

the simple relationships between and among the variables. This analysis is suitable for 

interpreting the structure of the explained variance from the multivariate observations. 

The measured variables are to be converted in standardized form by subtracting from 

each other observations the mean of the dataset and divided by the standard deviation 

(Sarkar, 2013). The factor analysis depends on describing variability among observed, 

correlated variables in relation to a potentially lower number of unobserved variables. 

The factor weighting method is used to extract the maximum possible variance with 

successive factoring until any meaningful variance lefts. The factor loading matrix is 

the key component of distinguishing the abstract variables and to numerically 

correlate it with the original variables. The factor loading is the process of square of 

the standard outer loading of an item. The squared factor loading presents the amount 

of variance in the indicator variable by the factor.  When the various morphometric 

parameters are taken as vector, the angel between two vectors reflects the degree of 

similarity between the variables concerned. In case of dissimilar variables, the 

direction of the vectors must orient in opposite direction (Patel, 2012). The cosine 

value of the angel between two standardized vectors is equal to the r value between 

the corresponding variables. The rotated component matrix is generated to get the 

both the structure and pattern coefficients when attributing a label to a factor. The 

relative position of the vectors is fixed by the two perpendicular reference vectors. 

The standardized factor scores have been generated from the analysis of eight original 

morphometric variables in normal and rotated component matrix.  In rotated factor, 

the variance of each variable has been represented as percentage. The analysis is 
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carried out by taking the following research question- Does the relief aspect (Fµ1) 

dominates over the drainage aspect (Fµ2 ) or vice versa? To get the answer of this 

question, the author formulates the hypothesis- ‘the relief aspect controls the basin 

development’.  

Table 2.11 Total Variance Explained 

Component 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulati

ve % Total 

% of 

Variance 

Cumulati

ve % Total 

% of 

Variance 

Cumulati

ve % 

1 4.003 50.036 50.036 4.003 50.036 50.036 3.516 43.946 43.946 

2 2.098 26.223 76.258 2.098 26.223 76.258 2.585 32.312 76.258 

3 .974 12.181 88.439             

4 .606 7.569 96.008             

5 .170 2.121 98.130             

6 .088 1.105 99.235             

7 .059 .732 99.968             

8 .003 .032 100.000             

Extraction Method: Principal Component Analysis. Source: Computed by the author. 

The answer of the question or acceptance of the hypothesis is related with the 

high loadings of variables under factor-1 which explains most of the common 

variance. The two component scores have been arisen in normal and rotated space to 

explain 76.26% of the total variations (Table 2.11). The initial loading on Factor-1 

(Relief aspect) is found to be significantly associated with RR, RI, DI, Max. 

Elevation, Min. Elevation, DD and Factor-2 (Drainage aspect) with DT, DD and SF 

(Table 2.12). In the second stage, the varimax rotation has been done with kaiser 

normalization to produce the next matrix of loading where RR, Max. elevation, Min. 

Elevation and DI expresses better account of variation explanation of Factor-1, 

whereas DT, DD, SF and RI fit well for expressing variations of Factor-2 (Table 

2.12). During Factor analysis, the sample size adequacy has been checked by KMO 

and Bartlett function (0.628) and it indicates moderately good sample size. The null 

hypothesis (H0) in Bartlett test has been rejected and it implies that the correlation 

matrix is a non-unit matrix which supports Factor analysis. 

2.10.3 Morphometric Groups 

Morphometric groups have been generated on the basis of the spatial distribution of 

Factor score 1 (Fig. 2.48). The uniformity has been tested on the basis of eight 

morphometric parameters. The basic objective is to find out the similar parameters on 
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the basis of explained variance. The morphometric classes have been considered to 

explain the amount of uniform variability among and between the observed variables. 

The analysis has been initiated on the basis of initial factor loading in the matrix of 

variance and covariance at 0.05 level of significance. The extraction method is 

considered as Principal Component Analysis (PCA). Finally, the factor score values 

can be used as a criterion of differentiation between and among the samples in 

multivariate analysis.  

Table 2.12 Analysis of Factor Scores 

Component Matrix Rotated Component Matrix 

  

Component 

  

Component 

1 2 1 2 

RR .914   RR .941   

RI .845   Max El .931   

DI .800   Min Elv .859   

Max Elevation .783 -.505 DI .705   

Min Elevation .685 -.529 DT   .932 

DD .620 .525 DD   .767 

SF   .765 SF   .731 

DT  .744 RI  .630 

Extraction Method: Principal Component 

Analysis. 

Extraction Method: Principal Component Analysis.  

 Rotation Method: Varimax with Kaiser Normalization. 

Source: Computed by the author. 

 

 

Figure 2.47 Scatter plots of factor score 1 & 2. 

The scatter plot (Fig. 2.47) fairly shows high variability of scatters on the basis 

of Factor score 1(drainage aspect) and 2 (relief aspect). The low variability has been 
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explained by the formation of cluster in S-W quadrant. The S-E quadrant is less 

occupied by the scatters.  

 

Figure 2.48 Factor score mapping of Chel basin. 
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Table 2.13 Morphometric classification of Chel basin 

Code Factor score-1 

classes 

Description 

A1 -9.69 to -7.62 High dissected hills with steep escarpment (2200 m-1300 m) 

A2 -7.62 to -5.54 Do 

A3 -5.54 to -3.47 Do 

A4 -3.47 to -1.40 Do 

A5 -1.40 to 0.67 Low dissected ridge and valley Topography 

B 0.67 to 2.74 Alluvial Fan surface (5
th

  tier) and Flood plain  

C 2.74 to 4.81 River terrace surface with elongated mid-ridges (800 m to 400 m) 

D1 4.81 to 6.89 Mid elevation dissected ridge and valley Topography (1300 m to 800 m) 

D2 6.89 to 8.96 Do 

Source: Computed by the author. 

 

2.11 Conclusion 

The morphometric variables are analyzed to understand the amount of variability and 

correlation due to the continuous fluvial cyclic action with differential impact. The 

terrain has been experiencing the alteration of fluvial processes in time scale. The 

major thrust zones i.e. MBT and MFT are indicating the boundary different 

sedimentary composition in the basin. The movement of MFT on the foreland basin is 

actively changes the basin relief since Pleistocene. The Quaternary deposits are filling 

the foreland basin at a rate on 0.3 to 5 cm year
-1

. The evolution of the alluvial fans is 

related with occasional catastrophic flood events. The scale of change of basin relief 

is found to be significantly attached with anthropogenic activities. The autogenic 

process of relief evolution or change is entirely dependent on the geological 

composition of the basin. The subsiding anticlines bear the imprints of active 

denudation. The relatively increasing heights of river terraces indicate the active 

phase of valley down cutting in the upper catchment of Chel. The shrinking and 

shifting tendency of the alluvial fans create its impact on the fan and braiding 

morphology of the river. The basin proceeds towards maturity. The complex history 

of epierogenetic movements causes inherent deviation to accept the hypothesis. The 

drainage composition indicates the chance and lithological random variations in 

respect to their proportionate development with basin area. The statistical tests bring 

suitable relationship among the variables. The factor analysis well deciphers the 

mutual intra-variability among the multivariate observations. It indicates the space 

variation caused by active erosion and resistance. 
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