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Abstract: The present work accentuated the expediency of Remote Sensing and GIS application in delineation of 

drainage and Morphometric analysis of a drainage basin. Morphometric analysis of the basin covering an area of 

609.03 Km
2
  comprising of six sub- basins forming parts of Karisil river of Sapotra district, Karauli is carried out using 

Survey of India (SOI) toposheet (1:50,000 scale) eventually updated from Rsourcesat-2(LISS-III) to examine analyse its 

basin characteristics. Morphometric parameters like ordering of various streams, perimeter, area, drainage density, 

drainage frequency, bifurcation ratio and circulatory ratio etc, calculated using Geographical Information 

System(GIS), and drainage map of the area is prepared from Survey of India toposheets (1:50,000 scale) in order to 

understand the nature of the basin. Drainage pattern exhibited by Karisil River and its tributaries is mainly dendritic 

to trellis, highest stream order is sixth and drainage density varies slightly. The entire basins ‘Mean Bifurcation’ ratio 

is 4.64.This indicates that the pattern of drainage is slightly influenced by geological structures. Circulatory ratio value 

of the entire basin is 0.98 which indicates that the basin is more or less elongated in shape and low discharge. Form 

factor value of the entire basin is 0.32 which indicates that the basin is more or less elongated. Drainage density value of 

the entire basin is 2.07 Km/Km
2
 which indicates that highly resistant/permeable strata of the basin. The present study 

also affirms that Remote Sensing and GIS techniques proved to be competent and convenience tool in Morphometric 

analysis of drainage basin. 

Keywords - Basin, Morphometric study, Remote sensing, GIS, Eastern Rajasthan.

I. INTRODUCTION 

Geographical Information System is an efficient tool to 

analyze spatial and non spatial data on drainage, geology 

and landform parameters to understand their 

interrelationship. Morphometric analysis is the 

measurement and mathematical evaluation of the earth's 

surface, shape and dimension of its landform [3]; [14]. The 

morphometry of River Drainage plays many vital roles. To 

mention as in comprehension of soil’s physical properties, 

land processes and erosion features. Drainage line of any 

basin area illustrates existing three dimensional geometry of 

region, but assists for understanding its evolution processes. 

The stream arrangement in drainage system leads to the 

drainage pattern that successively reflects structural and 

lithological controls of underlying rocks. More precisely, 

widely acknowledge principle of morphometry is the 

drainage basin morphology renders varied geological and 

geomorphological processess. Over time as studied by 

illustrious people [6]; [22]; [11]; [2]; [9]; [15]; [7]; [18]; 

[8]; [12]; [16]; [13]; [27]; [26] and [20]. The morphometric 

examination of the basin is achieved through computation 

of the areal, relief and gradient aspect of the channel 

network and contributing ground slope of the basin. As a 

common conclusion they indicated that remote sensing and 

Geographical Information System (GIS) as a powerful tools 

for studying basin morphometry and continuous 

monitoring. 

II. AREA OF STUDY 

The study area lies between north latitude 260 50’ and 260 

25’and East longitude 760 30’ and 770 50’. it covers an 

area of about 609.03 km2 .The major part of the watershed 

falls in Sapotra Tehsil of Karauli district comprising six 

sub-basins, but small parts in the north and south lies in the 

Karauli Tehsil of Karauli district and Sawai Madhopur 

district respectively.  The area is mainly drained by the 

Karisil river, a tributary of the Morel River, which flows in 

a meandering pattern. The Karisil River encompasses the 

Vindhyan plateau. In the southern part of the watershed, the 

significant physiographic feature of the area is Karisil Dam, 

formed by bounding the Karisil River. This reservoir is 

used for storing rain water for drinking and irrigation 

purposes in Sapotra Tehsil and surrounding areas. The most 

part of watershed is covered by protected forest namely 

Simarkhoh protected forest, Kala khet, Daulatpura- patipura 
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reserved forest, and Khohri protected forest. Climate of the 

area is sub-tropical and semi-arid with low and an erratic 

rainfall. The annual rainfall has shown decline rainfall of 

200 mm as per the climate data from 1977-2012 this 

resulted in adverse effect on both surface as well as ground 

water resources. Average summer and winter temperature is 

48o C and 8o C respectively, but an increasing trends have 

been observed for average maximum and minimum 

temperature i.e. the temperature has increased by 1.2o C 

and 0.4o C on average maximum/minimum respectively. 

 

 
 Figure 1: Location map of the study area. 

III. MATERIALS AND METHODS 

 Survey of India toposheets (SOI) no. 54B/11, B/12, B/15 

and 54B/16 on 1:50,000 scale and Standard Geocoded FCC 

of Indian Remote Sensing Satellite Resourcesat-2 (LISS-

III) of 11th February, 2013 using a spatial resolution of 23.5 

m have been used for preparation of drainage map. 

Advance Space borne Thermal Emission and Reflection 

Radiometer (ASTER) was downloaded from the website 

https://earthexplorer.usgs.gov/ and was subsequently 

utilized for the preparation of DEM and Slope map of the 

area (figure 2a). For the preparation of base map, SOI 

toposheets number (54B/11, B/12, B/15 and B/16) on 

1:50,000 scales were used. To substantiate it many 

resources like memoirs of GSI, journals, technical official 

reports, research papers were used wherever needed other 

the secondary information from government and non-

government sources. The ground truth verification were no 

doubt limited but was also carried out in key areas to make 

sure the veracity of Satellite data to substantiate the final 

analysis. The Survey of India (SOI) toposheets and digital 

Satellite data were geometrically rectified and 

georeferenced to World Space Coordinate system (UTM 

Zone 43N) using digital image processing software 

(ERDAS-9.1). Drainage network of the basin was traced on 

transparency from the Survey of India toposheets no. 

(54B/11, B/12, B/15 and B/16), later updated from the 

imagery (IRS-Resourcesat-2 LISS-III) and was digitized 

using Arc GIS software. Geological map showing litho 

units was derived from District Resources Map (DRM) 

obtained by Geological Survey of India (GSI) was 

georeferenced using ERDAS IMAGINE 9.1 and later 

digitized in GIS 10.0 software. Polygon topology was built 

for each litho unit after assigning unique ids for every 

polygon feature using Arc map 10. A color coded DEM 

was generated using GIS software. Thereafter, taking the 

DEM as input slope map was created in SAGA software. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (a) Slope map of the study area, (b) Digital Elevation model  

IV. RESULTS AND DISCUSSIONS 

4.1 Geology 

The geological map is prepared using District Resources 

Map (DRM) of Karauli district, Rajasthan on 1:250,000 

scale (Geological Survey of India, 1980). The study area 

lies in the Vindhyan Supergroup of rock (NeoProterozoic in 

age), basement of the Vindhyan Supergroup is 

Bijawar/Gwalior Group of rocks, mainly consist of 12 litho 

units, most of the area is covered by Upper Bhander Group 

of the Bhander sandstone. Others litho units are Lower 

Bhander (Bundi Hills) sandstone, Sirbu shale, Upper Rewa 

sandstone, Jhiri shale, Lower Rewa sandstone, Lakheri 

limestone, Tirohan Breccia and Tirohan limestone, 

sandstone in the study area are exposed in the form of 

isolated hills and ridges. The rocks of the Vindhyan 

Supergroup separated from the older rocks, i.e. Delhi 

Supergroup and Bhilwara Supergroup in the Northern and 

South-Western parts of the study area respectively, by a 

major reverse fault, i.e. the Great Boundary Fault. A major 

part of the district is occupied by thick alluvium related to 

A 

B 
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various river system, i.e. Banas, Morel, Chambal and its 

tributaries. In totality, in the present study area, major part 

is occupied by thick alluvium and sandstone of the 

Vindhyan Supergroup. But in the study area only rivers are 

Morel and it tributary Karisil rivers are responsible for thick 

alluvium. 

   

 

 

 

 

 

 

 

 

 
 Figure 3: Geological map of the study area (Source, DRM.) 

 

4.2 Morphometric analysis of the Watershed:  

Morphometry is the measurement and mathematical 

analysis of the configuration of the Earth's surface, shape 

and dimension of its landform. This analysis can be 

achieved through measurement of linear, areal and relief 

aspect of the basin and slope configuration. Calculated 

morphometric parameter linear, aerial and relief ratio are 

discussed below. 

 

 

   Figure 4: Drainage map of the study area 

 

4.2.1 Linear Parameters 

4.2.1.1 Stream order (u) 

  The analysis begins with the first step i.e the designation 

of steam and is based on its ranking. Stream order 

classification is important indicator of its size, discharge 

and drainage area [23]. The method proposed by [6] and 

[24] is the basis in this study, ranking of stream has been 

carried out. In sub-basin (SB I to SB VI) number of total 

stream varies from 193 (SB II) to 491 (SB III). Sub basin 

IV,V,VI were identified as  5th order ,sub- basin I,III comes 

under 6th order and sub-basin II fall under 4th order (Table 

1). The maturity of topography is due to the lower number 

of streams of sub-basin, whereas higher number of streams 

(1st, 3rd, 4thand 5th orders) indicates, erosion prone area 

[1]. The sub-basin covers an average area of ~101.07 Km2 

and an average length (L) of~ 17.66 Km. [5], opines that 

the geometric relation between the logarithm of average 

number of streams (Nu) and stream orders (u) show an 

inverse linear relationship (Figure 5). 

 
 

y = -0.722x+2.912 
R² = 0.9887 

0.00.

0.01.

0.10.

1.00.

10.00.

100.00.

1000.00.

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Io
g

 o
f 

a
v

g
 n

o
 o

f 
S

tr
e
a
m

(N
u

) 

Stream orders (u) 

 

 

Figure 5: Relation between stream orders (u) and number of streams     

(Nu) in different basins of the study area. 

 

                   Table1: Computational result of linear morphometric parameters such as number of streams and bifurcation ratio of sub-basins of Karisil    

g                                basin. 

 

Sub-Basins 

No. of streams of different stream order Bifurcation Ratio (Rb) 

1 2 3 4 5 6 ∑Nu 1/2 2/3 3/4 4/5 5/6 
Mean 

Rb 

I 383 74 16 6 2 1 482 5.10 4.35 2.20 2.0 1.0 2.94 

II 153 33 6 1 - - 193 4.5 4.71 3.0 - - 4.07 

III 380 87 17 4 2 1 491 4.31 4.83 3.4 1.33 1.0 2.97 

IV 198 52 9 3 1 - 263 3.73 5.2 2.25 1.5 - 3.17 

V 267 64 9 2 1 - 343 4.10 6.4 3 1 - 3.62 

VI 118 25 6 2 1 - 152 4.53 3.57 2.0 1.0 - 2.77 

Average 249.3 55.8 10.5 3 1.1 0.3 320.6 4.37 4.84 2.64 1.13 0.33 3.25 

Karisil Basin 1439 374 101 32 3 1 1950 3.83 3.67 3.06 8 1.5 4.02 
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4.2.1.2 Bifurcation ratio (Rb) 

Bifurcation ratio which may be defined as the ratio of 

the number of stream segment of given order to the number 

of segment of next higher order [17] (Table 1). [6] 

considered the bifurcation ratio as an index of relief and 

dissections. [23] demonstrated that bifurcation ratio shows a 

small range of variation for different regions or for different 

environment except where the powerful geological control 

dominates. It is observed from the (Table 1), the Rb is not 

same from one order to its next order. These irregularities 

are dependent upon the geological and lithological 

development of the drainage basin [24]. The lower values 

of Rb are characteristics of the sub-watershed which have 

suffered less structural disturbances [24] and the drainage 

patterns has not been distorted because of the less structural 

disturbances. In the present study  the mean values of  Rb 

varies from 2.77 to 4.07 in all sub-basins which indicates 

that sub-basins are not affected by structural disturbances 

and all sub-basins fall under normal basin category [23]. 

4.2.1.3 Stream length (Lu)  

It is a dimensional property if the rock formation are 

permeable, a small number of relatively longer stream are 

formed, where as if the rock formation are less permeable, a 

large number of streams are developed. In the present study 

area, the number of stream increases as the length of the 

stream increases. It is one of the most significant 

hydrological features of the basin as it reveals the surface 

runoff characteristics. The total stream length (∑Lu) is 

minimum (111.37 Km) in the sub-basin SB-II and 

maximum (314.90 Km) in the SB-I (Table 2). It is also 

noted that Lu is maximum (average of 223.22 km) in the 

case of first order stream of all the sub-basin, geometrical 

similarity is preserved in the basin of increasing order  [24]. 

While, the average values of Lu computed for the first and 

second orders streams are 0.51 (0.44-0.70) Km, 0.88 (0.80-

1.05) Km respectively, and that of third, fourth and fifth 

orders streams are 2.24 (2.04-2.52) Km, 8.28 (4.77-16.49)  

Km, 4.79 (0.22-11.44) Km, respectively and sixth order is 

0.81 (2.23-2.68) Km (Table 2).The straight line shows the 

geometrical relationship graphically that too when the log 

of avg. total stream length vs. stream orders is plotted 

(Figure 5).  Resulting due to this positive linear relationship 

(R= 0.9897), clearly substantiates that the number of 

streams increases as stream lengths increase (Figure 5). 

 

Table 2: Sub-basin wise computational results of stream lengths of Karisil basin. 

 

 

 

SB 

 

 

Total stream length (Lu) 

 

 

Average Lu (Km) in different orders u (Lu/u) 

 

 

1 2 3 4 5 6 ∑ Lu 1 2 3 4 5 6 

I 171.15 64.75 40.42 28.62 7.28 2.68 314.90 0.44 0.87 2.52 4.77 3.64 2.68 

II 61.96 28.20 12.27 8.94 - - 111.37 0.44 0.85 2.04 8.94 - - 

III 187.16 74.28 39.64 21.27 5.95 2.23 330.55 0.49 0.85 2.33 5.31 2.97 2.23 

IV 87.40 42.0 18.97 16.83 10.50 - 175.70 0.44 0.80 2.10 8.41 10.50 - 

V 151.73 58.35 19.87 32.98 11.44 - 274.37 0.56 0.91 2.20 16.49 11.44 - 

VI 82.79 26.44 13.82 11.57 0.22 - 134.84 0.70 1.05 2.30 5.78 0.22 - 

Avg. 123.69 49.00 24.16 20.03 5.89 0.83 223.62 0.51 0.88 2.24 8.28 4.79 0.81 
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Figure 6: Relationship between log of avg. number of streams            

f                (Nu)   and log of avg. total stream length (Lu). 

4.2.2 Aerial Parameters 

4.2.2.1 Form factor (Rf) 

[5] that the form factor may be defined as the ratio of basin 

area to square of basin length. The value of form factor 

would always be greater than 0.78 for a perfectly circular 

basin. Smaller the value of form factor, more elongated will 

be the basin. In the present case, the values of form factor 

(Rf) varies from 0.22 (SB-V) to 0.39 (SB-VI) (Table). The 

Rf values in all the sub-basins indicating that they are 

elongated in shape having a flatter peak flow for longer 

duration, which helps to manage the flood easily than those 

of the circular basin. 

4.2.2.2 Elongation ratio (Re) 

Elongation ratio is the ratio between the diameter of the 

same area as the drainage basin (A) and the maximum 

length of the basin. Higher value of elongation ratio (Re) 

indicates active erosion process with high infiltration 

capacity and low run off in the basin. Whereas lower value 

of elongation ratio indicate the higher elevation of the 

basin, which is susceptible to headword erosion along 

tectonic lineament [14]. The elongation value can be 

grouped into three categories, namely circular basin (Re > 

0.9), oval basin (Re: 0.9-0.8), less elongated (Re < 0.7). In 

the  present study area, the values of Re of all the sub-
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basins are < 0.7 and hence the sub-basins are elongated in 

shape with steep slope.  

4.2.2.3 Circulatory ratio (Rc) 

   Circulatory ratio is the ratio of the area of the basin 

(A) to the area of the circle having the same interference as 

the perimeter (P) of the basin [10]; [24]. The stream length 

(Lu), stream frequency (Fs) and gradient of the stream of 

various order influences more the Circulatory ratio rather 

than the slope conditions and drainage pattern of the basin 

[24]. The current work shows that the values of Rc ranging 

from 0.39 (SB V), 0.48 (SB-III), 0.49 (SB IV), 0.50 (SB-II), 

0.56 (SB-II) and 0.68 (SB-VI) (Table 3). The sub-basins 

SB-II and SB-VI are circular in shape and rest of the sub-

basins is elongated in shape   with high relief and steep 

slopes.   

4.2.2.4 Drainage density (D) 

    The total length of streams of all orders divided by 

the area of drainage basin [5]; [6] gives Drainage density. 

Further it also gives numerical measurement of landscape 

dissection and run-off potential [14]. As per [6], low D 

i.e.1.68 (SB-IV), 1.89 (SB-VI), 1.96 (SB-V) and 2.40 (SB-

I) are an indication of the prevalence of highly 

resistant/permeable strata under dense vegetation and low 

relief, whereas, high D i.e, 3.03 (SB-II) prevails in the 

weak/impermeable rocks under sparse vegetation and 

mountainous relief. The drainage density in the sub-basins 

of the study area shows variation from 1.68 (SB-IV) to 3.03 

(SB-II) suggesting low to moderate drainage density (Table 

3). This suggests that, it has considerably high permeable 

sub- soil and coarse drainage texture. 

4.2.2.5 Drainage texture (Dt) 

It is the total number of stream segment of all orders per 

perimeter of that area [6]. It depends upon a number of 

natural factors such as climate, rainfall, vegetation, soil and 

rock type, infiltration capacity, relief and stage of 

development. In the present study, the drainage texture of 

the sub-basin vary from 5.13 (SB-IV) to 11.36 (SB-VI) 

(Table 3). [19] Classified five different classes of drainage 

texture based on drainage density. The drainage density less 

than 2 indicates very coarse texture, between 2 & 4 indicate 

coarse, 4 & 6 related to moderate, 6&8 referred as fine, 

whereas, above 8 represents very fine texture. Sub-basin IV 

& V show moderate drainage texture , sub-basin II shows 

fine drainage texture, whereas sub-basins III, I and VI show 

very fine drainage texture, which suggests  that the hard 

lithology in the study area. 

 

 

                       Table 3: Sub-basin wise areal morphometric parameters of Karisil basin. 

 

Parameters 

Sub-basins  

Average 
I II III IV V VI 

Length (Km) 19.28 11.70 18.55 18.01 25.05 13.38 17.66 

Area (Km2) 130.80 36.69 123.84 104.16 139.80 71.13 101.07 

Perimeter(Km) 53.75 30.19 56.89 51.20 66.43 36.24 49.11 

Drainage density (Km) 2.40 3.03 2.66 1.68 1.96 1.89 2.27 

Drainage texture  (Dt) 8.96 6.39 8.63 5.13 5.16 11.36 7.60 

Stream frequency  (Fs) 3.68 5.26 3.96 2.52 2.45 2.13 3.33 

Form factor  (Rf) 0.35 0.26 0.35 0.32 0.22 0.39 0.31 

Circularity ratio (Rc) 0.56 0.50 0.48 0.49 0.39 0.68 0.51 

Elongation ratio (Re) 0.66 0.32 0.38 0.36 0.30 0.40 0.40 

Basin shape (Bs) 2.84 3.73 2.77 3.11 4.48 2.51 3.24 

Compactness coefficient (Cc) 1.32 1.40 1.44 1.41 1.58 1.21 1.39 

Constant of channel maintenance (C) 0.41 0.33 0.37 0.59 0.51 0.52 0.45 

Length of overland flow (Lo) 0.83 0.66 0.75 1.19 1.0 1.05 0.91 

 

4.2.2.6 Stream frequency (Fs) 

Surrounded by a basin and the basin area (A) Stream 

frequency (Fs) is the ratio between the numbers of streams 

(Nu) of all orders. As per [5]; [6] the high value of Fs 

indicates greater surface run-off and a steep ground surface, 

whereas low value of Fs indicates smaller surface run-off 

and gentle ground surface. The computed Fs values of sub- 

basins vary from 2.13 (SB-VI) to 5.26 (SB-II) with an 

average value of 3.33 per km2 (Table 3). High Fs values  

 

i.e.,> 2/km2 are observed in all the sub-basins which throws 

light on  these sub-basins have steep slope with less  

permeable rocks, greater surface runoff, less infiltration, 

high relief and sparse vegetation conditions.  

4.2.2.7 Length of overland flow (Lo) 

The definite channel is the length of water over the ground 

before it gets concentrated [6]. And it is approximately 

equals to half of the reciprocal of drainage density [6]. For a 

comparison of the sub-basins in respect of the nature of 

flow path, the Lo is classified as: (1) low (< 0.20 km2/km), 

(2) medium (0.20-0.30 km2/km) and (3) high (> 0.30 

km2/km). In the present study area, the values of Lo vary 

from 0.66 (SB-II) to 1.19 (SB-IV) (Table 3). The values of 

all the sub-basins are high which, means that long flow path 

of all the sub-basins and thus gentle ground  slope, which 

facilitates area of less run offs and more infiltration 

capacity of all the sub-basins.  

4.2.2.8 Constant of channel maintenance (C) 
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Constant of channel maintenance (C) which may be defined 

as the inverse of drainage density [6]. Generally higher the 

value of a basin, the higher the permeability of the rocks of 

that basin, Vice-Versa [25]. In the present study area, the 

value of C vary from 0.33 (SB-II) to 0.59 (SB-IV) with an 

average C of 0.45 km2/km (Table 3). The SB-II (0.33), SB-

III (0.37) and SB-I have low values of C i.e., (< 0.50), 

indicating that they are under  the influence of less 

structural disturbance, low permeability, steep to very steep 

slope and high surface run off, while the SB-IV, SB-V and 

SB-VI have high values of C i.e., (> 0.50 km2/km), 

indicating more structural disturbance, high permeability, 

moderate to gentle slope and low surface run-off 

conditions. 

4.2.2.9 Compactness coefficient (Cc) 

It can be represented as basin perimeter divided by the 

circumference of a circle to the same area of the basin and 

also known as the Gravelius Index (GI). This factor is 

indirectly related with the elongation of the basin area. 

Lower values of Cc indicate the more elongation of the  

basin and less erosion, while higher values indicate the less 

elongation and more erosion. In the present study  area, the 

values of all the sub-basins vary from 1.39(SB-VI) to 1.58 

(SB-V) with an average Cc of 1.39 (Table 3), indicating 

that values are low in all the sub-basin that, all the basin are 

elongated in shape prevailing erosional conditions.  

4.2.2.10 Basin shape (Bs) 

The ratio of square of basin length (Lb) to the area of the 

basin (A) is the Basin shape .In the present study area, the 

value of Bs is vary from 2.51 (SB-VI) to 4.48 (SB-V) 

(Table 3), which are low that, indicate the sub-basin have 

slow flood discharge. 

4.2.3 Relief aspects 

4.2.3.1 Basin relief (R) 

The difference in elevation between the highest and the 

lowest point of the basin [17] is Basin relief (Bh).It (Bh) 

controls the stream gradient and therefore, influences flood 

pattern and the amount of sediments that can be transported. 

It is vital factor in comprehending the denudational 

characteristics of the basin. The maximum height of the 

Karisil basin is found to be ≈ 478 m. and the lowest is≈ 209 

m. hence, the relief of the basin is≈ 269 m (Table 4). 

4.2.3.2 Relief ratio (Rh) 

It is the ratio of the basin relief (Bh) to the basin length 

(Lb), [17]. According to Schumm, there is direct 

relationship between the relief and channel gradient. There 

is also a correlation between hydrological characteristics 

and the relief ratio of a drainage basin. The Rh normally 

increases with decreasing drainage area and size of 

watershed of a given drainage basin [4]. Relief ratio 

measures the overall steepness of a drainage basin and is an 

indicator of intensity of erosion process operating on slope 

of the basin [17]. The Rh value of Karisil basin is 0.006 

whereas, low values of 0.009 (SB-I, SB-III and SB-V) 

indicate presence of basement rocks that are exposed in the 

form of small ridges and mounds with lower degree of 

slope (GSI, 1981) and  high values of 0.013 (SB-II, SB-VI), 

0.011 (SB-IV) indicate steep slope and high relief (Table 

4). 

4.2.3.3 Ruggedness number (Rn) 

It is a result of a basin relief (Bh) and drainage density (Ds) 

that indicates the structural complexity of the terrain [17]. 

An extreme high value of Rn occurs when both variables 

are large and steep slope [23].  The value of Rn in the 

present study area, vary from 0.017 (SB-V) to 0.239 (SB-

III) (Table 4). Karisil basin with Rn value of 0.012 (Table 

4) indicates high relief (269 m). 

 

Table 4: Relief aspect of Karisil basin. 

 

 

Sub-basin/Basin 

Elevation in ‘m‘ Basin relief 

(R) 

(H-h) 

(m) 

Basin relief       

(R) 

(H-h) 

(Km) 

Longest 

Axis ꞌL′ 

(Km) 

Relief ratio 

(Rh) 

Ruggedness 

Number (Rn) 

 

R*Dd (Km) Max 

′H′ 
Min 

′h′ 

I 423 247 176 0.176 19.28 0.009 0.0216 

II 403 246 157 0.157 11.70 0.013 0.039 

III 415 231 184 0.184 18.55 0.009 0.239 

IV 437 221 216 0.216 18.01 0.011 0.018 

V 458 209 249 0.249 25.05 0.009 0.017 

VI 478 229 249 0.249 13.38 0.013 0.024 

Karisil 478 209 269 0.269 41.0 0.006 0.012 

 4.2.3.4 Gradient ratio (Gr) 
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The channel slope is indicated by Gradient ratio from which 

the run off volume could be evaluated. The basin has a 

gradient ratio of 0.0012, while value of sub-basin is as 

shown in (Table 5) ranging from 0.0007 (SB-I) to 0.018 

(SB-VI). 

4.2.3.5 Slope 

In geomorphic studies the slope analysis is important 

parameters. This slope element is in turn, controlled by 

climatomorphogenic processes in the area having the rock 

of varying resistance. It is essential to understand slope 

distribution because a slope map provides data for planning, 

settlement, mechanization of agriculture, deforestation, 

planning of engineering structures, morpho conservation 

practices etc. [21] and [16]. In the specific study, slope map 

was prepared which based on ASTER data; they were 

converted into slope and aspect grids using Arc view 

method (ESRI, 2000). Aspect grids are identified as "the 

down slope direction of the maximum rate of change in 

value from each to its neighbors" [28]. In the Karisil basin 

area, slope varies from 0.0 to 22.100, it was categorized 

into seven classes as Nearly level (0o to 0.95), Very gently 

sloping (0.95 to 2.25.),  Gently sloping (2.25 to3.90), 

Moderately sloping (3.90 to 6.06),  Moderately to steep 

(6.06 to 9.10),  Steep sloping  (9.10 to 13.43) and Very 

steep sloping (13.43 to 22.10). Slope plays a very 

significant role in determining infiltration vs. run off 

relation. Infiltration is inversely related to slope i.e. gentler 

is the slope, higher is the infiltration and less is runoff and 

vice -versa. In the present study area, slope is not too much 
steep, therefore, infiltration is more and surface run-off is 

low because of this drainage is poorly drained in the area. 

South Western part of the study area is covered by thick 

alluvium, due to this drainage is mainly dendritic in pattern. 

 

 

 

 

 

 

      

Figure 7: Slope map of the study area. 

V. CONCLUSION 

The quantitative analysis of morphometric parameters is an 

immense utility in river basin evaluation. The 

morphometric parameters evaluated using GIS helped to 

understand various terrain parameters such as nature of bed 

rock, infiltration capacity, run off etc. The study reveals that 

drainage network of the basin is in the form of dendritic to 

trellis in pattern. The drainage basin is being frequently 

selected as an ideal morphological unit. Watershed as a 

basic unit of morphometric analysis has put on importance 

because of its topographic and hydrological unit. The most 

useful criterion for the morphometric classification of 

drainage basin are the  drainage density and stream 

frequency , which in turn certainly control the run-off 

pattern, sediment yield and other hydrological parameters 

of the drainage basin. The study area of work shows 

variation of drainage density in watershed from 1.89 to 3.03 

per km2 suggesting low to moderate drainage density 

depicting considerably permeable sub-soil throughout the 

study area (Table 3). 

               Table 5: Gradient aspect of Karisil basin 

 

 

 

Sub Basin/Basin 

Elevation(m) at  
 

Fall in height 

(m) 

 

 

Fall in height 

(Km) 

 
 

Length of main 

stream (Km) 

 
 

Gradient ratio 

Gr (a-b/L Source 

‘a’ 
Mouth 

‘ b ’ 

I 287.22 273.05 14.17 0.014 19.28 0.0007 

II 406.18 248.27 157.91 0.157 11.70 0.013 

III 397.62 247.76 149.86 0.149 18.55 0.008 

IV 439.28 233.24 206.04 0.206 18.01 0.011 

V 454.91 215.14 239.77 0.239 25.05 0.009 

VI 469.49 226.02 243.47 0.243 13.38 0.018 

Karisil 277.37 225.2 52.17 0.052 41.0 0.0012 

High Fs values in all the sub-basins indicate the occurrence 

of steep ground slope with less permeable rock, which 

facilitates greater run-off, less infiltration, sparse vegetation 

and high relief conditions. The low values of Rb in all the 

sub-basin indicate area is not structurally control with 

uniform lithology in whole basin. In uniform lithology 

always develop dendritic pattern, which indicates that 

lithologically study area is covered by alluvium.  High 

value of Lo in all the sub-basins reveal long flow path, with 

gentle ground slopes. It is reflecting the areas associated 

with more run-off and less infiltration (Table 3). 
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