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Desertification risk assessment is important in order to take proper measures for its prevention. Present
research intends to identify the areas under risk of desertification along with their severity in terms of
degradation in natural parameters. An integrated model with fuzzy membership analysis, fuzzy rule-
based inference system and geospatial techniques was adopted, including five specific natural parameters
namely slope, soil pH, soil depth, soil texture and NDVI. Individual parameters were classified according
to their deviation from mean. Membership of each individual values to be in a certain class was derived
using the normal probability density function of that class. Thus if a single class of a single parameter is
with mean μ and standard deviation σ, the values falling beyond μ + 2σ and μ − 2σ are not representing
that class, but a transitional zone between two subsequent classes. These are the most important areas
in terms of degradation, as they have the lowest probability to be in a certain class, hence highest
probability to be extended or narrowed down in next or previous class respectively. Eventually, these are
the values which can be easily altered, under extrogenic influences, hence are identified as risk areas. The
overall desertification risk is derived by incorporating the different risk severity of each parameter using
fuzzy rule-based interference system in GIS environment. Multicriteria based geo-statistics are applied to
locate the areas under different severity of desertification risk. The study revealed that in Kota, various
anthropogenic pressures are accelerating land deterioration, coupled with natural erosive forces. Four
major sources of desertification in Kota are, namely Gully and Ravine erosion, inappropriate mining
practices, growing urbanization and random deforestation.

1. Introduction

Desertification, the land degradation in drylands,
has become an alarming global environmental
issue. Areas affected by desertification processes
lose progressively their level of biological quality
and productivity. This is one of the major chal-
lenges that countries are facing in 21st century.

Desertification is ‘Land degradation in arid, semi-
arid and dry sub-humid areas resulting from
various factors including climatic variations and
human activities’, where ‘Land’ is defined as terres-
trial bio-productive system and ‘land degradation’
is defined as reduction or loss in biological and eco-
nomic productivity (UNCCD 1994). Very recently,
LADA has further developed this definition
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as ‘the reduction in the capacity of the land to pro-
vide ecosystem goods and services, over a period of
time, for its beneficiaries’. ‘Ecosystem goods’ are
products of land, which have an economic and/or
social value, including land availability, animal and
plant production, soil health and water quantity
and quality. ‘Ecosystem services’ include biodiver-
sity and the maintenance of hydrological, nutrient
and carbon cycles (LADA 2011). In particular, dry-
land ecosystems, which are the areas having aridity
index less than 0.65 (UNEP 1997), are more prone
to desertification. Drylands cover around one third
of the world’s land area that are extremely vul-
nerable to over-exploitation and inappropriate land
use. Drylands are home to more than 38% of the
total global population (MA 2005; Reynolds et al.
2007; UNCCD 2008). Most likely, the true level
of degradation in drylands lies somewhere between
10% (MA 2005) and 20% (GLASOD 1990), and
over 250 million people are directly affected by land
degradation (Reynolds et al. 2007; UNCCD 2008).

The present research was carried out with an
objective to identify areas under the risk of deserti-
fication along with their severity in terms of degra-
dation in natural parameters. The study adopted
an integrated model with fuzzy membership anal-
ysis and geospatial techniques. The model would
help to locate the vulnerable areas along with
their risk severity in order to mitigate the effects
of desertification. The conventional way to clas-
sify parameters for land degradation is by defin-
ing classes with certain lower and upper limit
values and assigns the parameter-values to suitable
classes. For socio-economic classification this sys-
tem may suit, as most of them are discrete val-
ues derived for certain administrative boundaries.
But natural parameters are continuous and there
remain some representative values in transitional
areas between two classes. If observed in GIS envi-
ronment, a considerable number of polygons can be
found out which do not exactly represent a partic-
ular class of value, but a transitional zone. These
are the most important areas in terms of degra-
dation, as they have the lowest probability to be
in a certain class, hence highest probability to be
extended or narrowed down in next or previous
class respectively. Corrective methods should be
applied to these vulnerable areas to make them less
vulnerable (Sasikala et al. 2001). Thus, to embrace
the variability of natural parameters like slope, soil
depth, pH, texture and NDVI (the five parameters
taken care of in this study) fuzzy membership
approach is a viable option for risk categoriza-
tion. Additionally, the use of remote sensing tech-
niques and GIS along with fuzzy logic to evaluate
the degree of risk would help an expert in very
efficient planning of resource allocation and
decision making.

2. Study area

Kota district in Rajasthan, India, was selected as
the study area (figure 1). The district extends from
24◦32′ to 25◦51′N in latitude and from 75◦37′ to
76◦35′E in longitude. It covers an area of 5217 km2,
of which 4906.95 km2 is rural area and 310.05 km2

is urban area. The district is bounded by Bundi
District in north, Bara District in east, Jhalawar
District in south and Chittorgarh District in west.
The total population is 19,50,491, which is 2.48% of
the state of Rajasthan, of which 77.48% are literate
(Census 2011). There are five subdivisions namely
Kota, Digod, Itawa, Sangod and Ramganjmandi
and five tehsils namely Ladpura, Digod, Pipalda,
Sangod and Ramganjmandi with 874 villages in
Kota district.

Physiographically, different morphological fea-
tures can be observed in Kota, starting from moun-
tains of Aravalli Range in south, lakes or reservoirs
like Kishore Sagar, Sur Sagar, Jawahar Sagar and
Dheba Lake in the middle, riverines and gullies
of rivers like Chambal, Kalisindh and Parwan, in
north, east and west. In the southern part of the
district, there lie Aravalli ranges that are totally
deforested and exposed where water erosion in the
form of sheet erosion is predominant. Presence of
desertification processes is also observed in north-
ern part of the district where water erosion in the
form of gullies and ravines on the banks of rivers
Chambal and Kalisindh is rampant.

Kota district lies in hot, semi-arid (moist) with
dry summers and mild winters agro-climate subre-
gion. The mean annual temperature ranges from
24◦ to 25◦C rising to a maximum of 38◦–40◦C. The
mean annual rainfall ranges from 800 to 1000 mm
(Velayutham et al. 1999).

Kota is the trade centre for an area in which
cotton, millet, wheat, coriander and oil seeds are
grown; industries include cotton and oil seed milling,
textile weaving, distilling, dairying, and the man-
ufacture of metal handcrafts. Kota also has an
extensive industry of stone polishing of a particular
kind of limestone called ‘Kota Stone’. It is a cheap
alternative to marble. Kota’s economy today is
driven by the all-India fame of its coaching classes.

3. Data used

Satellite images of post-monsoon season (8 Octo-
ber, 2010), along with other ancillary information
were used for identifying desertification risk areas
of Kota district in Rajasthan as shown in table 1.
The forest types of Kota district belong to mainly
two different forest type groups, namely Tropical
Dry Deciduous and Tropical Thorn Forests (ISFR
2011). Thus the forest will shed all their leaves in



Desertification risk assessment in Kota, Rajasthan 1109

F
ig

u
re

1
.

S
tu

d
y

a
re

a
;
K

o
ta

d
is

tr
ic

t,
R

a
ja

st
h
a
n
,
In

d
ia

.



1110 Arunima Dasgupta et al.

Table 1. Data specifications.

Data Specifications Year Source

Toposheet 45-O/12,15,16, 45-P/9,13,14, 54-C/1-11, 1971 SOI

54D-1,2,5,6,9,10,11,13,14,15.

Scale is 1:50000

Images LISS III, spatial resolution 23 meter 2010 IRS P6

Soil data Depth in meter, pH values 2001 NNRMS

winter. To get exact vegetation vigour, the images
of post-monsoon season was selected for NDVI
analysis.

4. Methodology

There are many qualitative and quantitative
methods for the complex risk assessment. The con-
ventional way to classify parameters for environ-
mental degradation or land degradation is to define
classes with certain lower and upper limit values
and assign the parameter values to suitable classes.
However, it is necessary to point out, that the nat-
ural risk assessment is done under subjective and
uncertain conditions. The intelligent methods are
an appropriate tool for natural risk assessment.
These methods using the fuzzy logic theory provide
adequate processing of the expert knowledge and
uncertain quantitative data (Zlateva et al. 2005).
Inherently qualitative features of indicators are
rather quantitative values, which are usually rep-
resented by linguistic variables. Information and
decision are closely linked and different methods
exist to make a decision on the basis of imperfect
information. Expertise is always required to define
the types of possible phenomena, to assess the nat-
ural hazard and risk levels and to propose pre-
vention measures. In fuzzy logic system, the input
linguistic variables (individual parameters) are
represented and assessed by using bell-shaped
membership functions. The fuzzy logic system
immediate output (individual risk assessment) was
derived from the tell end parts of the bell-shaped
fuzzy membership functions and were described
as ‘low’, ‘moderate’ and ‘high’. The final fuzzy
logic system output (complex risk assessment) was
derived from the fuzzy interference rule based on
expert knowledge. Interference rules were defined
through IF–THEN clause. The overall method-
ology is shown in the form of a flowchart in
figure 2.

The study was carried out in two inter-related
stages. First stage involved identifying the risk
areas in terms of individual natural parameters
using fuzzy membership analysis. Second stage

involved identifying overall desertification risk
areas using fuzzy rule-based interference system.

In the first stage, six natural parameters, specif-
ically, aridity, slope, soil pH, soil depth, soil tex-
ture and NDVI were used for climate, terrain, soil
and vegetation analysis, respectively. Assuming the
aridity1 of the whole district as homogeneous, a
single aridity value that is 0.35, was taken for the
entire study area. 0.35 is the mean value of the total
range of aridity of semi-arid region that is from
0.20 to 0.50. Other parameters were classified into
three classes. The total range of values of a single
parameter is assumed to have mean as μ and stan-
dard deviation as σ, with x being a single variable.
Classes were made dividing the total range of val-
ues according to their deviation from mean. Thus
the classes are:

Class 1: x ≤ μ − σ
Class 2: μ − σ < x ≤ μ + σ
Class 3: x > μ + σ

Then the distribution of each class of a single
parameter was assumed to be Gaussian with μ
mean and σ standard deviation. Normal probabil-
ity density function was used to obtain the mem-
bership of individual variable to be in a particular
class, following the statistical formula:

f(x, μ, σ) =
1

σ
√

2π
∗ e−(x−μ)2/2σ2

where x is the value or an individual member of a
class of chosen parameter, μ is the arithmetic mean
and σ is the standard deviation of the class. Choice
of normal probability density function implies that

1The term aridity came from Latin word arere which means ‘to
be dry’. Several formulae have been suggested for calculating the
index of aridity. The Atlas of Desertification adopted the simple
formula: Index of aridity = rainfall (mm)/potential evapotranspi-
ration. The areas having aridity less than 0.65 are called drylands.
Drylands are accordingly classified in four classes namely hyper
arid, arid, semi-arid and dry sub-humid having characteristic arid-
ity values of <0.05, 0.05–0.2, 0.2–0.5 and 0.5–0.65, respectively
(UNEP 1997).
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Figure 2. Methodology flowchart.

there is infinite distribution tail, typically repre-
sented by the values beyond μ + 2σ and μ − 2σ.
These are not representing a certain class, but a
transitional zone between two successive classes,
indicating the most important areas in terms of
degradation, as they have the lowest probability
to be in a certain class, hence highest probabil-
ity to be extended or narrowed down in next or
previous class respectively. The risk classes were
identified in between two successive classes from
the bell-shaped graph of the normal density func-
tion. The values lying in between μ + 2σ of
the previous class and μ − 2σ of the next class
were considered as vulnerable and identified as the
risk area.

A detailed explanation implied that, for each of
the class of a single parameter, there are some val-
ues more than μ + 2σ and less than μ − 2σ, not
strongly representing that particular class but a
transitional zone between two successive classes. If
we consider a threshold ranging from μ − 2σ of
previous class to μ + 2σ of the next class, the val-
ues falling in this threshold are considered to be
in risk. These values are referring a transitional
zone, hence are susceptible to be altered easily
to a higher value, if unchecked. In other words,
these are vulnerable areas for degradation. Thus
the vulnerable areas whose degradation can be nar-
rowed down easily could be spotted and proper
corrective methods could be planned and imple-
mented. In case of Kota, due to less variability, the

values lesser than μ−σ and greater than μ+σ were
considered as risk areas.

There are few reasons which justify the use
of this particular membership function. First of
all, Gaussian distribution is suitable for continu-
ous variable and for natural parameters that are
continuous in nature. Normal distribution permits
satisfactory approximations of the variables which
are in continuous distribution, where the rela-
tive frequency of the variate varies continuously
as the variate itself varies continuously over the
range (Goodman 1967). Secondly, the identifica-
tion of vulnerable areas is very straightforward
from this statistical model; it allows from the tell-
end parts of its curves. Last but not the least is
the simplicity of this function, i.e., easily under-
stood without much complex mathematical expres-
sions. Additionally this probability function had
been used in various research experiments regard-
ing land and environmental degradation (Sasikala
et al. 2001; Bahrami et al. 2005; Mashayekhan and
Honardoust 2011).

There are two natural parameters namely NDVI
and soil depth that are inversely related to
desertification. Thus for these parameters, the risk
classes are:

• High: transitional values in between class 1 and
class 2

• Moderate: transitional values in between class 2
and class 3
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• Low: values more than μ + 2σ of the last class

On the other hand, slope is directly related to
desertification. Thus the risk classes are:

• Low: transitional values in between class 1 and
class 2

• Moderate: transitional values in between class 2
and class 3

• High: values more than μ + 2σ of the last class

The risk classes of soil texture were derived con-
sidering the combined effects of sand, silt and clay
percentage in the soil. First the risk values were
identified for individual constituents, using fuzzy
membership analysis. Then their combined effects
were realized using fuzzy rule-based interference
system based on expert knowledge.

In case of soil pH, the risk classes were derived
separately, as both the low and high values
of pH are favourable for soil infertility, hence
desertification.

Three different indices were generated, namely
Terrain index (TI), Vegetation index (NDVI) and
Soil index (SI). These indices were defined from the
severity values of individual parameters. First two
indices were eventually the severity values of slope
and NDVI respectively. Soil index was derived inte-
grating the severity values of soil depth, pH and
texture (section 5.2).

In the final stage, for each natural parameter,
the risk values were obtained and one single Deser-
tification Risk index (DRI) was derived integrating
individual natural parameters’ severity following
the fuzzy rule-based interference system. Interfer-
ence rules were defined through IF–THEN clause.
The details of these rules are given in section 5.4.

The most important step in the fuzzy sys-
tem is the process of IF–THEN logic. It is quite

Table 2. Specifications of three classes of slope.

Class Slope values

name Range in degree

1 x ≤ μ − σ x ≤ 0.02

2 μ − σ < x ≤ μ + σ 0.02 < x ≤ 1.12

3 x > μ + σ x > 1.12

important to be able to determine which input
would produce the largest output with the smallest
incremental change (Bardossy and Duckstein 1995;
Mukaidono 2001).

The severity of aridity index was assumed as to
be moderate. Other individual parameter indices
are of four values depending upon their severity code.
The severity code has been given as ‘0’ for no risk,
‘1’ for low, ‘2’ for moderate and ‘3’ for high risk.

5. Observations and analysis

The analysis was carried out for five natural param-
eters namely slope, soil depth, soil pH, soil texture
and NDVI following the method mentioned before.
Detailed analysis and observations are given below.

5.1 Terrain index; slope

For terrain analysis, slope was considered. Slope
is positively related to land degradation. Slope
intervenes in erosion in terms of its form, gradi-
ent, length and position. Estimating the influence
of the concavity, convexity, regularity or warp of
a slope is a very delicate procedure. The steeper
the slope, the greater the erosion, as a result
of the increased velocity (swiftness) of water-flow
and wind flow in the downward direction of the
slope (Wischmeier 1974). Slope was derived by
inverse distance weighted method (IDW) (Yang
and Hodler 2000) method. The spot height values
ranges between 200 and 450 m approximately giv-
ing a range of slope from about 0.0004–9.26 degree
with a mean value μ = 0.57 degree and standard
deviation σ = 0.55 degree. There are no values less
than μ − 2σ, i.e., 0.014. Thus three classes are
shown in table 2. For each individual classes the
membership has been calculated following the nor-
mal probability density function, and accordingly
the risk has been derived (table 3).

The graph of normal density function of class 2
shows one interesting thing which might be very
significant in risk assessment (figure 3). This class
ranges from 0.15 to 1.12 (table 3). In this class the
values more than 0.7 (μ + σ of class 2) are not
only belonging to class 2 but some part of it also

Table 3. Statistics of slope classes for membership analysis to find out risk categories.

Class Risk category Risk Risk

name Range μ σ μ − σ μ + σ range name code

1 0.0004–0.013 0.007 0.004 0.003 0.012 0.012 to 0.16 High 3

2 0.15–1.12 0.43 0.27 0.16 0.7 0.7 to 0.93 Moderate 2

3 1.12–9.26 0.74 0.8 0.93 2.55 >2.55 Low 1

All other recorded values of soil depth No risk 0
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Figure 3. Normal density function of individual slope classes indicating different risk categories.

Figure 4. Terrain index map showing areas under different
severity of slope risk.

intruded into the next class, i.e., class 3. These
values have a tendency to increase, specifically
the values more than 0.93 (μ − σ of class 3). Thus
the areas with these values of slope could be identi-
fied for implementing preventive methods to check
the increament in slope. In addition, the values
more than 2.55 (μ + σ of class 3) are at very high

Table 4. Specifications of three classes of soil
depth.

Class Values

name Range in meter

1 x ≤ μ − σ x ≤ 9.71

2 μ − σ < x ≤ μ + σ 9.71 < x ≤ 21.07

3 x > μ + σ x > 21.07

risk, and required attention to check the increasing
tendency. Terrain index map was prepared using
different severity of slope risk (figure 4).

5.2 Soil index

5.2.1 Soil depth

The unconsolidated material immediate the sur-
face of the earth serves as natural medium for the
growing plants. Soil depth defines the root space
and the volume of soil from where the plants fulfill
their water and nutrient demands. A general clas-
sification of soil depth is given in table 6 (Kosmas
et al. 1999). Spatial patterns in soil depth arise
from complex interactions of many factors (topog-
raphy, parent material, climate, biological, chem-
ical and physical processes) (Jenny 1941; Hoover
and Hursh 1943; Summerfield 1997). Spatial pat-
terns in soil depth significantly affect soil moisture,
runoff generation, and subsurface and groundwa-
ter flow (Freer et al. 2002; Stieglitz et al. 2003;
McNamara et al. 2005; Gribb et al. 2009; Seyfried
et al. 2009). Soil depth also provides an indication
of the available water capacity, and exerts a major
control on biological productivity (Gessler et al.
1995), which in turn affects evapotranspiration.

Soil formed on Tertiary and Quaternary con-
solidated formations usually have a restricted soil
depth or the thickness of the soil above the bedrock
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Table 5. Statistics of soil-depth classes for membership analysis to find out risk categories.

Class Risk category Risk Risk

name Range μ σ μ − σ μ + σ range name code

1 7–9.71 7.59 0.89 6.7 8.48 8.48 to 10.56 High 3

2 9.71–21.07 13.78 3.31 10.56 17.20 17.20 to 23.07 Moderate 2

3 21.07–30 24.92 1.85 23.07 26.77 >26.77 Low 1

All other recorded values of soil depth No risk 0

Figure 5. Normal density function of individual soil-depth classes indicating different risk categories.

Figure 6. Soil-depth map showing areas under different
severity of soil-depth risk.

Table 6. Soil reaction classification by USDA
1999.

Soil type pH range

Ultra acid <3.5

Extremely acid 3.5–4.4

Very strongly acid 4.5–5.0

Strongly acid 5.1–5.5

Moderately acid 5.5–6.0

Slightly acid 6.1–6.5

Neutral 6.6–7.3

Slightly alkaline 7.4–7.8

Moderately alkaline 7.9–8.4

Strongly alkaline 8.5-9.0

Very strongly alkaline >9

Table 7. Specifications of three classes of soil-pH.

Class Values

name Range in meter

1 x ≤ μ − σ x ≤ 7.50

2 μ − σ < x ≤ μ + σ 7.50 < x ≤ 8.55

3 x > μ + σ x > 8.55

or the limiting subsurface layer is small reducing
the rooting depth and rainfed vegetation cannot
be supported under hot and dry climatic condi-
tions leading to desertification. Soil water-storage
capacity and effective rooting depth are mainly
related to the soil depth (Kosmas et al. 1999).
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Table 8. Statistics of soil-pH classes for membership analysis to find out risk categories.

Class Risk category Risk Risk

name Range μ σ μ − σ μ + σ range name code

1 6.45–7.65 7.04 0.43 6.61 7.47 7.47–7.94 Low 1

2 7.65–8.25 8.08 0.14 7.94 8.23 8.23–8.28 Moderate 2

3 8.25–8.70 8.39 0.12 8.28 8.50 >8.50 High 3

All other recorded values of soil pH No risk 0

Figure 7. Normal density function of individual soil pH indicating different risk categories.

Figure 8. Soil-pH map showing areas under different sever-
ity of soil-depth risk.

Soil depth is inversely related to soil degradation.
The soil having high depth shows differentiation
between distinct horizontal bands, known as soil
horizon, indicating a well developed mature soil.
Less deep soils are easily erodable. In Kota, the
depth of soil ranges between 7 and 30 m, with μ =
15.40 and σ = 5.68. The three classes are given
in table 4. The risk categories were explained in
table 5.

The interclass transitional values were identified
from the normal distributions of each individual
classes (figure 5). The graphs of normal density
function of class 1 and class 3 show steep slope in
both their sides due to less variability in data. The
areas having depth of about 8.5 to 10.5 m are in
high risk. Due to low depth the soil is susceptible
to be eroded with little disturbances. On the other
hand, the areas having depth of about 17 to 23 m
are in moderate risk. In addition, the areas hav-
ing depth in between 20.5 (μ + 2σ of class 2) and
23 m (μ+σ of class 3) are very weakly representing
class 2 but than that of class 3. These areas might
be identified to check the depth with positive mea-
sures, and thus preventing more erosion. Soil-depth
map was prepared showing the severity of risks
(figure 6).

5.2.2 Soil pH

Soil pH is a measure of the acidity or alkalinity
in soils, which is commonly called soil reaction.
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Table 9. Specifications of three classes of three constituents of soil texture, i.e., sand, silt and
clay percentage.

Class Values in percentage

name Range Sand Silt Clay

1 x ≤ μ − σ x ≤ 30.30 x ≤ 11.44 x ≤ 16.87

2 μ − σ < x ≤ μ + σ 30.30 < x ≤ 67.52 11.44 < x ≤ 29.92 16.87 < x ≤ 43.09

3 x > μ + σ x > 67.52 x > 29.92 x > 43.09

Table 10. Statistics of sand, silt and clay percentage classes for membership analysis to find out risk categories.

Risk category Risk Risk

Class name Range μ σ μ − σ μ + σ range name code

Sand percentage

1 11.8–28.6 20.33 6.14 14.17 26.48 26.48–32.77 Low 1

2 31.7–62.24 52.53 9.76 32.77 52.28 52.28–70.54 Moderate 2

3 70.4–83 73.41 2.87 70.54 76.29 >76.29 High 3

Silt percentage

1 4.6–11.4 9.17 1.15 8.12 10.42 10.42–16.77 High 3

2 13.47–19.6 21.13 4.36 16.77 25.49 25.49–29.78 Moderate 2

3 731.7–60 35.18 5.41 29.78 40.59 >40.59 Low 1

Clay percentage

1 7.6–15.3 13.27 1.85 11.41 15.11 15.11–19.13 Low 1

2 19.4–43 28.81 9.68 19.13 38.49 38.49–47 Moderate 2

3 44.6–57.9 51.6 4.59 47 56.18 >56.18 High 3

All other recorded values of soil texture constituents No risk 0

Figure 9. Normal density function of individual classes of sand percentage in soil indicating different risk categories.

pH is defined as the negative logarithm (base 10)
of the activity of hydrogen ions (H+) in solution.
It ranges from 0 to 14, with 7 being neutral. A
pH below 7 is acidic and above 7 is basic. Soil
pH is considered as a key variable in soils as it
controls many chemical processes that take place.
It specifically affects plant nutrient availability by
controlling the chemical forms of the nutrients. The
optimum pH range for most plants is between 6 and

7.5, however many plants have adapted to thrive at
pHs outside this range (Townsend 1973). Classes of
soil based on pH factor are given in table 6 (USDA
1999). Both the higher and lower pH values indi-
cate incompatibility of land for productivity hence
degradation. pH values are classified in three suc-
cessive classes, namely Low, Moderate and High,
according to their deviation from mean in ascend-
ing order. It is to be noticed that, in this case, both
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Figure 10. Normal density function of individual classes of silt percentage in soil indicating different risk categories.

Figure 11. Normal density function of individual classes of clay percentage in soil indicating different risk categories.

the classes, low and high are vulnerable and to be
considered in high risk for desertification. In Kota,
the pH values of soil ranges between 6.45 and 8.72,
with μ = 8.02 and σ = 0.52. pH values are classified
in three successive classes (table 7). The member-
ship analysis of three classes along with identified
risk values were shown in table 8.

The membership analysis of class 1 and class 2
(figure 7) shows a considerable number of values in
between μ + σ of the previous class and μ − σ of
the later class, i.e., areas with soil pH values from
7.4 to 7.9, which are in low risk. Among these, the
areas having pH values less than 7.8 (μ − 2σ of
class 2) are not representing class 2 very strongly.
These areas might be referred as priority areas
where immediate measures can be taken to lower

down the pH values to bring them strongly under
previous class (class 1). On the contrary, there are
some areas which are in very high risk of deser-
tification in terms of soil pH. These are identified
from the graph of class 3, values more than 8.5
(μ + σ). Moreover the pH values of more than 8.8
(μ + 2σ class 3) are very much susceptible to be
increased, hence need immediate attention. Map
was prepared showing the severity of risks of soil
pH values (figure 8).

5.2.3 Soil texture

Soil texture refers to the relative proportion of pri-
mary particles of sand, silt and clay and other
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Table 11. Different textural groups with different textural combination found in Kota
district.

Sl. no. Sand (%) Silt (%) Clay (%) Texture group

1 28.6 32.1 39.3 Clay loam

2 31.7–36.2 29.4–29.6 34.2–39 Clay loam

3 40.2–41.4 28.2–34.4 24.2–31.6 Clay loam

4 11.8–23 29.6–37.6 42.4–58 Clayey

5 26.2–40 18–32.4 40–54 Clayey

6 40.3–44 14–18 40–45 Clayey

7 48.2–52.3 13.5–32.5 14–20 Loam

8 78.2 9.5 12.4 Loam

9 77–79 9–9.5 11–13.4 Loamy sand

10 48–54 18–24 22–24 Sandy clay loam

11 61.4 10.2 28.4 Sandy clay loam

12 61.8 19.76 18.4 Sandy clay loam

13 62.3–70.4 9.4–16.2 20–21.5 Sandy clay loam

14 61 19.4 19.7 Sandy loam

15 70.7–73.3 8.8–15.2 12.3–19.1 Sandy loam

16 78.7–83 4.6–6.1 11–19 Sandy loam

17 25.2 20.9 33.3 Silt loam

18 32.4 60 7.6 Silt loam

Table 12. Interference rule to derive different risk categories in terms of different textural
combinations.

Combined risk

Sl. no. Sand (%) Silt (%) Clay (%) category

1 Low (1) Low (1) Moderate (2) Low (1)

2 Moderate (2) Moderate (2) No risk Moderate (2)

3 No risk Moderate (2) No risk Moderate (2)

4 No risk No risk High (3) High (3)

5 Low (1) Moderate (2) Moderate (2) Moderate (2)

6 No risk No risk Moderate (2) Moderate (2)

7 No risk Low (1) Low (1) Low (1)

8 High (3) No risk No risk High (3)

9 High (3) No risk No risk High (3)

10 Moderate (2) No risk No risk Moderate (2)

11 Moderate (2) No risk No risk Moderate (2)

12 Moderate (2) No risk Low (1) Moderate (2)

13 Moderate (2) Low (1) No risk Moderate (2)

14 Moderate (2) No risk Low (1) Moderate (2)

15 Moderate (2) Low (1) Low (1) Low (1)

16 High (3) Low (1) Low (1) High (3)

17 No risk No risk No risk No risk

18 Low (1) No risk No risk Low (1)

skelital materials of soil body (Lal 1979). The com-
bined portions of sand, silt, and clay in a soil
determine its textural classification. Sand parti-
cles range in size from 0.05 to 2.0 mm, silt ranges
from 0.002 to 0.05 mm, and the clay fraction is
made up of particles less than 0.002 mm in dia-
meter. Gravel or rocks greater than 2 mm in
diameter are not considered when determining tex-
ture. Once the sand, silt, and clay percentages

of a soil are known, the textural class can be
read from the textural triangle (Berry et al. 2007).
Soil texture profoundly affects soil drainage, water
holding capacity, soil temperature, soil erosion as
well as fertility and productivity (Kosmas et al.
1999; Fitzpatrick 2002; Berry et al. 2007).

The ranges of sand, silt and clay percentage
along with their classes are given in table 9. Mem-
bership analysis was carried out for each classes of
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Table 13. Interference rule to derive soil index in terms of
different soil-depth, soil-pH and soil textural combinations.

Soil depth Soil pH Soil texture Soil index

Sl. no. risk index risk index risk index (SI)

1 0 0 0 0

2 0 0 2 2

3 0 0 3 3

4 0 1 2 2

5 0 1 3 3

6 0 2 2 2

7 0 3 0 3

8 0 3 3 3

9 2 2 2 2

10 2 3 0 3

11 3 0 0 3

12 3 0 2 3

13 3 2 3 3

Figure 12. Soil index map showing areas under different
severity of soil risk, based on risk-severities of soil depth, soil
pH and soil texture.

all three different constituents to derive the risk
categories, as explained in table 10. Risk categories
were identified from the normal density function of
each class of individual parameters, namely sand,
silt and clay as shown in figures 9, 10 and 11,

Table 14. Specifications of three classes of NDVI.

Class

name Range NDVI values

1 x ≤ μ − σ x ≤ 0.14

2 μ − σ < x ≤ μ + σ 0.14 < x ≤ 0.50

3 x > μ + σ x > 0.50

respectively. There are total 18 soil-textural groups
with 18 different textural combinations (table 11)
in Kota district. These combinations were com-
pared with table 10 to derive the risk cate-
gories. Combined risk categories were derived using
fuzzy interference rule based on expert knowledge
(table 12).

Soil index was derived by combining soil depth,
soil pH and soil texture severity using fuzzy rule-
based interference system. In all, 13 unique com-
binations were found (table 13). Figure 12 shows
areas under different risks of soil texture.

5.3 Vegetation index; NDVI

The most important single factor in the protec-
tion of soil fertility, hence productivity, is vege-
tation. Areas affected by desertification processes
lose progressively their level of biological quality
and productivity. Destruction of vegetation, most
often by human activities accelerates soil degrada-
tion, hence coupling with other responsible factors,
leading desertification.

The fundamental behind NDVI is that the inter-
nal mesophyll structure of healthy green leaves
strongly reflects NIR radiation and leaf chlorophyll
and other pigments absorb a large proportion of
the red VIS radiation. Therefore, higher photosyn-
thetic activity will result in lower reflectance in the
red channel and higher reflectance in the near
infrared channel. This signature is unique to
green plants (figure 9). This becomes reverse in
case of unhealthy or water stressed vegetation.
Thus vegetation vigour can be portrayed in NDVI
which can be obtained from following the for-
mula NDVI=(IR−R)/(IR+R), where, IR and R
are the reflectance value of pixels in infra-red
and red band, respectively (Tucker 1979; Jackson
et al. 1983; Tucker et al. 1991). NDVI values
range between −1 and +1, representing different
chlorophyll content, indicating the health status of
vegetation. Generally, healthy vegetation absorbs
most of the visible light that falls on it and
reflects a large portion of the near-infrared light.
Unhealthy or sparse vegetation reflects more visi-
ble light and less near-infrared light. Bare soils on
the other hand reflect moderately in both red and
infrared portion of the electromagnetic spectrum
(Holme et al. 1987).
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Table 15. Statistics of NDVI classes for membership analysis to find out risk categories.

Class Risk category Risk Risk

name Range μ σ μ − σ μ + σ range name code

1 0.003–0.13 0.07 0.04 0.03 0.12 0.12–0.21 High 3

2 0.14–0.5 0.32 0.12 0.21 0.43 0.43–0.53 Moderate 2

3 0.5–0.67 0.57 0.04 0.53 0.62 >0.62 Low 1

All other recorded values of soil depth No risk 0

Figure 13. Normal density function of individual NDVI classes indicating different risk categories.

Figure 14. NDVI map showing areas under different severity
of NDVI risk.

From the whole image of Kota district, only the
area covered by forest and scrubland were taken
under consideration to analyze the NDVI of natural
vegetation. The NDVI values of agricultural areas
and other land uses were considered as no risk
and coded as ‘0’. The DN value images were
converted into spectral radiance image, and fur-
ther into apparent reflectance image (Lillesand and
Kiefer 2000). NDVI values range from about 0.003
to 0.65 with 0.32 mean and 0.18 standard devia-
tion, and are classified into three classes (table 14),
x being a single variable. Table 15 shows the
risk categorization. Membership analysis of NDVI
values are shown in figure 13. Negative NDVI val-
ues were omitted before classification and analysis,
as these are representative of mainly water bodies.
NDVI map was prepared displaying areas under
different risk of NDVI (figure 14).

5.4 Desertification risk index; DRI

This stage involved the integration of all three nat-
ural parameter indices, namely soil index, terrain
index and NDVI, using fuzzy rule-based interfer-
ence system. The rules are as follows:

• If all indices are 0, then DRI is 0.
• If any one of the indices is 1, and others are less

than or equal to 1, then DRI is 1.
• If any one of the indices is 2, and others are less

than or equal to 2, then DRI is 2.
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Table 16. Interference rule to derive different risk categories
in terms of different textural combinations.

Desertification

Terrain Soil Vegetation risk index

Sl. no. index index index (DRI)

1 0 0 1 1

2 0 1 0 1

3 0 1 1 1

4 1 0 0 1

5 1 0 1 1

6 1 1 0 1

7 1 1 1 1

8 0 0 2 2

9 0 1 2 2

10 0 2 0 2

11 0 2 2 2

12 1 2 0 2

13 2 0 0 2

14 2 1 0 2

15 2 2 0 2

16 2 1 1 2

17 2 1 2 2

18 2 2 1 2

19 2 2 2 2

20 0 0 3 3

21 0 1 3 3

22 0 2 3 3

23 0 3 0 3

24 0 3 1 3

25 0 3 2 3

26 1 3 0 3

27 2 1 3 3

28 2 2 3 3

29 2 3 0 3

30 2 3 1 3

31 3 0 0 3

32 3 0 2 3

33 3 1 0 3

34 3 1 1 3

35 3 1 2 3

36 3 1 3 3

37 3 2 0 3

38 3 2 1 3

39 3 2 2 3

40 3 2 3 3

41 3 3 0 3

42 3 3 1 3

43 3 3 2 3

• If any one of the indices is 3, and others are less
than or equal to 3, then DRI is 3.

In the study area, 43 unique combinations were
found to derive the final desertification risk indices
(table 16). Accordingly overall desertification risk
index map was prepared (figure 15).

Figure 15. Desertification risk index map of study area,
showing areas under different severity of desertification risk.

6. Results and discussion

The above observations, as inferred from the
normal density functions of individual classes of
individual parameters, were portrayed spatially in
GIS environment to know the areas under risk of
desertification with their severity.

The interpretation reveals that the southern part
of Kota, particularly, Ladpura and Sangod tahsil,
are under moderate to high risk in terms of indi-
vidual indices (figures 4, 6, 8, 12 and 14) as well
as overall desertification risk index (figure 15). In
this area, the topography is prevailed by the resid-
ual mountain ranges of Aravalli with a height rang-
ing from 350 to 450 m with a slope range of 0.97
to 2.5 degree. The total range of Aravalli is under
moderate to high risk of degradation in terms of
slope (figure 4). This area is under reserved for-
est, and once covered by dense forest as shown in
toposheet. At present, as all the vegetation cover
was removed by human intervention, the land sur-
face is totally exposed to weather. Thus moder-
ate to high slope coupled with surface exposure
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Figure 16. Certain areas over the Aravalli ridges exhibiting negative NDVI, FCC image, IRS P6, LISS III, October 2001.

due to deforestation, accelerates the soil erosion
specifically by rain splash and sheet erosion. Mostly
all the soil layer has been eroded by vigorous
continuous erosion process through surface runoff
resulting in exposing the underlying parent rock.
Consequently, the area is exhibiting negative NDVI
(figure 16).

The upper and middle parts of the district, in
Pipalda and Digod taluk, are also in moderate
to high risk of degradation (figure 12) due to
high soil index resulting from low soil depth and
high soil pH (figures 4, 6). Soil is getting eroded
because of severe gully erosion of rivers Chambal
and Kalisindh. In addition, here the soil is
extremely alkaline with the pH value of 7.9 to 8.3,
because of water-logging and soil characteristics. In
the suburban areas of Rajpura, Kadihera, Galana,
Balapura, Bhagwanpura, Anandkhera, etc., the pH
value ranges between 7.9 and 8.2, may be due to
soil type and densely populated area with high
urban activities. The areas in and around the Kota
city, near the lake region namely Kishor Sagar and
Sur Sagar, and in the west of Kota barrage are
also under moderate to high risk. Soil is extremely
alkaline with the pH value of 7.9 to 8.3, because
of water-logging with the toxic sewerage material
coming from nearby urban areas.

The last significant area is in southern part of the
district, near Ramganjmandi–Chachat area. This
area is exhibiting moderate to high risk of degra-
dation (figure 15). Soil index is moderate to high
(figure 12) due to very highly acidic soil resulting
from the waste disposal of Kota-stone mining. NDVI
is also showing moderate high risk (figure 14).
Rapid urbanization and mining activity not only

causes the deforestation but also the deterioration
in the health of vegetation (Dasgupta et al. 2012).

7. Conclusions and future scope

The paper reveals that the fuzzy membership
approach along and geoinformatics technique per-
mit us to have a detailed analysis of continuous
natural factors observed from remotely sensed data
as well as other ancillary data both individually
and in combination. Assessing the risk of deserti-
fication by integrating all effective factors is also
possible and reasonable by this model.

The normal probability density function is suit-
able for membership analysis. The membership
functions allow making out the areas represent-
ing the transitional zone in between two successive
classes. Thus the model identifies the risk areas
with their severity and facilitates appropriate
decision making for combating and preventive
methods.

The future scope of the study is to predict the
risk severity in future and to validate the model
efficiency with future status. The assessment of
socio–economic parameters can also be incorpo-
rated into the study for more accurate appraisal of
desertification.
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