
Introduction 
The basin morphometric characteristics of the various basins have 
been studied by many scientists using conventional (Horton, 1945; 
Smith, 1950; Strahler, 1957) and remote sensing and GIS methods 
(Krishnamurthy and Srinivas, 1995; Srivastava and Mitra, 1995; 
Agarwal,1998; Biswas et al., 1999; Narendra and Nageswara Rao, 
2006). Drainage basins, catchments and sub catchments are the 
primary units for organizational purposes to safeguard natural 
resources. Morphometric study of drainage basin includes 
quantitative analysis of the characteristic features formed by a river. 
The quantitative study of landforms was carried out in order to 
understand the evolution of drainage system, which re�ects the 
denudation history of the area. A drainage basin is the area which 
contributes water to a particular channel or a set of channels. It is the 
source area of precipitation eventually provided to the stream 
channels through various paths. As such, it forms a unit for the 
consideration of the process determining the formation of speci�c 
landscapes (Leopold et. al;., 1964)

The hydrological characteristic of the drainage basin was 
understood by the analysis of drainage parameters of its 
contributing factors. The lithology, tectonic set-up and the terrain 
characteristics including slope and altitude governs the overall 
hydrological behavior of the area. A detailed analysis of the various 
morphometric parameters of the drainage system provides a vivid 
insight into the qualitative and quantitative aspects. 

The description of these morphometric variables with their symbols 
and units are presented in table 1

Table 1 Morphometric variables with their symbol and unit

(After Doornkamp & King, 1971 and Chorley, 1969)

Location of the area
The study area comes under the Survey of India toposheet Nos. 
53N/6, 53N/7, 53N/10 and 53N/11. The toposheets have been 
enlarged up to the scale of 1:25,000 for the study. The area lies within 
in the Chamoli District of Uttarakhand state. The geographical 
position of the area is 79°15' to 79°40' E longitudes and 30°20' to 
30°25' N latitudes. The area is drained by Alaknanda and its 
tributaries named as Gorsal gad, Balasuti gad, Bhimtala gad, Chinka 
gad, Pipalkoti gad, Garur Ganga, Belakuchi gad, Ganesh ganga, Kalp 
Ganga, Karamnasa, Dunli gad and Vishnu gad and Dhauliganga. 
Alaknanda river basin is considered to be tectonically active where 
damaging earthquakes and landslides have occurred. 

Fig 1: Drainage map of Alaknanda Basin
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No. Morphometric variable Symbol Unit
Drainage network
01 Number of streams of order u 

(1,2,3)
Nu (1,2,3) Enumerative

02 Total no. of streams within 
basin order u

(∑N)u = 
N1+N2…Nu

Enumerative

03 Bifurcation ratio Rb = Nu/Nu+1
04 Total length of streams of 

order u (1,2,3)
Lu (1,2,3,4) Km

05 Total stream length (∑L) = 
L1+L2……Lu

Km

06 Mean length of stream of 
order u

Lu = Lu/Nu Km

07 Stream length ratio Rl = Lu/Lu-1 Enumerative
08 Sinuosity index Si Enumerative
Basin Geometry
09 Area of the basin Au Km2
10 Length of the basin Lb Km
11 Width of the basin Wb Km
12 Basin shape

a. Form factor F = Wb/Lb Enumerative
b. Shape index Sw = Lb/Au Enumerative

13 Basin elongation Be = d/Lb Enumerative
Measures Involving Heights
14 Height of basin mouth Z Km
15 Height of highest point of the 

basin
Z Km

16 Total basin relief H = z – Z Km
17 Relief ratio Rh = H/Lb Enumerative
18 Mean basin altitude H = Z + z/2 Km
Measures of intensity of dissection
19 Drainage density Du = (EL)u/Au /km
20 Constant of channel 

maintenance
1/Du Km

21 Stream frequency Fu = Nu/Au No/Km2
22 Drainage texture Tu = Fu x Du No/Km
23 Crenulation number Cn Enumerative
24 Texture ratio Tr = Cn/Au No/km
25 Ruggedness number Rn = H x Du Enumerative



Third order basin morphometry
For morphometric analysis of the area, third order basins were 
selected for the analysis and interpretation, as they are widely 
distributed. In the area, one hundred �fty four 3rd order basins were 
marked and their morpho-statistical parameters were calculated 
and analyzed. The data thus obtained was superimposed on 
geological and structural maps of the study area for the 
interpretation purposes. 

The morphometric data was divided into two groups viz. measured 
and calculated parameters, their maximum and minimum values 
along with mean is presented in Tables 1.2 and 1.3.  The data indicate 
that the mean value of number and length of stream present in a 3rd 
order basin is 12 and 6.3 km respectively. The mean value of number 
as well as length of 1st order to 3rd order streams are decreasing. The 
mean value of length and width of the basin depicts that most of the 
basins are elongated in shape. The average values of lowest and 
maximum elevations are 2170 and 3410 m respectively. A high order 
of crenulation number (15.5) indicate that majority of the basins are 
structurally controlled. 

The calculated morphometric data show a higher value of basin 
area, drainage density, drainage texture, constant of channel 
maintenance etc. which re�ects that majority of the basins have 
mature drainage network.  The bifurcation ratio and stream length 
also reveals that the basins are constituted by a rugged and highly 
dissected topography. It is also supported by texture ratio and 
ruggedness number of the 3rd order basins of the area. The 
measured and calculated morphometric parameters obtained from 
the analysis are presented in Tables 1.4 and 1.5.

Table 2 Range and mean of the measured morphometric 
parameters

Table 3 Range and mean of the calculated morphometric 
parameters

Correlation of data
The correlation of the data is carried out in three ways, viz. 
correlation between morphometric parameters with mean basin 
altitude and slope.

1. Correlation of altitude and morphometry
An attempt has been made to �nd out the relationship between the 
altitude and the various morphometric parameters. Scattered 
diagrams were prepared and their trends were plotted. Comparing 
to the valley sides slopes, the summit surface and ridges of the study 
area receives a higher precipitation. It was observed that climatic 
factors like precipitation, temperature etc. have signi�cant control 
over the morphometric parameters. 

(i) Mean basin altitude and number of 1st order streams
Fig. 5.1 was drawn between the mean basin altitude and number of 
1st order streams, which shows a very poor negative relationship for 
the basins located in the rocks of Central Crystallines, indicating that 
the development of drainage is not normal and may be controlled 
by some structural features. 

It also indicates that the number of 1st order streams decreases very 
feebly with an increase in altitude. In case of the basins located in 
Garhwal Group the relationship is feebly positive, indicate normal 
development of the drainage as the number of 1st order streams are 
increasing with an increase in altitude.

(ii) Mean basin altitude and basin area
The plot for mean basin altitude and basin area was drawn as Fig. 5.2 
The basins located in the Garhwal Group re�ect that at higher 
altitude the larger basins are located. However the relation between 
these two parameters is very poor. The basins located in Central 
Crystalline do not possess any signi�cant relationship. 

(iii) Mean basin altitude and basin shape
The relationship between the mean basin altitude and basin shape 
is very pronounced (Fig. 5.3). The trend lines show a positive 
relationship for the basins of Garhwal Group and a negative 
relationship for Central Crystallines. The data re�ect that at higher 
altitude more elongated basins are located in the rocks of Garhwal 
Group while less elongated basins are situated in the Central 
Crystallines.

(iv) Mean basin altitude and stream frequency
In the basins located in the rocks of Central Crystallines, the 
relationship between mean basin altitude and stream frequency 
indicates that stream frequency is increases at higher altitude while 
the basins located in the Garhwal Group re�ects a negative 
relationship (Fig. 5.4). It also re�ects that at lower altitude the stream 
frequency do not show a clear relationship with altitude due to high 
rate of mass-wasting on the valley side slopes.

(v) Mean basin altitude and drainage density
For the basins located in Garhwal Group, the trend line between 
mean basin altitude and drainage density indicates lower drainage 
density at higher altitudes (Fig. 5.5). The relation between these two 
parameters is not signi�cant for the basins located in the Central 
Crystallines.

(vi) Mean basin altitude and ruggedness number
The plot between mean basin altitude and ruggedness number 
show that basins located in Central Crystallines are more rugged 
with higher altitude (Fig. 5.6). Similar trend is also shown by the 
basins of Garhwal Group, however, the relationship is very poor.

2. Correlation of slope angle and morphometry 
The slope inclination has a de�nite in�uence on various 
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Variabl
e

Basins of Garhwal 
Group

Basins of Central 
Crystallines

Mean 
for 
entire 
study 
area

Min. Max. Mean Min. Max. Mean

N1 4 34 9.12 4 28 8 8.38
N2 2 9 2.60 2 7 2.44 2.5
N3 1 1 1 1 1 1 1
∑N 7 44 12.75 5 36 11.44 11.9
L1 0.35 27.5 4.87 0.42 12.60 3.81 4.16
L2 0.075 3.15 1.19 0.15 4.05 1.12 1.14
L3 0.05 2.45 0.98 0.10 9 1.00 0.99
∑L 0.95 29.5 7.04 0.87 17.35 5.93 6.3
Au 0.40 13 3.28 0.10 13.25 2.87 3
Lb 1.45 7.75 2.85 1.15 7.45 2.73 2.76
Wb 0.75 6 1.69 0.50 9 1.60 1.64
z 0.92 2.64 1.58 0.92 3.80 2.47 2.17
Z 1.60 3.76 2.83 1.72 5.52 3.70 3.41
Cn 7 48 16 3 45 15 15.5
Sa 15 43 24.84 4 52 24.97 24.91

Variabl
e

Basins of Garhwal 
Group

Basins of Central 
Crystallines

Mean 
for 
entire 
study 
area

Min. Max. Mean Min. Max. Mean

Rb 2 5.08 30.3 2 6 2.86 2.93
Rl 1.24 40.75 4.72 0.55 35.75 3.74 4.06
F 0.24 0.98 0.60 0.20 3.46 0.61 0.61
H 0.36 1.84 1.26 0.12 2.32 1.22 1.24
h 1.26 3.14 2.20 1.34 4.60 3.08 2.79
Rh 0.19 0.94 0.47 0.06 1.33 0.49 0.48
Fu 1.65 17.50 5.08 0.68 19.46 5.39 5.70
Du 0.40 8.76 2.54 0.14 8.44 2.59 2.57

1/Du 0.11 2.51 0.51 0.02 7.26 0.61 0.56
Tu 1.34 87.50 14.61 0.48 150.12 17.37 16.00
Tr 2.08 17.50 6.18 1 20 6.45 6.32
Rn 0.35 14.37 3.15 0.09 14.96 3.23 3.20



morphometric parameters. In order to identify the in�uence of 
slope on the drainage development in the study area, various 
scattered diagrams were drawn between the slope and 
morphometric variables. For this purpose mean basin altitude, 
constant of channel maintenance, basin shape and texture and 
bifurcation ratios etc. were selected. Their detailed description is 
presented in the following paragraphs.

(i) Slope angle and mean basin altitude
Fig. 5.7 is the plot drawn between slope angle and mean basin 
altitude. The trend line of the basins located in Central Crystallines 
shows a positive relationship which indicates that steeper slope 
angles are generally associated with higher altitudes. In case of 
Garhwal Group the trend is feebly negative. It was observed that 
basins at lower altitudes do not show clear relationship may be 
because of recurring mass-wasting on valley side slopes (Prassad 
and Mathur, 1976).

(ii) Slope angle and constant of channel maintenance
Fig. 5.8 depicts a very strong negative relationship which shows that 
lower values of constant of channel maintenance are associated 
with steeper slopes. The relationship between these two 
parameters is more pronounced for the basins located in the rocks 
of Central Crystallines.

(iii) Slope angle and basin shape 
The correlation between the slope angle and basin shape depicts 
that narrow basins are located over the steeper slopes for the basins 
associated with the rocks of Garhwal Group (Fig. 5.9). In the Central 
Crystallines, wider basins are associated with the steeper slope.

 (iv) Slope angle and texture ratio
Fig. 5.10 is a plot between slope angle and texture ratio, which 

rdre�ects a positive relationship for the 3  order basins of the study 
area. The basins of Garhwal Group as well as Central Crystalline 
reveal that steeper slopes have greater value of texture ratio.

(v) Slope angle and bifurcation ratio
The diagram (Fig. 5.11) was drawn between the slope angle and 
bifurcation ratio. The trend line for Garhwal Group and Central 
Crystalline indicates a negative relationship, which re�ects that 
steeper slopes are less bifurcated. Furthermore, the basins of 
Garhwal Group shows more pronounced negative relationship.

Conclusion
1. Effects of altitude over morphometry
The analysis of various morphometric variables shows that they 
have a clear relationship with altitude of the area. Basins located in 
Garhwal Group reveals that at higher altitudes the numbers of 
streams are more, the basins are wider, more elongated and rugged, 
with lower values of drainage density and stream frequency. While 
the basins of Central Crystalline show that higher values of drainage 
density and stream frequency are associated with higher altitudes. 
The lower altitudinal basins of the study area do not show clear 
relationship, as mass wasting process is dominant over the valley 
side slopes. 

2. Effects of slope over morphometry
In order to understand the effects of slope over morphometry, the 
data reveals that there is a signi�cant relationship between these 
two aspects. The data for the basins of Central Crystalline shows that 
areas with steeper slopes have wider basins and higher mean basin 
altitude. Both the sectors (basins located in Garhwal Group as well as 
Central Crystallines) indicate that higher values of texture ratio and 
smaller values of bifurcation ratio and constant of channel of 
maintenance are associated with steeper slopes. It indicates that 
basins located over the steep slopes are highly dissected and are 
formed by texturally coarser material. The data also re�ect that slope 
steepness is one of the major controlling factors in the development 
of drainage.

The valley side slopes do not shows clear relationship with 

morphometric parameters, as they come under the zone of high 
intensity of erosion (Brusden and Kesel, 1973). The pairwise 
relationships of morphometric parameters re�ect that wider basins 
are associated with smaller relief ratio and having longer streams. 
More bifurcated and rugged basins indicate higher values of stream 
lengths ratio and basin relief. 

3. Effects of lithology over morphometry
The rocks of the Garhwal Group are highly deformed and are 
relatively more permeable than the rocks of Central Crystallines, 
therefore, they have lower drainage density, stream frequency, 
ruggedness number, less elongation ratio and coarser texture with 
moderate slope angle and relief. They also have higher bifurcation 
ratio and stream length ratio. The basins located in the rocks of 
Central Crystalline possess moderately dissected and elongated 
basins with relatively less permeable rocks. Therefore, they are 
characterized by wider basins, �ner texture, high relief, steeper 
slopes, greater ruggedness number etc.
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