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I. INTRODUCTION 

The morphological characteristics of gully network in the western part of the Medinipur (Figure 1) district has 

been discussed here in relation to the topography, slope and texture of laterite soil. All the gullies studied here 

are the part of well integrated channel network. Runoff channels like rills and gullies are such micro geomorphic 

features, which not only describe the present geomorphic status but also very useful to predict future landform 

modification (Garland et al 1994; Pile, 1996; Brinkcate and Hanvey 1996). These narrow watercourses are 

developed due to rainfall and causes soil erosion by rapid water flow (Carey et al 2001). Thus a wide range of 

geomorphic changes occurs across the gully basin areas. It also has some social effects like loss of productivity 

of soil, spoiling of roads, walls and buildings etc. By this way gully erosion restricts land use and economic 

activities. Development of runoff channels depend upon both physical and biological environmental factors. 

Anthropogenic factors also influence the flow of water. Physical factors like climatic condition initial landform 

condition, geological structures etc are very important for the initial development of runoff. The biological 

factors like vegetation pattern, vegetation coverage, animal intervention etc. also play very vital role for 

developing the flow and flow path. Human activities, like construction, agriculture, settlement growth, 

deforestation etc. are changing the slope, vegetation cover and even the vegetation pattern which controls the 

runoff. Some early researches also support the above concept. Mallick and Niyogi (1970) accorded that when a 

region is characterised by loose and dry surface soil with presence of highly dratted duricrust. The sediments are 

mostly concealed under a blanket of duricrust. As laterite is heavily leached the subsoil, it gets dries and gets 

rock like due to cementing of ferruginous concretion by iron oxide colloid when it is exposed. Sen et. al. 

explained that Climatic variables like temperature, humidity, precipitation and wind velocity affect soil surface. 

Surface development has been forced by such climatic variables, which operate in stages. Poesen (1987), Moss, 

Green and Hutka (1982), accorded that the breakup of shallow overland flow into small channels or micro rills, 

and in addition to the main flow path down slope, secondary flow paths developed with a lateral components. 

According to Merrett (1984), the flow concentration within the overflow should strictly be treated as part of an 

incipient rill system. 

 

II. METHODOLOGY 

The data were collected from field surveying done by traditional surveying instruments like clinometers, 

prismatic compass and dumpy level survey to define the pattern of drainage and distribution of gully erosion. 

Land sat ETM+ data and Google image of the study area has been used to prepare the drainage maps by ILWIS 

9.0 software to show distribution of gullies. 

 

III. GULLY DRAINAGE PATTERN 

Gully drainage pattern is very much similar to stream channel. It has been observed that there are various types 

of drainage network found in the study area but three major drainage patterns are very common. In the southern 
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bank of Silabati River dendritic drainage pattern (Figure 6.6) is formed in the main gully basin. The northern 

bank of Kangsabati River at Rangamati and Gopegarh have experienced dendritic, trellis drainage whereas in 

the southern part of Kangsabati River near Jhargram and at Salboni  Parallel and distributary drainage  

 
Figure 1:Location and environ of the study area 

 

pattern are commonly found. Here a detail network survey has been done to realize drainage character at 

Gopegarh. The study site of Gopegarh gully basin reveals a dendritic pattern of drainage which consists of three 

major gully channels(Figure 3). This dendritic channel network is formed by several rills and gully channel 

which merge to each other. The rill channel formed initially and merged to another channel is called 1st order 

channel. The channels where 1st order channel join is called 2nd order channel. On the same way 3rd and 4th order 

channels are identified. for calculation of bifurcation ratio. Stream numbers have been counted(Table 1). It is 

clear here in this gully basin site gully floor is flattening by deposition of eroded materials which comes from 

gully head area continuously(Figure 2). Generally in this study area the 1st order channels are named as rill 

channel which are converted into gully channel later. Here numbers of 1st order channel are more than other 

channels. The channel length may vary from upper course to lower course of gully in spite of some exception 

where the change of valley length towards the base level is not wide. This type of channel has been observed at 

Salboni, Garhbeta and Gurguripal badlands region.  

 

 
Figure 2: Formation of the Channels 

 

Table 1: Different nomenclature of different channel and Calculation of Bifurcation ratio (a sample at 

Gopegarh  on the bank of Kansai River) 
Channel Mean length(m) Mean gradient Total width(m) Nos. of channel 

1st order 13  4.49 126.8 16 

2nd order 43.5 10.24 134.7 5 

3rd order 31.25 6.79 18.9 2 

4th order 117.5 4.05 7.3 1 

Calculation of Bifurcation ratio 

Stream order Number of segment Bifurcation ratio (Rb) Mean Rb 

1st order 16 3.2 

2.5 

2 

2.56 

2nd order 5 

3rd order 2 

4th order 1 
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Figure 3: a) General drainage pattern in gully region, (B, C, D)-Some common  

drainage pattern in the selected area  

 

IV. MORPHODYNAMIC NATURE OF LANDFORMS 

“Gullies can be characterized as relatively permanent steep-sided eroding water courses (Morgan, 1986) that 

have banks which are usually un-vegetated with some slumping and in some cases vegetation can occur in the 

base of the gully” -Twidale-2004 Interactions of Gully Controlling Factors For gully mapping it is important to 

recognize the dominant environmental factors that control erosion because this will determine the rate of the 

gully erosion process and thus the timescale needed for map updating. Environmental factors that control gully 

erosion include bedrock type, soil, climate, topography, vegetation and human activity (Botha, 1996; Weaver, 

1991). The rate of gully development and its location is highly dependent on the complex interactions among 

these factors. Climate can influence the rate of gully erosion directly, through precipitation, temperature, and 

indirectly, through the conditions that influence the vegetation cover. Rainfall is a major driving force of many 

erosional processes in South Africa (Moore, 1979) because the amount of detached soil is directly proportional 

to rainfall intensity (Van Dijk et al., 2002). Rainfall also influences the vegetation cover and type, therefore 

moderates the erosion intensity of an area (van der Eyck et al., 1969). In KZN gullies have been mostly located 

in areas that are mild semiarid with very cold to warm temperatures (Scotney, 1978) because climatic areas of 

this nature are sparsely vegetated. Width of a gully channel refers to the distance across the surface of a 

particular channel from bank to bank which has been measured by simple measuring tape. Depth of a channel is 

the actual vertical distance from surface to the channel bed. The measurement of depth has been done by two 

different processes which the author has mentioned in methodology part. Slope angle is the angle between the 

horizontal surface and the valley bed(Figure 4). 

 
Figure 4: Gully width and depth 

 

Wetted perimeter refers to the length of the line of contact between the gully channel and the water which is 

very much related to the hydraulic radius of a stream channel. Here It is mentioned that a high hydraulic radius 

indicates the gully channel with more energy than channels with low hydraulic radius (Table 2). 

𝐼𝑓 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 = 1 × 16𝑚 = 16𝑚 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑒𝑡𝑡𝑒𝑑 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 = (1 + 16 + 1)𝑚 = 18𝑚 

𝑇ℎ𝑒𝑛 ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑟𝑎𝑑𝑖𝑢𝑠 = 16 ÷ 18 = 0.88𝑚 

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑡ℎ𝑒 𝑡ℎ𝑒𝑜𝑟𝑦 𝑖𝑠 … … . 𝐻𝑅 = 𝐴 × 𝐿 
Where HR=Hydraulic radius, A=Cross sectional area of a channel, and L=Length of the wetted parameter 

 

The slope of a gully channel also affects on the amount of energy a gully has for erosion and transportation. A 

gully used more energy to flow through a flat, wide channel than through a narrow, deep channel as the former 

has a larger surface area. 
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Some important topographical properties that control the erosion processes are slope steepness, length and shape 

(Morgan, 1986). Topography is an important determinant of erosion potential since it controls the energy 

gradients. Gullies can develop on very gentle to steep slopes, but are most numerous on strongly sloping land 

(Bergsma, 1974).  

This study deals with the existing status of micro geomorphology of Rangamati Gully Basin of lateritic highland 

of the Medinipur, occurring under tropical-monsoon climatic condition of India. For this purpose the present 

authors proposed a very simple mathematical equation, “Meandering Factor Model”: The model is as follows. 

𝑴𝑭𝑴 =
𝑳 − 𝑺

𝑪𝑨

 

 Where, MFM = Meandering factor model, L = true distance of the runoff channels from its source to end and S 

= shortest distance of the runoff channels from its source to end and CA = average flow area of the run-off 

channels. CA is calculated by:  

 

𝑪𝑨 =
𝑻𝒐𝒕𝒂𝒍 𝒇𝒍𝒐𝒘 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒕𝒉𝒆 𝒃𝒂𝒔𝒊𝒏

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒉𝒂𝒏𝒏𝒆𝒍𝒔
 

 

On the basis of MFM calculation MF Index has been prepared which shows the higher MFM values indicate the 

lower slopes and wider channel while lower MFM values indicate higher slope condition and narrower channel 

development. MF Index also detects the relative duration of work of the runoff channels. On the basis of MF 

Index three categories of runoff channels were identified namely: 

i) Tramped shaped channels: MFM Value > 0.4O 

ii) Narrow elongated channels: MFM Value 0.15 – 0.39  

iii) Scour network channels: MFM Value 0.01-0.14 

 

Table 2:   Measurement of MFM value and HR value 

Sample no  MFM Value HR value  Observed morphology condition 

1.Gangani 605-570/120.06 =0.374 0.857 Narrow elongated channels. 

Gully channel with more energy 
and stream with high velocity. 

2.Gopegarh 375-322/97 =0.54 .75 Tramped shaped channels 

Stream with high velocity. 

 

This micro-level classification is very important to assess the future modification of local geomorphology of the 

area. Tramped shaped gully represents maximum MFM value (>0.40), which indicates that they are 

characterized by widest channels with comparatively smooth and flat gully bed in this region also indicates that 

those gullies are flowing on gentle slopes. Field observations show that they are the oldest gully channels and 

eroded for long time and modified their slopes into very gentle. In those channels some sediment loads are 

found during the dry seasons. Narrow elongated gully represents 0.15 to 0.39 MFM values. The gullies of this 

second category are flowing on medium slopes and characterized by wider channels with little rugged gully bed. 

The gullies of this group are characterized by narrow channels and rugged gully bed. They are flowing through 

higher slopes. The last category, scour network channels (MFM Value 0.01-0.14) is representing the narrow 

gullies, which have very rugged bed and flowing on very high slopes (Table 6.8, Figure 6.19, Plate 6.13). Field 

observations show that scour network channels are the youngest in this basin and gully head development is in 

an initial stage. This initial gully head is the indicator of further gully network development (Drik et al, 1999)  

 

V. CONCLUSION 

Though the selected study area is a very small area but several environmental influences are prominent in this 

area. The initial slopes, sediment characters, seasonal dominance, pattern of vegetation cover and other biotic 

interventions along with human activities plays the vital role for the development and pattern of runoff channels. 

Observing the runoff network it has detected that the run-off network is still at its primary stage but it is rapidly 

increasing and modifying the general slope condition of this area. One interesting thing is that there are several 

run-off networks have developed in the Rangamati and Gangani Gully Basin which are really a good examples 

gully pattern of tropical lateritic uplands. Thus this in-depth study of these channel networks helps to make an 

idea about the nature and factors for the development of run-off channels. On the basis of the field study, the 

present author found that the runoff channels are very common in this area. Most of the prominent runoff 

channels are found on those slopes where vegetation cover is less or rare. These runoff channels cause the 

change of slopes and rapid soil erosion. There are two major types of runoff channels found namely 1) Scour 

network channels and 2) Trumped shape channels. This classification is made on the basis of the characters 

which are shown in the table 3. It has been seen in this area that the geomorphic and geological factors like 

topography, slope conditions and the sediment character plays the vital role for the development of the runoff 
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and also the shape of the runoff is influenced by those factors. Characters of meanders and extension of the 

channels and sub channels are influenced by the micro-level slope variation, micro-relief condition and sediment 

characters(Table 3). 

 

Table 3: Common types of runoff channel found in the study 
Types of run-off 

channels 

Characteristics of run-off channels Types of slope 

Scour Network 
Channels 

Run-off water concentrated in rills or depressions and channels 
network extends on the gently undulating land. The channel 

floor is normally rugged and degraded. Depth of the channel 
decreases near the mouth. Meandering, Network Channels, 

Round Depressions are the main features of this type of 

channel. 

Low to medium type slope 

Trumped Shaped 
Channels(Gully) 

Run-off water concentrated in rills or depressions and channels 
network extends on the gently undulating land. The channel 

becomes wider near the river. Under cutting and gravitational 

slumping of gully head. Depth of the channel decreases near 

the mouth. Meandering, Flat floor of the gully, steep slope of 

the wall etc. are the main features of this type of channel. 

High slope 

Source: Field data generation 
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