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Abstract:  

Morphometric analysis has  been carried out to assess the drainage characteristics of Peddavagu sub-basin in Warangal & 

Karimnagar Districts of Telangana State. The drainage pattern of the basin is mostly dendritic to sub-dendritic nature. Most of the 

higher order streams are structurally controlled and the area is designated as sixth order drainage. The important parameters which 

describe the geometry of drainage pattern and its stream channel system were thoroughly discussed. The lower values of 

bifurcation ratios are mainly due to gently sloping flows of basaltic lavas and indicative of favorable hydrogeological conditions. 

The sub-basin has very coarse drainage texture and highly permeable strata. Since the sub -basin has steep and plain lands, with 

permeable strata the streams occurring at topographic lows may be used for construction of artificial recharge zones for 

augmenting the groundwater conditions. 
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Introduction: Agricu lture is the main occupation in the area 

of the peddavagu sub-basin people depends upon ground 

water due to scarcity of surface waters. Due to erratic rainfall 

and uncontrolled abstraction of ground water, the water levels 

have substantially declined to deep levels . Watershed 

management plays an important role of development of 

surface water and ground water resources in any area hence, it 

is essential to understand the drainage characteristics of a 

Peddavagu sub-basin. An attempt has been made in this paper 

to study the drainage characteristics of Peddavagu sub-basin  

 

Study Area: The Peddavagu sub-basin that forms part of the 

Manair river which is  a tributary to river Godavari is situated 

about 70 km west of Warangal city. The area under 

investigation is geographically located in 10 mandals of 

Warangal and Karimnagar Districts of Telangana. The sub-

basin lies between the North latitudes 18˚ 20' 30" to 17˚ 53' 

20" and East longitudes 79˚14' 58" to 79˚ 40' 44"  which fo rms 

parts of the Survey of India  (SOI) toposheet No.s 56N/7, 

56N/8, 56N/11, 56N/12, 56O/5, 56O/9 on 1:50,000 scale[FIG 

1.1] with an area of 1309 km² (Fig 1.2) investigation is 

intended to study the morpho metric characteristics of the 

drainage basin with a special emphasis  on groundwater 

conditions of the area with the help of Strahlar’s (1957) 

classification. 

 
Fig. 1.  Location of the study area 
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Fig. 2. Showing Toposheets of Study Area 

 

 
Fig. 3. Drainage map of the area 

 

 

Topography and Climate: The area has hilly topography on 

the north – western part of the sub-basin. The area slopes form 

south – west to northern part of the basin with the altitude 

from a maximum of 662 mts which is located on the north –

western part of the sub-basin and min imum alt itude of 400 mts 

lies on the western part of the basin and of most part of the 

hilly terrain in the north is covered by Dharmasagar reserve 

forest and the cultivation is confined to the plains. The annual 

average rainfall o f the area as 880.00mm, and most of the 

rainfall received from south-west monsoon, from of June to 

September. Around 78 percent of rainfall received from 

southwest monsoon and it is 13 percent from north east 

monsoon and around a Percent of rain fall received from winter 

of summer. September is the rain iest month in the peddavagu 

sub-basin. The climate o f the study area is generally dry with 

the temperature varying between 13˚ to 46˚C and occasionally 

touches 49˚C. The soil cover of the basin consists of Black 
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cotton soils, Red soils and Loamy soils. The study area is 

located in semi arid tropic zones (Schum 1954) 

 

Geology of the Area: The Peddavagu basin area comprises 

Archaean group of rocks represented by peninsular granites, 

gneisses. 

 

Basin Morphometry: The drainage system constitutes the 

main stream and its tributary network. The study of drainage 

basin gives a detailed account of runoff, infiltrat ion, sediments 

lodes carried by streams etc., which are suitable for tapping 

groundwater. The size o f the drainage basin influences the 

yield of the basin. The analysis includes stream order, streams 

length, stream length ratio, and length of overland flow, 

elongation ratio, circularity ratio, bifurcat ion ratio, drainage 

density, drainage frequency and drainage texture. The 

drainage network of the basin was analysed following the 

procedures of Horton (1945) and Strah ler (1964, 1968). 

 

Results and Discussion: The morphometric analyst’s  for the 

basin was carried out on the Survey of India (SOI) toposheets 

on the scale of 1:50,000 the length and perimeter were 

measured using Global Mapper 9.0 versions and Auto-CAD 

2000i. The area draw and the number of streams were counted 

(Satheesh 2011).  

 

Stream Order:  The effect iveness of a drainage development 

is related to stream magnitude so that the stream order is 

considered as an important parameter in a linear aspect of 

drainage basin. The designation of the various stream orders 

was first introduced by Horton (1945), and was later modified 

by Strahler (1952, 1958). The first order streams have no 

tributaries (Strahler 1964). The second order streams have the 

tributaries of only first order channels. A segment of third  

order is formed, where two-second channels join when two 

third order segments join, a fourth order channels is formed. 

When third, fourth order segments join a fifth order channels 

is formed, when fourth, fifth order segments join a six order 

channel is formed. Accordingly the peddavagu sub basin is 

designated as six order basin. The stream order is generally 

designated by the letter ‘U’ and the total numbers of streams 

are indicated by ‘Nu’ (Table 1). There are as many as 1101 

first order streams, 280 second order streams, 63 third order 

streams, 14 fourth  order streams and 5 fifth order streams, 

with a single sixth order stream. Hence the area can be 

designated as part of sixth order basin.  

 

Table 1. Drainage parameters of Peddavagu basin 

S.No. Stream order No. of 

streams of 

given (Nu) 

Stream length 

(Lu) 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

1101 

 

280 

 

63 

 

14 

 

05 

 

01 

833.72 

 

384.68 

 

210.25 

 

104.71 

 

143.93 

 

34.98 
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Fig. 4. Geometric relat ionship between stream orders and 

number of streams  

 

Stream Length: Stream length is a dimensional property to 

understand the characteristic size of components of a drainage 

network. Total length of stream segments minimum and 

maximum are 34.48 – 833.32 km. In the case of first order 

streams (Table - 2) and almost in all cases, the basin length 

decreases, as the stream order increases the length decreases. 

 

Steam Length Ratio: Stream length ratio has an important 

relationship with surface flow discharge and erosional stage of 

the basin. In more permeable strata the stream flowing s maller in 

number and greater in length. The length of the various stream 

segments were measured order wise and the total length as well 

as the mean length for each order were computed. The stream 

length ratio which is the ratio of the mean length of the steams of 

a given order to the mean length of the streams of the next lower 

order has been calculated for each pair of orders as shown 

below. The mean length of the streams increases with the order 

in direct proportion and brings out this exponential relat ion 

clearly. The best-fit regression equations were obtained as in the 

semi-logarithm plot of mean length against order is more or less 

straight lines satisfying (Fig 4).  Hortons (1945) second law of 

stream lengths which states that the average length of streams of 

each of the different order in a drainage basin tends  closely to 

approximate a direct geometric series in which the first term is 

the average length of the streams of the first order.  

 

         RL = Lu / Lu-1   

 where RL is the stream length ratio, Lu is the mean 

stream length order (u) and Lu-1 is the mean stream length of 

segments of the next lower order.  

 

         The stream length ratios of the Peddavagu basin range 

from 0.727 to 4.174 (table (1.3). The mean length ratio obtained 

from the regression co-efficient is 1. 23 and mean length ratio is 

2.180. The variation in the stream length ratios may be caused 

by the difference in slope and topographical conditions. 



International Journal of Engineering Science  and Computing, September 2016           2180                                                         http://ijesc.org/ 

1 2 3 4 5 6

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

S
tr

e
a
m

 l
e
n

g
th

s

Stream order

 
Fig. 5. Geometric relat ionship between stream orders and stream 

length (Km) 

 

Table  2. Stream length ratio  

 

 S.No. Length of 

each stream 

order 

Stream length 

ratio 

Mean stream 

length ratio 

1 

2 

3 

 

5 

6 

833.72 

384.68 

210.25 

104.71 

143.93 

34.98 

2.166 

1.829 

2.007 

0.727 

4.174 

 

 

2.180 

 

Circularity Ratio:  Circu larity ratio is a quantitative expression 

of the shape of a basin. It is defined as the ratio of basin area to 

the area of a circle having the same perimeters as the basin 

(Strahler, 1964: Miller, 1953) and is expressed as    

RC =4Π A / P²    

    Where RC = is the circularity rat io, A is the area of a basin 

and P is the basin perimeter.  

The circularity ratio is generally in fluenced by length, 

frequency and gradient of streams of various orders rather than 

slope and drainage conditions of basin. Low, medium and high 

circularity ratio values are indicative of youth, mature and old 

stages of the basins. For this basin the circularity ratio is found 

to be 0.1 

 

Bifurcation Ratio: Bifurcat ion Ratio is used to express the ratio 

of a number of streams of any given order to a number in the 

next lower stream order (Horton, 1932). The ratio of a number of 

streams of a given order to the number of segments of the higher 

stream order is termed as the bifurcation ratio, as shown in the 

following formula  

                                                  Rb= Nu / Nu + 1 

      Where Rb is the bifurcation rat io, Nu is the number of 

stream segments and Nu+1 is the number of stream segments of 

the high orders. 

 

The bifurcation ratio varies from 2.8 to 5 (Tab le. 3) 

with mean of 4.1352 as a whole for the Peddavagu basin. The 

higher bifurcation ratio for V and III order streams in the basin 

respectively, may be attributed to the development of streams in 

steeply dipping rock strata. The values of bifurcation ratio less 

than 5 suggest that the geological structures do not show any 

dominant influence on a drainage pattern. Such values denote a 

mature development of the basin.  

 

Table  3. Bifurcation ratio  

S.No. No. of 

streams of 

each order 

Bifurcation 

ratio 

Mean 

Bifurcation 

ratio 

1 

2 

3 

4 

5 

6 

1101 

280 

63 

14 

05 

01 

3.932 

4.444 

4.5 

2.8 

5 

 

 

4.1352 

 

Elongation Ratio: Schumm’s (1956) elongation ratio is the 

ratio between the diameter of a circle of the same area of the 

drainage basin and the maximum length of the basin. Higher 

the elongation ratio lesser will be the flood peak. For this 

basin the elongation ratio is 0.74. The shape of a drainage 

basin is significant since it affects the stream drainage 

characteristics (Strahler, 1958). The low form factor, 

circularity rat io and higher elongation ratio suggests the basin 

is more elongated. 

 

Stream Frequency: Stream frequency (Horton, 1945) refers 

to the number of the streams per unit area and is obtained by 

dividing the total number of streams by the total drainage 

basin area. This basin has a stream frequency of 1.118. Stream 

frequency helps in distinguishing the groundwater recharge 

characteristics in a river basin. 

Fs = Lu / Au   =   1464 / 1309 = 

1.118 

Where Fs Lu is total number of streams, Au is Total area of 

the drainage basin 

 

Drainage Density: Drainage density is a measure of degree of 

drainage development within a basin. It reflects closeness of 

spacing of channels, attributing due to differential weathering 

of various formations, relief and rainfall in an area. According 

to Horton (1932), the drainage density is defined as the length 

of streams per unit of a drainage area divided by the area of 

the drainage basin. It is expressed as  

                                           

                                    Dd =   Lu / A  = 1711.375 / 1309  = 

1.307 km/km² 

 

Where Dd is the drainage density, Lu is the length of 

all the other streams and A is the area of the basin, Smith 

(1950)  and Strah ler (1957) have described drainage density 

values less than 5 as coarse, between 5 and 13.7 as medium, 

between 13.7 and 155.3 as fine, and greater than 155.3 as ultra 

fine. Chow (1964) is of the opinion that the low drainage 

density is favored in regions of highly resistant or highly 

permeable sub-soil materials under dense vegetation and low 

relief, while the high drainage density is favored in regions of 

weak or impermeable sub-soil materials, sparse vegetation and 

mountain relief.   

 

The drainage density computed according to 

Horton’s formula in the Peddavagu basin is 1.307km/km². It  

indicates that the drainage density is low, reflecting a 

permeable sub-surface stratum with dense vegetation and low 

relief, which is a characteristic features of coarse drainage 

density.   

 



International Journal of Engineering Science  and Computing, September 2016           2181                                                         http://ijesc.org/ 

Drainage Texture: Drainage texture is a measure of closeness 

of the channel spacing. It depends on climate, rain fall, 

vegetation, rock and soil type, infiltration capacity, relief and 

stage of develop of drainage (Smith, 1950). Weak rocks produce 

fine texture, while hard rocks develop coarse texture. Sparse 

vegetation of an arid climate causes developed on similar rocks 

in a humid climate. The texture of a rock depends upon 

vegetation and climate causes development of fine texture than 

those developed on similar rocks in a humid climate. The texture 

of a rock depends upon vegetation and climate conditions 

(Dornkamp and King, 1971). The drainage texture is computed, 

using the formula  

 

T= Dd x Fs   = 1.307 x 1.118 = 1.461 D² 

 

Where T is the drainage texture, Dd is the drainage 

density and Fs is the stream frequency 

 

The drainage texture of the Peddavagu basin is 1.461 

D². According to the classification of drainage texture (Smith, 

1950), gentle slopes and almost flat topography may cause the 

fine texture with lesser rainfall intensity. The intermediate 

texture may be attributed due to sub-humid climate with hard 

rock fo rmations. 

  

Conclusions:   The Peddavagu sub basin exhibits a dendrite to 

sub-dendrite drainage pattern. It is designated as six order with 

total number of 1718 streams. The basin obeys the loss of stream 

numbers and stream lengths. The mean bifurcation rat io 

indicates the drainage pattern of this basin is not distorted by the 

geological structures.  The circularity ratio reveals early to late 

mature topography due to differences in slope, relief and 

structural conditions. The drainage density reveals that the 

subsurface strata are permeable with coarse drainage density. 

The river basin originates from steep slopes. Most of the streams 

occur in comparatively plain lands and the sub-surface stratum is 

permeab le. Therefore, the plain lands are important locationes 

for constructing of artificial recharge zones for augmenting the 

groundwater conditions. 
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