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ABSTRACT 

Drainage Density, texture and frequency appear to be the most promising and useful variables in the 

morphometric analysis of drainage basin, because they are related to tire dynamic nature of the network of 

stream segments and the area of the basin. These variables therefore can be fruitfully used for the 

classification of Aner basins, for the spatial prediction of processes and lot the interpretation of temporal 

changes the drainage network. They may be regarded as dependents on climate and catchment characteristics 

as well as factors affecting positively run-off and sediment response of a drainage basin. In spite of the extra 

ordinary qualities of these variables, they have not been suitably derived and interpreted. 

The present paper deals with the analysis of drainage frequency and drainage density of Aner drainage basin 

as well as its sub-basins with the help of Horton’s method, including identification of major categories and 

areas of high to low drainage frequency and density. Drainage density and drainage frequency are the most 

important factors that control the speed of runoff following a spell of heavy rain. In the present case, the 

drainage frequency and density seems to have been guided primarily by the existing lithologic, slope and 

climatic conditions as well as the anthropogenic factors producing a wide variety of both aspects mainly at 

sub-watershed level.   
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INTRODUTION:- 

The drainage basin analysis is important in many hydrological investigations like assessment of groundwater 

potential, groundwater management and environmental assessment. Hydrologists and geomorphologists have 

recognized that certain morphometric relations are very important in determining the runoff characteristics, 

geographic and geomorphic characteristics of drainage basin systems 

Stream frequency or drainage frequency is the measure of number of streams per kilometer area. For the 

computation of stream frequency (SF) the Aner basin is conveniently divided in to grid squares depending on 

map scale and areal coverage of the basin and the number of streams in each grid is counted, tabulated and 
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quantified. The data of stream frequency are classified into certain categories depending upon the nature of 

data. 

Drainage frequency is the number of streams in per unit area. It is associated with lithology, degree of slope, 

stages of fluvial cycle and amount of surface run-off. Investigations reveal that high frequency of stream is 

found in the areas of non-porous bedrocks, relatively high degree of slope, high rainfall, and thin vegetation 

cover. The high values of drainage frequency are represented by mature basins whereas; low range of 

drainage frequency indicates the youth stage of development. (Sidhu, et. al., 1974). 

 Drainage density is the total length of all the streams and rivers in a drainage basin divided by the total 

area of the drainage basin. It is a measure of how well or how poorly a watershed is drained by stream 

channels. It is equal to the reciprocal of the constant of channel maintenance and equal to the reciprocal of 

two times the length of overland flow. 

A drainage basin is an entire area drained by a river and its tributaries. It is a natural hydrological entity, 

which allows surface run-off to a defined channel, drains, streams or river at a particular point. It should be 

managed for various purposes depending upon local needs, including drinking water supply, capturing runoff, 

minimizing erosion, reducing pollution and many more. Drainage frequency and density are two most 

important aspects of a drainage basin, which affects the runoff capacity of a basin. 

Horton’s method yields only a single value for the entire basin and hence it cannot be applied for the study of 

spatial variations of drainage density within a given basin. The simplest way to calculate drainage density on a 

regional scale is to divide the basin into grid squares of one square mile or one square kilometer each and to 

measure the total stream lengths in each grid square and to group the derived data into drainage density 

categories viz., (i) very low, (ii) low, (iii) moderate, (iv) high, and (v) very high drainage density categories 

and to prepare isopeths for the study of spatial distributional pattern. 

 It may be pointed out that the measurement of stream lengths in grid square is very tedious, difficult 

and time consuming procedure and hence the tedium of measurement of stream lengths per unit area to 

calculate drainage density has diverted the attention of interested workers in this field to explore alternative 

methods of rapid estimation of drainage density viz., ‘the probabilistic line intersection method’ of C.W. 

Carlston and W.B. Langbenin (1960), T. Wilgat’s method (1966) based on the mean distances from the 

nearest water course, the photomechanical method’ of Vince Gardiner (1974), J.J. Donahue’s method (1972) 

using the number of points on a regular grid that touch a stream as an index of stream length digitization of 

drainage lines.  

Drainage density depends upon both climate and physical characteristics of the drainage basin. Soil 

permeability and underlying rock type affect the runoff in a watershed, impermeable ground or exposed 

bedrock will lead to an increase in surface water runoff and therefore to more frequent streams. Rugged 

regions or those with high relief will also have a higher drainage density than other drainage basins if the 

other characteristics of the basin are the same. 
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Drainage density characterizes the textural measure independent of basin size and considered to be a function 

of climate, lithology, stage of development etc. it is a measure of drainage dissection that reflects the 

competing effectiveness of overland flow and infiltration. Horton (1945) reasoned that basins of low drainage 

density are the product of runoff processes dominated by infiltration and subsurface flow, whereas basins of 

high drainage density are the product of erosion and dissection by overland flow. Higher drainage density also 

indicates the decrease in the length of overland flow with increase in angle of hill slope (Schumm, 1956). For 

the basins of comparable relief, the hydrologic response of stream network is directly related to drainage 

density.  

STUDY AREA: 

Aner basin covers 1231.4 Sq. Km. area in the northwestern part of Maharashtra and astronomically extends 

between 210 11’7’’ to 210 14’ 12” North latitude and 740 00’ 30’’ E to 750 45’ 12” East longitude.The river 

channel of the Aner forms a district boundary between Dhule and Jalgaon district of Maharashtra whereas the 

Northern divide of the basin is a state boundary between Maharashtra and M.P most of the basin area covers a 

part of “Satpura ranges in Dhule and Jalgaon districts, and underlined by Deccan trap formation, besides, 

recent deposits of sediments occur over the Deccan trap formation, which includes characteristics regolith 

covering alluvio-colluvium. Bio- climatically this ara is monsoonal with scanty trees of tropical deciduous 

forest type. Relief is faint over alluvial plain with considerable increase in the hilly tracts. Thus one may treat 

this regional personality as homogeneous with respect to the litho-climatic conditions. 
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Source (S.O.I.Toposheet and Land sat. Imagaries) 

OBJECTIVES:- 

 To understand overall physical environmental profile of the Aner basin. 

 To attempt stream frequency and Drainage density of Aner basin. 

 To understand the geomorphic problem operating to the study area. 
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METHODOOGY: 

 The nature of research problem being geomorphological, calls for a considerable fieldwork besides a 

good amount of laboratory and library studies. Drainage network map of the Aner basin has been prepared on 

the basin of toposheet (1:50,000) scale and the air-photograph of the basin. The toposheet No. 46 0/1, 46 0/2, 

46 0/3, 46 0/4, 46 0/5, 46 0/6, 46 0/7, 46 0/8, 46 0/9, 46 0/10, 46 0/11, 46 0/12, 46 0/13, 46 0/14 and 46 0/15 

have been used for drainage network analysis. Stream frequency or drainage frequency is the measure of 

number of streams per unit area (may be square meter, square kilometer and so on). Drainage density refers to 

total stream lengths per unit area. R.E. Horton (1945) defined drainage density as a ratio of total length of all 

stream segments in a given drainage basin to the total area of that basin and thus it can be derived as follows.  

 Dd =
𝐿

𝐴
 

Where L = total lengths of all stream segments of a basin 

 A = Total area of the basin 

The morphological mapping technique has beenutilized for delineating the slope motpho-units in the Aner 

river basin with subsequent field check. 

Discussion and Results 

Table no.1 shows thataverage Drainage Density and Stream Frequency in Aner basin.The average stream 

frequency of the study area is 6.00 per sq. km. The higher values, indicating denser network, found along the 

hilly regions, where the first order and second order streams are well-developed with large in number of 

streams. The sub-basinsaverage stream frequency of the Sonkheri Nala, Dhavli Nala, tonda Nala and Bhaver 

Nala watershed is more than 8.00 per sq. km. In the moderate average stream frequency is Khadak Nala, 

Langra Amba Nala, Amba Nala, Dudhkheda Nala, Ogal Nala, Pendharniya Nala, Dhhoriya Nala, Kojya Nala 

and Bhadhara Nala (between 6.00 to 7.00 per sq.km), However, the stream frequency of Kaner Nala, Khapara 

Nala, Tori Nala, Chirmiriya Nala, Chul Nala and Chinchpalli Nala watershed is very low (4.00 to 5.00 per sq. 

km. respectively).  

Table No.1 

Aner Basin: Average Drainage Density and Stream Frequency 

Sr. 

No. 

Sub-Basin Drainage 

Density 

(km/sq.km) 

Stream 

Frequency 

(Stream/sq.km) 

Ratio 

Stream Frequency/ 

Drainage Density 

1 Khadak Nala 3.80 6.00 1.58 

2 LangraAmba Nala 4.10 6.00 1.46 

3 Amba Nala 3.60 6.00 1.67 

4 Chirmiriya Nala 3.70 5.00 1.35 

5 Sonkheri Nala 4.60 8.00 1.74 

6 Dhavli Nala 4.80 9.00 1.88 

7 Kaner Nala 3.20 4.00 1.25 

8 Khapara Nala 3.60 4.00 1.11 

9 Dudhkheda Nala 4.20 6.00 1.43 

10 Ogal Nala 4.00 6.00 1.50 
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11 Tori Nadi 3.80 4.00 1.05 

12 ChulNala 4.00 5.00 1.25 

13 Pendharniya Nala 4.10 6.00 1.46 

14 Kojya Nala 4.00 7.00 1.75 

15 Bandhara Nala 4.20 7.00 1.67 

16 Chinchpalli Nala 3.90 5.00 1.28 

17 Tonda Nala 4.80 8.00 1.67 

18 Bhaver Nala 5.00 9.00 1.80 

19 Chhoriya Nala 3.80 6.00 1.58 

 Aner Basin 4.10 6.00 1.46 

             Source (S.O.I.Toposheet and Land sat. Imagaries) 

Map No. 1 

 

Source (S.O.I.Toposheet and Land sat. Imagaries) 

 

Fig.No.1 
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The Aner Basin has an average drainage density of 4.10 km per sq. km. Table 5.8 shows sub basin wise 

drainage density, of nineteen sub basins, ranging from 3.20 km per sq. km to 5.00 km per sq. km. 

Map No.2 

 

Source (S.O.I.Toposheet and Land sat. Imagaries) 

 

It is observed that Kaner (3.20), Khapara Nala (3.60), Chirmiriya Nala (3.70, Khada Nala,tori Nala, Chhoriya 

Nala (3.80) and Chinchpalli Nala (3.90) sub basin has lowest drainage density of the indicating higher rate of 

infiltration greater subsurface flow, high moisture retentive capacity and relatively low relief.  Low drainage 

density in the present basin also indicates that the surface material in the drainage basin is fairly permeable 

and has a dense vegetative cover and Bhaver Nala basin has highest drainage density of 5.00 km/ sq. km, 

indicating lower rate of infiltration and more runoff than other sub basin’s. LangraAmbaNala, Sonkheri Nala, 

Dhavli Nala, Dudhkheda Nala, Ogal Nala, Chul Nala, Penndharniya nala, Kojya Nala, Bandhara Nala and 

Tonda Nala basin are having average drainage density between 4.00 to 4.80 km per sq. km indicating that 

these basins are dominated by erosion, comparable relief, low infiltration and higher surface runoff as well as 

steep side hill slopes with decreased overland flow. 

Drainage density drainage and stream frequency are specially concerned to drainage lines in one way or the 

other and thus it is obvious that these may be affected and controlled by rainfall infiltration, run-off, 

geological structure and associated lithology, vegetation and pedological characteristics than morphometric 

factors. The precipitous free-face elements of the escarpment of the marginal parts of the region have 

favoured the evolution of fingertip rills whereas the granitic-gneissic surface of the central plain has hindered 

the evolution of drainage lines. Thus it may be concluded that lithology, structure, terrain, slope, rainfall, 

vegetative cover and stage of erosional cycle have played vital roles in controlling drainage density, stream 

frequency and drainage texture in the region 
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CONCLUSION: 

Drainage morphometry provides quantitative description of the drainage system which is an important aspect 

of the characterization of watersheds. This may be attributed to the low relief and high permeability of the 

coastal plain in which these watersheds are situated. A plot of drainage density versus stream frequency of the 

watersheds of Aner basin reveals that there is a positive correlation between the two parameters.Drainage 

density can affect the shape of a river's hydrograph during a rain storm. Rivers that have a high drainage 

density will often have a more 'flashy' hydrograph with a steep falling limb. High densities can also indicate a 

greater flood risk. 
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