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Application of Fuzzy Gamma Operator

in Landslide Susceptibility Mapping along
Yercaud Ghat Road Section, Tamil Nadu,
India

V. Ramesh, Thanchuipou Phaomei, M. Baskar, and S. Anbazhagan

Abstract The present study emphasizes the application of fuzzy operators in
landslide susceptibility mapping along Yercaud ghat road section in the state of
Tamil Nadu, India. Yercaud is one of the important hill stations and tourist spot in
Tamil Nadu. In recent times, it faces frequent landslide occurrences. There is a
urgent need for detail study of landslides along the ghat road to prevent further
slope failure. The study has been conducted through integrated remote sensing, GIS
and field investigations. The existing landslide locations were collected from
previous study and verified in the field. The slope gradient, slope aspect, relief,
lithology, land cover, geomorphology, proximity to road, proximity to drainage and
proximity to lineament were analyzed with the help of Survey of India topo map,
published geology map and satellite data. The relationship between various caus-
ative factors with past landslide locations were compared using frequency ratio
method. These frequency ratio values were normalized to get fuzzy membership
values between O to 1. The parameter maps with membership values were inte-
grated using fuzzy algebraic product, fuzzy algebraic sum and fuzzy gamma
operators to get final landslide susceptibility map. The produced map was verified
by comparing with existing landslide locations for calculating prediction accuracy.
The fuzzy gamma operator (y=0.975) showed the highest accuracy of 0.7895.
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82.1 INTRODUCTION

Landslide is one of the most frequently occurring disasters in hilly regions, which
affects human life, property, economy and environment. The occurrence of land-
slides are influenced by various causative factors and triggered by several external
factors, such as intense rainfall, earthquake shaking, water level change, and rapid
stream erosion etc., [ 1]. Anthropogenic activities like building road network, urban
development, deforestation, and rapid land use modification, may also influence
occurrence of landslides [2]. Landslide susceptibility refers to the probability of
occurrence of landslide in an area based on the correlation between causative
factors and spatial distribution of landslides [3]. Landslide susceptibility map
shows the stable and possible zones for future landslide occurrence [4].

Various landslide hazard assessment techniques were categorized under two
broad categories viz., qualitative and quantitative [5]. The quantitative approaches
includes statistical [6], probabilistic [7], and distribution free methods such as fuzzy
logic [8, 9] and artificial neural network [10] methods. In the present case, landslide
susceptibility mapping along ghat road of Yercaud hills were carried out using
fuzzy algebraic product (FAP), fuzzy algebraic sum (FAS), and fuzzy gamma
operators (FGO). The resultant susceptibility maps were compared with previous
landslide locations and prediction accuracy were evaluated.

82.2 STUDY AREA

Yercaud is one of the important tourist spots in Tamil Nadu and situated on the
Shevaroy Hills in Salem district. Pleasant climate prevailing in Yercaud hills
throughout the year. The highest altitude of 1437m above mean sea level (amsl)
is present near the Longlipettai area. Yercaud ghat section exposes with a less to
moderately weathered charnockites under Archean formations. The ghat road is
constructed in southwestern slope of Shevaroy hills by cut slopes. The length of the
ghat road is 20 km built with 20 hairpin bends. It is located between 11°42°27” N
and 11°46°57” N latitudes and 78°10°39” E and 78°12’21” E longitudes (Fig. 82.1).
The ghat road section associated with mild soil erosion, intensive rainfall,
weathering, and other anthropogenic activities in the form of widening of roads,
which leads to slope failure.

82.3 GEOSPATIAL DATABASE

The landslide incident details were collected from previous [11]. The previous
landslide locations were placed along ghat road sections, which were mapped out
from IRS P6 LISS IV satellite data. The total numbers of previous landslides are 15.
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Fig. 82.1 (a) Location map of Yercaud Ghat Road Section in the State of Tamil Nadu, and
(b) Landslide susceptibility map with the fuzzy gamma operator (y =0.975)

Most of the landslides were occurred in the mid section of ghat road, where hairpin
bends are more with high relief condition. The entire section of ghat road is covered
by charnockites [12]. The geomorphology and land cover maps were interpreted
from IRS-P6 LISS IV satellite image. The ghat road mostly covers structural hill
systems and intermontane valley. The topographical factors such as slope, slope
aspect, and relief were derived from SRTM DEM data. The relief in the ghat road
ranges between 312 and 1437 m amsl and divided into five equal interval classes
(Table 82.1). Road buffer of (10m) was prepared using proximity analysis tool in
GIS environment. The drainage map was prepared with topographical map on
1:50,000 scale and updated with satellite data. Various buffer zones were created
from drainage map to generate proximity to drainage map. Lineaments were
interpreted from satellite imagery and different buffer zones were created to do
proximity analysis.
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Table 82.1 Fuzzy membership values for causative factors

V. Ramesh et al.

Fuzz
Parameter/ Pixels in | Class Landslide Slide | Frequency Mem}l;ership
Class Class Ratio pixels in class | Ratio | Ratio Value
Land Cover
Crop Land 11507 3.07 |0 0.00 0.00 0.00
Steep Slope 2559 068 |0 0.00 0.00 0.00
Mixed Forest 61059 1630 |4 26.67 | 1.64 0.93
Plantation
Fairly Dense 15319 4.09 |0 0.00 0.00 0.00
Scrub
Mining Area 654 0.17 |0 0.00 0.00 0.00
Mixed 25442 6.79 |0 0.00 0.00 0.00
Settlement
Scrub Land 38945 1040 |0 0.00 0.00 0.00
Deciduous 3604 096 |0 0.00 0.00 0.00
Forest
Degraded 6226 1.66 |0 0.00 0.00 0.00
Forest
Open Mixed 166888 4456 |8 5333 | 1.20 0.68
Forest
Fairly Dense 42347 1131 |3 20.00 | 1.77 1.00
Forest
Geomorphology
Structural 299441 79.89 |15 100 1.25 1.00
Hills
Intermontane 13976 373 |0 0.00 0.00 0.00
Valley
Bazada Zone 18914 505 |0 0.00 0.00 0.00
Shallow 42467 1133 |0 0.00 0.00 0.00
Pediment
Lithology
Charnockite | 374798 | 100 15 1100 | 1.00 1.00
Slope Gradient
0 - 15 Degree | 147856 39.47 |2 1333 |0.34 0.02
16 - 25 Degree | 136975 36.57 |1 6.67 0.18 0.00
26 - 35 Degree | 76295 2037 |8 5333 |2.62 0.34
36 - 45 Degree | 13441 359 |4 26.67 |7.43 1.00
Slope Aspect
North 5049 135 |0 0.00 0.00 0.00
Northeast 1521 041 |0 0.00 0.00 0.00
East 8142 2.17 |0 0.00 0.00 0.00
Southeast 31145 831 |1 6.67 0.80 0.24
South 58052 1550 |0 0.00 0.00 0.00
Southwest 98423 2628 |5 3333 | 1.27 0.38
West 127814 3412 |3 20.00 |0.59 0.18
Northwest 44421 11.86 |6 40.00 |3.37 1.00

(continued)
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Table 82.1 (continued)

Fuzz
Parameter/ Pixels in | Class Landslide Slide | Frequency Mem}l;ership
Class Class Ratio pixels in class | Ratio | Ratio Value
Relief
312-536 135593 3620 |3 20.00 |0.55 0.00
537-761 66169 17.67 |2 13.33 | 0.75 0.16
762-986 69929 18.67 |5 3333 | 1.79 1.00
987-1210 53023 14.16 |3 20.00 |1.41 0.69
1211-1437 49853 1331 |2 13.33 | 1.00 0.36
Proximity to road
Road Buffer 11433 3.05 |15 100 32.76 1.00
Other Area 363134 96.95 |0 0.00 0.00 0.00
Proximity to drainage
0-50 m 64326 17.17 |3 20.00 |1.16 0.31
50-100 m 50179 1340 |2 13.33 | 1.00 0.24
100-150 m 35453 947 |3 20.00 |2.11 0.72
150-200 m 27136 724 |3 20.00 |2.76 1.00
200-250 m 23893 638 |1 6.67 1.05 0.27
>250 m 173580 46.34 |3 20.00 |0.43 0.00
Proximity to lineament
0-50 m 97984 26.16 |7 46.67 | 1.78 1.00
50-100 m 89342 2385 |3 20.00 |0.84 0.47
100-150 m 68120 18.19 |4 26.67 | 1.47 0.83
150-200 m 46601 1244 |1 6.67 0.54 0.30
>200 m 72520 19.36 |0 0.00 0.00 0.00

Total No. of pixels in the study area — 374798; Total No. of landslide pixels — 15

82.4 FUZZY SET THEORY

Fuzzy set theory was first introduced by [13], which is differs from the conventional
Boolean set theory in such a manner objects within a set is definite. In fuzzy set, the
extent of membership values of an object can have values ranges between 0 to
1, instead of having complete membership O or 1 as in a conventional set. The
assignment of membership values between 0 and 1 plays a vital role in the fuzzy
logic analysis. There is no regulation to assign the fuzzy membership values. The
only thing is the selected values must imitate the extent of membership of a set. It
can be user-defined based on subjective investigation [14] or the values can be
derived from statistical analysis like information value [15] and from frequency
ratio [16] or it can be assigned by various functions representing the reality such as
J-shaped, Sigmoidal and Linear [17] or by using analytical hierarchical method
[18]. With respect to a given data set (a thematic map), a membership can be
assigned to each map category according to its direct/indirect relationship with the
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phenomena in consideration [18]. Five operators were discussed by [14] viz., the
fuzzy AND, fuzzy OR, fuzzy algebraic product, fuzzy algebraic sum, and fuzzy
gamma operator. This study uses the fuzzy algebraic product, fuzzy algebraic sum,
and fuzzy gamma operator for combining the fuzzy membership values.

The fuzzy algebraic productisdefined as : pcombination = H pi (82.1)
i=1

The fuzzy algebraic sum is defined as:

n
pcombination = 1 — H (1 —pi) (82.2)

i=1

where pi is the fuzzy membership function for the ‘i’ th map, and i=1, 2, 3,.. .,
n maps to be combined.

pcombination = (FAS)"*(FAP)' ™" (82.3)

where y is a value chosen in the range O to 1; FAS =Fuzzy Algebraic Sum and
FAP =Fuzzy Algebraic Product.

In the present study, the membership values for each thematic layer were derived
by normalizing the probability frequency ratio values calculated using Eq. 82.4
(Table 82.1).

Slide Ratio
F Ratio = —— 82.4
requenicy Ratio ClassRatio ( )
where,

. . Number of landslide gridsinclass
Slide Ratio = 82.5
1eeRatio Total number of landslide grids ( )
Class Ratio — Number of gridsinindividual class (82.6)

Total number of grids in whole class

However, the zero membership values has been assigned as 0.0001 in order to avoid
the complete slackness of a class in a thematic map LHZ analysis [9].

82.5 RESULTS AND DISCUSSION

For the purpose of integration using fuzzy operator models, all the nine landslide
influencing factors were converted to a raster format with 5.8m x 5.8m size grids to
calculate the landslide susceptibility index. The total number of grids are 374798,
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Fig. 82.2 Illustration of success rate curve showing landslide susceptibility index rank (x-axis)
occurring in cumulative percent of landslide occurrence (y-axis).

and the total number of landslide grids are 15 in the study area. All the influencing
factors were taken to the spatial analysis extension module of the ArcGIS software
for integration. The landslide susceptibility index (LSI), were calculated based on
the integration rules as shown in Eq. 82.1, Eq. 82.2, and Eq. 82.3. If the LSI value is
high, it means a higher susceptibility to landslide; a lower value means a lower
susceptibility to landslides. For fuzzy algebraic product, LSI values had a minimum
value of 0 and a maximum value of 1, with a standard deviation of 0.0156 and the
mean is 0.0007. For fuzzy algebraic sum, LSI values had a minimum value of
1.0208 and a maximum value of 10, with a standard deviation of 1.5809 and the
mean is 4.3377. In the case of fuzzy gamma operator, the value of y was set to 0.1,
0.2,0.3,04,0.5,0.6,0.7, 0.8,0.9, 0.975, 0.98, 0.985, and 0.99 to observe its effect
on the landslide susceptibility map. The integrated result with the gamma value of
vy=0.975 have shown highest accuracy than other values tested in the present study.
In the case of applying the gamma operator (y=0.975) the minimum, mean,
maximum, and standard deviation values of LSI are 0.1809, 0.4737, 1, and
0.1492, respectively. The landslide susceptibility map is classified into equal
intervals and grouped into five susceptibility classes for visual interpretation viz.
very low, low, moderate, high and very high (Fig. 82.1).

Model validation is performed using the known locations of landslides and the
landslide susceptibility map. The Area Under Curve (AUC) is one of the most
commonly used qualitative accuracy assessment method for the prediction models
in natural hazard assessment [19]. The success rate describes how well the model
and factor predict the landslide [20]. The accuracy of fuzzy operator models in
landslide susceptibility mapping along the Yercaud ghat road section was evaluated
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by calculating “area under the curve (AUC)”. The AUC value of success rate curve
for FAP, FAS, and FGO respectively 0.0356, 0.7178, and 0.7895, where FGO
(using y=0.975) has shown were shown highest accuracy value (Fig. 82.2).

82.6 CONCLUSIONS

The fuzzy logic approach is one of the easiest and simplest methods to prepare a
landslide susceptibility map. In the present study, nine causative factors were
combined using fuzzy algebraic product, fuzzy algebraic sum, and fuzzy gamma
operator models. The fuzzy gamma operator with a y value of 0.975 produces the
best success rate accuracy of 79%. The landslide susceptibility map produced using
fuzzy gamma operator model predicted 60% of the past landslide locations in very
high susceptible class, while the high susceptible zone predicted 26.67% of the past
landslide locations. The results point out fuzzy gamma operator model shows good
prediction pattern than FAP and FAS operators of landslide susceptibility in the
study area.
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