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Spatial Modeling of Erosion Prone Areas Using GIS
-Focused on the Moyar Sub-Watershed of Westem Ghats, India-
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Abstract
Soil erosion is a major problem in the case of forests in hilly terrains. Soil erosion removes the fertile topsoil,
making unsuitable for growth and establishment of vegetation. In the present study, erosion prone areas in a forest
region situated in the Moyar sub-watershed of Western ghats was identified using GIS with data collected from
India. The thematic layers such as forest cover, slope and drainage density were used for analysis. In the erosion
prone map, majority of area (48%) was under medium category, and about 35% of area was under high erosion
prone category. Very high erosion prone category occupied 7% of the forest area. This erosion prone map would
be an ideal spatial data to take up necessary management actions at appropriate places in this watershed to prevent erosion.
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1. Introduction

Soil erosion is one of the serious environmental problem
in the watershed area. It destroys soil and biological re-
sources and being dangerous for living environment (Zhang
et al., 1996). Existing Method for identifying the erosion
is based on the physical survey but in practices when erosion
problem is very extensive it is difficult task and its quite
time consuming. Geographical Information System (GIS)
technology is used extensively to visualize, analyze and
model natural resources data for management and problem
solving spatially.

Spatial modeling is the process of generating and
analyzing spatial data to produce useful information for
solving complex problems. It is important to identify the
relationships among geographic features to understand and
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address any problems, by defining the problem clearly and
logically. Also, providing a framework for understanding
real world processes to extract information, which may
otherwise be impossible or expensive to measure. Generally
resource issues have significant spatial components, such
as the distribution of land use in a watershed, proximity
of human populations to a contaminated site or accident,
or the degree of habitat fragmentation in an ecosystem
(Tripathi, 2003).

The two components in natural resources are important
first the resources assessment in terms of potential and
utilization and secondly planning for conservation and re-
sources development. The second component is relatively
a difficult exercise and needs a lot of appropriate inputs
and logical analysis to arrive at a solution packages for
a given objective.
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Being a mountainous landscape, few areas of Moyar
sub-watershed are critical and responsible for high amount
of soil and nutrient loss through erosion. Implementation
of best management practices is required in those critical
erosion prone areas of the watershed. Identification of these
critical areas is essential for the effective and efficient im-
plementation of the watershed management. In the Moyar
watershed of Western ghats of India, the conservation and
development aspects are taken as modeling objectives, for
the forest area to identify erosion prone zones and suggest
best management practices.

2. Methods

2.1 Weighted Overlay Analysis

Weighted overlay is a technique for applying a common
scale of values to diverse and dissimilar inputs in order
to perform an integrated analysis. Though we use many
input layers to create a single output layer, it is well known
that all the input layers are not equally important. Some
of the layers are more important than others. This is the
advantage of weighted overlay approach where one can
assign weightage to each class in a layer and the percentage
of importance/influence to that layer (Maguire et. al., 2005).

Wt. Overlay = Layer 1 + Layer 2 --- Layer n (1)

Layerl = Weightage of each class * Percentage of
importance

As the final output layer is discrete, the results of value
in weighted overlay will be rounded to nearest whole
number.

2.2 Weightages to Different Themes

Based on the International standard there are three
rating scale, 3 point(Low,Medium,High), 5 point (Very
low, Low, Medium, High, Very high),7 point (Very very
low, Very low, Low, Medium, High, Very high, Very very
high), In this study we use the majority rating scale that
is 5 Point rating Scale(Erten et. al., 2004). In the present
study weightages were assigned based on the field know-
ledge and experience and for each theme class weightage
was assigned following five point rating scale (1-very
low, 2-low, 3-medium, 4-high, and 5-very high). When
the soil is covered with poor vegetation, chances of erosion
will be more. Therefore, class weightage of 5 was assigned
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to scrub forest, degraded deciduous and degraded evergreen
forests. Class weightage of 4 was assigned to open deciduous
and open evergreen. Less weightages were assigned to other
classes based on their vegetation density (Table 1).
Slope plays a major role in erosion. Generally the steeper
the slope of field, the greater the amount of soil loss from
erosion by water. Therefore class weight of 5 was assigned
to steep sloppy regions and less weightages were assigned
to other classes based on the slope condition. Drainage
density is also an influencing factor of erosion. High drain-
age density cause high erosion. Therefore class weight of
5 was assigned to very high drainage density and for sub-
sequent classes less weight was assigned (Table 1). Among
the three layers, the forest and drainage layers were given
higher weight (35) with reference to percentage of influence
than slope density (30). Soil and rainfall can be used as

Table 1. Various thematic used in the weighted overlay analysis
with class weightages and percentage of influence

No. Thematic layers Class Percentage
weightages | of Influence

1 Forest type map 35

Scrub

Degraded deciduous

Open deciduous

Dense deciduous

Very dense deciduous

Degraded evergreen

Open evergreen

Dense evergreen

S CY NG S, SR Y NOR O NG I IS

Very dense evergreen

2 Slope 30

Nil (0%)

Low (1-5%)

Medium (6-15%)

High (16-30%)

a| | W | O

Very High (>35%)

3 Drainage density 35

Very low (1-3)

Low (3-5)

Medium (5-7)

High (7-9)

gl | W N| -~

Very High (>9)
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important layer but in the present study the forest area
has no specific soil map and it need the intensive fieldwork
and expert to classify it. Climate data is another important
parameter but the study area has no rain gauge station
even though the near by raingauge station doesn’t give
us the accurate information.

3. Materials and Processes

3.1 Study area

The study area lies at a geographical extent from 76°5
0'24” to 77°38'24"E and 11°32'24” to 11°4'48"N (Figure
1). The data were collected from India. Author is currently
working as a Post Doctoral research fellow at Department
of Urban Engineering, Gyeongsang National University.
A preliminary study for identifying the erosion prone region
of sub watershed area has been performed.

It comprises of undulating hills with elevation ranging
from 300-2400m MSL having tropical, subtropical and
temperate climate, which encourages the multifarious flora.
The sub-watershed is coded as 4B2D3b9C. The mean maxi-
mum and minimum temperatures in this water shed area
are 25°C and 10°C, respectively in the summer and 17°C
and 4°C, respectively in the winter. Northeast monsoon

(December-March), first inter monsoon period (April-
May), Southwest monsoon (June-September) and second
inter monsoon period. The average annual rainfall is of
1210.4mm with 75 rainy day

3.2 Materials used

Survey of India (SOI) topographical maps, ERDAS Im-
agine 8.5, ArcView 3.2a with spatial analyst software,
forest cover map prepared from LISS Il for the year
2002 were used for the present study.

The study was performed using ArcView 3.2a with
spatial analyst with the drainage density, slope layers and
forest cover was prepared at 1:50,000 scale. The approach
of the spatial model for the erosion prone area is incorpo-
rated into the GIS domain and weighted overlay analysis
was performed. To perform the above said spatial analysis,
the physiographic layers were prepared using the following
procedures.

3.3 Digital Elevation Model(DEM)

In recent times the use of digital elevation model has
become popular and common for topographic analysis
(Hiroko et al.,2003), Moore et al.,(1991) pioneered using
contour based DEM’s to calculate slope gradient and aspect
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Figure 1. Location map of the study area
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among other geomorphological and ecological application.
The contour based DEM has an advantage that their shape
can provide the extra information about the morphology
of terrain (Mark, 1979, Wise, 2000).

3.4 Slope

Slope is a key parameter, which influences the charac-
teristics of soil, water and vegetation hazard (James, 1997).
It is also one of the important physiographic parameters
of any region, which decides many morphological characters
(NRSA, 1995). In hilly terrain, slope plays an important
role in deciding the characteristics of soil, water and vege-
tation. The slope map of study area was classified into
5 classes (Table 1).

3.5 Drainage Density

Drainage density is defined as the length of drainage
per unit area, which is a fundamental concept in hydrologic
analysis. The term was first introduced by Horton (1932)
and is determined by dividing the total length of streams
within a drainage basin by the drainage area. A high drain-
age density reflects a highly dissected drainage basin with
a relatively rapid hydrologic response to rainfall events,
while a low drainage density means a poorly drained
basin with a slow hydrologic response (Melton, 1957).
Drainage density has been interpreted to reflect the inter-
action between climate and geology (Ritter et al. 1995).
It is a measure of the spatial distribution of streams, both
ephemeral and perennial, in a watershed and is related
to sediment production and tributary connectivity to hill
slopes. The watersheds with higher drainage density tend
to intercept more surface flow and therefore generate greater
runoff and sediment yield than basins with lower drainage
density (Parker, 1977). However, in the present study to
identify the effects of streams on the soil erosion drainage
density was prepared.

The streams were digitized and were classified from first
order to sixth order. The grids of 1cm x lcm were formed
on the drainage map. The drainage density for each grid
was calculated by dividing the length of the streams by
total area of each grid. As in the present study, the working
scale was 1: 50,000 scale, the area of each grid was 0.25
km? The value of drainage density in each grid was
entered as a point inside the grids. Using spatial analysis
of ArcView software are the interpolation was performed.
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The Inverse Distance Weighing Method(IDW) interpolation
technique was followed to estimate the drainage density.

Interpolation is a general term to describe the process
using GIS to create a continuous surface of measurements
from a series of samples taken at different locations within
a given area (Johnston et al. 2001). Interpolation has
primarily been used in mapping soils, bedrock, surface
and groundwater (Collins and Bolstad et al. 2003,
Schloeder et al. 2001). Inverse distance weighted differs
in that it is dependant on the distance between points in
determining the weight of the values (Johnston et al. 2001).
Schloeder et al. (2001) performed similar analysis using
soil properties and limited sample locations, Inverse distance
weighted tended to give better estimates than local poly-
nomial interpolation with tension.

Based on the aforementioned reasons and IDW interpo-
lation was used and drainage density of the Moyar sub-
watershed was classified into five drainage density classes,
viz., very low (1-3), low (3-5), medium (5-7), high (7-9)
and very high drainage density (>9) based on the Analytical
Hierarchical Process (AHP).

With this, weightage was given to the slope and drainage
density based on AHP(Teknoma, 2006) and Josrotia et
al. (2003) and presented in table 1. The low and high
erosion region was identified and merged with forest area.
The resultant map is used to identify the erosion prone
through which the conservation aspects could be further
studied and implemented.

3.6 Forest Type Mapping

An understanding of the distribution/disturbance history
is recognized as critical for the modern sloppy landscape
evaluation of conservation objectives and development of
management approaches. Therefore, primary task in forest
cover study is to demarcate the different forest types. For
this, the Normalized Difference Vegetation Index (NDVI)
and DEM were used. The expert classification method
(Ramachandran et. al., 2007) was followed to prepare the
forest cover map.

4. Results and Discussion

Erosion is a major hazard in the hilly terrain as it removes
the fertile topsoil. Thus it would be useful to predict the
erosion prone region that takes into account the various



Spatial Modeling of Erosion Prone Areas Using GIS 63

Table 2. Area under various erosion classes in the Moyar
sub-watershed

No Erosion class Class Area in ha
1 1 Very Low 174.25
2 2 Low 2047.18
3 3 Medium 10567.87
4 4 High 7790.73
5 5 Very High 1467.32

Erosion Intensity Map for Forest of Moyar Sub-Watershed
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Figure 2. Spatial representation of erosion prone categories
in the Moyar sub-watershed
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Figure 3. Distribution of area in various erosion prone
categories

related factors. The result shows various categories of
erosion (Table 2).

The area under various erosion prone categories is spati-
ally represented in figure 2, which shows 48% of area

under medium category (10567.87 ha) covering especially
the southeastern and northern parts of the sub-watershed
(Figure 3). The high erosion prone class occupies 7790.73
ha (35%); very high erosion class about 1437.32 ha (7%)
lying in the eastern part of the sub-watershed. The low
erosion area is relatively very less and occupies about
174.25 ha (9%).

Soil erosion is a naturally occurring process on all land,
which cause soil degradation along with soil compaction,
low organic matter, loss of soil structure, poor internal
drainage, salinity, and soil acidity problems. Erosion
removes the top fertile soil, thereby making the soil unsui-
table for vegetation growth. In the case of forest in hilly
terrain, erosion by water causes removal of organic litter
from the topsail, which leads to various cascading problems.
It affects the regeneration of forest trees, seedlings growth
and it also affects soil formation.

The following factors likely increase the risk of soil ero-
sion in forests: reduction of the over story canopy; removal
or alteration of the understory vegetation; disturbance or
reduction (or both) of the litter layer; creation of bare soil
areas; creation of channels; loss of plant litter cover and
creation of hydrophobic soil conditions after fire; and
changes in the soil mineralogy that reduce soil wet ability.
Examples of human activities that affect these factors are
road construction for logging and mining, destruction of
forest floor by frequent human-caused fires, and soil
compaction from domestic animals grazing. Therefore,
necessary conservation measures should be taken up to
avoid the factors which influence soil erosion, so that, the
forests could be conserved.

5. Conclusion

Soil is the basis of all plants and the wildlife they support
on your land. Loss of that soil through erosion reduces
a site’s productivity through loss of nutrients and the ability
to hold water. Soil erosion negatively impacts down-slope
ecosystems. GIS acted as valuable and useful tool to under-
take the task of data compilation and analysis with in a
short period at high resolution.

From the above results, very high erosion and high ero-
sion zones had been identified and necessary steps could
be taken to prevent the erosion. The low erosion zones
could also be considered and measures can be adopted
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to prevent it from becoming further eroded. This map could
be used by forest and developmental authorities to take
necessary steps towards the soil erosion.

This paper represents a preliminary study for identifying
the erosion prone region of sub watershed area. | am cur-
rently working to extend this preliminary study to a much
larger scale analysis. However this does seem to be a very
fruitful area for future research.
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