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Preface
The School of Environmental Sciences, Mahatma Gandhi University, Kottaya, joining
hands with the Department of Geology, University of Kerala has organised the Disaster,
Risk and Vulnerability Conference - 2020 (DRVC 2020) on focused themes during 9–
10 October and 16–17 October 2020. In the present COVID-19 scenario the conference
was conducted through Virtual Mode (onine platform).The conference is in continuation
of the successful Disaster, Risk and Vulnerability Conferencesconducted in 2011,
2014, and 2017 at the School of Environmental Sciences, Mahatma Gandhi University,
Kottayam and Dept of Geology, University of Kerala, Trivandrum.The series of
conferences on Disaster, Risk and Vulnerability Conference and was an outcome of the
interest that was generated among the various stake holders and and their request for the
repeatsafter the first DRVC, which was held in the School of Environmental Sciences
(SES), MG University, Kottayam, in March 2011. The world has witnessed a series of
disasters over the intervening period and displacement, migration and humanitarian crises
has evolved into the most devastating of disasters today. Each disaster brings upon us the
onerous task of conducting a postmortem, and inevitably the harsh reality of lessons not
learned becomes evident. It is in this context that conferences like the DRVC gain
importance as avenues where practitioners from diverse areas that touch upon disasters
could come together and listen to each other, share ideas and experiences and discuss
possible success stories that could be replicated elsewhere. The papers in this volume
range from those utilizing technology to tackle disasters or mitigate their effects to those
that look at post disaster interventions using to GIS-based disaster management. The
event of DRVC 2020, materialized from the generous support and sponsorship from, the
Kerala State Disaster Management Authority (KSDMA) and the association of the
Applied Geoinformatics for Society and Environment (AGSE), Germany, The Advanced
Centre of Environmental Studies and Sustainable Development (ACESSD), Mahatma
Gandhi University, Kottayam, and the NGO ‘Centre for Humanitarian Action and
Emergency Response Training (CHAERT)’, Kerala. We would like to thank the agencies
for their support.We also thank all the staff, and the students of the School of
Environmental Sciences, MG University for their active involvement and cooperation
which has helped in the planning and execution of this event. Finally, I thank all the
delegates who have send in their papers and have gathered here from far and near, for
their support and presence through virtual mode (online).We wish all of you for the
pleasant days for the fruitful discussions in the conference, and hope to meet all of you
again in the next DRVC.

Dr. Baiju K.R
ConvenerDRVC 2020
Director & Associate Professor
School of Environmental Sciences
Mahatma Gandhi University,
Kottayam, Kerala, India

Prof (Dr.) A.P.Pradeepkumar
Founder of the DRVC Series of Conference
Dept of Geology,
University of Kerala,
Thiruvananthapuram, Kerala, India
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Landslide Hazard Susceptibility Zonation Mapping of Valakom Watershed
Kottayam District Using Geospatial Techniques
1

T.SAjayan, 2Anand Zacharias, 3Krishnadu R Nair, 4 Gopika Gopi 5 Sreelekshmi,
6

Karunakaran Akhildev7 Sumith,8John C Mathew
8

Faculty In-Charge,
Directorate of Environment and Climate Change, Govt. of Kerala
Assistant Faculty-In-Charge
(1-7)
Dr. R. Satheesh Centre for Remote Sensing and GIS,
Mahatma Gandhi University, Kottayam, Kerala
E-Mail: ajayan22ts@gmail.com
Abstract
In Kerala, landslide problems are mainly occurring within the localized areas
of the Western Ghats region, where the slope is steep and the soil is
oversaturated as a result of heavy and continuous rainfall. The foremost
common form of landslides in Kerala is debris flows. The landslide-prone
areas of the state show the increasing trend of fatal landslides since 1961.
Therefore, systematic studies of landslides are essential, including
susceptibility mapping for reducing the consequences and also the further
activities of the region. This study aims to evaluate the susceptibility of the
areas to landslides in Valakom micro-watershed of Meenachil River Basin in
MoonnilavuGramaPanchayat, Kottayam District. Landslide susceptibility
maps were produced by the weighted factor (Wf) method in a GIS
environment with inputs derived from remote sensing. The parameters such as
slope, geomorphology, land use/ land cover, lithology, soil texture, curvature,
drainage distance, drainage density, lineament density are used as inputs for
landslide susceptibility analysis. The method suggests that the processed
landslide susceptibility values are good indicators of landslide occurrences.
The resultant landslide susceptibility index (LSI) of the Valakom micro
watershed ranged from 1 to 7. The micro watershed area divided into seven
susceptibility zones: namely stable, very low, low, moderately unstable, highly
unstable, very highly unstable, and critical zones. The result shows that the
critically susceptible zone and very highly unstable zones are occupied by
0.035 ha and 697.410ha respectively.
Key Words:Landslide, Susceptibility,Valakom, Watershed.
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Introduction
Landslide is defined as the failure of the surface of the earth, mainly under the action of
its weight in which the displacement has both vertical and horizontal components of
considerable magnitude. Landslide denotes downward and outward movement of slope
forming materials composed of natural rocks, soil, artificial fill, or the mix of these
materials. The principal types of mass movements are fall, slide, flows, or their
combinations.
The process of land is essentially an endless series of events from cause to effect. Some
slides occur in a unique environment over within a few seconds (Varnes, 1996).
Landslide could be a result of the different process which includes geological,
geomorphologic, and meteorological factors. The rate of movement of different landslides
may highly variable. Movement rates during failure depend not only on the nature and
extent of slope materials involved but also on the shape of the slip surface. For steep
slopes or cliffs, topples and falls occur instantaneously. Movement rate is depending on
the magnitude and duration of rainfall within the area. Mudflow movements are generally
faster than the movement rates of other slides.Landslides are a recurring phenomenon in
the hill regions of India.
However, the geological property of the rocks and also the rainfall intensity of the region
play a vital role within the incidence of landslides in any region. In the Western Ghats of
Kerala, several styles of mass movements have been recorded. However, the dominated
disaster type of mass movement noted in Kerala is the debris flow. The edges of these
Ghats commonly known as plateau margin are the active zone of erosion and landslides.
The climatic condition of Western Ghats has favoured the parameters of weathering and
landslides in this mountain tract along the southwest coast of India. Prolonged and intense
rainfall, persistence, and the variations in the pore pressure are the main triggering factor
of landslides. Human disturbances like deforestation and road cutting also accelerated the
process. During the monsoon period, landslides are common in the Western Ghats and its
intensity depends on the thickness of loose soil formed by weathering. The characteristic
pattern of the landslide is the swift and sudden movement of the high water-saturated
overburden containing a varied assemblage of debris material ranging in size from soil
particles to huge boulders destroying and carrying with it everything that is lying in its
path (S. E. R. Kerala, 2007-Springer).Landslide hazard mapping becomes an important
subject of interest for scientists, engineers, researches in many places in the world. Many
research works and studies have been carried out by researchers on the subject of
landslide hazards and their impacts. Researchers in their works, the landslide susceptible
zones were delineated with the assistance of Remote Sensing and GIS techniques.A
complete landslide hazard assessment requires an analysis of all the factors leading to the
instabilities of the region. (Chau et al.,2003; Hervas et al.,2003; Ayalew and Yamagishi,
2004; Lan et al., 2004; Ali Yalcin, 2007; Schulz, 2006; Dai and Lee, 2009; Martha et al.,
2009; Pradhan, 2010; Reis et al., 2011; Kayastha et al., 2013; Xing Zhu et al., 2014;
Feizizadeh et al., 2014).Thampi et al. (1995) concluded that the conversion of natural
forests to agricultural fields have been one of the prime causes of landslide occurrence in
Kerala. Wayanad, Palakkad, Idukki, Kottayam, and Kollam are the major districts
affected by slope movements based on the rainfall data, more landslides have been
predicted towards the south of Palakkad gap. Sarkar and Kumungo (1995) in their
studyconsiderd three parameters viz.., drainage, lineament, and road density. The paper
described the utility of Remote Sensing and GIS for the generation of these thematic
layers and an integrated approach to evaluate the layer-wise influence on the
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landslide.The objective of the present study is an effort to identify and prepare the
landslide susceptibility zonation of Valakom micro-watershed of Meenachil River Basin
inMoonnilavuGramaPanchayat of Kottayam District using Remote Sensing and a GISbased statistical methodology, with adequate field observation. To delineate various
susceptible zones of the study area, the Landslide Susceptibility Index (LSI) method is
used. For this study, nine landslide influencing factors, viz. slope, geomorphology, land
use, soil texture, lithology, drainage density, curvature, drainage distance, and lineament
density were selected.
Study Area
The study area of the present study is Valakom micro-watershed. Valakom is a microwater shed of the Meenachil river basin of the Kottayam district of Kerala. The
Meenachil river basin located in the Kottayam district bounded by Vaikom,
Meenachiltaluks of Kottayam district, ThodupuzhaTaluk of Idukki district in the North,
Changanassery, Kanjirappallitaluks of Kottayam district and Kuttanad Taluk of
Alappuzha district in the South, Peerumedu and Thodupuzhataluks of Idukki district in
the East and Chertalla Taluk of Alappuzha district in the West. The river basin has a total
area of 1208.11sq.km.The river basin has 47 sub-watersheds and 114 micro watersheds.
Valakom micro-watershed (12 M 25 e) is situated in the Thikovil sub-watershed. The
present study area lies between North latitudes from 9° 45' to 9°48' and East longitudes
from 76°47' to 76° 50'. It falls in parts of the Survey of India Toposheets 58 C/13 and 58
C/14 (Fig.1).
Materials and Methods
Thematic data maps were collected from different sources such as Survey of India
Toposheets, Geological map, Soil map from Benchmark soils of Kerala, Satellite imagery,
and GPS location of the Landslides. The drainage, contour and spot heights were digitized
from the SOI Toposheets (58 C/13, 58 C/14 of scale1:50000).Zones of lineaments,
Lithology and geomorphologic features of the study area were digitized from the
Geological Survey of India (GSI) Geological and Mineral Map of Kerala(58 C of scale
1:250000). The soil layer was prepared by digitizing the soil map from Benchmark soils of
Kerala.
The susceptibility study is based on the previous occurrence of landslide locations which
were collected from the field study using GPS receiver. The thematic maps required for
the present study were prepared using ArcGIS 10.1and ERDAS IMAGINE 2013 software.
The drainage density, lineament density was prepared from the digitized data using the
tool available in the Spatial Analyst extension of ArcGIS.Besides, the distance from
drainage is also calculated.
The land use/land cover map was prepared from the IRS-P6 LISS-III image of 5.8 m
resolutionthrough visual interpretation and on screen digitisation. The slope layer was
prepared from digital elevation model (DEM) using the ‘slope’ tool in ArcGIS 3D
Analyst. The lithology of the area is derived from the Geological map which was digitized
and saved as a polygon layer. The Lithology of the study area is classified as Quartzite,
Biotite Gneiss, and Magnetite Quartzite. The DEM of the study areawas prepared from the
contours and spot heights in the SOI Toposheets. Using this, slope, aspect, relative relief,
and curvature is generated. The thematic layers generated were reclassified and assigned
the weightage were for the analysing using the weight factor model (Wf) method.The
landslide zonation map (LSZ) prepared in the present study is the result of a combination
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of various factors influencing landslides. In this method, all factors were organized in
different groups. The weightage assigned to each parameter indicates the level of influence
in the occurrence of landslides. To each class of influencing parameters ranks were also
assigned. The ranking for the individual classes denotes the degree of hazards. This
method is known as the weighting factor method. The overall Landslide Susceptibility
Index (LSI) is calculated by weight and rank using Raster calculator tool of Spatial
Analyst extension through the expression:
LSI= Weight × Ranked……… Eq..1
For the application, numerical values in the scale 0 to 10 are assigned to the class of
influencing parameters. The classification and ranking of parameters were done by the
reclass tool in theSpatial Analyst extension. To calculate the weight, a table was
constructed for each landslide related factor. Finally, the Weighted Factor for each range
or type of factor was calculated by multiplying feature class weightage with influencing
parameter score values of landslide occurrence. The LSZ was prepared by the integration
of all the input layers and reclassified into landslide hazard susceptibility zones. The
output
map
represents
the
spatial
distribution
of
landslide
susceptibility zones.

Figure1 Index Map of the study area
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Table 1: Rankedweightage assigned for different influencing factors
Factor
Class
Rank
Weightage
0-3
1
3-5
2
5-10
3
10-15
4
Slope
15-20
5
(Degree)
20-30
6
30-40
7
30
40-50
8
50-60
9
60-70
10
Denudational hill
4
Denudationalslope
8
Escarpment
9
Geomorphology
Alluvial plane
1
9
Valley fill
2
Inter-junctions
5
Tea plantation
4
Mixed-tree settlement
3
Open rock
1
Grass-land
Land use
2
open rock
4
Grass-land settlement
10
5
Rubber
6
Albizzia
Magnetite quartzite
1
Lithology
Biotite gneiss
8
9
Quartzite
3
Manjoor series
2
Soil texture
Nellapara series
8
9
(-30)-0
1
0-1
0
Curvature (degree)
1-4
6
9
4-9
8
0-150
1
Drainage distance
150-250
2
(km)
250-300
4
8
300-600
6
600-700
10
0-150
10
Drainage density
150-250
8
(m/km2)
250-300
6
8
300-600
4
600-700
1
0-300
1
300-800
3
800-1300
4
Lineament density
1300-1800
5
(m/km2)
1800-2300
6
8
2300-2800
8
2800-3300
10
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Relationship between Landslide Influencing Parameters and the Weight Factor
Model :
The relationship of each influencing parameters of landslide analysed with appropriate
knowledge and were classified and ranked accordingly. This was done with the help of
re-class tool in the spatial analyst extension of ArcGIS.
Slope:The most substantial natural factor triggering landslides. Expressed as a percentage
or degree, this factor is directly proportional to the landslide occurrence. Slop angle is the
important parameter in the slope stability analysis (Lee and Min, 2001).

Figure 2 Slope map of Valakom micro-watershed
The steeper slope increases the driving force and associated with the rock fall. An
increase in the slope gradient leads a change in the internal stability of rock mass and
equilibrium conditions. The slope of the area ranges from 0-3, 3-5, 5-10, 10-15, 15-20,
20-30, 30-40, 40-50, 50-60 and 60-70 degree. The relationship between slope in the
study area shows that the slope greater than 45 degree increases the probability of
landslide, i.e., the steeper slope has greater landslide probability. (Figure 2).
Geomorphology :is the relationship between landslide and geomorphology of the area
represents that denudation hill, escarpment, and inter junctions have greater landslide
probabilities. In the present study, the rank is given more to the escarpment and
denudational hill. The lesser rank is given to the alluvial plain (Figure 3).
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Figure 3 Geomorphology map of Valakom micro-watershed
Land use/ Land cover:influences the behavior of the slope in each scale. There are 7
class units which are Tea plantation, Albizzia plantation, Rubber plantation, open rock;
grassland with open rock, grassland with settlement, and mixed tree settlement. The more
rank is given to Albizzia plantation. The land uses that have no landslides are open rock
and grassland with an open rock. (Figure 4)
Lithology:is the fundamental instability factor in landslide analysis. Landslide occurs
mainly in loose and poorly consolidated soil, and fragments overlying the bedrocks. The
rock types present in this study area are Magnetite Quartzite, Biotite Gneiss, and
Quartzite. The igneous and metamorphic rocks are generally hard and massive, showing
greater resistance to erosion. On the contrary, sedimentary rocks are vulnerable to erosion
and support instability. Biotite Gneiss is highly susceptible to landslides and all other rock
types are resistant to the landslide (Figure 5)
Soil texture: The types of soils identified in the study area are Manjoor series and
Nellapara series. Manjoor soils have very dark greyish brown to black, extremely acid,
loam to silty clay in the A horizon which is the top most surface horizon. Nellapara soils
have very dusky red to dark reddish-brown, very strongly acidic, clay loam B horizon.
Nellapara series are highly susceptible to the landslide. But the Manjoor soil is highly
resistive to landslides (Figure 6)
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Figure 4 Land use land cover map of Valakom micro-watershed

Figure 5 Lithology map of Valakom micro-watershed
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Figure 6 Soil texure map of Valakom micro-watershed
Curvature:express the rate of change of slope for each cell in the direction of dipping.
Curvature profile is divided into concave, convex and flat topographic surfaces. The
relationship between curvature and landslide location shows that the positive curvatures
with a convex slope have a high probability of landslides. The negative curvature with
concave slope and the flat regions have less probability. The reason for this is that the
convex rounded hilltop slopes could be exposed to repeated dilation and contraction of
loose debris on an inclined surface that might induce a creeping and mudslide under
heavy rainfall (Figure 7).
Drainage Distance: Streams have a higher triggering function on landslides, particularly
the first and second-order streams. The proximity of landslides from the selected drainage
lines could assess their influence on landslides. For this purpose, the distance from
streams is calculated. They are classified as 5 regions with range 0-150, 150-250, 250300, 300-600 and 600-700. It can be seen that areas about 600-700 meters distance from
the streams has the highest probability of landslides. The areas greater than 100 meters
and less than 300 meters distance from streams have a lower probability. (figure 8)
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Figure 7 Curvature map of Valakom micro-watershed

Figure 8 Distance from drainage map of Valakom micro-watershed
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Drainage Density:The relationship between landslides and drainage frequency indicates
that areas with drainage density below 250 have a high probability of landslide, whereas
drainage density above 500 has a low probability of landslide. The relation between
landslide and drainage density indicates that the higher the drainage density lowers the
landslide probability and vice-versa. (Figure 9)
Lineament density: Lineament zones are tectonically potential regions of relative crustal
movement. Hence the release of fault or shear movements can result in landslides,
especially in high slope areas. The lineament density of the study area is grouped into
seven classes viz., 0 – 300, 300– 800, 800 – 1300, 1300 – 1800, 1800 – 2300, 2300- 2800
and 2800- 3300. As lineament density increases the probability for the landslides also
increases (Figure 10)

Figure 9 Drainage density map of Valakom micro-watershed
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Figure 10 Lineament density map of Valakom micro-watershed
Landslide Susceptibility Zonation
The LSZ map of the study area is prepared by taking into account nine important factors
such as Slope, Soil, Drainage density, Land use/land cover, Geomorphology, Curvature,
Drainage distance, Lineament density, and Lithology. The susceptible zone map is
generated through overlaying the index map layers of these factors using GIS tools. The
area of the prepared map is grouped into seven different susceptible zones viz. stable,
very low, low, moderate, high, very high and critical. The resultant landslide
susceptibility index (LSI) of the study area ranged from 1 to 7. The result of the entire
analysis and evaluation helps to divide the study area into seven zones of susceptibility,
namely stable, very low, low, moderately unstable, highly unstable, very highly unstable
and critical zones.
The result shows that the critically susceptible zone is occupied by 0.035 hectares of the
total area.(Table 2)
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Table.2 Distribution of area percentage under each landslide susceptible zone
Landslide susceptibility
zones
Stable
Low
Very low
Moderately unstable
Highly unstable
Very highly unstable
Critical

Range of LSI Area( Ha )
values
1-1.857
0.090
1.857-2.714
15.660
2.714-3.571
148.590
3.571-4.428
540.630
4.428-5.285
697.410
5.285-6.142
136.620
6.142-7
0.540

Area (% )
0.006
1.016
9.644
35.092
45.268
8.868
0.035

45.268

50

35.092

0.006

1.016

9.644
0

0.035

0
Stable

Low

Very low

Area (%)

Moderately
unstable

Highly
unstable

Column2

Very highly
unstable

Critical

Column1

Figure 11 Distribution of area percentage under each landslide susceptible zone
The study shows that slope, land use/land cover, lithology and geomorphology are the
most influencing factors. The landslides are more capricious in areas with higher slopes
and elevation; this is because of its direct relationship with the stability of a terrain. The
areas with high drainage density are more prone to landslides; this is due to the erosion
activities of streams. The majority of the slope failures have occurred in settlement areas
followed by agricultural land.
Conclusion
Landslide causes enormous loss of life and property every year especially in the Western
Ghats regions of Kerala, in such regions landslide susceptibility zonation is necessary to
delineate the disaster-prone areas. Several methodologies have been suggested for
landslide susceptibility zonation. In the present study, the Weighted factor model is
employed to estimate the areas susceptible to landslides in the study region i.e. Valakom
micro-watershed using GIS, RS techniques and field survey.The weighted factor model
of landslide susceptibility analysis is a model to predict the landslide-prone areas based
on the landslide influencing parameters and their respective ranking. In the present study,
nine landslide inducing parameters were considered. Morphometric analysis of the entire
area was carried out using GIS and RS technique follows by field survey verification of
various parameters such as land use, lithology, soil texture, slope, curvature, drainage
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density, drainage distance, lineament density, and geomorphology were taken into
account.

Figure. 12Landslide Susceptibility zones of Valakom micro-watershed
The study reveals that Albizzia and Rubber plantation areas are more prone to landslides.
Followed by the grassland and Tea plantation respectively. The areas with denudational
slope and escarpment are prone to the occurrence landslides. When lithological factors
are considered it was found that Biotite gneiss has a higher probability. Soil thickness and
landslides are in positive correlation. Nellapara soil series which are in clay loam nature
also shown a high probability of landslides. The relationship between slopes and
landslides show that slopes above 45° range have the highest probability of landslide
occurrence. The area with convex curvature morphology is relatively more prone than the
area with concave curvature. The high drainage density regions show the least probability
of landslide while the low drainage density region has a high probability of landslides.
Landslide probability is higher in the high lineament density areas. The distance from
streams indicates that landslide occurrence and distance from the stream are in positive
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correlation up to certain extend.Based on the critical evaluation of the various
contributing features, a landslide susceptibility Index map was also prepared. A detailed
investigation carried at during the study reveals that based on the Weighted factor model,
the study area can be classified into seven zones.Critical (0.0.35 % of the total area
i.e.,0.540 ha) Very highly unstable (8.868 % i.e.,136.620 ha) Highly unstable (45.268%
i.e.697.410 ha) Moderately unstable zone covers (35.092% i.e.540.630 ha )Very low
(9.644 % i.e. 148.590 ha) Low ( 1.016 % i.e. 15.660 ha) and stable zone (0.006 % i.e.
0.0900 ha) of the total study area of 1540.592 ha. This validates the applicability of the
proposed method. Hence it can be concluded that the computation of landslide
susceptibility zonation on a weightage basis is of critical importance in decision making
for civil protection and planning. The LSZ map provides significant help for scientists
and engineers in the process of adopting proper mitigation measures in landslide-prone
areas. It will be very useful for choosing suitable locations for constructions,
developments and recharge plans in the unstable zones. Moreover, the use of GIS and
Remote Sensing adds to its advantage of efficiency and accuracy.Precautionary and
preventive measures including the risk reduction activities must be taken in these areas.
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Abstract
Kerala State had witnessed numerous, heavy rainfall-induced rapid downslope
movement of debris and rock mass colloquially known asUrulpottal during the
past three years. Literature review on landslides in Kerala shows that debris
flow is the major landslide type, and the major factors involved are the shift in
climate and land-use patterns. Improper land-use practices in the past years
had buried the primary stream networks and are transformed into paleochannels. Torrential rainfall activates the paleo-channels which in turn results
in active erosion and consequent landslides. Geological mapping of paleochannels and its rejuvenation will help to drain the water from the hilltops
which in turn reduces the incidences of future landslides to a great extent.
Restrictions of infrastructure development such as the construction of water
storage facilities in the upstream part of hillocks and built-up area
development in the valleys and watersheds will reduce the landslide disasters.
The increase in death tolls in landslide events can be reduced to an extent by
implementing swift and cost-effective landslide hazard zonation in each
village/panchayaths (Local Self Government Level - LSGL) at 1:2000 -1:5000
scale with the expertise of a team of geology postgraduates lead by
geoscientists in each region. The research article presents the methodology
and the basic framework of an innovative community-based landslide
management plan in Kerala with the active involvement of geology postgraduates, the public and the government authorities. It also provides a
preliminary evaluation of causative factors of recent landslides and outlines
the landslide mitigation measures to be implemented.
Keywords: Landslides of Kerala, Causative factors, Geologic mapping, Paleo-channels,
Community based disaster management plan.

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

16

Introduction
Landslide ismass wasting processin which therapid downslope movement of weathered
rock and debris occurs under the influence of gravity. The Western Ghats are vulnerable
to landslides after the Himalayas. Kerala state – located at the south-western part of the
Western Ghats is experiencing Heavy Rainfall Events (HRE) for the past few years, due
to the shift in the atmospheric conditions. These HRE had triggered landslides at many
locations in Kerala, causing loss to the life of men and destruction of
materials(Wadhawan, et al., 2020). Variety of processes and materials are involved in
this downward and/ or outward movement in the form of falling, toppling, sliding,
spreading and flowing. Terminologies such as mass wasting, slope failure, etc. are also
applied for such phenomena. Various classification schemes were developed from time to
time by eminent researchers like Sharpe (1938), Campbell (1951), Varnes (1978),
etc.(Strahler, 1952;Cruden and Varnes, 1996). Landslide classification system by Cruden
and Varnes (1996) was adopted by IAEG Commission of UNESCO Working Party on
World Landslide Inventory for universal acceptance(Reichenbach et al., 2018). This
classification system considers parameters such as type of material (rock, soil, earth,
debris), type of movement (fall, topple, slide, spread, and flow), activity (active, reactivated, suspended), and rate of movement. Rock and/or debris flow is the major type
of mass wasting process operating in Kerala. Regionally the landslides of Kerala are
known

as

‘Urulpottal’(Oommenet

al.,

2018).

The

Amboori

landslide,

Thiruvananthapuram district occurred in November 2001, the landslide of Kavalappara,
Wyanad district occurred in August 2019 and Rajamala - Pettimudi landslide, Idukki
district in August 2020 with a death toll of 38, 45 and 69 respectively are the major ones
in the landslide history of Kerala. The analysis of landslide history of Kerala shows that
the number of landslide events had increased after 2018 due to the recent shift in the
atmospheric conditions and torrential rainfall and its pattern (Oommen et al., 2018).

Methods
Geologic fieldwork had been carried out in recent landslide locations at Pettimudi,
Munnar, and Ilamkad, Kokkayar, Idukki district to infer the geologic and atmospheric
aspects that caused the disaster. Information was obtained from Member of the
Legislative Assembly, officials, and inhabitants about the factors that hindered the rescue
operations in Pettimudi, Munnar. Preliminary field investigations were conducted at
Pettimudi and Ilamkad to study the geologic factors involved. Survey of India toposheets,
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Google Earth 3 D imageries were used to derive additional information about the regional
geomorphology and the causative factors.
Discussion
Causative factors of recent landslides : Recent studies on the causative factors of
landslides at Kavalappara, Malapuram district, and Puthumala area in Meppadi region of
Wyanad district reveal that incessant rainfall from 4th August 2019 to 8th August 2019
had played a vital role in the occurrence of landslides (Wadhawan et al; 2020). Increased
population density resulted in the migration of people to hilly terrains and subsequent
agricultural practices changed the land use pattern. Hillocks were modified by creating
leveled terraces for planting rubber and several pits were dug up for storing seasonal runoff for irrigation. Moreover, the first-order streams emerging from the hillocks were
blocked due to plantation and this also served as a conditioning factor for the
landslides.Field studies carried out in Pettimudi, Rajamala hills, Munnar, and Ilamkad,
Moopanmala-Kokkayar, Idukki district also show that heavy rainfall is a triggering
factor. In Pettimudi the first-order stream masked by the tea plantation got activated in
the heavy rainfall event resulted in the occurrence of landslide and demolition of
settlements near to the mainstream. Pink granitic gneisses are highly fractured,
characterized by two prominent joint sets. The thickness of the soil layer varies from 2-6
m along the hillock to the valley and is composed of pebbles, cobbles, and boulders
(Fig.1).

In Ilamkad, Moopanmala-Kokkayar, the slope failure is initiated in the drainage divide
(near to the origin of the river) of the Manimala river basin. Field observations reveal that
an initial rock topple failure and consequent sliding resulted in rock debris flow under the
influence of heavy rain (Fig.2). No causalities were reported and the landslide has
demolished few un-metaled roads, bridges near to the stream course. The amount of earth
materials removed in this landslide location is high compared to the Pettimudi landslide
location. A detailed study is recommended in this location, as there is a high probability
for future landslides in HRE. The intensity of landslide is often defined in terms of the
death toll, however a modified scheme of the landslide classification based on the
quantity of earth materials removed is required for the categorisation of landslides.
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Fig.1. Field photographs depicting the landslide event at Pettimudi, Rajamala hillsMunnar, Idukki district (a)Demolition of settlements and accumulation of earth
materials carried by the running water. (b) Rock and /or debris flow slide (c) reactivation
of first – order stream channel after the landslide event (d) highly jointed/fractured
gneiss in the terrain with thin layer of soil with pebbles and cobbles (e) Root of tea plant
penetrating to few meters of soil are not effective in enhancing the cohesiveness of the
soil.

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

19

Fig.2. Field photographs of the slope failure at Ilamkad, Moopanmala-Kokkayar, Idukki
district (a) Topple failure at the top of the drainage divide (b) Section view of the slope
failure (c) Jointed rock at the drainage divide susceptible for further slides (d) Google
Earth imagery showing the topography of the upstream portion of Manimala river basin
(e) Joint sets at the upstream part of the slope failure.
Factors to be considered in designing landslide disaster mitigation plans

Extensive field studies are required to fill the data gap on the factors that influence the
hill slopes processes. Shifts in atmospheric conditions are to be studied in detail with the
installation of an advanced weather prediction system with systematic real-time
monitoring of atmospheric conditions through systematic spatial distribution of
monitoring stations. The data and reports of the weather conditions are to be updated
/communicated at regular intervals. Monitoring, prediction and risk assessmentare keys to
disasterrisk reduction.The appellate authorities have to respond based on the reports
provided by the monitoring stations/ data analysis team and to give early warnings. It is
important to note that early warning without early action is of no use. Community-based
awareness has a significant role in disaster risk reduction. Induction programs on disaster
risk management and mock drills have to be conducted systematically in landslide hazard
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prone areas. Most of the landslide disasters occur in remote places where communication
facilities are poor. For example, the recent landslide occurred in the Pettimudi, Munnar,
Idukki district was communicated to authorities and the public, about ten hours after the
occurrence of the event. Moreover, there was not enough facility in that region to
rehabilitate the survivors of the landslide event.

Need for a comprehensive method for debris flow disaster risk reduction in Kerala.
The socio-economic development of the high land physiographic division of Kerala is
greatly affected by landslide disasters. A comprehensive approach incorporating ground
truth data analysis, modeling, prediction, and action plan is to be considered at the war
foot basis. Currently, the decision-makers mostly rely on landslide hazard zonation maps
derived by the processing of remote sensing data products, for creating disaster
management plans. The scale of these hazard zonation maps is of macro-scale (1;
50,000), therefore micro-scale (1:2000/ 1:5000) hazard zonation maps are to be created
within a limited time frame. For this purpose, a task force knowing the terrain aspects and
processes (geomorphologic/geologic) is required. Detailed micro-scale mapping,
acquisition of ground truth from the terrain, and preparation of hazard zonation maps can
be effectively carried out with the help of postgraduates/graduates in geology and allied
disciplines.Dissertation projects of post graduate courses on landslide hazard zonation
and related themes will generate data within a limited time frame. The data generated
from these projects can be utilised for redesigning the existing disaster management plans
or for creating new plans.It is important to note that most of the recent landslides
occurred in areas where the hill slopes are modified by agriculture (which in turn
obscured the first-order streams) and rainfall storage pits are unscientifically constructed,
and at places where water storage systems were constructed at higher elevations. Parts of
the drainage basins were modified to residential areas in some places. Such vulnerable
locations can be mapped and effective disaster management plans can be made based on
the terrain observations. This can be achieved by employing post graduates in geology
and allied subjects in the village/panchayat level.Systematic real-time monitoring of
atmospheric conditions is necessary for this decade of extreme climatic shifts. The
pattern of rainfall is changed in terms of its intensity and spatial distribution.
Atmospheric conditions are to be monitored and systematic analysis of the recorded data
is significant in designing disaster management plans.Construction of relief camps,
conducting mock drills in hazard zones, enhancing communication, transportation and
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medical facilities in remote areas is important in disaster management. Strengthening the
coordination between meteorological, hydrological, and disaster management authorities,
reduction of haphazard construction in the vulnerable area and an action plan considering
the above mentioned aspects had to be executed on a war foot basis.
Proposed Action plan
Natural disaster risk reduction is possible with effective governance. Providing early
warning to inhabitants in the landslide hazard-prone areas and proper execution of
disaster management strategies are keysto disasterrisk reduction. For achieving this
objective, an innovative action plan is required. Mapping of landslides, conservation, and
revival of the natural stream channels, micro-scale hazard zonation, and communitybased disaster awareness are essential. he implementation of this action plan requires
effective coordination between the public, administrators, and the authorities. A socially
committed dedicated task force is required to execute the plan. An action plan involving
three tier systems is represented in Fig. 3.

Fig.3.Proposed action plan of disaster management incorporating three tier systems
Detailed micro-scale terrain mapping (1:2000 -1:5000 scale), real-time monitoring and
data analysis of the atmospheric conditions, preparation of micro-scale hazard zonation
maps, designing of disaster management plans are the responsibilities of the Data
Analysis Team (DAT). Taskforce of this team includes students/volunteers lead by
postgraduates /graduates in geology and allied disciplines. The responsibilities of
Community Disaster Management Cell (CDMC) are to conduct community-based
disaster awareness programs, capacity augmentation such as the construction of relief
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camps,

improving

communication

transportation

and

medical

facilities,

rebuilding/restoration of landslide affected area. Teachers, NCC-NSS volunteers,
students, administrators/officials are to be included in this group. The activities of this
group are guided and supervised by the People representatives at the panchayat/ward
level. Kerala State Disaster Management Authority (KSDMA), District Disaster
Management Authority (DDMA) should act as nodal agencies to monitor and provide
guidelines to the activities of DAT and CDMC.

Conclusion
Landslide hazards cannot be prevented, but it can be managed before it turns to a disaster.
An increase in death tolls in landslide events can be reduced to an extent by delineating
‘landslide hazard zones’ and implementation of community-based disaster awareness
campaigns in landslide-prone areas. The preparation of micro-scale hazard zonation maps
with the aid of the Geographic Information System (GIS) software is possible with the
expertise of geology graduate and post-graduate students. Execution of disaster
awareness program and management plans in hazard prone is possible with the active
involvement of public, volunteers, teachers, administrators, and representatives of the
people. As the causative and triggering factors of each landslide are different, mapping
and detailed studies of landslide areas will help to evaluate the stability of the terrain and
to predict the probability for future landslides.
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Abstract:
The present study is a preliminary step to analyse the hazardous effects of air
pollution and major health complications associated with, using a GIS based
approach. Study area was limited to a 5km buffer around the Ambalamugal
industrial area, Kochi. A survey conducted in 312 houses inside the study
area, to analyse the diseases prevalence due to air pollution. House locations
also collected and it given as input data for doing spatial analysis using GIS
tools. Inverse Distance Weighted interpolation was done to check the quality
of analysis. A continuous surface of disease distribution was got through
spatial interpolation. The overall study area split into three distance zones of
0-1.5km, 1.5-3km, 3-5km respectively and disease prevalence percentage in
each zone was calculated. As a result of the study, there is a high incidence of
respiratory and other major health complications occurs within 3km inside the
study area due to the effect of air pollutants emission through industrial
stacks. In future the study can make more advanced by creating dispersion
model of pollutants using GIS tools.
Keywords: Air pollution; Health GIS; Ambalamugal; Inverse Distance Weighted
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1 Introduction
Pollution is one of the most serious environmental threat in the universe. Its hazardous
effect causes serious health issues to all kind of lives in the earth. Air pollution become
the major way of environmental pollution after the onset of industries. The main source
of pollutants emission is industrial, residential, traffic and natural. Its effects on human
health are very complex as there are many different sources and their individual effect
vary from one to the other. It causes major respiratory problems like cardiopulmonary
diseases, bronchitis, asthma, wheezing and cough etc. (Yerramilli, 2011). Air pollution
is becoming one of the biggest dangers for the future of the planet, causing premature
deaths of humans and damaging flora and fauna (Gorai, 2014).The situation is more
associated with urban areas rather than rural areas due to increased human activities.(
Allegrini, 2002).
Air pollution in Indian cities came into a more threatening level now days due to rapid
urbanization, commercialization, and industrialization. Commonly found air pollutants
from industries are Carbon Monoxide, Sulphur dioxide, Nitrous oxides, Particulate
Matter (PM) etc. Among these PM is more dangerous. PM cause respiratory problems
such as (asthma,bronchitis, lung cancer etc), allergic problems in eye and skin (itching,
redness). In the present study an attempt is made to monitor the air pollution linked
diseases in a heavily industrial area at Cochin by using geospatial tools. Cochin city is
facing an acute problem of pollution in the atmosphere due to the heavy increase in
traffic and emergence of industries. The study focuses in industrial pollution linked
diseases over Ambalamugal industrial area.
1.1 Major Air pollutants considered in this study
1.1.1 Particulate Matter (PM)
Particulate matter is a small discrete mass of solid or liquid matter that remains
individually dispersed in gas or liquid emissions. Particulate matter (PM) is of two
type, less than 100μm diameter are named as Suspended Particulate Matter (SPM) and
their large dimension does not allow them to be suspended for long time in the
atmosphere.PM less than or equal to 10μm diameter in size are termed as Respirable
Suspended Particulate Matter (RSPM) or PM10, while in developed countries particles
less than 2.5μm are called RSPM. The major constituents of RSPM are organic and
elemental carbon, metals/elements like silicon, magnesium, iron, ions like sulphate,
nitrate, ammonium etc. These particles are small enough to go deep into respiratory
and pulmonic system and cause health problems like respiratory illness, aggravate
existing heart and lung diseases (WHO, 2013).
1.1.2 Gaseous Pollutants
1.1.2.1 Nitrogen Oxides (NOx)
NOx represents all oxides of nitrogen together, but for air pollution NO2 and
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NO are of primary concern. NOx is a mixture of gases ranging from colourless to
reddish brown and is a prominent air pollutant. Sources of nitrogen oxide include
lightening, forest fires, natural sources, vehicles, industrial process that burn, high
temperature combustion, fossil fuel-fired power station, burning of biomass and fossil
fuels etc. Continuous exposure to NO2 leads to respiratory problems and lung damage.
1.1.2.2 Sulphur Dioxide (SO2)
SO2 is a colourless gas with pungent odour. Anthropogenic sources of SO2 are
combustion of fossil fuels, petroleum refining, smelting of metals, combustion process
in diesel, petrol, natural gas driven vehicles etc. The health effects include asthma,
respiratory illness and cardiovascular diseases (Bozyazi, 2000). Excess of SO2 increase
the rate of oxidation of iron, steel, zinc and aluminium and it causes acid rain and
aesthetic damage.
1.2 Application of GIS (Geographic Information System) in air pollution
GIS offer potentially powerful tool for exposure assessment in support of both
air pollution epidemiology and air quality policy (Briggs, 2006). GIS spatial analysis
was used to identify air pollution level in this study. The inclusion of interpolation
methods provides apowerful environment to the users to assess the quality of their
analysis (Salimi, 2018). Sources of data for GIS are maps, tables, satellite remote
sensing and Global Positioning Satellite system (GPS). GIS integrates common
database operations such as query and statistical analysis with the unique visualizations
and the geographic analysis benefits offered by maps
.It also offer decision making and problem solving support. Air pollution maps helps,
particularly in urban areas for epidemiological studies and also to identify the “hot
spots” in need of spatial investigation or further rigorous monitoring.
1.3 Study area
Ambalamugal is a small township located 15km away from the city of Kochi, in
Kerala with a latitude of 90 57’ 57.39’’ N and longitude of 760 22’ 07.96’’ E. It is a
heavily industrial area. Kochin Refinery (KRL) and Phillips Carbon Black Ltd. were
the major industries located over there. In 2010, this area was declared as “critically
polluted” by the Ministry of Environment and Forests. The main pollutants in and
around this industrial area are CO, SO2, H2S, Oxides of nitrogen, Hydrocarbon, etc.
Green belt is missing around this area. LPG bottling plant (highly sensitive to
explosion) of KRL is situated within 100m of populated area. Industries over this area
are creating major health problems, which is discussing in this study. Study area
boundary for this study was limited by creating a buffer with radial distance of 5 km
around
Ambalamugal
industrial
area
(Figure:
1)
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Figure: 1 Map of Ambalamugal Industrial area
2 Materials and Methods
2.1 Data sources and collection
2.1.1 Air quality data from Pollution Control Board (PCB)
Ambient air quality data in an around the Ambalamugal area were collected
from PCB for the last 5 years .Air quality measurements were carried out from three air
monitoring locations in an around the study area, are Vytilla, Kalamassery and
Irumpanam. Among the three monitoring locations two of them are industrial and the
other is commercial. Parameters monitored are SO2, NOx, RSPM and SPM.24 hour
average is taken monthly basis and from this annual average were calculated. High
Volume samplers are used for monitoring air quality.
2.1.2 Air quality data from direct Air sampling
A direct air sampling was done using High volume Air Sampler in 3 locations
near to the study area. The three locations are Ambalamugal, Karimughal and
Irumpanam. Continuous 24 hour sampling were done in the three locations by
considering NOx, SO2,Ozone and PM
2.5 are major parameters and measurement of pollutant is in µm3. Envirotech
Respirable Dust Sampler (RDS), Model APM 550 MINI (Figure: 2) was used for the
sampling. The high- volume (Hi-Vol) sampler is the workhorse of air sampling and
monitoring. The sampler uses a continuous duty blower to suck in an air stream. When
fitted with a particle size classifier, it separates particles greater than 10μm size from the
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air stream. Figure: 4 High Volume Air Sampler Model APM 550 MINI The air stream is
then passed through a filter paper to collect particles lesser than10μm size (PM10). The
filter paper can be used to determine benzene- soluble organics, metals, such as Pb, Cd,
etc., fluorides, radioactive materials and biologically active nonmetals, sulphate, nitrate
and ammonium. The sampler can also be used to sample gaseous pollutants. A stream of
unfiltered air is bubbled through a reagent, which either reacts chemically with the gas
of interest or into which the gas is dissolved. Wet chemical techniques are used to
measure the concentration of the gas.

Figure: 2 High Volume Air Sampler Model APM 550 MINI
2.1.3 Maps and Images used
Survey of India (SOI) top sheet no-58 C/5 of 1: 50,000 scale and Digital Globe
image of 2014 was used for creating different layers in GIS
2.1.4 Field Survey-Disease data collection
Epidemiological data are often obtained by means of field survey. A direct
field survey was conducted in an around the study area with a questionnaire of 40
questions (Annexure, Table: 1).Around 312 houses were visited to collect disease data,
and survey mainly focused on respiratory diseases. Latitude and Longitude of house
locations was taken by using OSM Tracker for Android™. House location data
collected (Figure: 3) in .gpx format converted to
.shp files and used as the input for doing Interpolation analysis of disease surveillance.
Study area of 5000m distance area was divided into 3 zones with a distance, zone1 is 01500m,zone 2 is 1500m-3000m,zone 3 is 3000m to 5000m (Figure: 3) by using GIS
analysis, buffer tool. A random sampling was done to select homes for survey .Number
of homes visited was in the order zone 1 was 29 houses, zone 2 was 78 houses, zone 3
was 205 houses. Most of the families are migrating from this area due to the high
occurrence of diseases very near to the industry.
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Figure: 3 Survey map showing house locations in different distance zones

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

29

Table: 1 Questionnaire
1
2
3
4

5

7
8

House address
Village name
Native/relocated
If relocated, from how many
years
Location of house, how
many km from industrial
area
Exposure to the polluted
air (put tick mark)
Any diseases present (pollution
related)

9
10
11

If yes, specify
Respiratory diseases
Skin infections

12
13
14
15

Eye infections
If Others,specify
Problem arise after relocation
Any death happened due to
lung cancer
Duration of symptoms
Number of members affected
Age of members affected
Whether babies affected or not
If yes, age in months
Consulting hospital name and
location
Expenditure in hospital (per
month)
Loss of working days (affected
person)
Whether affected person
working in any indstry
If so, Working hours
Whether the affected
person having smoking
/drinking habit
If yes, from how many years
Any foul smell for air
during industry working
hours
If yes, specify time
Whether pollution affected
well water
Whether animals also affected
If yes, specify symptoms
present
Whether noticed that any
species extinct from this
area after industrialization
If yes, specify species name
Do you know that anybody
studied about the pollution
problem in this area

16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31
32

33
34
35

Short term
Yes

Long term
No

Respiratory
diseases
Lung cancer
Redness

Eye
infections
Bronchitis
Itching

Itching

Redness

Yes
Yes

No
No

Yes

No

Yes

No

Yes

No

Day
Yes

Night
No

Yes

No

Yes

No

Skin
infections
Asthma
others
burning
sensation

others
others

others
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36
37

Anybody migrated from this
area due to air pollution
If yes, Rate of migration
Anybody give complaint

38
39

40

Do you know, any measures
are taken by the industry to
reduce pollution in
this area
Any Green Belt
present around the
industrial area

Yes

No

regarding pollution to PCB
Yes
No

Yes

No

2.2 Thematic layer creation using ArcGIS Version 9.3
Satellite image (premium resolution image taken from Google Earth) was used as the
base map to create different thematic layer of road, railway, industries and survey
locations using ArcGIS Version 9.3. All the output feature class of different layer was
projected to Universal Transverse Mercator (UTM) with WGS-84 Zone 43North as the
spheroid (Table: 2).
Table: 2 Thematic Layers

Feature Class
Road
Railway
Industries
House locations

Thematic layer type
Line
Line
Polygon
Point

Sour
ce
Satellite image
Satellite image
Satellite image
OSM Tracker
for
Android™

2.3 Distance zone creation using ArcGIS Version 9.3
Study area divided into three distance zones using proximity buffer tool in GIS.
Multiple ring buffer created with a distance of 0-1.5km, 1.5-3km, 3-5km respectively.
Field survey based on these three zones with a random sampling of houses was
conducted.
2.4 Spatial Analysis using Inverse Distance Weighted Interpolation
Spatial analysis carried out using IDW (Inverse Distance Weighted)
interpolation in the present study to create a spatial distribution surface of disease
surveillance. IDW estimates cell values in a raster from a set of sample points that have
been weighted so that, the farther a sampled point is from the cell being evaluated, the
less weight it has in the calculation of the cell's value. Two IDW has done with total
number of persons affected and total no of disease present in each home respectively as
input data. A detailed flow diagram of overall methodology for the assessment of
disease surveillance is shown in figure: 4.
K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

31

Figure: 4 Process flow diagram of overall methodology

3 Result and Discussion
The chance of air pollution is more in the industrial area due to the pollutants
emitted through stacks. Thereby, air pollution assessment was conducted around the
industrial area. In this particular study Ambalamugal was taken as the study area.
3.1 Assessment of ambient air quality data
3.1.1 Air quality data from direct sampling
Direct air quality sampling with High volume air sampler was done in Ambalamugal,
Karimugal and Kakkanad. The result (Table: 3) shows that Ambalamugal and Karimugal
area were affected by high concentration of PM2.5. More than 60µg/m3 was the PM
concentration in this area which shows the area is critically affected by PM pollution.
Where, the sampling in Kakkanad area which is 6.5 km away from the Ambalamugal
have less pollution compared to study area, but was also very near to the maximum
limit. PM concentration in Karimugal is 100µg/m3, people in this area vulnerable with
Carbon pollution. In this area while air sampling, the filter paper used was totally black
in colour (Figure. 5) after sampling due to the presence of Carbon particles from Phillip’s
carbon black company around this area.
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Table: 3 Air quality data by direct sampling
Parameters
WHO
Standard
Monitoring
hours
Karimugal
Ambalamugal
Kakkanad

PM 2.5
(µg/m3)
60µg/m324HR
24HR

NOx(µg/m3)

SOx(µg/m3)

80µg/m324HR
24HR

80µg/m3-24HR
24HR

Ozone(µg/m3)
100µg/m31HR
24HR

91.5

54

6

17.5

61

62.5

8.5

22.5

47.5

27.5

4

10

Figure 5: Filter papers after sampling shows high concentration of carbon in
Karimugal area

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

33

3.1.2 Air quality data from Pollution Control Board (PCB)
Ambient air quality data of Phillips Carbon black Ltd obtained from PCB
shows, CO, PM2.5, SO2 levels are high in fixed intervals of air sampling (Table :4).
Carbon particles are circulating in this area through air, creating major health problems.
Ambient air quality of Vytilla, Kalamassery and Irumpanam stations (PCB monitoring
stations near to the study area) also were collected for the last 5 years,2009-2013.Trend
analysis of parameters SO2,NOx and RSPM (Figure- 6,7,8, Source PCB Directory,
2013) shows that a high increase in RSPM rate was occur in all 3 stations, where in
Irumpanam and Kalamssery RSPM is above the limit and in Vytila RSPM is in border
line during the time period.SO2 and NOx concentrations also increasing year by year,
but these two are within the limit. Particulate matter is the most threatening pollutant
for human health, as its concentration is deadly increasing day by day.
Table: 4 Ambient air quality data from PCB-Phillip’s Carbon Black ltd
(AugustSeptember 2014)

Monitoring hours
30.08.14 (12.30hrs)
30.08.14 (15.00hrs)
30.08.14 (19.45hrs)
30.08.14 (21.30hrs)
31.08.14 (15.00hrs)
31.08.14 (16.00hrs)
31.08.14 (18.00hrs)
31.08.14 (19.00hrs)
15.09.14 (16.00hrs)
15.09.14 (17.30hrs)
16.09.14 (16.00hrs)
16.09.14 (17.00hrs)

PM 2.5 (µg/m3)

75.3
44.9
62.1
36.9
56
39.3
69
48.4
53.8
38.5
43.1
32.5

SO2(µg/m3)

719
824
753
704.2
682
619
714
587
799.5
574
648
480

H2S(µg/m3)

3.7
2.9
3
2.1
4.6
4.1
4.2
2.8
3.9
2.4
4.2
3

CO(µg/m3)

72
61
53
47
59
44
50
39
63
42
49
35
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Table: 5 Disease prevalence data

Analysis report

Date

24hr
Average
IN µg/ml
RSPM
(µg/m3)

SPM
(µg/m3)

SO2
(µg/m3)

H2 S
(µg/m3)

26.08.14 TO 27.08.14
(16.20-16.20hrs)

153.1

79.5

24.9

BDL

26.08.14 TO 30.08.14
(12.15-12.15hrs)

129

83

38.4

BDL

30.08.14 TO 31.08.14
(14.00-14.00hrs)

187

84.7

29.5

BDL

31.08.14 TO 01.09.14
(17.15-17.15 hrs)

140.2

67.6

30.5

BDL

12.09.14 TO 12.09.14
(09.30-21.30hrs)

103

68

35.3

BDL

15.09.14 TO 16.09.14
(09.30-09.30hrs)

78

42.1

28.4

BDL

16.09.14 TO 16.09.14
(09.30 -17.30hrs)

94

41

36.1

BDL

26.08.14 TO 27.08.14
(17.4517.45hrs)
29.08.14 TO 30.08.14
(12.45-12.45hrs)

91.7

38.3

12.7

106.5

51.4

16.9

BDL

30.08.14 TO 31.08.14
(13.45-13.45hrs)

87.5

40.2

17.8

BDL

31.08.14 TO 01.09.14
(17.00-17.00 hrs)

70.9

31.6

21.9

BDL

12.09.14 TO 12.09.14
(09.45-21.45hrs)

71.8

33.2

13.1

BDL

15.09.14 TO 16.09.14
(10.00-10.00hrs)

60.3

36.9

19.1

BDL

16.09.14 TO 16.09.14
(10.00-18.00hrs)

122

59

15.7

BDL

BDL
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Figure: 6 Trend Analysis of Irumpanam station

Figure: 7 Trend Analysis of Kalamassery station

Figure: 8 Trend Analysis of Vytila station
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3.1.3. Field survey data
Result of field survey shows high rate of occurrence of respiratory diseases in an around
the study area. Survey conducted in 312 houses, selected by random sampling. Study
area divided into three distance zones such as 0- 1.5km, 1.5-3km, 3-5 km. All house
locations collected given as input feature for doing spatial analysis. Disease surveillance
data (Table: 4) shows high occurrence of asthma, cold, cough etc in adults as well as in
babies, which is mainly caused by PM. A foul smell in air during industry working hours
was occurred in the study area mainly in 1st and 2nd zones which causes headache and
nausea to people living around the area. People living around the industrial area were
migrating from this place due to high air pollution and presence of dust around this area.
Total disease percentage in three distance zones was calculated and is shown in Table 6. Comparison between the three zones shows that, disease prevalence percentage is
extremely high in first zone and is 89.65%. Zone two has less disease percentage, 19.23%
as compared to first zone. Third zone is less affected when compared with the other two
zones with 4.39%. From the given table we can assume that people living within 3km
inside the study area are highly susceptible to respiratory diseases due to the air
pollution attack from the major industries.
Table: 6Disease prevalence percentages in three distance zones

3.2 Spatial distribution of disease prevalence
Interpolation method provides a powerful environment to assess the quality of
analysis. Spatial analysis done by using house locations as input data in GIS.A
continuous surface of disease distribution got by IDW interpolation. It shows people
living around KRL within 3km and 1km around Philip’s Carbon co. were highly
susceptible to respiratory diseases. Two IDW interpolations was done by using data of
total number of persons affected (Figure: 9) and total number of disease present in each
home (Figure: 10). Meteorological condition strongly influences air quality. The most
critical parameters is wind direction, which determines the initial direction of transport
of pollutants from their sources; wind speed, which dilutes the plume in the direction of
transport and determines the travel time from source to receptor; and atmospheric
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turbulence, which indicates the dispersive ability of the atmosphere. Common pattern
of wind direction in Cochin was collected from Resource Atlas 1979-1980 given in
Figure: 11. From the figure it was found that wind speed prevailing direction is 1115km/hr towards N-E and East direction. Thereby, the likelihood of air pollutants to
spread towards the north-east direction is high. By considering the interpolation output,
wind direction and disease percentage of the three different distance zones, we can
clearly say that people living within 3km inside the study area are highly susceptible to
respiratory diseases due to pollution attack from the industry stacks, as compared to 35km distance zone.

Figure: 9 IDW interpolation done with total number of persons affected in
each house
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Figure: 10 IDW interpolation done with total number of disease present in each home

Figure: 11 Wind direction in Cochin (Source: CESS, 1984)
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3.3 Suggestions to reduce the effects of Air pollution
3.3.1 Maintaining green belt around the industrial area will improve the air quality to a
greater extent. Two major industrial zones should be encircled by about 500- 1000 mts
green belt as a barrier between industrial zone and major residential sectors. The free
zones between different industrial units should also be covered by green belts.
3.3.2 Currently, populated area starts with in 100m from the industries, Kindergarten,
Health centre etc are functioning within 50m from KRL LPG bottling plant (LPG is
highly susceptible for explosion). As per rule populated area should be 5km away from
industrial area. The harmful health effects of pollutants to the nearby population can be
reduced by re-habitat the surrounding population.
3.3.3 High emission of carbon and sulphur particles from Industries circulate in air and
making breathing difficulties (Carbon and Sulphur particles visible in crop leaf’s
also).Measures should be taken by the industries to reduce the emission of these
hazardous pollutants to air.
In present work, study area was limited by creating a distance zone of 5km
around the Ambalamugal industrial area. The study can be make more advanced by
extending the study area as the entire Kochin city. By increasing direct air quality
sampling points, will generate a huge data for creating Dispersion model of air
pollution around the area, using GIS tools. Examining relationship between high
pollution concentrations across various demographic thematic layers helps in
identifying hotspots (area in need of special investigation or monitoring). Survey
conducted around 50% of the total population will give a better understand of
hazardous health effects of air pollutants. In the present study, survey was limited
around 10% to total population.
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Abstract
The increasing human population and the corresponding increase in the
population density are posing a higher vulnerability of the society to natural
disasters like Landslides. Soil quarrying and leveling of hillocks have been
reported from all over Kerala especially along the upper catchment areas of
Muvattupuzha River, which is the study area. Rampant quarrying likely to
have caused landslides in this region. A huge number of quarries were found
in the study area which are in operation. GIS mapping and analysis using
frequency ratio model was implemented in this study to assess the contribution
of conditioning factors to landslides, and to produce a landslide susceptibility
map of the study area. Most of the devastating landslides were occurred in the
hill slopes >17˚. Landslides found in the dense forest may be due to
unscientific road network passing through the area.High frequency values are
observed near to quarry locations, which indicate the presence of
anthropogenic factors triggering landslides. The Susceptibility map with four
zones: Low (13.9%), Moderate (52.6%), High (29.5%), and Very high risk
(3.9%) was prepared. This result can be used as a basic data to assist slope
management and landuse planning.
Keywords- Landslide,Quarrying,Frequency Ratio, GIS,Susceptibility Map
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Introduction
The term “landslide” is used to describe a wide variety of processes that result in the
perceptible downward and outward movement of soil, rock and vegetation under
gravitational influence (United States Geological Survey Fact sheet, 2004). This natural
geological phenomenon is also known by the names ‘slope failure’ and ‘mass wasting’.
Slope failures involve flowing, sliding, toppling, or falling movements, and most of the
landslides exhibit a combination of these movements (Varnes, 1978). A landslide can be
influenced by various factors such as slope conditions and slope angle, lithology, soil type
and hydrologic or meteorological conditions (Silalahi et al., 2019).
Human activities such as deforestation of slopes, removal of slope support in road cuts,
alteration of surface runoff paths, have become important triggers for landslide
manifestation (Skilodimouet al., 2018). The use of explosive to blast through rocks in
quarries is also a major cause of landslides in Kerala.Landslide susceptibility assessment
can provide valuable information essential for hazard mitigation and through proper
project planning and implementation (Demir, 2016).The assumption behind Landslide
Hazard Zonation is that future landslides will occur under similar conditions as past and
present landslides (Vineetha et al., 2019).
Several workers have investigated on landslides in Kerala especially along the Western
Ghats region (Vijith and Madhu 2008, Sreekumar and Arish Aslam 2011, Biju P
Abraham and E Shaji 2013and Abraham, MT et al., 2019).The use of Earth observation
(EO) and geographic information system (GIS) has become an integrated approach in
disaster risk management (Van Westen, 2013). These current geospatial technologies are
very useful for assessing future hazard occurrences and identifying the vulnerability of
communities to hazards. This study is carried out in order to assess the landslide
susceptible zones of the upper catchment area of Muvattupuzha river basin by means of
geospatial approach.
Study Area
Muvattupuzha river is one the major perennial rivers in the central Kerala. It originates
from the Western Ghats and drains mainly through highly lateritised crystalline rocks.It is
formed by the confluence of three rivers - Kothamangalam, Kaliyar and Thodupuzha
Rivers (Gopinath and Seralathan2003). It lies between latitude 9˚40’N-10˚0’N and
longitude 76˚40’E- 76˚50’E, falling in the Survey of India topographic sheet Nos.
58C/14, 58C/13, 58C/9, 58B/12, 58B/16. It is shared between Ernakulam and Idukki
districts of Kerala and covers an area of about 1039.25km². The study area map is shown
in the (Fig.1).
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Fig.1. Study area

Materials and Methods
Landslide Susceptibility Analysis
In this study, the landslide susceptibility analysis was implemented using the method of
frequency ratio. Initially, the Paleo-slide data of the study area were collected from field
observations. In order to achieve this, landslide factors related to the causes of landslide
occurrence in the study area such as slope angle, slope aspect, curvature, elevation,
geology, geomorphology, precipitation, TWI, lineament density, stream density, soil
texture, soil depth,land use, NDVI, distance to road and quarry layers were used.
Landslide Susceptibility mapping includes, the preparation of various thematic layers
from different data sources, such as Survey of India topographic sheets, Satellite
data,Geological Survey of India maps, Google earthetc. Calculation based on the
observed relationships between distribution of landslides and each landslide-related
factor, revealing the correlation between landslide locations and the causative factors in
the study area. Frequency ratio method is applied to the given layers to produce the final
landslide susceptibility map of the study area. The methodology adopted for the study is
given in the flow chart (Fig.2.).
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Fig.2. Methodology adopted for the study

Softwares used


ArcGIS 10.5.1



QGIS 3.14



ERDAS IMAGINE 2015

Analysis Performed
 The base digital elevation model (DEM) was derived from the contours, streams, cliff
and spot height of the study area. Using DEM, landslide inducing factors like slope
angle, aspect and curvature, were obtained.
 Geomorphological map of the study area was extracted from the toposheet (SOI) and
the geology map was derived from Geological survey of India (GSI) and they were
verified through field work.
 The land use/ land cover was obtained by visual interpretation. Twenty LULC classes
are identified from Landsat 8 OLI image.
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 Landsat 8 image is used to find out Normalized Difference Vegetation Index (NDVI)
which quantifies vegetation by measuring the near infra-red and red(5th and 4thbands
respectively) (Pirotti et al., 2014).
NDVI =
 Soil map of the study area was prepared from Bench mark Soils of Kerala. Both soil
texture and soil depth map was created.
 The lineament density map was prepared from the density tool available in the Spatial
Analyst extension of Arc GIS.The influence of streams on landslide occurrence was
also considered. Streams are extracted from Toposheet (SOI) of scale 1:50000 and
using line density tool the stream density was found out.
 Precipitation
data
was
collected
as
a
satellite
based
product(http://mirador.gsfc.nasa.gov). Annual average rainfall of 10 years (2009-2018)
was calculated using raster calculator in Arc GIS.
 Total Wetness index (TWI) describes the effect of topography on the location and size
of saturated source areas of runoff generation. It can be calculated using formula:
TWI = ln
In which, stands for catchment area andtan for slope gradient (Qin et al., 2009).
 The distance to road and Quarries has been considered as one of the most important
anthropogenic factors influencing landslide occurrences. The distance to road and
quarries were calculated by Euclidean distance tool of the GIS application.

Frequency Ratio method
For calculating the frequency ratio, a table was made for each of the landslide related
factors. The area of occurrence and non-occurrence was calculated for each factor. Then
the frequency ratio for each depending factor is calculated by dividing landslide
occurrence ratio by area ratio (Eqn.1). If this ratio is greater than one, then the
relationship between landslide and factors class is strong. If the ratio is <1, then the
relationship between a landslide and the factor‘s class or type is weak (Lee and Sambath
2006). The relationship between the landslide and landslide causing factors were derived
by using frequency ratio model(Table 1).
Table 1 Frequency ratio of factors to landslide occurrences
Theme

Elevation

Class
1.24 – 239.43
239.43 –
477.62
477.62 –
715.81

No: of
Pixel
8060162
786143

% of
Area
77.56
7.56

774585

7.45

No. of
% of
Landslide Landslide
96
71.1
22
16.3
15

11.1

Frequency
Ratio
9.17
2.15
1.49
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Slope angle

Slope aspect

Curvature

Geology

Geomorphology

Soil texture

715.81 –
954.01
954.01 –
1192.2
0 - 17.41
17.41 - 34.82
34.82 - 52.22
52.22 – 69.63
69.63– 87.04
Flat
North
Northeast
East
Southeast
South
Southwest
West
Northwest
Concave
Flat
Convex
Charnockite
group
Basic Rock
Migmatite
Complex
Khondalite
Group
Water Body
Plateau
Pediplain
Residual Hill
Piedmont Zone
Denudational
Structural Hills
Flood Plain
Denudational
Hills
Gravelly loam
Gravelly clay
Sandy clay
loam
Gravelly clay
loam
Sandy clay
Clay

706762

6.80

2

1.5

0.22

64809

0.62

0

0

0

788318
214614
332884
19596
10646

75.85
20.65
3.20
0.19
0.10

85
45
5
0
0

63
33.3
3.7
0
0

8.30
16.14
1.16
0
0

310
828446
1664091
1021602
817192
1377089
1819940
1263896
957578
2519
5160248
5229695
4028016

0.00
8.50
17.07
10.48
8.38
14.12
18.67
12.96
9.82
0.02
49.65
50.32
38.76

0
13
15
10
11
27
29
18
12
0
74
61
26

0
9.63
11.11
7.41
8.15
20.00
21.48
13.33
8.89
0
55
45
19

0
1.13
0.65
0.71
0.97
1.42
1.15
1.03
0.91
0
11.04
8.98
4.97

340106
5796156

3.27
55.77

11
93

8
69

2.49
12.35

228184

2.20

5

4

1.69

64326
4588964
1130253
112761
1482064
2954079

0.62
44.16
10.88
1.09
14.26
28.43

8
20
18
5
20
64

5.9
14.8
13.3
3.7
14.8
47.4

9.57
3.36
12.26
3.41
10.39
16.68

940
59075

0.01
0.57

0
0

0
0

0
0

2779111
757544
1870654

26.74
7.29
18.00

40
0
36

29.6
0
26.7

11.08
0.00
14.81

3261257

31.38

17

12.6

4.01

1202543
520894

11.57
5.01

22
20

16.3
14.8

14.08
2.96

=

/
/

………… (1)
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FF is the no. of occurred landslides at each class of factors,
TFF is the no. of total landslides
E is the no. of pixels in the class area of factors
F is the no. of all the pixels in the area
Landslide Susceptibility assessment
Landslide susceptibility map was constructed by calculating and classifying Landslide
susceptibility indexes (LSI) for whole study area. LSI indicates the degree of
susceptibility of area to landslide occurrences. Spatial analyst extension of Arc GIS
software was used for the integration of all factors. The landslide susceptibility index
(LSI) is calculated by the raster calculator option of this software using (Eqn.2). The LSI
represents the relative hazard of landslide occurrence.
LSI =Fr1 + Fr2 + Fr3 +…..+ Frn……. (2)
Where Fr1,Fr2, Fr3….Frn are the frequency ratio or landslide density raster map of each
landslide factor, LSI represents thelandslide susceptibility index and n is the number of
factors (Zine et al., 2019).
Results and Discussion
Elevationof a geographic location is its height above mean sea level. It is observed that
the tendency of landslide susceptibility decreases as elevation increases. The high
frequency ratio comes under elevation class < 239.4, which contribute about 806km2 of
the study area (Fig.3.a).Slope angle is directly related to landslides. The frequency ratio is
< 1 for slope angle >52˚, which indicate less chances of landslide in those regions. The
entire slope classes < 52˚showed frequency ratio greater than 1, which shows high chance
of landslide occurrence. Very high probability of landslide is found in the region of slope
between 17˚- 34˚, which covers an area of about 214.12km2(Fig.3.a). Kuriakose et.al
(2008) pointed out that majority of mass movements have occurred in hill slopes greater
than 20˚ along the Western Ghats scarps.
Slope aspect is another factor in preparing landslide susceptibility maps. Aspect such as
North, Southeast, Southwest and West are considered as landslide probability zones in the
study area, where frequency ratio showed values >1 and FR is lower in all other
directions. These four major aspects together contribute about 529km2of the total study
area (Fig.3.b).Curvaturevalues represent terrain morphology where the positive curvature
indicates that the surface was upwardly convex at that grid while the negative curvature
represent concave surface at that grid. A value of zero implies flat surface. The present
study shows high frequency values for flat and convex curvature areas. They together
contribute about 1038.8 km2 of the total study area (Fig.3.b).
Geologyis one of the most common determinant factors in landslide stability studies
because different lithological units have different landslide susceptibility values which
can provide important information regarding landslide susceptibility of a region (Yalcin
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and Bulut 2007). In the study area migmatite complex have high frequency ratio,
indicating high probability of landslides. It contributes about 579.62 km2 of the total
study area. Followed by migmatite complex, Charnockite group of rocks, Basic rocks and
Khondalite group of rocks also show occurrence of landslides (Fig.3.c).Frequency ratio is
higher for denudational structural hill which covers 295.4 km2 of the entire study area.
Similar observations were made by Vijith and Madhu (2008) from Western Ghats of
Kerala with high frequency of occurrence in Denudational hills. Frequency ratio of flood
plain is zero, which means no chance of landslide occurrence in that region (Fig.3.c).
Among all the textures in the study area, gravelly clay alone shows frequency ratio <1,
which indicate less chance of landslides in that area. Sandy clay loam, Gravelly loam,
Sandy clay, Gravelly clay loam and clay shows high probability of landslides, which
together contribute about 963.4 km2 of the total study area (Fig.3.d).Soil thickness in the
study area ranges from 15 – 29 cm. All depth class except soil of 25cm shows frequency
ratio less than one, which indicate less chance of landslide occurrence in that region
(Fig.3.d).
Land use practices have a direct effect on landslide activities (Vineethaet al., 2019). It is
significant that high FR values were observed for the forest, plantations, dense mixed
forest, mixed crop with settlement, rivers, buildup and rock exposure indicating high
probability of landslide occurrence. High numbers of landslides are contributed by forest
(27.13%) and plantations (18.12%), which together contribute about 470 km2 of the study
area (Fig.3.e).NDVI values were relatively high which linked to the healthy vegetation,
while the negative values represented generally the bare area. In the case of NDVI, major
number of landslides are found in the areas of NDVI greater than 0.03. The ranges 0.03 0.32 and 0.32 - 0.61 have frequency ratio greater than one and they contribute about
1035.3 km2 of the study area. Less chance of landslide occurrences is found in the region
where NDVI is less than 0.03 (Fig.3.e).
Low to medium lineament density (<0.31- 0.94) showed high landslide susceptibility.
Here very less probability of landslides for high values of lineament density (Fig.3.f).
High drainage density (6724 - 8405) represents very high to steep slope but, the
frequency of slope failure is less compared to moderate to very low slope coupled with
low drainage density (Fig.3.f).
Precipitation is one among the most important triggering factor of landslides and here
most of the landslides have been occurring in class >2949.8mm. It contributes about 690
km2 of the total study area (Fig.3.g). For TWI, the FR values higher than 1 are found in
the classes 1st to 4th, hence there is probability of landslide occurrence in that regions. It
contributes about 1031.82 km2 of the total study area (Fig.3.g).
In the case of quarry distance, high FR value was obtained for class 6542.5 - 9813.8,
which contribute about 153km2 of the study area (Fig.3.h). Maximum numbers of
landslides were found from regions nearby quarries. There are around 280 quarries in the
study area which include active, inactive and banned quarries. Hence, quarries play a vital
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role in landslide occurrences. In mountainous terrain the construction of communication
network including roads and railways, often leads to the destabilization of slope and
eventually causes land sliding (Shafique et al., 2016). In this case, the high probability of
landslide occurrence is near to road and frequency ratio decrease with increase of distance
from road. There is no chance of landslideoccurrence in frequency class greater than
3363.8 (Fig.3.h)

.
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50(e)

50(g)

50(f)

50(h)

Fig.3. (a) Elevation and Slope angle (b) Slope aspect and Curvature (c) Geology and
Geomorphology (d) Soil texture and Soil depth (e) NDVI and LULC (f) Lineament
density and Drainage density(g) Rainfall and TWI (h) Distance to Quarry and Distance to
road of the study area
On developing Landslide susceptibility map, study area was divided into four categories,
very high, high, moderate and low based on the degree of vulnerability (Table 2; Fig.4).
3.94% of the study area was classified as very high susceptible, which covers an area of
38.05 km2. 29.5% of the area was classified as high susceptible zones, 52.65% was
classified as moderate susceptible zones and rest i.e. 13.92%as low susceptible zones
oflandslides.
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Table 2 Geographical area of Landslide susceptibility zones
Landslide Susceptibility Zones Area (km2) Area (%)
Low

134.45

13.92

Moderate

508.62

52.65

High

284.96

29.50

38.05

3.94

Very high
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Fig.4. Landslide Susceptibility Zones of the study area
Conclusion
In this study, frequency ratio method is used to prepare the landslide susceptible map of
the upper catchment area of Muvattupuzha river basin. A total of 135 landslide locations
have been utilized to construct landslide inventory map. Frequency ratio values of
considered factors indicate that slope angle greater than 17.4˚, aspect facing N, S, SW and
W with flat and convex curvature, sandy clay loam, denudational structural hills,
migmatitic complex, moderate stream and lineament density, with NDVI value greater
than 0.03 and TWI less than 9.33 are the main landslide causing factors of the study area.
Landslides in dense forest may be due to unscientific road network passing through the
area. Quarries in the study area play a vital role in landslide occurrence. High number of
landslides where recorded from regions close to quarries. From the analysis it is estimated
that about 3.94% of the land is highly unstable and these unstable region lies mostly
towards the eastern parts of the study area. Landslide here is mainly accelerated by
anthropogenic disturbances such as deforestation, terracing and obstruction of ephemeral
streams and cultivation of crops lacking capability to add root cohesion in steep slopes.
The output results of the present study can help the decision makers, managers, urban
planners, engineers, and landuse developers to manage slopes and choose susceptible
locations to accomplish development in wild land as well as urban areas.
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Abstract
The first integrated tribal development block of Kerala, Attappady is a
mountain valley at the banks of river Bhavani below the Nilgiri Hills of
Western Ghats. Being a major buffer zone of Silent Valley National Park, the
area had been prone to large number of forest fires within a decade resulting in
a massive loss of biodiversity. The scale of these wildfires had led to an
immediate requirement of measures to prevent such events. This requires an in
depth analysis of the study area, its history of wildfires and their causes. This
study put forwards GIS based frequency ratio method approach for the
preparation of forest fire susceptibility map and management strategy for the
study area. 17 ignition factors were taken in to consideration namely, Slope,
Aspect, Elevation Curvature, Topographic Wetness Index, NDVI, Distance
from habitat and roads, Evapotranspiration, Soil texture, Soil Depth, Soil
Moisture, Wind speed, Stream density, Temperature and Rainfall. The study
revealed that an area of around 203.98 km2 (24.50%) is highly susceptible to
forest fire. In order to check the practicality of the proposed watch towers
view shed analysis had been carried out which showed that the region that
falls under the visible part of proposed view sheds, that is; 200 km2 is
approximately equal to the area under high risk of forest fire.
Keywords: Forest Fire Susceptibility Mapping, Frequency Ratio Method, Wildfires,
View shed Analysis, Geographic Information System
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Introduction
The changing global climatic patterns have resulted in seasonal irregularities, altering
temperature and rainfall patterns along with the immense human interventions have
resulted in the large scale disruptions of these natural resources. The after effects of these
havocs are often observed as blazing uncontrollable fires, drought, insects and disease
outbreak, hurricanes, storms and landslides (Dale et al., 2000). Wildfires are complex
events diagnosed as fire in an area of combustible that can be caused either due to natural
or anthropogenic reasons (Adabet al., 2013). The causes of forest fire varies from
lightening, volcanic eruptions, sparks from rock falls and rubbing of trees against each
other to those attributed to human activities (Pourghasemi, 2016). 90% of the fires are
originated as a result of human activities (Jaiswalet al., 2002). In the year 2019
December, Kerala was ranked third among the top five states in India on the basis of
increase in forest fire by India State of Forest Report, 2019.The study area Attappady had
gone through a number of episodes of forest fire in a decade. Hence there comes the need
for planned efforts to mitigate the risks of wildfires.
With respect to the latest developments in the Remote Sensing and GIS fields, many
researchers have used these techniques for the forest fire susceptibility mapping
(Chuveico and Congalton 1989; Chuveico and Salas 1996; Sunar and Ozkan 2001;
Jaiswalet al., 2002; Pradhan et al., 2007; Eskandari and Chuveico 2015; Pourghasemi,
2016). In addition to this, latest methods that are employed in the forest fire susceptibility
mapping include gradient boosted regression trees, evidential belief function etc
(Portaghiet al., 2016; Sachdevaet al., 2018).The best examples of studies carried out in
India include the research conducted by Vadrevuetal., 2010 which investigated the risk of
forest fire in Andhra Pradesh, using Multi Criteria Decision Making (MCDM).Jaiswalet
al., 2002 used satellite data from IRIS-LISS and GIS databases to identify areas
susceptible to forest fire in India in which factors affecting forest fire were merged based
on their weight and degree of importanceSowmya and Somashekar 2010 prepared a map
of forest fire risk areas for the Bhadra Wildlife Sanctuary in India, by the method of
Analytical Hierarchy Process (AHP). In 2014, Thakur and Singh assessed the forest fire
hazard in the Dehradun District in India AHP and GIS.One among the outstanding work
was carried out by Sachdevaet al., 2018. They developed wildfire susceptibility maps
using a proposed Evolutionary Optimized Gradient BoostedDecision Trees (EO-GBDT)
model in the context of the Northern part of India.
In Kerala appreciable studies had been carried out by Ajinet al., in 2014, 2015 and 2016
regarding the forest fire risk assessment in Peppara Wildlife Sanctuary, Nemmara Forest
Division and Idukki Wildlife Sanctuary respectively. The studies were carried out on the
basis of weighted index method and found the prominent role of anthropogenic factors in
the forest fire. Land Use Land Cover (LULC), slope, aspect, curvature, and settlement
density were taken into consideration. While the study conducted by Rajendranet al.,
2018 is concentrated at the Mannarkad Forest Division includes the thematic layers of
vegetation type, human settlementsand road network. The result of the study was found to
have strong correlation with the previous history of forest fire reported in the region.
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Frequency Ratio (FR) model had been successfully used in a wide range of studies
namely landslide susceptibility mapping,spatial prediction of flood susceptible areas and
watershed prioritization (Kumar et al., 2018;Siahkamariet al., 2018; Kadamet al., 2019)
and are found to have acceptable performance.

Study Area
Attappaddy, an extensive mountain valley at the headwaters of the BhavaniRiver below
the Nilgiri hills of the Western Ghats, is an area which is classified as the first integrated
Tribal development block of Kerala and forms part of MannarkkadTaluk of Palakkad
district. The Attappaddyblock is located between 10°55’10’’ and 11°14’19’’North
latitude and 76°27’11’’ and 76°48’8’’ East longitude (Fig:1.1). The region has a total area
of 745 sq.km spread over three panchayths namely Agali, Pudur and Sholayur. Out of the
745km², 465km² is considered as forest, in which 293km²is recognized as reserved forest
and 172km² is vested forest (Mannarkkad Forest division, Kerala Forest Department,
2010).There is sharp contrast in rainfall, temperature and humidity between the western
and eastern portions of Attappady.The mean annual temperature in the plains varies from
21 to 40°C and in the hills from 10 to 32°C (Anilkumar, 2012).Between the years 20092019 a number of episodes of forest fire had been reported in the region mainly during
January to May (The Hindu Newspaper, 2019).The deciduous forests are particularly
subjected to annual fire during the dry months of the year which causes considerable
damages to the regeneration and exposes soil resulting in soil erosion and high wash-off.
The grazers who set fire to the grass for promoting fresh shooting cause deliberate fires
(Kerala Forest Statistics, 2018).

Figure: 1 Study Area
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Methodology
A geo-informatics-based Frequency Ratio Method is carried out to evaluate the forest fire
prone regions as well as its management strategies in the study area.
Spatial Data Generation and Handling
The major sources of data are; the forest fire inventory which holds the locations of
previous forest fire locations in the study area. 221 forest fire location were obtained from
NASA FIRMS Fire Archive for the period 2009-2019 (https://earthdata.nasa.gov/firms).
The roads of the study area were digitized from the Google Earth. The meteorological
data like Rainfall, Temperature, Evapotranspiration, Soil moisture, Wind Speed were
obtained as satellite-based image products from GES DISC (htts://disc.gsfc.nasa.gov/).
The soil depth and soil textures were obtained from the Bench Marks (BMs)of Kerala.
The remote sensing images of Landsat 8 were downloaded from USGS Earth Explorer
from which Land uses Land cover as well as the NDVI for the year 2019 were obtained.
Table 1: Details on satellite image used
Sl No.

1

Satellite

Sensor

Date of Acquisition Bands
Spatial
Used Resolution

LANDSAT-8 OLI/TIRS

12/12/2019

3, 4, 5

30m

Table2: Details of base map used for the study
Sl No. Map Used
1
2

Source

Code of
Scale
Map
Toposheet
Survey of India
58B/9, 58B/10 1:50000
58B/13, 58B/14
Soil Map Benchmarks Soils of Kerala Palakkad District 1:50000

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

57

Table 3: The thematic layers prepared for the study are given below
Sl.No
Themes
1
LULC

Types
Polygon

Source
Landsat image

2

Habitat

Polygon

LULC

3

Road

Line

Google Earth

4

Stream

Line

SOI Toposheet

5

Soil depth

6

Soil texture Polygon BM Soils of Kerala

7

Boundary

Polygon BM Soils of Kerala

Polygon

Toposheet

Software Used




Arc GIS 10.5.1
ERDAS Imagine
QGIS 3.14

Pre-processing
The satellite data obtained from Landsat 8 was geometrically corrected with respect to the
toposheet by adding ground control points (GCP). This is done to avoid distortions due
the sensor geometry, instrument error or panoramic distortion which is quite common in a
satellite image. The process of pan sharpening was also done by adding the panchromatic
band to the hyper spectral FCC image to enhance the edges and boundaries of the features
in the satellite image which enables better understanding of the features. These two
processes were carried out in ERDAS Imagine. Along with this the cell size of all the
layers for the analysis were set as 10.
Analysis Performed
From the ALOS DEM the parameters like slope, aspect, curvature and elevation were
obtained. The Landsat 8 images were used for preparing LULC and NDVI. Soil map was
prepared with reference to BMs of Kerala with reference to soil depth and soil texture.
From the LULC the habitats were extracted. The Euclidean distance analysis were
carried out for habitat and road. The standard topographic maps of a scale 1: 50,000 were
used to digitize the stream from which stream density was obtained. The topographic
wetness index was formulated using the equation put forward by Moore et al., 1991):
TWI = In (α/tan β)
in which α = Cumulative up slope area draining through a point and tan β = Slope angle at
the point.
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The NDVI which provides the health status of vegetation is computed from NIR and RED
valueswhich are the infrared and red portion of the electromagnetic spectrum,
respectively; (Pourghasemi, 2016) by the formula:
NDVI=
All the final layers thus obtained were processed by the FR Method to prepare the forest
fire susceptibility Map for the study area.The Visibilities of the proposed fire watch
towers were checked by the view shed analysis. The DEM had been reclassified to find
out the elevations suitable for the new watch towers from which an elevation range of
1200 to 2279 was considered suitable for the same. The DEM was then reclassified into
visible and non-visible area. The other factor taken into consideration was proneness to
fire. For this the forest fire susceptibility map was taken into consideration. Identity
operation was carried out with the reclassified DEM and the forest fire susceptibility map
to obtain the forest fire close to the visible region. On calculating the area under high risk
of forest fire and the area under visible region it was shown that the area under high risk
of forest fire is approximately equal to that under visible region.
Frequency Ratio (FR) Method
FR approaches are based on the observed relationship between distribution of hotspots to
each hotspot- related factor, to reveal the correlation between hotspot locations and the
factors in the study area (Pradhan and Awang, 2007). The FR Method can be used as
most effective geospatial assessment tool for estimating the relationship between forest
fire dependent and ignition factors (Oh et al., 2011; Naghibiet al., 2015). FR represents
the ratio of the probabilities of a forest fire to a non-forest fire for a specific characteristic
(Bonham-Carter,1994). The FR values in each class of the forest fire affecting factor is
calculated as.
FR=

/
/

In which FF denotes the number of occurred forest fires at each class of the factors, TFF
is the number of total forest fires, E refers to the number of pixels in the class area of the
factors and F denotes the number of all of pixels in the area, while FRis the frequency
ratio of a certain category of each variable (Hong et al., 2017).
Finally, the forest fire susceptibility map (FFSM), using the FR Method was obtained by
the formula:
FFSM = (Slope) + (Aspect) + (Curvature) + (Elevation) +(TWI) + (LULC)+
(NDVI) + (Distance from the road) + (Distance from the habitat) + (Avg.
Wind Speed) + (Soil texture) + (Soil depth )+ + (Avg. Temperature) +
(Avg. Rainfall) + (stream density) + (Avg. Evapotranspiration) + (Avg.
Rainfall ) + (Stream density) + (Avg. Evapotranspiration) + (Avg. Soil
moisture).
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Figure2.Methodology for the preparation of forest fire susceptibility map andits
management strategy
Results and Discussion
In order to prepare the forest fire susceptibility map of the study area a number of
parameters are taken into consideration. These parameters are called ignition factors.
The major ignition factors and their correlation with fire development is summarized
below.From the classification of slope it was evident that the most of the previous forest
fire locations are concentrated in the interval 15° -30° and > 30 ° with highest frequencies
of 0.931 and 2.281 respectively(Fig:2 a and a1) , (Table: 4.1).A positive correlation can
be traced between the slope and fire advancement speed (Ajinet al., 2015) and hence
slope of the forest fire prone land plays a crucial role in the progression of wildfire. The
rate of forest fires advance is found to increases as the slope increases, coupled with the
fact that fire rise on steeper slopes with respect to the proximity with ground surfaces
(Lentileet al., 2006).
Slope aspect is a factor that correlated with the amount of received solar energy in the
area. High values of frequency ratios were obtained for classes 112.5°-157.5°(South-
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East) followed by 157.5°-202.5° (South), 202.5°-247.5°(South-West) and 67.5°- 112.5°
(East) withvalues 1.604,1.32,1.139 and 1.116 respectively (Fig:2 b and b1) , (Table: 4.1).
This can be due to the fact that surfaces with South aspect tend to experience more
sunlight, resulting in higher temperatures, robust winds and lower humidity levels
(Sachdevaet al., 2018). Apart from this earlier in the day, studies show that East aspects
get more ultraviolet and direct sunlight than West aspect because of which East aspects
dry faster ( Prasad et al., 2008; Adabet al., 2013).
The curvature represents the morphology of topography. Maximum frequency was
obtained for concave region which is 1.143 while convex part has a frequency of 1.003
the flat region has a comparatively lower frequency ratio of 0.630 (Fig: 3c and c1),
(Table: 4.1). Positive and negative curvatures indicate that the surface is upwardly convex
and concave while zero indicates that the surface is flat (Oh and Lee, 2011). The
elevation data for the study area is classified into five among which the maximum
frequency ratio is observed for the class 1000-1500 m which is 2.341 followed by 15002000 m range which is 1.172 showing that the probability of occurrence of forest fire in
this area is high (Fig:3d and d1) , (Table: 4.1).
Topographic Wetted Index (TWI) shows the impact of hydrological conditions on an
areas fire susceptibility (Bui et al., 2016b). The maximum frequency ratio is observed in
the class 9-13 which is 1.088 followed by the class <9 which is 0.999 (Fig: 4(e and e1),
(Table: 4.1). The regions of low topographic wetness show high frequency of forest fire.
Among the various land use recognized in the study area, the grasslands are the most
vulnerable group to forest with a frequency ratio of 3.182 followed by open forest and
scrub with a frequency ratio of 2.421 and 1.026 (Fig: 4 f and f1), (Table: 4.1). The
grasslands becoming more dry during the summer season can easily trigger forest fire.
The open forest along with its abundance of forest fuel also form a high-risk region of
forest fire. NDVI of the study area is divided into 5 equal interval and the maximum
frequency ratio was observed in the interval 0.09-0.42 with a value of 15.55 followed by
the interval 0.45-07 with a value of 5.219 (Fig:5 g and g1),(Table: 4.1). From this it is
evident that the forest fire frequency is much more in the regions of not so dense forest
which throws light over the impact of deforestation.
From the recent studies it was proved that the forests located nearer to the roads are more
prone to forest fire (Jaiswalet al.,2002). Out of intervals the maximum frequency ratio
was obtained from 2859.54m-5719.09m and0-2859.54m with 1.335 and 0.995
respectively (Fig:5 (h and h1), (Table: 4.1). This indicates that the chances of forest fire
are much high around the closer proximities of habitats. Meanwhile the distance analysis
of habitats shows that the regions closer to the settlements have more chances of forest
fire due to the habitation/cultural practices of the inhabitants (Jaiswalet al.,2002). The
maximum frequency ratio was obtained from 3721.05-7442.10 m and 0-3721.05 m with
values 1.542 and 1.025 respectively (Fig 6 i and i1), (Table: 4.1).
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According to Rawat 2003, wind is an important factor because it provides fresh oxygen
and the flame puts a new fuel source. The wind speed is divided in to 5 intervals and it
was observed that the intervals 3.59-3.73 m/s and 3.73-3.86 m/s had maximum frequency
ratio with values. 1.94 and 1.64 respectively (Fig:6j and j1), Table: 4.1). The availability
of robust winds can boost the forest fire and helps in spreading of fire into nearest
regions. In the study area two soil series were recognized as per the BMs of Kerala
namely Uthrampallam series and Agali series. Uthrampallam soil have yellowish brown
to dark brown slightly acidic gravelly sandy clay loam which is found to exhibit a
frequency ratio of 12.639 (Fig:7 k and k1) , (Table: 4.1). While Agali soils have
.yellowish red to dark reddish-brown to dark brown sandy clay loam with a frequency
ratio of 2.721. The depth of A horizon of Uthrampallam is almost 16 cm and that of Agali
is 11 cm which is found to exhibit a frequency ratio of 1.264 and 0.272 respectively (Fig:
7 k2 and k3), (Table: 4.1). Studies have proven that, intense fires may permanently alter
soil texture by aggregating clay particles into stable sand-sized particles, making the soil
texture coarser and more erodible (Pourtaghiet al., 2015).
Temperature is found to affect the moisture amount in forest combustion and high
temperature leads to dry combustion quickly (Antoninetti, 1993). The average
temperature map for the study area of last 10 years from 2009 – 2019 had been created
which were divided into 5 intervals of which 293.03K-295.72K interval has got the
highest frequency ratio of 2.87 followed by the interval 290.33K-293.03K with a
frequency ratio of 1.005 (Fig:8 l and l1) , (Table: 4.1). Rainfall is another major factor
which influences the moisture of fuels as well as the soil (Rawat, 2003). The average
rainfall map for the region had been created of which 121.6-132.2 m interval has the
maximum frequency ratio which is 1.680 followed by 132.2-142.8 m interval with a
frequency ratio of 1.095 (Fig: 8 m and m1), (Table: 4.1).
Stream density is the proximity to rivers and hence plays a direct role in the forest health
and has been brought into consideration for prediction of forest fires (Pourghasemi,
2016). The stream density map of the study area has 5 intervals of which 7951.8711927.80m interval and 11927.80-15903.74 m interval shows maximum frequency ratio
with values 1.54 and 1.48 respectively (Fig:9 n and n1) , (Table: 4.1). Evapotranspiration
can be defined as the water lost to the atmosphere from the ground surface, evaporation
from the capillary fringe of the ground water table, and the transpiration of groundwater
by plants whose root tap the capillary fringe of the groundwater table. Among the 5
intervals the 0.00003-0.000032 kgm-2s-1 and 0.000035-0.000037 kgm-2s-1 shows
maximum frequency ratio with 2.720 and 9.63 respectively (Fig: 9 (o and o1), Table:
4.1).The soil moisture was equally divided in to 4 intervals of which 0.304899-0.31879
range shows a higher frequency of 1.875 and 0.291009-0.304899 shows a frequency of
0.832 (Fig:10 (p and p1) , Table: 4.1). As the soil moisture decreases the chances of forest
fire increases.
The prepared forest fire susceptibility map was then categorized on the basis of the range
of susceptibilities as low (10-25) Moderate (25-40) and High (40-55). The map reveals
that about 100.51 Km2 (12.07%) of land in the study area were less susceptible to the
K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

62

forest fire while 528.05 Km2(63.42%) of land is moderately susceptible to forest fires.
Meanwhile, a land of 203.98 Km2 (24.505) is highly susceptible to forest fire (Fig: 11).
Through the view shed analysis the visibility of proposed watch tower was checked and it
was confirmed that the watch towers are located in the regions of higher risk of forest
fire. The area which falls under the visible region is a found to be approximately equal to
the areas which is highly susceptible to forest fire that is 200Km2(Fig: 10 q).
Table 4.Summarizes the results of spatial relationship between forest fire and
conditioning factors using frequency ratio method
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Figure 3 Thematic layers representing a) Slope and a1) reclassified slope b) Aspect b1)
reclassified aspect

Figure4. Thematic layers representing c) Curvature and c1) reclassified curvature d)
Elevation d1) reclassified elevation
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Figure5. Thematic layers showing (e) TWI, (e1) Reclassified TWI, (f) LULC, and (f1)
Reclassified LULC

Figure6. Thematic layer showing (g) NDVI, (g1) Reclassified NDVI, (h) Distance from
road, and (h1) Reclassified Road distance
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Figure 7. Thematic layers showing (i) Distance from habitats, (i1) Reclassified distance
from habitat (j) Wind speed, and (j1) Reclassified wind speed

Figure 8 Thematic layers showing (k) Soil texture, (k1) Reclassified Soil texture, (k2) soil
depth, and (k3) Reclassified soil depth
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Figure 9. Thematic layers showing (l) Temperature, (l1) Reclassified Temperature, (m)
Rainfall, and (m1) Reclassified Rainfall

Figure 10. Thematic layers showing (n) Stream Density, (l1) Reclassified Stream Density,
(o) Evapotranspiration, and (o1) Reclassified Evapotranspiration
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Figure 11 Thematic layers showing (n) Soil moisture, (n1) Reclassified Soil moisture, (o)
View shed analysis

Figure 12. The forest fire susceptibility map prepared for Attappady
Conclusion
Attappaddy is an extensive mountain valley at the headwaters of the BhavaniRiver below
the Nilgiri hills of the Western Ghats. The region forms a major buffer zone of the Silent
Valley Naional Park and has been classified as eastern Attappady and western Attappady
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of which eastern has degraded forests. Between the years 2009-2019 a number of
episodes of forest fire had been reported in the region mainly during January to May.
These circumstances have emphasized on the need of appropriate measures to be
undertaken for forest protection, preservation, restoration and replenishment. This work is
a humble effort to prepare the forest fire susceptibility map for the region and also puts
forward the suggestions for new watch towers for better management of fire fires. 17
parameters are taken to consideration which include ; elevation, slope, aspect, curvature,
topographic wetted index, normalized difference vegetation index, land cover,
temperature, rainfall, wind speed, evapotranspiration, soil texture, soil depth, soil
moisture, stream density and distance from roads and habitations. The Frequency ratio
model which is considered as the effective method for studying forest fire was used in the
preparation of forest fire susceptibility map. Visibilities of the proposed fire watch towers
were checked by the view shed analysis. The map reveals that about 100.51 Km2
(12.07%) of land in the study area were less susceptible to the forest fire while 528.05
Km2 (63.42%) of land is moderately susceptible to forest fires. Meanwhile, a land of
203.98 Km2 (24.505) is highly susceptible to forest fire. The generated susceptibility map
with susceptibility-wise demarcated areas will definitely help in the government
initiatives of wildlife protection and management, allowing them to bring immediate
emphasis on those regions of higher wildfire risks.
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Abstract
Landslides are one of the most damaging disastrous phenomena that
frequently lead to serious problems in hilly areas in the State of Kerala. The
NilamburTaluk of Malappuram district, part of Western Ghats in Kerala is not
an exception to it (disastrous landlidesduring August 2018 and 2019). In the
present study, weighed overlay method with inverse ranking is used for
landslide hazard zonation mapping. Various thematic layers, namely slope,
rainfall distribution map, lineament density, drainage density, slope aspect,
geology, land use/land cover, NDVI, elevation, distance from drainage,
distance from road network and soil mapd derived from toposheets and
LANDSAT images(2019), were integrated in a GIS platform (ArcGIS 10.1) to
delineate landslide hazard zone based on weighted overlay method. Relative
weightage are assigned for the each thematic layer based on their
corresponding impact on the landslide triggers, and within a thematic layer,
each class was assigned a n ordinal rating from 0 to 5. The landslide hazard
map of NilamburTaluk is divided into five vulnerable zones, namely stable
(5.8%), moderately stable (32.3%), moderatly unstable (39%), highly unstable
(22%) and critical zones (0.92%). Resulted landslide hazard zonation map was
further validated with field study and geospatial technology-based analysis.
The findings demonstrate high-landslide-hazard zones are associated
triggering mechanism (intense rainfall) with areas of active erosive processes
(steep slopes/cut slopes/lineaments) along with other important factors
drianage density, geomorphology and landuse land cover. The final landslide
hazard zonation map can be used for the landslide hazard prevention, proper
planning of future infrastructure and geoenvironmental development in
NilamburTaluk.
Key words: Landslides, hazard zonation, Nilambur, weighed overlay method (WOM)
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Introduction
The mountainous environment are prone to the most devastating natural hazard, the
landslides that accounted for the heavy loss and injury to human life and damaged
property and infrastructure throughout the world (Raghuvanshi et al. 2014a; Pardeshi et
al. 2013). EMDAT (2007, 2010) reported that landslide causes loss of around 1000 lives
and property worth $4 billion annually. According to the Centre for Research on
Epidemiology of Disasters, landslides and related processes have killed more than 61,000
people all over the world in the period between A.D. 1900 and A.D. 2009
(EMDAT 2007).
The Western Ghats is a unique orographic feature of Peninsular India and contributes a
climate-divide between the humid to per-humid western coastal belt and the semi-arid to
arid eastern inland country zone (Gunnell, 1998). It is estimated that nearly 80% of the
rainfall-triggered landslide events of India takes place during the Indian summer monsoon
rainfall (June-September) (Froude and Petley, 2018). Although the westward slopes of the
Western Ghats are generally prone to the occurrence of landslides, the portion of the
Western Ghats in the State of Keralaexperiences several types of landslides of which
debris flows are the most common.The extreme rainfall events in Kerala during the
August month of the years 2018 alone causes 5191 landslides (Martha et al., 2019)
followed by numerous landslides during 2019 and 2020 which led to enormous damages
along the western slopes of the Western Ghats. However, the landslide occurrences were
confined withina few districts, viz., Idukki, Malappuram, Kozhikode, Wayanad and
Kannur. In general, The landslide events of the State are typically triggered prolonged
and/or intense rainfall and consequent pore pressure variations (Kuriakose et al., 2009).
However, in the regional context, other factors, such as degradation of natural
vegetation,changes in the land use/ land cover pattern, mining activities, soil piping
etc.,are also increases the probability for landslide occurrences(SoE, 2017). As Kerala is
one of the most densely populated states of India (Census, 2011), with a population
density of 859 persons km2, the pressure due to the population growth on the Western
Ghats has drastically increased over the years leading to activities that modify localslope
and topography, intensification of agricultural/tourism activities and alternation of the
natural vegetation patterns. However, the repeated extreme rainfall events in Kerala for
three consecutive years (2018, 2019 and 2020) demand implementation of appropriate
measures to reduce the landslide risk.
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Previous study described that the intrinsic parameters administer the constancy condition
of the slope, like geological factors (lithology, soil type, structural discontinuity
characteristics, shear strength of the material, groundwater condition), geometry of slope
(slope inclination, aspect, elevation and curvature) and land use and land cover
(Raghuvanshi et al. 2014b; Wang and Niu 2009). Varnes and IAEG (1984) outlines the
term zonation as the procedure of dissection of land surface into parts and grading of
these areas based on the degree of actual or probable hazard from landslides or other mass
movements. Courture (2011) explained the concept of landslide hazard as division of land
into somewhat homogeneous areas or domain and their ranking according to the degrees
of actual or potential landslide susceptibility, hazard or risk or applicability of certain
landslide related regulations.
In weighted overlay method, weights are allocated based on the relationship of landslide
predominant factors with the landslide occurrence. Several earlier studies have also been
conducted to define the comparative significance of landslide causative factor in landslide
occurrence (Parise 2002; Preuth et al. 2010; Cardinali et al. 2002). Nagarajan et al. (2000)
reported that bivariate discriminant function for grading and weighting of landslide
illustrative variables can be efficiently considered to generate landslide susceptibility
map. A comprehensive study of the indigenous geological possessions and the inventory
of past landslides in the same region, as well as the attainment of existing information on
historical slope failures would pointedly improve the model. Till date, very less number
of information is available in association with landslide susceptibility in NilamburTaluk
in Malappuram district of which is considered to be worst affected zone for landslide.
Geospatial technology will provide us the updated information accurately and timely in
these inaccessible areas. Therefore, the present study is conducted to delineate potential
landslide hazard zones using weighted overlay method (WOM) with inverse ranking and
ground base observation.
Study Area
The study area, Nilamburtehsil, Malappuram district is situated in the westerly slopes of
the Western Ghats between 11°16ˈ37ˮ N to 11º17׳0” N latitude and 76°13ˈ33ˮ E to
76º15׳0” E (Fig.1) and spread over an area of 1397 Km2. The NilamburTaluk is bounded
by Nilgiri hills in East, Eranadutehsil in west, Palakkad district (Mannarkadtehsil) and
Perinthalmannataluk in south and Kozhikode (Calicut) district in north.
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Figure 1. Location map of study area
Total population of the study area is around 5,74,059. There are 19 villages in the
Nilamburtaluk. Like other parts of the state, the area experiences tropical monsoon
climate with two distinct seasons such as south-west monsoon and north-east monsoon.
Geomorphologically, the study area is an undulating topography. The south-west
monsoon (June–September) alone contributes to 80% of the total rainfall in the study area
with 3000 mm annual average rainfall and a mean temperature of 27°C.
Geologically the majority of the study area is covered by charnockite group of rocks. The
eastern parts comprise migmatite. Charnockite group includes charnockite, charnockite
gneiss, granitic gneiss and hornblende boitite gneiss. Decreasing order of abundance in
areal distribution are banded magnetite quartzite, pyroxene granulite, amphibolites,
hornblende granulite and pyroxenite. Migmatitic complex is represented by biotite
hornblende gneiss and quartzofeldspathic gneiss. Pegmatite and quartz veins constitute
acid intrusive whereas dolerite and gabbro are the basic intrusives. Lateritisation is wide
spread, at places attaining a thickness of morethan 10 m near the coast, isolated cappings
of NeogeneWarakali sediments noticed. Quaternary unconsolidated sediments are
restricted to the coastal planes (Sreekumar& Arish Aslam, 2017).
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Methodology
The region is covered by 58A/3 and 58A/7 (scale-1:50,000) of Survey of India (SOI)
Toposheet. Toposheet has been registered based on Universal Transverse Mercator
(UTM) projection system with World Geodetic Survey (WGS) 84 datum with nearest
neighbor resampling method. For this study, preparation of various thematic maps like
slope, elevation, aspect, landuselandcover, lineament density, drainage density, soil,
distance from road network, distance from drainage network, distance from lineament,
geology, NDVI and rainfall density were prepared for the generation of landslide Hazard
zonation (LHZ). The thematic maps were prepared by using Arc GIS 10.3 and ERDAS
Imagine 9.2 software tools. The land use/land cover map and normalized differential
vegetation index map (NDVI) was derived from the LANDSAT 8 2019 image (ref:
http://earthexplorer.usgs.gov/). A supervised classification was done using ERDAS
Imagine software tools. The slope, aspect and elevation map was prepared from Cartosat
DEM image at 30 m contour interval using Arc GIS spatial analyst and 3D analyst
tools. The Drainage density, Geology and soil map were prepared by digitizing GSI
Geology map using Arc GIS tools. The lineament was digitized from the Bhuvan Web
Map. Road network were prepared from Google earth and generated by Arc GIS spatial
analyst tool. The Rainfall map was prepared by using IDW method in Arc GIS spatial
analyst tools. The IMD average daily rainfall data was used for the preparation of
rainfall map. Data and their sources are shown below (Table 1.1).
Table 1.Data and sources
Sl no
1
2
3
4
5
6
7
8
9
10
11
12
13

Data layers

Source
Slope
Cartosat DEM
Aspect
Cartosat DEM
Elevation
Cartosat DEM
Lineament density
Bhuvan data set
Land use land cover
LANDSAT 8 Image
NDVI
LANDSAT 8 Image
Distance from road network
Google earth
Distance from drainage network SOI Toposheet
Drainage density
SOI Toposheet
Distance from lineament
Bhuvan data set
Geology
SOI Toposheet
Soil
SOI Toposheet
Rainfall density
IMD rainfall data

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

78

The identification of potential landslide areas requires the factors to be organized based
on their relative importance. This may be achieved by developing a rating scheme, in
which the factors and their classes are assigned numerical values. A rating scheme was
developed based on the associated causative factors for landslides surveyed in the field
and on the knowledge by expertise on landslide causes from previous work (Sarkar and
Kanungo 2004; Pareta et al. 2012; Rawat et al. 2015; Ghorai et al. 2015). In this study,
the factors were assigned a numerical inverse ranking on a 1–5 scale in order of
importance. Weights and ranks were also assigned to the classes of the factors, where
higher weightage and ranks indicates greater influence for landslide occurrence. These
factors as thematic layers were overlaid by using Arc GIS weighted overlay method
(WOM)

to prepare the landslide hazard zone map. The prepared hazard map was

classified into five zones; Stable, moderately stable, moderately unstable, highly unstable
and critical hazard zones.
The weighted overlay analysis is a simple, direct, and adequate methodology for
evaluations of potential landslide area (Erener and Uzgun 2008; Bachri and Shresta 2010;
Intarawichian and Dasananda 2010; Ahmed et al .2014; Pravatkumar shit et al. 2016). In
this study thirteen environmental factor maps were used for assessment of landslide
susceptibility mapping. In order to combine these in performing the analysis, each cell
from each map layer must be reclassified into a common preference scale, such as 1-5.
All thematic maps were integrated using Weighted Overlay Model(WOM) (Eq.1).
S=Σ Wi Sij/Σ Wi( Eq.1)
Where, Wi is the weight ith factor map, Sij is the ith spatial class weight of jth factor
map, S is the spatial unit value in output map.

These weighted factor maps were integrated into GIS platform using WOM analysis to
prepare a susceptibility landslide hazard zonation (LHZ) map. The landslide inventory
data was prepared by collecting the historical data of past landslide events, which was
overlaid on the hazard zone map to validate the results. A field survey using GPS was
carried to collect the paleo landslide points.
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Result and Discussion
In the present investigation an attempt has been made for landslide hazard zonation of the
NilamburTalukbased

on

the

assessment

of

the

13

parameters

viz,

slope,

elevation,drainagedensity,rainfall, lineament density, aspect, land Use/land Cover,
geology, soil, distance from drainage networks, distance from lineament, distance from
road network and NDVI. The description of each parameters selected and the maps
generated are given below as description
Slope
The relief aspects of NilamburTaluk have been analyzed on the basis of contour map
prepared from the ASTER DEM, with an interval of 30 m. Slope constitutes a very
important parameter in landslide hazard zonation studies, since its stability form the
basis for the frequency and intensity of hazard study. Particularly, in the hilly region the
chance of occurrences of landslides hazards is more in higher slopes. Slope angle was
considered the main parameter of the slope stability (Lee and Min 2001). In the gentle
slope area, the surface runoff is slow allowing the water to get absorbed to the land,
whereas, steep slope area facilitates high runoff make the landmass vulnerable to the
landslide. In the study area slope varies from 0 to more than 72°. The current slope map
is divided into five categories in Table 2 and Figure 2; <5, 5°–10°, 10°–15°, 15°–25° and
>25°. The highest slopes are mostly confined to the east, north west, south east parts of
the study area.
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Table 2.Assignment of ranking and weightage values of different thematic layers
Sl.No

Parameters

Classes

1

Slope (Degrees)

2

Aspect

3

Drainage Density

4

NDVI

5

Geology

6

Rainfall

7

Distance to the
road networks

8

Distance to the
Drainage networks

9

Distance to the
Lineaments

0–5
5 – 10
10 – 15
15 – 25
25<
Flat
North
North East
East
South East
South
South West
West
North West
0 – 1.2
1.2 – 2.4
2.4 – 3.6
3.6 – 4.8
4 .8 – 6
-0.13 – 0.12
0.12 – 0.22
0.22 – 0.32
0.32 – 0.42
0.42 – 0.62
Hornblende Biotite Gneiss
Charnokite, Hornblende
Biotite Schist, Magnetite
Quartzite, Talc Garnet
Schist
Laterite
2130 – 2649
2649 – 3197
3197 - 3510
0 – 50
50 – 100
100 – 150
150 – 200
200 <
0 – 50
50 – 100
100 – 150
150 – 200
200 <
0 – 50
50 – 100
100 – 150

Rank Weightage
(%)
1
15
2
3
4
5
1
12
1
2
3
3
5
4
4
2
1
10
2
3
4
5
5
8
4
3
2
1
3
5
4

5
3
4
5
5
4
3
2
1
5
4
3
2
1
5
4
3

10

5

5

5
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10

Lineament density

11

Land use
/Landcover

12

Soil

13

Elevation

150 – 200
200 <
0 – 0.3
0.3 – 0.6
0.6 – 0.9
0.9 - 1.2
1.2 – 1.4
Paddy
Water Body, Barren Rock
Forest Land
Mixed Vegetation
Rubber Plantation
Very deep well drained
Gravelly clay soil, Clay soil
and Loamy Soil
Deep and well drained
Gravelly Soil
Shallow Gravelly soil
0 – 250
250 – 500
500 – 750
750 – 1000
1000<

2
1
1
2
3
4
5
1
2
3
4
5
3

5

10

5

4
5
1
2
3
4
5

5

Figure 2. Landslide factor map of slope
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Aspect
Aspect is very important in any landslide hazards Zonation mapping. Aspect related
parameters such as exposure to sunlight, winds (dry or wet), rainfall (degree of
saturation), soil moisture and discontinuities may control the occurrence of landslides
(Suzen and Doyuran, 2004 and Komac, 2006). The information about the slope aspect
was directly taken from DEM. The aspect of the study area were classified into nine
classes with the addition of flat areas as: flat, north, North- East, east, South-East, south,
South-West, west and North-West (Table 2 and Figure 3.) Maximum rank is given to the
areas slopping towards south, followed by south-west and west.

Figure 3. Landslide factor map of aspect
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Drainage Density
Drainage density appears to be the most important, promising and useful variable in
morphometric analysis of drainage networks, as it is related to the dynamic nature of the
stream segments and area. The lower values indicate old stage and higher values indicate
early mature to youth of geomorphic development. Because, drainage density in
particular may be controlled to varying degrees by any of these thresholds, and each
different threshold may produce a different functional relationship between drainage
density and factors related to climate, geology, and relief (Tucker and Bras 1998).
Howard (1997) report that a detachment-limited model in which the relationship between
drainage density and mean erosion rate depends on the dominant hillslope transport
process through landslide and the presence or absence of a threshold for runoff erosion.
The drainage density values in the study area (Table 2 and figure 4) ranges between 0-6
km and is classified into five groups based on the density. The area having high drainage
density is highly susceptible to landslide than moderate and low drainage density.

Figure 4.Landslide factor map of drainage density
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Normalized Difference Vegetation Index (NDVI)
The NDVI map was generated from LANDSAT 8 satellite imagery. Thick vegetation
cover improves the shear strength of soil by increasing cohesion and suctionthrough
evapotranspiration. Thus, the presence of vegetation indicates conditions that
areunfavorable for landsliding. Conversely, the lack of vegetation cover would create
favorable conditionsfor erosion and slope failure. Moreover, the destruction of vegetation
cover due to deforestation,construction and urbanization invariably enhances the potential
for erosion and landsliding. Hence, timely identiﬁcation of changes in land cover,
particularly the reduction of forest cover due todeforestation, is vital to landslide risk
mitigation. The greater the NDVI value is the more the amount of vegetation cover.The
root of vegetation leads to stabilization of the hill slope and reduction in landslide
occurrences (EbrahimNohani et al 2019).

Figure 5.Landslide factor map of NDVI
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Geology
Geologic map of Nilambur and surrounding area is shown in Figure 6. Geologically the
area consists of hornblende biotite gneiss, charnockite, hornblende biotite schist,
magnetite, quartzite, talc garnet schist and laterite. The area with laterite is highly
susceptible to landslide (Anoop 2013). A thematic map of geology is generated as shown
in figure 3.1.7. Geologically, the area is divided into six groups of rocks as hornblende
biotite gneiss, charnockite, hornblende biotite schist, magnetite, quartzite, talc garnet
schist and laterite (Table 2). Laterites and Horneblendebiotite gneiss were assigned the
scores of 5 and 3 respectively and the remaining rock units are given a score of 4.

Figure 6. Landslide factor map of Geology
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Rainfall
Precipitation is the most important landslide-inducing factor in NilamburTaluk. Heavyprecipitation storms and persistent rainfall can both induce landslides. In regions with
loose soil, rainwater infiltrates the slopes, thereby inducing landslides. The rainfall data
collected from the Indian Meteorological Department (IMD) is used for preparing the
rainfall density map of Nilamburtaluk. The rainfall data is grouped into three classes
(Table 2 and Figure 7) and the intensity of rainfall ranges from 2130-3510 mm. Heavy
rainfall with suitable terrain (high slope and elevation) the debris flow can be occurred
(Kuriakose et al 2009). In north east, south east and north western parts of the study area,
there is a relatively high probability of landslide occurrence in regions with annual
rainfall greater than 2000 mm.

Figure 7. Landslide trigerring factor map of Rainfall
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Distance To The Road Network
Distancce to road netwok is an important parameter in hazard zonation studies. By cutting
the slope hills for construction of roads in the slopes more than 100, discontinuity is made
in the soil and rock.

Figure 8. Landslide factor map of distance to the road networks
Accordingly, the area can be prone to landslide (EbrahimNohani et al 2019). The distance
to the roads were obtained and divided into five classes ( 0-50; 50-100; 100-150; 150-200
; > 200) as shown in the Figure 8 and Table 2.The maximum rank is given to the to the
class ranging between 0-50m and lesser the distance from the road, more susceptible to
landslides.
Distance fromthe Drainage
An important parameter that controls the stability of a slope is the saturation degree of the
material on the slope.The closeness of the slope to drainage structure is another important
parameter in terms of stability.Streams may adversely affect stability by eroding the
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slopes or by saturating the lower part of material until resulting increase in water
level(Cevik and Topal,2003;Yalcin,2005).Five different classes were created within the
study area ( 0-50; 50-100; 100-150; 150-200 ; > 200) to determine the degrees to which
the streams affected the slopes(Figure 9 and Table 2). The area having the distance from
drainage between 0-50meters are more susceptible to landslide than the areas having
more distance from the drainage.

Figure 9. Landslide factor map of distance to drianage networks

Distance to The Lineaments
The distance from lineament layer has been created in order to take into account the
probable seismic origin of the landslides Demoulin and Chung (2007). The distance from
lineament of the study area is divided into five classes (Figure 10 and Table 2). The
number of occurences of landslides in a distance less than 50 meters is larger than that
occurs in areas of distance greater than 200m.
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Figure 10. Landslide factor map of distance to the lineaments
Lineament Density
Lineament

density

are

extracted

from

the

Web

Portal

of

Bhuvanusing

ArcGIS.Lineaments are linear geomorphic features that are the surface expression of
zones of weakness or structural displacement in the crust of the earth. These are defined
as the ‘significant lines of landscape, which reveals the hidden architecture of the rock
basement’. Such features may represent deep seated faults, fractures and joints sets,
drainage lines and boundary lines of different rock formations. The lineament density is
useful for measurement of slope or surface stability. Higher degree of lineament density
indicates high probability of slope failure (Laxmi Devi Versain et al 2019). The study
area has been divided into five different lineament density zones ranges from 0-1.4km
(Figure 11 and Table 2).
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Figure 11. Landslide factor map of lineament density
Land Use/ Land Cover (LULC)
Present LULC map was prepared from LANDSAT 8 Image. Topographical map and
Google earth were used for the visual interpretation of satellite data. LULC map of the
study area comprises of five classes (Figure 12 and Table 12). These are paddy field,
water body, barren rock, forest land, mixed vegetation and rubber plantation. The sub
classes of LULC were allocated the ranks of 1, 2, 3, 4, 5 as paddy field, water
body/barren rock, forest land, mixed vegetation and rubber plantation respectively. The
areas covered with rubber plantation (Rank =5) are more prone to landslides than the
paddy fields and forest covered region.
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Figure 12. Landslide factor map of Landuse/Land cover
Soil
The soil thickness is an important parameter in landslide hazard zonation studies. The
loosened soils, when mixed with rain water trigger the landslide (Asla 2014).

Figure 13. Landslide factor map of soils
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The soil types of the study area are classified as (very deep well drained gravelly clay
soil, clay soil, loamy soil), (deep and well drained gravelly soil) and (shallow gravelly
soil); Table 2 and Figure 13. The sub classes of soil were allocated the ranks of 3, 4 and 5
respectively.
Elevation
The Elevation map for the study is prepared from the SRTM DEM. Elevation is another
important factor that causes landslides. This factor influences the landslide occurrence in
a directly proportional manner: as the relative elevation of the area increases, the
likelihood of a landslide increases. Thus, in areas with a higher elevation, there is a
greater possibility of landslide occurrence, than in the lower ones. In areas of lower
elevation, the frequency of landslide is low because the terrain itself is gentle, and is
covered with thick colluviums or/and residual soils, and a higher water table required to
initiate slope failure (Dai and Lee 2002; Ajin et al 2016). The Elevation for the study area
are classified as >250; 250-500; 500-750; 750-1000 and <1000 and the subclasses are
allocated the rank of 1,2,3,4,5 respectively (Table 2 & Figure 14). The highest elevation
areas are mainly seen towards the east and north west parts of the study area.

Figure 14.Landslide factor map of Elevation
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Potential landslide hazard map
The scheme was suitably modified based on the literature using different combinations of
ranks and weights. The rating scheme is given in Table 3. Landslide hazard zonation
(LHZ) map was prepared by weighted overlay index (WOI) method with inverse ranking
on GIS platform. LHZ map was divided into five zones of susceptibility of landslide
hazards, vizCritical Zone (CZ), Highly Unstable zone (HUZ), ModeratelyUnstable zone
(MUZ), Moderately Stable Zone (MSHZ), and Stable Zone (SZ). The landslide hazard
zonation (LHZ) sharing five zones (Table .3&Figure.15) shows that 2.62 % of the study
area has a very high landslide hazard potential (CZ) and 7.3 % area has very low hazard
potentialor stable zone (SZ). Whereas, the areas that account for Moderately Stable Zone
(MSZ), Moderately Unstable zone (MUZ), and Highly Unstable zone (HUZ), were33.82,
39.69 and 16.43 % respectively. An area of 266.23 km2 of the NilamburTaluk hasvery
high to high hazard potential. High hazard zones are mostly concentrated in the northwestern and south-eastern parts of the study area.
Table 3. Percentage of area in the different category of Landslide hazard
zonation
Sl.No
1
2
3
4
5

Category
Stable
Moderately Stable
Moderately Unstable
Highly Unstable
Critical

Area (Sq.Km)
103.79
472.68
554.69
229.56
36.67

Area (%)
7.43
33.82
39.69
16.43
2.62
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Figure 15.Landslide Hazard Zonation Map of NilamburTaluk

In general, the degree of landslide hazard decreases with increasing distance from
drainage and settlements etc. Slope and aspect is very important in landslide hazards
zonation mapping, since its stability form the basis for the frequency and intensity of
hazard. Steeper the slope the more the tendency for instability will be (Hoek and
Bray, 1981). Particularly, in the hilly region the chance of occurrences of landslides
hazards is more in higher slopes. In the present study steep slope (>25°) are formed
mainly by rocks, with less vegetation which are more prone for instability where 70 %
landslide occurred. Landslide is maximum when the slope angle is between 25° and 40°
which is corroborated with the earlier study (Panikkar and Subramaniyan 1997; Pham et
al. 2015). Besides, bare soils, crops and grass cover have the highest frequency of slope
failure as slope increases. On the other hand, landslides were observed toward east and
south-west directions of slope facing. In general, shear stresses on the slope material
proliferate with growing of slope degree and it is predictable that landslides will ensue in
the sharpest slopes. Tension cracks may be twisted as a consequence of a growth in
anxiety on the back of the slope due to vicissitudes in topography and the diminution of
weight (Yalcin, 2008). From the landslide Hazard Zonation map, the high altitude region
with steeping slope is consider as the prone areas to landslides. In monsoon season, the
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maximum rainfall is seen in the Northern Kerala and it ranges from 1600- 2900mm
(Archana et al. 2011). The Nilamburdistrict have mean average rainfall of 2322mm
during monsoon seasons. The intense rainfall plays a major role in the triggering the
landslide activity in Kerala (Kuriakose et al. (2009).

From the present study the

triggering mechanism (intense rainfall) with the factors like elevation and slope plays
vital role along with other important factors like drainage density, geology and land use /
land cover in triggering the landslides. The shaping of the present topography, relief and
landforms are significantly predisposed by the neo-tectonics which possesses the hilly
environment prone for landslide.
Landslide Inventory and Validation of the Hazard Zonation Map
For validating the accuracy of the landslide hazard zonation map derived, datas of
46paleo landslides collected from the Geological survey of India (GSI),

Figure.16. Landslide inventory and validation of NilamburTaluk
Thiruvananthapuram and from the report of landslide inventory of Kerala (
Muraleedharan and Kumar, 2007) were used and are shown in Figure 16 of the Nilambur
and surrounding area and few selected locations are visited for ground observations. From
the validation, it is infered that 46.8% of the past landslide is falling within the critical
and highly unstable zones, followed by 42.55 % is falling within 100 meters and 10.63 %
of the landslides falling within 500 meters of the from the high and critical zones.
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Conclusion
This present study brings out the importance and role played by remote sensing and GIS
techniques in Landslide Hazard Zonation Mapping (LHZM). WOI is an effective method
in delineation of the landslide hazard zones in a vast area where earlier records of
landslides are not accessible or the terrain is unapproachable. Thirteen parameters relating
to landslides were nominated after thorough literature survey and weightages and scores
were given on the basis of knowledge about the terrain and the visibly esteemed influence
of various terrain variables over landslides. The geospatial technology based analysis has
directed to the documentation of landslide hazard zones which were further validated with
field study. These results can be used as baseline data to support slope managing and land
use planning in the NilamburTaluk.
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Abstract
The uncontrolled growth in urban area causes drastic changes in landforms
and reduces the quality of air and water. The present study focusses on the
urban growth and its effects on the coastal areas and quality of ambient air of
Kochi, ernakulam. Kochi City is the commercial and industrial capital of
Kerala.It is a GIS and Remote sensing based study using the softwares
ArcGIS, QGIS, ERDAS Imagine. The spatio-temporal variation of the
shoreline, along the coastal areas and within the estuarine system of
Ernakulam district analysed using Digital Shoreline Analysis System. The
population density only has a small influence on the Urban Sprawl.From the
study it was evident that the urban growth in Ernakulam has a great impact on
the Coastal zones, as the development is more extreme towards the Coastal
areas.The high rate of Sprawl was found at Kochi Corporation and towards its
eastern side. The sprawl is almost gradual from the year 1992 to 2014 and
more rapid increase from 2014 to 2017.The northern and southern boundaries
of Estuarine inlet experienced maximum erosion and accretion. The major
locations found to be dynamic is associated with the Vypin Island. The coastal
areas of Fort Kochi and the locations adjacent to Chellanam Harbour are found
to be more affected due to wave action. Aerosol optical thickness in the study
area was showed increasing trend through the study period. The Brightness
Temperature was above 300c and NDVI showed comparatively poor
vegetation vigour.According to WHO standards SO2 and NO2 concentrations
are safe while RSPM crosses the limit. Pollutant’s concentration and Air
quality indices values indicates that the air pollution mainly concentrated over
the built-up and industrial areas, at some instances it shows an effect on the
coastal side probably due to the maritime activities and changing wind
pattern.Air quality index shows that Ezhikkara is the safest place in the study
area. The Alanagadpanchayath and adjacent KadungallurPanchayath showed
least pollutant’s concentration. These panchayats are situated far from urban
centre. Thick vegetation and Pokkali fields are characteristics of these areas.
The study clearly showed that the urbanised areas of the study are highly
affected by air quality degradation.
Key words: Urbanisation, Air pollution, Shoreline change, Coast, Kochi, Ernakulam,
GIS, Remote sensing, DSAS
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Introduction
According to demographers, urbanisation refers to the growing share of population living
in urban settlements (Poston and Bouvier, 2010). The second half of the 20th century
witnessed rapid urbanisation in the Asian and African countries, and Latin America.
According to the United Nation’s urban population projection for 2010–2050, an
additional of 944 million and 1,449 million urban dwellers are yet to come in Africa and
Asia respectively (McGranahan and Satterthwaite, 2014).The rapid urbanization occurred
in developed countries before 1950s has resulted in an increase in urban development and
a significant reduction in agricultural lands (Firman 1997). In recent years, developing
countries witnessed faster urban development than the developed countries (Youssef et al.
2011). The rapid population growth in developing countries has resulted in decaying
infrastructure, uncontrollable growth (sprawl) of informal settlements (Angotti 1993;
Sudhira et al. 2004), negative socioeconomic and environmental effects (Lambin et al.
2001), global warming, climate and ecosystem changes (López et al. 2001) as well as
consumption of agricultural land (Huang et al. 2009).Increasing population growth and
lack of policy making in urban planning together results in the uncontrolled and pattern
less expansion of the urban areas (Alsharif&Pradhan, 2013). The uncontrolled growth in
urban area causes drastic changes in landforms and reduces the quality of air and water.
The present study focusses on the urban growth and its effects on the coastal areas and
quality of ambient air.Coastal erosion is a severe problem, particularly for a country
facing explosive population growth along the coastal areas. The air quality degradation
intense in urban areas and is caused by vehicle emission, road density, industrial
activities, reduction in vegetation cover.
Geographic Information Systems (GIS) combined with Remote Sensing (RS) and Global
Positioning Systems (GPS) have been widely applied and recognized as powerful and
effective tool for detecting and analyzing the Spatio-Temporal dynamics of processes and
patterns of urban growth and Land Use/ Land Cover (LULC) change at local, regional,
and global scales (Hathout, 2002; Heroldet al., 2003; Lambinet al., 2003).
Remote Sensing is increasingly used for urban sprawl analysis, as it is technologically
sound and cost effective (Sudhiraet al., 2004; Yang and Liu, 2005; Haack and Rafter,
2006). Remote sensing techniques have advantages in characterizing the spatio-temporal
trends of urban sprawl using multi-stage images, providing a basis for projecting future
urbanization processes. Such information can support policy making in urban planning
and natural resource conservation(Wei Ji. et al., 2004). Remote Sensing pattern
recognition methods such as supervised and unsupervised classification (Greenberg and
Bradley, 1997; Vogelmannet al., 1998; Stuckenset al., 2000; Stefanovet al., 2001;
Sugumaranet al., 2003; Lu and Weng, 2005; Mundia and Aniya, 2005) have been used in
recent past to measure the urban sprawl. The convergence of GIS and Database
Management Systems has helped in quantifying, monitoring, modelling, and subsequently
predicting the urban sprawl phenomenon.
The world, especially the developing world, has seen an unprecedented expansion of
urban areas and growth of urban population at such a pace that it is expected that 60% of
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the world’s population will live in urban areas by 2030, and most of the urban growth will
occur in less developed countries (Rahman et al., 2011). The urban development has
caused a rapid increase in America from 1900-2000 (Nechyba and Walsh, 2004).
Characterizing urban sprawl in Kansas City of United States by using Land Use/ Land
Cover pattern analysis and the landscape metrics were calculated using the FRAGSTATS
program, Patch Density Index (PDI), Largest Patch Index (LPI), and the Aggregation
Index (AI) shows rapid increasing trends of urban growth (Wei Ji. et al., 2004).Land use
changes over two-time periods, 1988–1993 and 1993–1997 in the Pearl River Delta of
south China by using Remote Sensing and GIS are analyzed to demonstrate how
enforcing land use policies can influence the direction and magnitude of landscape
change (Li and Yeh, 2004).
The study that explores the temporal and spatial characteristics of urban expansion from
1934-2001 in Shijiazhuang City, Herbie province of China using Remote Sensing and
GIS reveals that over past two decades there occurred both economic and population
growth that leads to urban expansion (Xiao, et al., 2006).
The study conducted using Remote Sensing, Geographic Information System and
Photogrammetry Techniques in the mountainous city of Baguino in the Northern
Philippines from the year 1909-2005 revealed that built-up concentration can be
identified and quantified from time series of aerial photographs and satellite images;
assist in monitoring the growth of built-up areas and in drafting measures and politics to
address urban sprawl imminent effects (Verzosa and Gonzalez, 2010).The SpatioTemporal dynamics and evolution of land use/cover changes and urban expansion in
Shanghai metropolitan area, China, during the transitional economy period (1979–2009)
using multi-temporal satellite images and Geographic Information Systems indicated that
urbanization has accelerated at an unprecedented scale and rate during the study period,
leading to a considerable reduction in thearea of farmland and green land (Yin et al.,
2011). The analysis of urban sprawl in the metropolitan city of Tripoli, Libya using
Logistic Regression Model during the years 1984-2002 shows an increase in urbanization
and helps for predicting the future urban patterns (Alsharif and Pradhan, 2014).India’s
urban population has grown tremendouslyand is the second largest in the world after
China and larger than the total world urban population excluding China, USA, and Russia
(Rahman et al., 2011).
India is one of the developing countries; the Pune city of Maharashtra is a part of the fastgrowing urban agglomerates in India. The analysis by Shannon’s entropy technique helps
in mapping and monitoring of urban sprawl patterns. During the years 1980-2001, it was
found that the entropy value is increasing at a higher rate (Shekhar, 2004).
The urban sprawl: metrics, dynamics and modelling works done in Mangalore, Udupi
regions in Karnataka over the years of 1972-1999 by means of land use change analysis,
urban sprawl pattern identification and computation of landscape metrics. The image
analysis included bands extraction, restoration, classification and enhancement. The study
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shows that there is a high rate of urbanization in that areas and its rate is increasing
rapidly over years (Sudhiraet al., 2004).
The study conducted in Ajmeer city over the years of 1977-2002 by Shannon’s entropy
and landscape metrics studies. The result reveals that the land development in Ajmeer is
more than three times the population growth (Jatet al., 2008). The study carried out using
Landsat, Indian Remote Sensing (IRS) and Quick bird data to delineate the extent, pace
and pattern of growth of city area of Aligarh revealed the growth of the urban area is
three times since 1971. The rate of land consumption for urban purposes is moderate till
the 1980s and sharp increases in 1990s (Farooq and Ahamed, 2008).
The rapid growth of urbanization in Kolkata during the years 1971-2005 was inferred
from population data and the ratio of built-up/ non-built-up data (Bhatta, 2009). Urban
sprawl studies during the years 1977-2002 in the Hyderabad - Secunderabad, the twin
capital of Andra Pradesh and its surrounding areas using Shannon's entropy and
landscape metrics shows the highest urbanization rates of Indian cities (Rahman. et al.,
2011).
Urbanization has been part of modern economic growth and is sometimes blamed for
contributing to climate change and other global environmental burdens associated with
high consumption levels. It is important, however, to distinguish the effects of
urbanization from those of economic growth, and to set both in the context of the
prevailing political economy (McGranahan and Satterthwaite, 2014). Cochin is the most
rapidly growing City in Kerala and its growth is very much fascinating hence the study on
urban sprawl is very much relevant.

Figure 1 Study Area
Shoreline, defined as the line of contact that demarcate land from sea has a dynamic
nature (Boak and Turner, 2005; Chen et al., 2005; Cui and Li; 2001). It was recognised as
one of the 27 unique features by the IGDC (International Geographic Data Committee).
The dynamic nature of shorelines is a result of various coastal processes such as, the rise
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and fall in the tides, wave characteristics, sediment characteristics and beach form (Bird,
2007; Kumar et al., 2010). In addition to this, the global sea level rise, increasing rate of
recurrence of high magnitude weather events, wind storms etc., has accelerated the rate
and quantity of erosion along the coastal regions of the maritime states (Thorne et al.,
2007). This impose serious threat to the world’s coastal regions, which facilitates various
ecological, financial and societal functions and supports diverse natural habitats, where
60% of the population lives (Al-Tahir and Ali, 2004; Valiela, 2006). Example of one such
vulnerable coastal environment are soft cliffs (Nicholson-Cole and O' Riordan, 2009).
The land loss problems, both natural and anthropogenic, in the coastal regions of the
world is very common and has increased interest in the coastal geomorphological studies
among various researchers (Pilkeyet al., 1989). Coastal erosion has resulted in the retreat
of about 70% of the world’s beaches (Bird, 1996). The rate-of-change statistics of
shoreline is expected to be a cumulative summary of the processes acting on a coast
through time. Reaching at a precision value for the rate-of-change dependent on various
factors such as, the shoreline measurement accuracy, it’s temporal variations, the number
of ground-truth data points used in calculation, the time difference between an actual
occurrence of a shoreline changing event and the data collection time, the time period
between the measurements of shoreline, the total time span of shoreline data and the
adopted rate calculation method (Dolan et al., 1991). Shoreline movements include both
long-term and short-term variations. Diurnal to seasonal changes are considered as shortterm variations, while changes occurring over periods of decades to centuries, that reflects
more predictable trends, are termed as long-term variations (Savage and Foster, 1989;
National Research Council, 1990a). As a result, coastal zone managemental activities
started depending on the detection and future prediction of the rates of change in
shorelines (Al Bakri, 1996; Zuzeket al., 2003; Maiti and Bhattacharya, 2009).
For a shoreline change analysis study, the most challenging part is the demarcation of the
same from a continuously fluctuating water level (Li et al., 2004). This task has been
overwhelmed by several coastal investigators by considering various shoreline indicators,
features that act as proxies to the actual shoreline position (Boak and Turner, 2005). Some
of the proxies considered by various researchers include the dune line (Stafford and
Langfelder, 1971), the mean high water (MHW) line (Galgano and Leatherman, 1991),
the high tide line (Fisher and Overton, 1994; Stockdonet al., 2002), the cliff base or top
(Moore et al., 1998), the high water line (Fenster and Dolan, 1999), the wet-dry line
(Overton et al., 1999), the vegetation line (Hoekeet al., 2001), the toe or berm of the
beach (Norcross et al., 2002).
Remote sensing is the most effective tool that can be used in shoreline change monitoring
as compared to other conventional surveying techniques (Boak and Turner, 2005; Muslim
et al., 2006; Addoet al., 2008). The high accuracy level, more efficiency, cost
effectiveness and the digital format presentation of information has increased the
importance of GIS (Geographic Information System) and Remote Sensing technologies
among coastal researchers throughout the world (Nayak 2002; Zuzeket al., 2003; Li et al.,
2004; Thieleret al., 2009).
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In Australia, remote sensing devices are increasingly being installed as part of coastal
monitoring programmes, at different spatio-temporal scales. By 2004, 32 video-based
coastal imaging systems were deployed along selected coastal regions of the country
(Turner et al., 2006). Aerial photographs and Photogrammetry techniques are widely used
for the long-term and short-term coastal morphological studies (American Society of
Photogrammetry, 1980 Leatherman, 1983; Smith and Zarillo, 1990; Anders And Byrnes,
1991; Mcbrideet al., 1991; Jimenez et al., 1997; Kurosawa and Tanaka, 2001; Ford,
2013).
The Average of Rates (AOR) method for shoreline change rate calculation was developed
and first introduced in the Florida coast. With this method, individual EPRs are calculated
from more than two shoreline positions data (Foster and Savage, 1989).
A comparative study of various long-term and short-term erosion rates methods such as
End Point Rate (EPR), Linear Regression (LR), Ordinary Least Squares (OLS),
Jackknifing (JK) and Average of Rates (AOR) for Hatteras Island, concluded that, JK and
LR methods are more similar than the most varying AOR method (Dolan et al., 1991).
Studies conducted in the Texas Gulf coast and the North Carolina barrier island system,
introduced a new linear or high-order polynomial model, which best fits the data
according to the Minimum Description Length (MDL) criterion (Fensteret al., 1993). A
comparative study of four beach erosion rate calculation methods namely EPR, OLS, JK
and AOR at Rincon, Puerto Rico, identified AOR as the most appropriate of all four
(Thieleret al., 1995). The Florida’s hazard zones were mapped using OLS, EPR, and
AOR shoreline change-analysis methods. All the three methods were compared with each
other by calculating the correlation coefficients and concluded OLS as the suitable
method for that study (Dean and Malakar, 1999).
A study was conducted in Hawaii, to compare the predictive accuracy of the following
erosion rate methods; end point rate (EPR), average of rates (AOR), minimum description
length (MDL), jackknifing (JK), ordinary least squares (OLS), reweighted least squares
(RLS), weighted least squares (WLS), reweighted weighted least squares (RWLS), least
absolute deviation (LAD) and weighted least absolute deviation (WLAD). The study
carried out using the results from the prediction analysis (forecasting and hindcasting) and
synthetic time series analysis concluded that, if the major uncertainties in a methodology
are known and quantifiable WLS, RWLS and WLAD can be preferred. If the
uncertainties are unknown and non-quantifiable along with LAD other methods like OLS,
RLS and JK can be considered. If there persist problem with identifying storm influenced
shorelines RLS, RWLS, LAD and WLAD are preferred (Genzet al., 2007).
Various shoreline change-analysis methods are in practice among the coastal researchers
(Moore, 2000). From that, Shoreline Change Envelope (SCE), Net Shoreline Movement
(NSM), End Point Rate (EPR) and Linear Regression Rate (LRR) methods were adopted
because of its efficiency and easiness. The same combination of methods was found
effective in a study conducted in Indonesia (Bachtiar, 2017).
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For a study in Indonesia, multi-temporal Digital Globe imageries and topographical maps
(1: 25,000) were used for the extraction of shorelines of the required dates. The
displacement of shorelines was analysed using Shoreline Change Envelope (SCE) and
Net Shoreline Movement (NSM) methods while the rate of displacement was calculated
using End Point Rate (EPR) and Linear Regression Rate (LRR) methods (Bachtiar, 2017).
The detection and future prediction of coastal changes in Chennai was studied using
remote sensing and GIS techniques (Poornima and Sravan, 2014). A study conducted for
a time span of 22 years (1990 - 2012) along the Andhra Pradesh coast had used multiresolution satellite images from Landsat-5 TM, Landsat-7 ETM+, Cartosat-1,
Resourcesat-1 LISS-III and Resourcesat-2 LISS-IV for short-term and long-term
shoreline change estimation. End Point Rate (EPR) and Weighted Linear Regression
(WLR)methods were adopted for this study and found that EPR is the most suitable for
short-term and WLR for long-term change analysis studies (Kankaraet al., 2015).
The rate of change of shoreline and its future position was done for the years, 1975, 1980,
1990, 1995, 2000, 2005, 2010 and 2013 using the Landsat imageries. The methodologies
adopted were Linear Regression (LR) and End Point Rate (EPR) (Barman et al., 2015).
The EPR method was adopted for the shoreline change detection for a duration of 38
years (1972 – 2010) and its future prediction, in the Puri coast, Orissa using Landsat-5
MSS and TM because of its simple statistical approach (Mukhopadhyayet al., 2017). The
long term erosional/accretional trend along Kerala coast was studied using satellite
imageries and aerial photographs (Sreekalaet al., 1998).
The state of pollution includes a sense of degradation, a loss of quality, a departure from
purity and adverse environmental effects. Air becomes polluted when it is changed by the
introduction of gas or particulate-phase substances or energy forms (heat, noise,
radioactivity) so that the locally, regionally or globally altered atmosphere poses harm to
humans, biological systems, materials, or the atmosphere itself. (Godish, 2003). The air
pollution has many adverse effects such as acidification, eutrophication, ground level
ozone, stratospheric ozone depletion. (Schwelaet al, 2008).
Earth’s atmosphere is a dynamic system, essential for the existence of life. It was
composed of a mixture of gases and particulate-phase substances. Nitrogen (78%),
Oxygen (21%) are the abundant among these. Water is a unique component which can
exist in its all three phases at the same time. Weather is affected by the phase changes in
the atmosphere. The concentration of water vapour contributes to the relative humidity.
(Godish,2003).
The ambient air is the freely moving air of the outdoor environment. Conventionally the
pollution of the ambient air is considered as a prime importance. (Godish,2003). The
causes of air pollution can be natural and anthropogenic i.e. human induced. The natural
pollution has least effect in the health and welfare. Even though, on a mass basis natural
causes contributes more than that of anthropogenic, they are episodic and transient. The
following are the natural causes of air pollution. (Godish,2003).
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Volcanic eruption
Forest fire
Decomposition of organisms
Volatile hydrocarbons emitted by vegetation
Ocean spray
Soil erosion and mineral weathering by wind
Electrical storms
Stratospheric intrusion
Photochemical reaction
Anthropogenic air pollution is a serious issue as it is concentrated in areas where the
environment and public health is affected more badly and frequently (Godish,2003). It
also has impact on the ecosystem, agriculture and materials. (Schwelaet al,
2008).Anthropogenic contribution to air pollution started along with the invention of fire.
The incomplete combustion of wood produced smoke. The replacement of woods by coal
in the 14th century and industrial revolution of 19th century along with technological
developments of 19th and 20th century driven the air pollution to the present scenario
(Godish,2003).
Visibility reduction is the worst problem associated with air pollution concerning the
environment. It is caused by the absorption and scattering of light by suspended particles.
In the British industrial cities, when extreme coal combustion was combined with fog
from lead to dangerous reduction in visibility known as smog. This condition was
continued in London for more than a century, also known as London Smog. Los Angeles,
Pristine and California also the places where such extreme conditions occurred. Haze is
another condition of reduced visibility. Industrial emission of SO2 led to Artic haze.
Brown air cloud found over the Indian ocean, South, Southeast and East Asia also
reported as haze.
Jensen (1998) studied human exposure to traffic pollution of Danish Municipality of
Middelfart. The exposure model was developed in GIS using the Danish Operational
Street Pollution Model (OSPM)and population data from administrative databases. GIS
based regression analysis used to estimate the annual concentration of traffic related
pollution of urban areas in London. Road traffic data, urban land use and topography
along with NO2 concentration were considered for the regression model. The highresolution maps provided by the model is useful for mapping long-term air pollution
concentrations (Briggs D.J., et al., 2000). Braueretal., (2003) done a study to estimate the
ambient air concentrations at home addresses of the cohort members. They have adopted
regression analysis using traffic related variables.
The pattern of air pollution in an urban area depends on the distance to pollution source,
land use land cover categories, the population density, the division of functional districts,
the layout of transport network. There is a positive correlation between pollutant
concentration and land surface temperature. (Weng and Yang, 2006). Zhang et al., (2008)
done mapping of ecological risk zone for sulphur in China. They adopted semi-variance
analysis and Kriging to map ecological risk distribution. Various factors were considered
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and weighted according to preference. Index of Ecological risk calculated and criterionbased analysis performed to create Ecological Risk Zone map of different categories.
Risk zone mapping can be applied in several fields, the methodologies in such studies are
dependable for the present study. Remote sensing and GIS are regarded as powerful tool
to investigate, predict and forecast environmental changes in a reliable and cost-effective
way (Choudharyet al., 2017). Using these tools and satellite and ground truth data they
developed a spatial model for natural environmental vulnerability in Astrakhan, Russia.
Quin R et al., in 2017 developed PDFGIS software for forecasting pollutant drift on
coastal water surface. The software accepts inputs from the implemented operational
forecasting model and easily deployable and adaptable to various oceanic areas by any
ocean modelling group with operational capability. The software was developed in C++
language using the Microsoft Visual Studio 2010 platform. ESRI ArcGIS Engine10.1
functions were used as a spatial processing and visualization tool. An open source
relational database management system SQLite is embedded into the end program to store
the results of the model.
CAREA is a GIS based Gaussian model for air pollution studies having complex source
area. This model is a simplification of widely used AERMOD model, advantages over
AERMOD includes easiness and reduced time in processing. The model coded in Python,
directly interact with GIS software. Using a suitable Graphical User Interface, it is
possible use CAREA direcly in a GIS platform (Teggi, S. et al., 2017). GIS based air
pollution studies were also conducted in India. The ATMoS model combined with GIS
based spatial inventory analysis done for chemical transport modelling of Delhi reveals
that the highest concentration of PM2.5 is at South Delhi (Guttikunda, S.K et al., 2012).
Methodology
Urban sprawl requires land use change analysis, urban sprawl pattern identification and
computation of entropy. Land use land cover over a period of 25 years (1992-2017) were
delineated from Satellite imageries (Landsat 8 and Landsat 5). The data extraction and
data analysis were performed in ERDAS Imagine 9.3 and ArcGIS 10.5.1. Eleven units
were considered in the land use land cover featureclass, includes Beach,Built-up, Estuary,
Mangroves and associated plants, Mixed Vegetation, Paddy, Pokali fields, Prawns, River,
Sea and Waterbody. Population data were collected from Census of India
(1991,2001,2011).Entropy calculation is based on area computation and is best facilitated
for urban growth analysis (Yeh and Li, 2001; Sudhiraet al., 2004; Ayhanet al.,
2008).Statistical character to entropy has been given by Claude Shannon. Entropy was
calculated in two aspects; based on administrative unit; Coastal and Non-coastal regions.
The spatio-temporal variation of the shoreline, along the coastal areas and within the
estuarine system of Ernakulam district, Kerala for the time span of 2005 to 2016 was
studied using Digital Shoreline Analysis System ArcGIS extension, version. 4.4, July
2017 (Thieler, Himmelstoss, Zichichi, & Ergul, 2017).This entire work has been done by
considering the High-Water Line mark as the shoreline indicator. Shorelines were
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extracted using Google Earth Pro application (Digital Globe satellite and IKNOS, GeoEye sensors).
The Air pollution risk zonation map for the cochin area was prepared by considering the
factors affecting the air quality. Factors considered includes Air quality index (United
State Environmental ProtectionAgency (USEPA)), aerosol optical thickness, brightness
temperature, normalized difference vegetation index, distance from major roads and
industrial zones. Major industrial zones were extracted from Landsat 8 satellite imageries
(2014,2015,2016). Normalized Difference Vegetation Index (NDVI) and Brightness
temperature (BT) were also calculate from the same imagery using raster calculator in the
ArcGIS software. Aerosol optical Thickness data was acquired from TERRA MODIS and
major roads were extracted from Google Earth Pro application (satelliteDigital Globe,
SensorIKNOS). Air quality indices for the study area, of both Indian and USEPA
standards were computed in the ArcGIS using ground based pollutant concentration data
collected from Kerala State Pollution Control Board of the years 2014, 2015, 2016. All of
these factors were reclassified and weighted equally to generate Air pollution risk
zonation map.
APRI = Ai=1-5 + Arj=1-5 + Bk=1-5 + Nl=1-5 + Rm=1-5 + In=1-5
Where
APRI= Air Pollution Risk Zone Index
A= Air Quality Index (USEPA) (with 1-5 classes)
Ar= Aerosol Optical Thickness (with 1-5 classes)
B= Brightness Temperature (with 1-5 classes)
N= Normalized Differnce Vegetation Index (with 1-5 classes)
R= Distance from major roads (with 1-5 classes)
I= Distance from major industrial zones (with 1-5 classes)
The resultant APRI was categorized into five classes of air pollution risk zones; very low,
low, moderate, high and very high.
Result and Discussion
Urban Sprawl
The land use land cover pattern of 2017 shows 43.81% of the total study area coved by
built-up which was increased by 22.90% compared to 1992 situation. In 1992 the urban
area was 20.91% which was increased to 26.9% in the year 2014 and from there a fast
increase in the area to almost 43.81% in 2017. The urban growth in Cochin area was
increased in a very rapid rate and this leads to the loss of mixed vegetation including
various cultivation and other plantations. The area of mixed vegetation has been
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decreased by 21.52%. In the year 1992 the percentage area of mixed vegetation was 44.91
%, and which was decreased to 40.42 % in the year 2014 and 23.39% in the year 2017
(figure: 5,6,7). Other than mixed vegetation the built-up areas had impact on other classes
also. In the year 1992 almost 11% was covered with estuarine water, 9% of the area was
represented by Pokali fields and Sea. 3% of the area was covered by paddy field and
Mangroves (figure:2).
During 2014, the 11% of the total area was covered with Estuary water, 9% was covered
with Pokalifields cultivation and 8% was covered by sea. Paddy field was decreased to
2% of the total geographical area (figure:3). In the year 2017, the built-up had been
increased in an uncontrolled manner, 43.81% of the study area is covered by built-up. As
a result of this the wetlands, mixed vegetation and paddy cultivations had decreased
(figure: 4).
From most of other studies conducted on the land use land cover it was observed that
forest lands, mixed vegetation, agricultural areas were mostly affected by urban
development (Rahman et al., (2011), Bhatta, 2009). Xia Liet al., (2004) had observed a
high rate of declination to agricultural land due to its conversion to built-up and other
developmental sites. Thespatio-temporal analysis of urban sprawl showed tremendously
change from 1992-2017(fig: 8,9,10).
The impact of the sprawl was mainly affecting the greenery of Cochin area. Nearly 18%
of the mixed vegetation had been changed to built-up in these three years. Yuan et al.,
(2005) states that during the conversion of a rural area to an urban setup the most changes
are affecting to agricultural, forest and wetland areas. The entropy values for Cochin City
for the time spans 1992-2014 and 2014-2017 were calculated. For that study, the area had
been divided into three categories.
The entropy values calculated for the twenty-six administrative units’ ranges from 01.42. The entropy value for the administrative units for the years 1992-2014 was 1.26 and
for the year 2014-2017 it was 1.31 (Table:1). Both values were almost close to the
maximum values but from 1992 - 2017 the value had been increased. The higher value of
entropy was found at Kochi Corporation followed by Vadavucode – Puthenkurisu,
Edathala and Thrippunithura. This higher value indicates that the city was highly
sprawled towards eastern direction from Kochi Corporation; this could be due to the
growth of industrial areas mainly the Indian Oil Corporation, Bharat Petroleum and
Hindustan Petroleum in this area. The higher entropy growth was found in between the
important industrial locations, Eloor and Irumbanam. The least Population density (Table:
3) was found in Vadavucode – Puthenkurisu but the entropy was high, hence here the
population density is inversely proportional to entropy. In the case of Kochi Corporation
both population density and entropy are proportional. The least value of Entropy was
found at Ezhikkara while its Population density is increasing trend. The entropy shows
an increase during 2014-2017 compared to 1992-2014.

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

112

The study area was further classified to Coastal and Non- Coastal zones to analyse the
effect of urban sprawl. The entropy value of this area ranges from 0 -0.30. The entropy
value of 1992-2014 was 0.22 and 2014-2017 was 0.29 (Table: 2). From the result of
2014-2017 range the entropy value was only 0.1 less than the maximum value hence it
was understood the extend of sprawl was very high in this zone. While considering the
Coastal and Non-Coastal zones the higher values of entropy was observed at Coastal
areas, this may be due to the more migration of people in to the Coastal areas. The
development happened over last decades in the area especially in Kochi Corporation
including LNG terminal, Cochin shipyard, Vallarpadam container terminal and associated
highway and rail corridor, Willington Island, Tourism based developments etc. made a
drastic increase in the built-ups of Coastal zones. The important Municipalities
Thrippunithura and Kalamasherry, the industrial sites Eloor and Irumpanam are playing a
significant role in the built-up growth of Non-coastal zones.The increasing value of
entropy over years had a relationship with the population growth in the Cochin area, the
population density had increased in a considerably in an advanced rate when going from
1991-2011. But the places were a declination in population has been observed also shows
an increase in Sprawling. Sudhira et al., (2004) also reported that the rate of sprawl was
three times the rate of population growth based on the study at Udupi, Mangalore region.
Bhatta, (2009) analysed the urban growth pattern of Kolkata city and observed that the
condition was comparable with present study.
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Figure 1:Land Use Land Figure 2: Land Use/ Land Figure 3: Land use/ Land
Cover Pattern in the year Cover Pattern in the year cover Pattern 2017
2014
1992

Figure 4: Land use/ Land Figure 5: Land use/ Land Figure 6: Land use/ Land
cover - 1992
cover – 2017
cover – 2014

Figure 7: Land use/ Land Figure 8: Land use/Land Figure 9:Land use/ Land
Cover Change 1992-2014 cover change 1992-2017
cover Change 2014-2017
Note:
Be-Be: Beach-Beach; Be-Bu: Beach-Built-up; Be-MV: Beach-Mixed Vegetation; Be-S:
Beach-Sea; Bu-Bu: Built-up-Built-up; E-Bu: Estuary-Built-up; E-E: Estuary-Estuary; EMA: Estuary-Mangroves and Associated Plants; E-MV: Estuary-Mixed Vegetation; E-
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Po: Estuary-Pokali fields; E-Pra: Estuary-Prawns; E-R: Estuary-River; E-S: EstuarySea; E-W: Estuary-Waterbody;MA-Bu: Mangroves and Associated Plants-Built-up; MAE: Mangroves and Associated Plants-Estuary; MA-MA: Mangroves and Associated
Plants-Mangroves and Associated Plants; MA-MV: Mangroves and Associated PlantsMixed Vegetation; MA-Po: Mangroves and Associated Plants-Pokali fields; MA-Pra:
Mangroves and Associated Plants-Prawns; MV-Bu: Mixed Vegetation-Built-up; MV-MV:
Mixed Vegetation- Mixed Vegetation; MV-W: Mixed Vegetation-Waterbody; Pa-Bu:
Paddy Field-Built-up; Pa-MV: Paddy Field-Mixed Vegetation; Pa-Pa: Paddy FieldPaddy Field; Pa-R: Paddy Field-River; Pa-W: Paddy Field-Waterbody; Po-Bu: Paddy
Field- Built-up; Po-E: Paddy Field-Estuary; Po-MA: Paddy Field-Mangroves and
Associated Plants; Po-MV: Mangroves and AssociatedPlants-Mixed Vegetation; Po-Po:
Pokali fields- Pokali fields; Po-Pra: Pokali fields-Prawns; Po-R: Pokali fields-River; PoW: Pokali fields-Waterbody; R-Bu: River-Built-up; R-MV: River-Mixed Vegetation; RPa: River-Paddy Field; R-Po: River- Pokali fields; R-R: River-River; R-W: RiverWaterbody; S-Be: Sea-Beach; S-Bu: Sea-Built-up; S-S: Sea-Sea; W-Bu: Waterbody-Builtup; W-E: Waterbody-Estuary; W-MA: Waterbody-Mangrove and Associated Plants; WMV: Waterbody-Mixed Vegetation; W-Pa: Waterbody-Paddy Field; W-Po: WaterbodyPokali fields; W-Pra: Waterbody-Prawns; W-R: Waterbody-River; W-W: WaterbodyWaterbody.
Table 1: Entropy of the Zone Administrative Units

Admini
strative
Units

Urban Growth
Pj
Per Span

Union

-Pjlogepj

1992

2014

2017

19922014

20142017

Span
1

Spa
n2

Alangad

3,778,7
72.04

3,950,1
68.89

8,709,2
70.46

171,39
6.85

47591
01.569

0.004
82861
4

0.04
98

Chellan
am

2,457,4
16.87

3,644,4
12.17

11,599,
340.80

1,186,
995.30

79549
28.628

0.033
44018
2

Cherana
llur

634,51
8.23

1,758,6
88.48

3,529,8
65.37

1,124,
170.25

17711
76.895

Choorn
nikkara

2,150,6
73.86

3,836,2
58.29

4,684,5
19.95

1,685,
584.43

Chottani 1,211,3
kkara
03.43

2,604,4
67.00

5,203,1
17.29

Edathal
a

8,691,9
52.67

11,765,
994.62

6,017,7
17.39

Span
1
0.011
18392
7

Spa
n2
0.06
4877
8

0.08
324
1

0.049
34872
5

0.08
9872
4

0.031
67026
6

0.01
853
4

0.047
48475
9

0.03
2101
2

84826
1.6599

0.047
48649
8

0.00
887
6

0.062
84504
9

0.01
8212
1

1,393,
163.57

25986
50.286

0.039
24838

2,674,
235.28

30740
41.956

0.075
33889
4

0.02
719
3
0.03
216
7

0.055
19021
9
0.084
60412
9

0.04
2571
3
0.04
8012
3
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Edavana 211,41
kkade
9.23

1,305,2
98.89

4,059,8
76.24

1,093,
879.66

27545
77.352

0.030
81691
6

0.02
882
4

0.046
57085
7

0.04
4396
3

Elamku
nnapuzh
a

1,376,0
96.36

3,131,5
04.99

7,551,4
71.77

1,755,
408.64

44199
66.776

0.049
45359
4

0.04
625
1

0.064
57660
9

0.06
1739
5

Eloor

3,845,4
50.85

5,050,1
78.18

7,665,5
24.04

1,204,
727.33

26153
45.852

0.033
93973
1

0.02
736
7

0.049
86736
1

0.04
2768
7

Ezhikka
ra

97,413.
57

457,94
4.11

1,112,5
40.10

360,53
0.54

65459
5.9922

0.010
15691
2

0.00
685

0.020
24514
6

0.01
4825
1

Kadama
kkudy

284,62
5.30

893,21
7.09

2,173,5
02.57

608,59
1.80

12802
85.474

0.017
14532
5

0.01
339
7

0.030
27614
6

0.02
5092
6

Kadung
allur

3,628,5
94.67

5,191,0
48.05

8,473,6
73.77

1,562,
453.38

32826
25.722

0.044
01763
4

0.03
435

0.059
70434
4

0.05
0290
7

Kalama
ssery
Municip
ality

20,193,
071.42

20,520,
411.75

26,052,
530.77

327,34
0.33

55321
19.018

0.009
22187
3

0.05
788
9

0.018
76818

0.07
1631
8

Kochi
Corpora
tion

41,127,
668.31

48,313,
358.55

64,040,
819.01

7,185,
690.25

15727
460.45

0.202
43617
4

0.16
457
4

0.140
43237
9

0.12
8966
5

Kottuva
lly

1,411,6
54.55

2,842,6
64.11

7,600,3
10.54

1,431,
009.56

47576
46.437

0.040
31458
2

0.04
978
5

0.056
22021

0.06
4864
6

Kumbal
am

779,51
7.31

1,164,2
99.76

4,096,1
66.10

384,78
2.45

29318
66.341

0.010
84014

0.03
067
9

0.021
30049
7

0.04
6422
6

Kumbal
angy

167,11
6.19

323,15
8.90

2,234,2
90.29

156,04
2.71

19111
31.391

0.004
39605
5

0.01
999
8

0.010
36122
4

0.03
3977
2

Maradu

2,837,3
70.16

4,376,2
61.20

8,429,2
38.97

1,538,
891.05

40529
77.772

0.043
35383
3

0.04
241
1

0.059
09008
2

0.05
8209
8

Mulavu
kade

965,55
0.57

2,390,8
27.03

4,094,5
05.74

1,425,
276.46

17036
78.708

0.040
15306
9

0.01
782
7

0.056
06497
7

0.03
1178
7

Nayara
mbalam

163,50
4.22

601,90
1.53

2,356,8
29.69

438,39
7.31

17549
28.159

0.012
35058
4

0.01
836
4

0.023
56877
5

0.03
1880
2
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Njarakk
al

551,10
5.55

936,57
5.77

3,029,9
86.01

385,47
0.22

20934
10.24

0.010
85951
6

0.02
521
9

0.021
33014
7

0.03
6351
2

Thiruva
nkulam

2,217,4
25.81

3,480,0
15.14

5,890,0
14.65

1,262,
589.33

24099
99.506

0.035
56982
6

0.02
521
9

0.051
53777
1

0.04
0306
2

Thrikka
kara

9,276,6
97.36

8,524,8
69.46

11,685,
892.40

751,82
7.90

31610
22.942

0.021
18059
1

0.03
307
7

0.035
45762
1

0.04
8969
9

Thrippu
nithura
Municip
ality

3,297,5
44.21

5,455,7
18.58

10,916,
718.21

2,158,
174.38

54609
99.627

0.060
80036
1

0.05
714
5

0.073
93894
5

0.07
1032
1

Vadavu
codePuthenk
urisu

10,165,
935.99

12,840,
927.43

18,666,
759.60

2,674,
991.43

58258
32.172

0.075
36019
7

0.06
096
2

0.084
61879
8

0.07
4065
3

Varapuz
ha

532,11
1.45

1,086,5
69.15

3,314,6
65.85

554,45
7.71

22280
96.701

0.015
62025
3

0.02
331
5

0.028
21504
9

0.03
8058
6

Entropy

119,38
0,274.8
8

153,37
2,697.1
7

248,93
7,424.8
0

35,496
,078.0
9

95,564
,727.6
3

1.00

1.00

1.26

1.31

Table 2: Entropy of Coastal and Non- Coastal

Administra
tive Units

Urban Growth Per
Span
Pj

Union

-Pjlogepj

19922014

20142017

Span 1

Span
2

Span 1

Span 2

73493 95439
1562991
Non-Coastal 064.3 645.2
01.3
6
8

21946580
.92

60859456
.02

0.6456
32

0.636
84

0.2824807
69

0.287365
579

Coastal

45887
57933 9263832
210.5
051.9 3.5
3

12045841
.37

34705271
.61

0.3543
68

0.363
16

0.3676282
39

0.367849
037

Entropy

11938 15337
2489374
0274. 2697.
24.8
9
2

33992422
.29

95564727
.63

1.00

1.00

0.6501090
08

0.655214
615

1992

2014

2017
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Table 3: Population Density for the years 1991, 2001 and 2011
Administrative
units

Population
Density 1991

Population
Density 2001

Population
Density 2011

Kottuvally

1514.106

1676.5272

1888.754

Ezhikkara

674.3072

730.32514

1216.129

Alangad

1572.054

2002.4827

2034.792

Edavanakkade

1134.515

1191.9026

1259.115

Kadungallur

2089.677

2426.6089

2863.444

Choornnikkara

3580.651

3907.8991

4431.794

Varapuzha

2392.354

2605.9383

2842.475

Eloor

2592.373

2676.4903

2762.94

Edathala

1507.069

1816.5544

2224.471

Nayarambalam

2017.229

2071.2164

2100.91

Kalamassery
Municipality

1423.545

1653.3885

1860.913

Cheranallur

4015.101

4935.8343

5738.217

Kadamakkudy

1191.646

1285.5609

1323.826

Njarakkal
Kochi
Corporation

2538.913

2670.1791

2625.319

6542.378

6911.8451

7341.523

Thrikkakara

3310.604

4269.3762

5002.787

Mulavukade

1247.646

1276.7099

1220.314

Elamkunnapuzha

1320.283

1431.0145

1480.649

VadavucodePuthenkurisu

568.4282

579.27936

549.4166

Thiruvankulam

1722.111

2031.2342

2166.201

Thrippunithura
Municipality

2690.268

3154.0786

3654.758

Maradu

2446.578

2867.2399

3125.356

Chottanikkara

1348.117

1604.1156

1896.016

Chellanam

375.7851

411.54791

1082.992

Kumbalam

1215.976

1387.5211

1470.322

Kumbalangy

3101.793

2222.975

2355.298

Shoreline Change
The shoreline change along coastal areas and estuarine system of the Ernakulam district
has been investigated for the time period from 2005 to 2016. Net Shoreline Movement
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(NSM) and End Point Rating (EPR) were studied by considering the combination of years
2005-2010, 2010-2013 and 2013-2016. The Shoreline Change Envelope (SCE) and
Linear Regression Rate (LRR) were calculated by considering all the four years together.
Changes in Coastal areas
1) Between Fort Kochi and Chellanam: This zone is protected with constructions like
seawalls and groins (in some locations). Even though it was there, some locations are still
experiencing erosion and accretion in varying rates.For detailed study, the entire stretch
has been considered as two zones, namely Zone 1 (Fort Kochi to Moolamkuzhi) and Zone
2 (Moolamkuzhi to Chellanam).The shoreline between Fortkochi and Moolamkuzhi is
highly dynamic. During the year 2010, erosion was the dominant process with a
maximum of -54.86 m (EPR: -9.23 m/yr.), towards the landward side. This wasn’t the
case in 2013 (Figure 3.3), where, the dominant process was accretion and the net
shoreline movement was towards the sea, to a maximum of 179.53m, (86.65 m/yr.).
During 2016erosion was the dominant process along this zone and the shoreline eroded
landward to a maximum of -196.7m, (EPR: -63.2 m/yr.). Results of SCE method has
shown that the maximum displacement of shoreline occurred during the period 2005 to
2013 with a maximum of extent of 202 m. According to LRR method, maximum erosion
took place at a rate of – 1.08 m/yr., and maximum accretion rate of 9.82 m/yr.The region
between Moolamkuzhi and Chellanam, has experienced more accretion than erosion.
Maximum accretion was observed during the year 2013 with a maximum of 73.37 m
(35.41 m/yr.). This could be due to the construction of Chellanam harbour, during 2010 to
2013 and has resulted in the widening of beach at its southern side. Also, the breakwater
constructed for the harbour has resulted to a seaward modification of shoreline up to 285
m. The maximum distance between the shorelines was found to be 304.37 m at the
location of Chellanam harbour. The maximum sedimentation in this zone is also found to
be at the south of harbour up to a maximum of 76.96m. According to LRR method, the
dominant process was found to be accretion at a maximum rate of 7.67 m/yr.
2) Between Munambam and Fort Vypin (about 23.8 km long): This zone was found
to be highly dynamic. For detailed study, the entire stretch has been considered as three
zones; that is, Fort Vypin to Puthuvype north (Zone 1), Puthuvype north to Kuzhuppilli
beach (Zone 2) and Kuzhuppilli beach to Munambam (Zone 3).In the region between Fort
Vypin and Puthuvype north, the dominant process observed during the period (2005 –
2016) was accretion. The highest accretion to a distance of 188.24 m (EPR: 90.86 m/yr),
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near Fort Vypin was observed during 2013, which was followed by 77.24 m (EPR: 13.18
m/yr) in 2010 (Figure 3.7) and 71.54 m (EPR: 22.99 m/yr) in 2016, along the northern
portion of Puthuvypin beach. While, a 2.6 km stretch (extending north and south of New
Puthuvype beach), was experiencing more erosion than deposition.During 2010 the
coastal area between Puthuvype north and Kuzhuppilli beach showed almost similar
erosion and deposition pattern. Northern portion of the region experienced erosion rather
than deposition, while the southern portion experienced more deposition. The maximum
distance eroded and deposited observed were 24.77 m (EPR: -4.23 m/yr) and 18.16 m
(EPR: 3.1 m/yr). During the year 2013 (Figure 3.10), the dominant process was found as
deposition, to a maximum distance of 30.44 m (EPR: 14.69 m/yr) along the southern
portion, while in 2016 (Figure 3.11) the area was more prone to erosion. Maximum
erosion was reported along the southern region with a maximum shoreline migration of 32.94 m (EPR: -10.58 m/yr).During 2010 a maximum erosion of -49.96 m (EPR: -8.53
m/yr) was observed between Kuzhuppilli beach to Munambam zone (Figure 3.12), while
in 2013, it had changed to deposition with maximum shoreline movement of 35.71 m
(EPR: 17.24 m/yr). During 2016 the entire zone witnessed erosion with a maximum
shoreline movement of -20.53m (EPR: -6.6 m/yr).According to LRR method, the
maximum rate of accretion was found to be 14.91 m/yr., in Fort Vypin area and 3.95 m/yr
in Kuzhuppilli beach. At the same time the maximum erosion found at Munambam with a
maximum rate of -4.72 m/yr. In zone 2, the Njarakkal-Aruvattukuzhi beach witnessed a
maximum accretion of 19.76 m/yr. SCE method calculated the total displacement in the
shoreline and near the Fort Vypin with 188.24 m area.The shorelines along the northern
and southern portions of the estuarine inlet are highly dynamic in nature. This may be due
to the interaction of sediments transported by ocean currents with the sediment influx
from estuary.Six riversnamely, Periyar, Pamba, Achankovil, Manimala, Meenachil and
Muvattupuzha together supply sediments to the Kochi estuary. The discharge from
Periyar River in to the estuary accounts for only 30 % of its total and the rest flows
through Munambam inlet (Shivaprasadet al., 2013a). The general direction of longshore
currents inthe west coast of India is towards northern direction and during the monsoon it
reverses to south with much more velocity than in other seasons. This accounts for the
high rate of erosion and sediment transport along the coast during the monsoons (Baba
and Kurian, 1988). The Indian monsoon season has resulted in large amount sediment
influx to the estuarine channel leading to heavy siltation in the harbour area (Balchand
and Rasheed, 2000).Also, the region is very much disturbed by anthropogenic activities,
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since it is the entrance to the Kochi Harbour. The ebb dominant mouth region as a result
of morphological changes, induced by dredging operations, promote more sediment
flushing to sea through the estuary inlet (Oliveira et al., 2006; Colby et al., 2010). The
presence of coastal structures results in largescale sedimentation in its adjacent locations
(Komar, 1998), leading to changes in beach width and volume (Smith and Jackson,
1992). The shoreline configuration and the erosion-accretion rates along coastal zones are
severely influenced by the natural and anthropogenic activities occurring along the coast
(Kumar and Jayappa, 2009; Kumaravelet al., 2012, Mahapatraet al., 2013, Selvanet al.,
2014).The inner estuarine region was least affected by erosion/ accretion. The shoreline
changes which observed are mainly due to construction activities and the tidal variations
during the studied dates. As per the results, the major changes were observed in the
Mulavukadu and Vallarpadam islands. The south of Mulavukadu experienced maximum
change with an expansion of 238.18 m. The aqua-culture fields in the eastern side of
Vallarpadam island (Figure 3.19) was submerged with a maximum shoreline movement
of 213.45 m into the island. These changes occurred as result of construction of Container
Terminal Road (NH 966A). As per the study, three small islands situated west of Marine
Drive are experiencing size reduction. The island southeast to diamond island is
experiencing faster size with some portions reducing at a rate of 4.08 m/yr. The maximum
land loss experienced is with a distance of 46.47 m. The results are shown in table 3.3.
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Figure 10: Shoreline changes in Figure 11: Shoreline changes in
Fort Kochi to Chellanam sector Fort Kochi to Chellanam sector
[NSM and EPR: 2005-2010]
[NSM and EPR: 2010-2013]

Figure 12: Shoreline changes in Figure 13:Shoreline changes in Fort
Fort Kochi to Chellanam sector Kochi to Chellanam sector [LRR:
[NSM and EPR: 2013-2016]
all four years together]
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Air pollution risk zonation
Values of Aerosol Optical Thickness revealed that during 2015 and 2016 most of the area
had shown a value range of (136 – 144 V). AOT values shows rapid increase from 2014
2016 also. All three years shows highest values of AOT in coastal region of the study area
(figure:15). The increasing particulate matter as a result of urbanisation, high rate of
construction activities and vehicle number of Kochi city may be the reason for the
increase in AOT of the area.In the case of brightness temperature major part of the study
area (44.46%) was showed a temperature range of (28 - 300C) during the year 2014.
While in 2015 and 2016 the brightness temperature values showed a slight decrease in
value on comparing with 2014 (figure: 16). The increase in built-up area, effect of climate
change and presence of sea near to the study area keep the BT value above 320C for all
the study years. Urban sprawl was reported as a reason for increasing BT in Kochi city
(James, C.A et al. 2017). The calculated values of NDVI revealed that no significant
changes in values were observed even though the maximum value ranged between 0.50
(during 2016) to 0.55 (during 2015) (figure: 17). Evaluation of the NDVI indicated that
only average vegetation vigour was showed by the entire area during the study period.
The rapid urbanisation in the Kochi area may be the reason for the loss of vegetation
vigour also.Pollutant’s concentration data collected from seven monitoring stations were
interpolated to create spatial distribution surfaces of SO2, NO2 and RSPM. The result of
zonal statistics analysis of these interpolated surfaces with administrative units revealed
that the Kochi corporation showed maximum accumulation of SO2 for the years 2014 and
2015, which is replaced by Thiruvankulam in 2016. Similarly, Alangad has the lowest
values of SO2 concentration for all the three years (figure:18). SO2 has the maximum
concentration in the year 2014 and it falls in 2015 and further increases in 2016. The
value ranges are (2.39-2.50), (2.25-2.32) and (2.27-2.39) for the years 2014, 2015 and
2016 respectively.
NO2 showed maximum concentration in the AlangadPanchayath for the years 2015 and
2016 while it is minimum for the year 2014. The highest value is marked at
MaraduMuncipality in the year 2014. When concentration of NO2 is compared from 2014
to 2015, it shows a gradual increase with value ranges 8.48-9.59 and 9.28-10.90
respectively and then a rapid increase in 2016 with a range of 22.88-27.65 (figure:19).
The presence of Salem- Kochi high way (NH 66) passing through the Maradu
municipality region and large number of other roads carrying very high vehicle density
must be the reason for the highest concentration of NO2 there. Large number of studies
are reported on increasing concentration of NO2 with increasing vehicle density (Yuan, M
et al., 2017, Guttikunda and Calori. 2013). According to World Health Organization
(WHO) standards the concentration of NO2(40µgm-3) as well as SO2(20µgm-3) are safe
for the study area. Comparing with conditions of Delhi and other northern cities of the
country, the concentration of SO2 and NO2 is found to be low in the study area (Sharma et
al., 2018, Guttikunda and Gurjar, 2012). Such a condition is indebted to the privilege of
land-sea breezes while the northern landlocked cities are severely affected by the
meteorological conditions (Guttikunda and Gurjar, 2012).
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The highest values of RSPM were observed at Thiruvankulam Kochi Corporation and
Cheranallur for the years 2014, 2015and 2016 respectively (figure:20).Alangad has
lowest concentration for 2014 and 2016 and at KalamasseriMuncipality in the year 2015.
The highest concentration of RSPM is marked in the year 2014 (75.90 -85.39) and found
to be decreased in 2016 (62.54-68.47). The increase in construction activities of
Thripunithrua _ Thiruvankulam region as a result of construction of more number
residential places out of the corporation region and Metro rail related road reconstructions
may be the reason for high RSPM in the region. The result was substantiated by the
observation of urban sprawl studies. In the study area RSPM concentration was higher
than the permissible limits of WHO. The standard proposed by WHO for RSPM is
20µgm-3 and the present study observed a maximum value of 1117µgm-3. It should be
noted that Alangad is the place where pollutants’ concentration is low for most of the
years.
The high index values for AQI (India) are observed in and around Kochi corporation
including the ChellanamPanchayath and EloorMuncipality (figure: 21). The
Alangadpanchayath, which was found to be safest for the pollutant’s concentration, has
the lowest AQI for the same reasons. Similarly, USEPA AQI shows highest values in the
same urbanised and industrial area which includes Kochi corporation, Thrikkakkara and
Thripunithura municipalities (figure:22). The lowest value for USEPA AQI observed in
the KadungallurPanchayath which is adjacent to Alangad, where Indian AQI showed
lowest value. Indian AQI has the highest value in 2016 (25.3 - 35) showing increasing air
pollution in the area of the study area. In the year 2015 Indian AQI showed a slight
decrease than previous year hence the RSPM value also gave lower value in the year. The
AQI (USEPA) trend is different from that of Indian standard that the value showed
slightly lower values in 2016 on comparing with 2014.
Air pollution risk zone index (APRI) computed by including AQI (USEPA) clearly
showed that Ezhikkara is the safest place in the study area (figure:25,26,27). The
ezhikkarapanchayath is characterized by least urban growth (chapter2). The panchayath is
famous for prawns and pokkali fields. Kochi corporation has the highest urban growth
and thiruvankulam also marks comparatively advanced growth. Thiruvankulam showed
maximum risk zonation in 2014 and 2015. In the year 2016 the index showed highest risk
zone at Kochi Corporation. The index values were categorized into 5 classes; very low
(˂12), low (12-15) moderate (15-18) high (18-21) and very high (˃21). In all the three
years very, high values are observed over industrial and built-up areas (Figure: 4.10, 4.11
and 4.12).
The zonal statistics result showed that average concentration for SO2 and NO2has
maximum concentration over built up for 2014 and 2016. The average concentration of
RSPM observed over industrial areas followed by beach and built-up during 2014 – 2016.
In the years 2014 and 2015 the minimum concentration of RSPM was over beach and
mixed vegetation also.
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The zonal statistics of AQI (India) showed highest values over industrial areas in 2014.
The trend has changed into the beach areas for the years 2015 and 2016, which may be
due to the presence of coastal area and changing wind pattern in the region.The AQI
(USEPA) had maximum value over industrial areas for the years 2014 and 2015 which
was followed by waterbody in 2016. The low values were spread over waterbody and
mixed vegetation in 2014 and 2016 respectively. Air Pollution risk zone index had
highest values over industrial areas for all the three years.
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Figure 14: Aerosol optical
unit(2014,2015 and 2016)

thickness

in

Figure 15: Brightness temperature in °C
(2014, 2015 and 2016)

Figure 16: Normalized difference vegetation
index (2014, 2015 and 2016)
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Figure 17: Spatial distribution surface of SO2 (2014,
2015 and 2016)

Figure 18: Spatial distribution surface of NO2 (2014,
2015 and 2016

Figure 19: Spatial distribution surface of RSPM
(2014, 2015 and 2016)
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Figure 20: Air Quality Index (India)

Figure 21: Air Quality Index (USEPA)

Figure 22: Distance from major roads and major
industrial zones
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Figure 23: APRI; Categorized and values- 2014

Figure 24: APRI; Categorized and values- 2015

Figure 25: APRI; Categorized and values- 2016
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Conclusion
From the study it was evident that the urban growth in Ernakulam has a great impact on
the Coastal zones, as the city’s development is more extreme towards the Coastal areas
(Vallarpadam Container Terminal, Cochin Shipyard etc.). In comparing the growth of
Panchayat, Municipality and Corporation, Corporation area is showing an increase in
urbanization.The high rate of Sprawl was found at Kochi Corporation and towards its
eastern side (between the industrial areas, Eloor and Irumbanam).The sprawl is almost
gradual from the year 1992 to 2014 and more rapid increase from 2014 to 2017.The
impact of Urbanization has a great influence on villages, mainly Vadavucode –
Puthenkurisu, Thiruvankulam, Mulavukade, Edathala etc.
The long-term shoreline changes in the Ernakulam coastal area and the estuarine islands
has been studied in detail using high resolution satellite imageries for the years 2005,
2010, 2013 and 2016. From the study it is clear that coastal areas of the district are highly
dynamic with varying rate of erosion and accretion. The northern and southern
boundaries of Estuarine inlet experienced maximum erosion and accretion. In the Vypin
island, the major locations found to be dynamic include Puthuvype beach, Njarakkal
beach, Aniyal beach, Cherai beach and Munambam. In the region between Fort Kochi
and Chellanam, the coastal areas of Fort Kochi and the locations adjacent to Chellanam
Harbour are found to be more affected due to wave action. The Diamond island and its
adjacent two islands are found to be reduced in size as per the image date. This could be
due to the variation in the tide height. For that, detailed study is required with continuous
field observation. The study concludes that coastal zone management is very important in
the coastal areas of Ernakulam district. Better results can be obtained, if the study can be
extended to entire Kerala coast in a monthly scale.
Aerosol optical thickness in the study area was showed increasing trend through the study
period. The brightness temperature and NDVI clearly shows the effects of urbanisation in
the study area. The Brightness Temperature was above 30 0c and NDVI showed
comparatively not good vegetation vigour. According to WHO standards SO2 and NO2
concentrations are safe while RSPM crosses the limit. Pollutants’ concentration, AQI and
APRI values indicates that the air pollution mainly concentrated over the built-up and
industrial areas. At some instances it shows an effect on the coastal side also due to the
presence of Cochin Shipyard, International Container Transhipment Terminal and
changing wind pattern. Ezhikkara is the safest place in the study area according to APRI
values. The Alanagadpanchayath and adjacent KadungallurPanchayath showed least
pollutants’ concentration. These panchayathsare situated far from the urban centre. Thick
vegetation and Pokkali fields are characteristics of these areas. The AQI as well as APRI
values clearly showed that the urbanised areas of the study are highly affected by air
quality degradation. These effects are evident in the Kochi corporation, Thrikkakara,
Thripoonthura and Eloor municipalities.
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Abstract
Flooding is the most common of all-natural disasters and accounts for large
numbers of casualties and a high amount of economic damage in our country.
The Great flood of 2018 occurred in the southern state of Kerala caused
enormous economic damage, affected millions of people, and resulted in the
death of more than 400 people. The present study area, Kuttiyadigramapanchayath in Kozhikode district owing to its location on the extensive
floodplain of Kuttyadi River and 25km away from the Kuttyadi dam poses a
great challenge in terms of repeated flash flood hazard. The study aims to
understand the vulnerability and resilience of the community in Kerala to deal
with the future flood as a requisite from the 2018 flood. From May to June
2020 structured questionnaire survey were administered to 20 households
from each of the 3 selected wards of the panchayath using Google forms. The
study concluded that the residents of the Kuttyadi community are highly
vulnerable to future flood owing to their topography, demography, low level
of insurance cover, and the absence of flood protective measures like
embankments and their low maintenance status. Kuttyadi community was
found to be highly resilient, with more experienced citizens, coordinated effort
of citizen and government, presence of strong community network, and well
developed institutional and policy framework. Flood preparatory and
mitigation measures taken by the residents also make them more resilient. A
key finding of the study was that residents of the community believe that flood
risk management is a joint responsibility of local self- government and they
themselves and these activities make them respond and cope with flood
events.
Keywords: Flood, Kerala, Vulnerability, Community resilience, Mitigation
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Introduction
Floods are natural phenomena for lowland areas, but in recent decades the number of
damaging flood events has increased (Milly et al. 2002). Due to climate change, monsoon
patterns have been modified and exposed the tropical region to climate extremes and
unprecedented weather events (Eldho and Sreedevi, 2019). In India, it is highly evident
through the historic flood events that occurred i.e., the 2005 Mumbai flood, the 2013
Uttarakhand flood, and the Chennai flood in 2015.Each year flooding in India from
extreme rainfall results in a loss of around $3 billion which constitutes about 10% of
global economic loss (Roxy et al. 2017).
In Kerala usually concentrated precipitation during the monsoon season leads to
overflowing of rivers and inundated the lowlying areas. But recently the flood frequency
and magnitude in Kerala are on the rise due to the reclamation of wetlands, deforestation
in the upper catchments, increase in the impermeable built-up area, the encroachment of
the flood plain, etc. (Batesetal, 2008; Mishra and shah, 2018). After the 1924 and 1961
flood event, Kerala experienced an unprecedented and very heavy rainfall in 2018 which
is 164% more than the average of 287.6mm rainfall. This resulted in devastating floods
and landslides across the state and affected 5.4 million people, displaced 1.4 million
people, and took 433 lives (CWC, 2018).
To address and deal with the unpredictability of climate change and flood risk
holistically, diversification of FRM strategies is very necessary. In this context, the
concepts of community resilience or coproduction are more important and this seeks the
participation of citizens in FRM strategies as a bottom-up approach to increase the
societal resilience to flooding(Drissen et al. 2018; Mees et al. 2016). Community
resilience is a very complex phenomenon which involves their vulnerability status,
preparation, and mitigation measures taken by themselves, nature and relationship
between citizens and government, and their ability to recover from disaster flood events.
From this context, this paper tries to identify the resilience of the flood affected
community in Kerala by analyzing the Kuttyadi community through their response during
and after flood and measures taken to reduce vulnerability to flooding. And also analyze
the legal strategies and policy measures and preparation and mitigation strategies as an
imperative to flood resilience.
Methodology
The main focus of this qualitative study is to identify the characteristics of the community
regularly flooded in terms of their vulnerability, resilience, and adaptive capacity. Two
types of data were collected primary (Structured questionnaire) and secondary (through
analysis of policy document, newspaper articles, etc.,).
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Study area
Kuttiadi Panchayath, with an area of 15 sq. km. and a total population of 19,351, located
in Kozhikode district of Kerala, is the study area. It lies between 11 ̊ 39’ 36’’ N to 11 40’
4’’ N latitude and 75 ̊ 41’ 10’’ E to 75 ͦ 44’ 9’’ E longitude, elevates in the west to east
direction. This area is drained mainly by four water channels. Of this, the main channel
originating from the north-west part flows through the Vadayam Oorathu area and joins
the Kuttiyadi River. The other channels include Paikkattu, Vilangadu, and Pookaitha
channels are part of the area.It was selected as a study area because of its high
vulnerability towards flood during the past two-year flood in 2018 and 2019 and it is a
small village with a high population density of 1,300/ km2. Intended siltation of the
wetland (about 90 percent) also led to frequent flooding in monsoon seasons. Owing to its
location on the extensive flood plain of the Kuttyadi river and 25 km away from the
Kuttyadi dam make it more susceptible to flooding.
Data collection
Background study of the project is conducted through a literature review to comprehend
the history of flood in Kerala with a special reference to climate change and also the
concept of flood resilience. Problem identification and hypothesis formulation are the
succeeding steps.
The sampling method was used to collect the primary data from householders of ward 5,
ward 6, and ward 7 of Kuttyadi Grama Panchayath. The research examined 2-year data.
From May to June 2020 structured questionnaire survey was administrated from 20
households in each ward using Google forms. The participants of the survey were
restricted to those affected by the 2018 flood. The questionnaire contained 20 questions
that represent a range of questions on flood risk management activities, including flood
defence/mitigation measures, emergency management, preparatory activities, and belief
of the community to deal with the future flood.
Data on reconstruction activities implemented after the flood were collected and
assessment of the overall impact was also conducted. These were assessed using
secondary data from policy documents of state government, local self-government
disaster management plan, web pages, and newspaper articles.
Data analysis
The collected data were statistically analyzed using appropriate qualitative techniques.
The cross-tabulated data were graphically represented and analyzed by grouping
responses based on common themes. The analysis mainly focuses on associating
responses and interpretations with sample group and community characteristics in terms
of vulnerability, preparatory and mitigation measures, and resilience of the community to
prevent flooding.
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Result and Discussion
Policy Measures
In response to the 2018 flood, the Kerala government initiated the Rebuild Kerala
Development Programme (RKDP) under the Rebuild Kerala Initiative (RKI), which
focuses on building a ‘Resilient Kerala’ with the support of key sectoral departments of
the government align their development and planning process to a collective objective of
building a more resilient state. Under this programme, to build a coherent long-term
investment plan and sustainable risk financing mechanism for financing
institutionalization and implementation of disaster-resilient measures, the State
government had instituted a “disaster cess” on the Goods and Service Taxes (GST).
For rebuild a resilient state, the Government of Kerala initiated “Nammal Namukkay”
programme which is a citizen-centric approach. The programme aimed towards making a
shift in the policy paradigm of the State through extensive stakeholder consultation and
for preparing a Disaster Management Plan (DMP) at every local self- government
institution. Under the coordination of the Kerala Institute of Local Administration
(KILA), State Disaster Management Authority, Local Self Government Department and
State Planning Board will jointly conduct those projects and activities prepared as part of
the LSGDM Plan.
Response Force
Samuhika SandhamSena (Community Volunteer force) has been formed with the support
of the KSDMA, to create actively participating volunteers during the response activities
of disasters. This platform provides training to the volunteers under the leadership of
police, fire force, Disaster management force and Forest department. The force is a mixed
age group of people range from 16- 65.
Mitigation activity - River rejuvenation
The Kozhikode District witnessed two major floods and several landslides during two
consecutive years. Under section 30(2)(iii), DDMA has to ensure that areas in the District
vulnerable to disasters are identified and ensure that the steps required for mitigation are
taken up by the departments and local authorities. Under this, DDMA entrusted CWRDM
to study the river situation under the guidance of Kerala Centre for Water Resource and
Development Management (KSCTE). They submitted their report regarding their analysis
on the flood, comprehensive plan on actions required for prevention of future flood, and
preparedness.
According to their analysis, the main reason for the flood in Kozhikode district identified
was the decrease in the carrying capacity of rivers due to the deposit of silt and debris that
resulted in the rise of water level in all water bodies. The report mentioned certain
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mandatory works that are required to prevent flooding in future, which include cleaning
and desilting. The work is carried out under the convergence with MGNREGS and public
participation and in addition to own fund of local self-government institutions.
Kuttyadi Gramapanchayath- 2018 Flood
Flooding, however, did occur in low-lying areas (33.3%) of Kuttyadi Gramapanchayath.
The major reason for flooding in the Kuttyadi was the opening of Kuttyadi and
Peruvannamuzi dams (73.3%) which makes the Kuttyadi River overflow and redirected
the water to the near drainage systems. In addition to this, the improper maintenance of
drainage (58.3%) made the situation worse and inundated in most of the areas of the
panchayath (Fig. 1). Thotta region in ward 5, Urath and Valayam in ward 6, Urath
nattakandi Edavalathur region in ward 7, Urath vazhal region in ward 8, Mavullachalu in
ward 9, and Punnuvazhal region in ward 10 are the disaster-prone areas in Kuttyadi
Gramapanchayth.

Figure 1: Major reasons for flooding in Kuttyadi Gramapanchayath and
corresponding response percentage

Kuttyadi population affected by the flood were alerted in the early morning, by the early
warning signals from social media, through local officials, announcement, and from
residents. The overflowing river made the water level to rise to 2 m inside the houses of
those living near the Kuttyadi River. The most common flooded areas were houses,
garage sheds, and buildings, also the road facilities were completely immersed during the
flood. Ward 8 was completely isolated by floodwater with the water level reaching up to
2m above roads. More than three-quarters of the population was forced to leave home,
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and most of them returned home within one week. A small portion of the population in
Thotta colony returned home after one month, during which they stayed in a relief camp
set up by the local government.
During the 2018 flood, Kozhikode District Disaster Management Authority (DDMA)
formed one Disaster management team to carry out a rescue operation. One team
comprising 48 members of NDRF is deployed in Kuttyadi region for sifting people to a
safer location and to relocate household goods (K M Sree, TNN). Local government and
other Non-Governmental Organisations (NGOs) also played a crucial role in search and
rescue operations during the flood. The rescue operations were carried out with small
boats that were available in the local area and moved the residents to relief camps.
Institutional personnel helped to clean the houses and remove mud and other debris. They
also removed broken furniture, implemented strategies to stop mosquito larvae breeding
in stagnant water, disconnected power, wherever necessary, and monitored people’s
assets and safety.
The most difficulty faced during the relief operation was the reluctance of people to
evacuate from the flood-hit areas. There were also issues with logistics and access
systems that created the dumping of relief materials and inaccessibility to the residents.
Vulnerability
The major vulnerability of the sample group was the geographical location of their
houses, which were very close to Kuttyadi River (about 75%). Almost half of the
households were having people aged above 75 years and children below 15 years, who
were considered as the most vulnerable sector of the population. The only flood defence
protective measure present in the study area was the presence of embankment along the
river bank. But the low maintenance status of the embankments made them more
vulnerable to flooding. About 51.1% of the sample population responded that there had
been no maintenance activities done in the flood-prone areas. The low-level status of
flood household insurance cover of the sample group made them more vulnerable to
economic losses in flood events.
After the 2018 flood, there were many surveys conducted in the flood-affected area to
access the flood situation and to make appropriate policy measures for disaster mitigation
activity. As per the community survey, 61.7 % and 18.3 % of the sample population
disagree and strongly disagree with the status of field level implementation of policy
taken place in the flood-affected area (Fig. 2). The less knowledge about preparedness
and mitigation strategies made the society more vulnerable in a disaster situation. In
Kuttyadi, 81.7 % of the sample group were not aware of the flood disaster preparation
and mitigation strategies. For the field level implementation of FRM strategies, it is very
important to have sufficient community participation at each level of policy formulation
and implementation. But only 15 % of the population took part in the local community
groups to formulate and implement the policy measures for flood risk management. Also,
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60 % of the population believes that they are not sufficiently involved in the FRM
strategies by the local government (Fig. 3).

Figure 2: Citizen’s response to field level implementation of policy

Figure 3: Citizen’s response to community involvement in FRM strategies

Flood mitigation measures
During the 2018 flood, 83.3% of the flood-affected community moved their household
items like furniture, electronics, and other valuable items to the high-level grounds, out of
which vehicles were the most common item. A small proportion of residents sampled had
raised the floor level of their house as a mitigation activity (13.3%) and only 6.7% of the
residents ensured the maintenance and cleaning of the drains around their property. While
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in contrast, a small portion of the population (8.3%) did not take any measures at all (Fig.
4).

Figure 4: Response to Personal Level Protective (PLP) Measures taken by residents
Flood preparatory measures
Before flood, the residents need to be prepared to deal with the flood risk by taking
individual preparatory measures and know about the nearest relief camps and know
whom to contact in an emergency to make the response activities fast and to reduce the
consequence of the flood. In Kuttyadi, eighty-five percent of the residents in the floodprone area are aware of the nearest relief camps and 48.3% of the residents know whom
to contact during a disaster situation. Only 16.7 percent of residents had prepared an
emergency kit. Most importantly 6.7 per cent of the residents had not taken any
preparatory measures at all (Fig. 5).
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Figure 5: Response on Preparatory measures taken by households
Resilience of Kuttyadi residents
Researchers found that those communities which have experienced flood events are better
prepared and more resilient to flood events (Keogh et al., 2011). The study also found that
more than 80% of the communities reside here for over 10 years, out of which 31.67% of
the residents had been residing there for more than 50 years. This concludes that the
residents have great knowledge about the local geographical condition and better
response during the flood event than the new people or migrant labours living in that area.
Community engagement in the response activities makes the community more resilient to
flooding. 45% of residents, who were affected by the flood, were evacuated to their
family or friends in their neighbourhood. This is the evidence of very strong personal
networks in the resilience of the community. There is also a strong community network in
Kuttyadi region. The residents helped each other in moving household items, evacuation,
and in cleaning the house after the flood (96.7%, 96.7% & 80% respectively) (Fig. 6).
Researchers found that diversification of flood risk management strategies make more
resilience to flooding in which the most important strategy is the involvement of residents
in FRM. More than 70% of the residents agreed (51.7% strongly agree and 21.7% agree)
that flood risk management is both their as well as Local self-government responsibility
(Fig.7). KuttyadiPanchayath formed a disaster response force to coordinate the search and
rescue operations during flooding. In addition to this, the community also shows strong
informal volunteering networks.
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Figure 6: Community engagement in disaster response and relief activities

Figure 7: Responsibility of community in FRM strategies
Recovery
After the 2018 flood, 68.3% of the eligible families, in Kuttyadi, were assisted with an
immediate financial aid of Rs 10,000 from Kerala Disaster state response fund as per the
State Disaster Response Fund (SDRF) criteria. The estimate to restore essential public
assets such as road facilities is Rs 3000000 and to raise the embankment on Kappungara
stream is Rs 100000 to avoid future flooding.
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Conclusion
The assessment of flood resilience in KuttyadiGramapanchayath as a case study found
that the Kerala government developed a policy framework to rebuild a resilient
community to flooding under the Rebuild Kerala initiative, in which the development of
Local Self Government Disaster Management Plan (LSGDMP) provide a citizen-centric
approach to the policy development and flood mitigation and response activities. The
involvement and coordination of volunteers in disaster response activities made achieved
through “SmuhikaSanadhaSena”. One of the major mitigation activities take for reducing
flood risk is the river rejuvenation programme under KSCTE. The study found that
Kuttyadi Gramapanchayath is highly vulnerable to flooding owing to its geography, the
opening of dams during monsoon season, and improper drainage system. The population
of the community is mostly predominant by vulnerable sectors such as elder people and
children. The low maintenance status flood defence measures and the less knowledge
about the flood preparatory and mitigation measures due to insufficient participation of
community in FRM strategies by the local government make the community high
vulnerability status to flood risk. The flood mitigation measures taken by the community,
at the household level are the protection of their property by rising above high floor and
by ensure proper drainage system. Knowledge about the nearest relief camp and the
evacuation route make the response activities easier and flexible. Most of the citizens
were reside there for a long period make them well respond to the flood situation. Highly
flexible response activities take place during the 2018 flood event through coordinated
efforts of citizens and government and the strong community network present in the
Kuttyadi makes them more resilient to the flooding. The recovery rate of the community
after the flood is very high through financial support from the government and support
from the community. The study finally implies that Kuttyadi community is highly
resilient to flood through their flood preparatory and mitigation is taken by the residents
who highly prone to flood and the strong community network present there.
Overall this study concludes with the following suggestions so as to increase the
resilience of the community to flooding:
 To reduce the probability of flooding in a residential area the flood protective
measures like embankment need to the maid and maintained their performance
through continuous monitoring. Increase the depth of rivers by removing debris
deposited during past flood events and cleaning of drainage before flood makes
reduce the probability of flood in Kuttyadi.
 The involvement of the community in policy formulation and field level
implementation of policy makes the community more aware of the flood situation
and increases the legitimacy of policy.
 Conduct seminars, training, and other measures to increase the awareness of the
community in flood preparation and mitigation strategies.
 Community members who have experienced flood events are better prepared and
therefore it is important to provide regular information to new people to the
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affected area and have this information translated into other languages for
migrants. Such preparation can reduce losses and possibly save lives.
The study identified there is a lack of shelters in kuttyadi and there is a need of
constructing multi-purpose emergency shelters and improved access to such
shelters that are handed over to the communities with corpus funds for operation
and maintenance.
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Abstract
Coastal zones are complex, vibrant, and delicate environment, which performs
essentialfunctions of environmental and economic assets. The issue of
shoreline changes due to both natural and anthropogenic reasons has
increasingly become a primary social, economic, and environmental concern
to a large number of countries along the coast. Accurate detection and frequent
monitoring of shorelines are essential to understand the coastal processes and
dynamics of various coastal features. The present study aims to measure the
shoreline changes along the coast of Thiruvananthapuram district using
modern techniques including remote sensing and geographical information
system (GIS). Satellite data has proved to be more appropriate for change
detections, quantifying and monitoring coastal zones compared to
conventional sources. The spatial variability of shoreline changes is studied
using Topographical maps from the Survey of India (SOI), Multi-date satellite
data of Indian Remote Sensing (IRS) satellites, and Landsat images of
Sentinel. A drastic loss of land due to sea erosion is visible on the coast of the
capital city for the last three decades. Unscientific construction of barrier
structures along the coast, such as sea walls, groins, and harbours, maybe the
primary reason for the enormous landward migration of sea. Mining, limited
supply of sediments from rivers, natural hazards such as storms, and sea
turbulence also enhance the rate of erosion in the study area. The present study
has insisted that care should be taken in the utility of future planning and
management ways for a long term sustainable plan to address coastal erosion.
Natural protection measures instead of artificial structures and rehabilitation of
the communities to a safer habitat are the appropriate way to reduce the
vulnerability of the particular environments in focus.
Keywords: Shoreline changes, Remote sensing, Erosion and Accretion, Coastal zone
management, Thiruvananthapuram coast
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Introduction
The shorelinedefined as the physical boundary of land and sea water is dynamic and
delivers economic and social security to the coastal habitations. Coastal areas are
ephemeral environment with exclusive and fragile ecosystems which change position
continuously due to dynamic circumstances. Shoreline faces variousextortions due to both
natural and anthropogenic causes as a result of disasters, industrialization, rapid
urbanization, sand and coral mining, etc. (Usha et al.,2015).The landward displacement of
the shoreline caused by the forces of waves and currents termed as coastal erosion.It is the
loss of subaerial landmass into the sea due to natural processes or even due to human
interference (Kana 2003; Dolan et al., 1980). The issue of shoreline changes has
progressively become a primary social, economic, and environmental issue to several
countries along the coast, where it poses a severe problem to the environment and human
settlements (Chand and Acharya 2012). The effects of waves, currents, tides, and winds
are primary natural factors that influence the coast. Anthropogenic effects that trigger
beach erosion are the construction of artificial structures, mining of beach sand, offshore
dredging, or building of dams and rivers, etc. Shoreline changes occur over wide-ranging
time scales from geological to short-lived extreme events (Addo, 2008).
The coastline of Indiahas covered by 7516.6 Km, including mainland and Indian islands
coastlines touching 13 States and Union Territories. The straight and consistent coastline
of India is the product of faulting of the Gondwanaland during the Cretaceous period due
to continental drift. East Coast of India situated between the Eastern Ghats and the Bay of
Bengal and extends from the Ganga delta to Kanyakumari.The west coast strip spreads
from the Gulf of Cambay to Cape Comorin. From north to south, the west coast divided
into (i) the Konkan coast, (ii) the Karnataka coast, and (iii) the Kerala coast. Unlike the
east coast driven by long flowing rivers, the west coast made up of alluvium carried down
by the short streams originating from the Western Ghats (www.iomenvis.nic.in).
About 560 million of the population are living in the Coastal States and Union Territories
(www.indiaonlinepages.com, census report of 2014).Among this population, 14.2 % are
living in coastal districts. The coastal zones are the sites of precious coastal ecosystems
such as wetlands, estuaries, Lagoons, Mangroves, and Coral Reefs. This region is a
significant treasury of biodiversity that consist of rare species like Marine Algae,
Seagrasses, Mangroves, Crustaceans, Molluscs, Echinoderms, Corals, Fishes, Reptiles,
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and Marine Mammals. More significantly, these regions are densely populated
andperforming diverse cultural, economic, and agricultural practices. Large shares of the
coastal plains of India covered by fertile soils on which different crops are grown, such as
rice and coconut, the entire length of the coast dotted with big and small ports that help in
carrying out trade.The sedimentary formations of these plains are hosting large quantities
of mineral oil and heavy mineral deposits, Low lying areas of Gujarat are famous for
producing salt, and Backwatersof Kerala and beaches of Goa are important tourist
destinations.Fishing is a chief occupation of the people living in coastal areas. As per the
census report of CMFRI (Central Marine Fisheries Research Institute), the coastal zones
of India are a considerable region in marine fisheries. About 3288 Marine Fishing
Villages with 4 million Fishermen Population dependson six major and 40 minor Fishing
Harbours, 1511 Fish Landing Centres, and 187 ports (www.cmfri.org.in) along the coast.
Instead of this importance, the coast is very vulnerable to so many threats also. Natural
reasons such as waves and cyclones, along withanthropological activities like
construction, have led to approximately one-third of a large part of India's coastline to be
eroded in the last 30 years. The National Centre for Coastal Research (NCCR) surveyed
6,031 kilometres are left from the 7,517-kilometre coastline of Indiasince1990 to 2016
and found that 33 percent of it has observed erosion, mainly along the eastern coast, with
West Bengal recording the highest erosion. At the same time, 29 percent of the surveyed
coastline saw an accretion, or gain in deposits. Coastal changes are attracting more focus
since they are important environmental indicators that directly affect the coastal economic
development and land management. Shoreline changes analysis and prediction are
essential for integrated coastal zone management and conventionally performed by field
and spatial surveys.
Long-term monitoring of shoreline by traditional methods is time-consuming, requires
human resources, and is not economical. In contrast, the synoptic coverage provided by
the satellites offers excellent advantages in shoreline monitoring. Historical data available
in the form of maps cannot provide a quantitative estimate of the sediment transport or
erosion and accretion. Still, they can indicate the position of the shoreline at that time.
However, the remote sensing data from the recent past and the present can provide these
details. The combination of conventional and modern techniques can satisfactorily use to
assess the shoreline change (Usha et al., 2015). The space technology, by its capability to
provide information over a large area on a repetitive basis, has proved to be very useful in
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identifying and monitoring various coastal features towards a suitable action plan to
achieve the development in any coastal area (Chandrasekhar et al., 2000). The advantages
of GIS for the integration of various thematic information derived from satellite data with
other collateral information such as socioeconomic and cultural data are significant in
arriving at integrated coastal zone management practices (Desai et al., 2000). Remote
sensing data can be suited for generating land-water boundaries because of the strong
contrast between land and water in the infra-red portion of the electromagnetic spectrum.
Many researchers have effectively monitored the shoreline changes in different parts of
India (Desai et al., 1991; Nayak et al. 1991; Bhat 1995; Sreekala et al. 1998; Chand &
Acharya, 2010; Guariglia et al., 2006; Jana et al. 2014; Kumaravel et al. 2013; Mahapatra
et al. 2014; Mujabar& Chandrasekar, 2013; Natesan et al. 2015; Natesan et al. 2013; Rao
et al., 2009; Saranathan et al. 2011; Vinayaraj et al., 2011). The main intention of this
work is to assess the long term shoreline changes along with Kerala coast particular
reference with capital city Thiruvananthapuram, in a view to identify and quantify the
erosion and accretion areas. Remote sensing and GIS can be used as a useful tool to
identify the areas that are vulnerable to coastal erosion along the coast.
Significance of the study
The 590 km coast of Kerala spread along the Arabian Sea is one of the most densely
populated land areas in the country. The long coastline of Kerala intimately entwined
with the culture, life, and traditions of the state. The coastal zone of the state shares a
significant contribution to the economy through fisheries, agriculture, and tourism. But
the people living in the coastal habitations have faceda series of problems forthe last three
decades. The state of Kerala also witnessed a remarkable amount of loss of the coast, like
all other coastal states of the country. A study based satellite-derived Shoreline Change
rate (Mohanty et al., 2017) reveals the highest percentage of erosion along West Bengal
coast with 70%, followed by Kerala (65%), Gujarat (60%) and Odisha (50%). From the
nine coastal districts such asKasaragod, Kannur, Kozhikode, Malappuram, Thrissur,
Alappuzha,

Ernakulum,

Kollam

and

Thiruvananthapuram,

the

coastline

of

Thiruvananthapuram district is the most prone to erosion (Fig 1). About 23% of the
Thiruvananthapuram coastline is affected by erosion.
Thiruvananthapuram, the capital city of the state well known for its coastal zones by
densely populated communities of Valiyathura, Poonthura, Beemapalli, Poovar, Vettucad,
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Vizhinjam, Kovalam and Shangumugham are contributing a significant share to the
economy of the state through fisheries and tourism. But periodical coastal hazards affect
these communities desperately through the loss of life and properties forthe last three
decades. Thousands of people have been relocated to relief camps in the coastal areas
continuing to be battered by rough seas. Progressive landward shifting of the coast due to
intense sea erosion damaged buildings and roads, even danger to International Airport
and famous tourist spots like Shanghumukham (Fig 2).There are mainly two types of sea
erosion occurring in Kerala, cyclic and progressive. Cyclic erosion occurs during the
rough seasons and gets balanced by accretion during the calm season in a year. Gradual
erosion is one constant. The cause for progressive erosion needs to assured through
scientific studies, and appropriate corrective measures can then take. The erosion in
different important beaches of Thiruvananthapuram, such as Valiyathura, Poonthura,
Beemapalli, and Panathuraappears to be progressive as the beach not repaired. But in the
Shangumugham coast, the erosion is cyclic, and the beach gets restored after the rough
season.

Fig.1 District wise erosion/accretion characteristics of Kerala coast (NCSCM, 2012)
Despite these worse conditions of the capital city coast, continuous monitoring,
identification, and quantification of sea erosion and accretion should be practised. Finding
exact reasons for the loss of the coast in each sector will help decision-makers to take
action for appropriate measures. The use of progressive technologies like remote sensing
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and GIS allows us to save time and money for the necessary rehabilitation of the coast
and future coastal zone regulations for better half living hood of the communities and
environment.

Fig.2 District wise erosion/accretion characteristics of Kerala coast (NCSCM, 2012)

Fig.3 False colour composite map of the study area. The coastal zones are divided into
Shanghumukham (SNK), Valiyathura (VLT), and Pananthura (PNT) sectors.
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Study area
The study area is the coast of Thiruvananthapuram district. For efficient spatial data
modelling and analysis of shorelines, it is essential to segment the entire coastline into
several zones or grids. The most affected coast of the district divided into three sectors
Shanghumukham (SNK), Valiyathura (VLT), and Poonthura (PNT) (Fig.3). The former
one is a well-known tourism destination followed by densely populated coastal villages.
The selection of these sectors purely based on the vulnerability of the respective areas to
high coastal erosion histories in the recent past.
Materials and Methods
In this present study, the multi-date satellite data (IRS and Sentinel data) and
Topographical maps (1:50,000 scale) from the Survey of India (SOI) used as the base
map had been collected between 1967 to 2019 time period (Table 1) for delineating the
shorelines.The satellite images usually contain many defects like radiometric distortion,
geometric distortion, presence of noise, etc. due to variations in the altitude, attitude, and
velocity of the sensor platform. So they cannot be used as a map base without corrections
(Lillisand and Kiefer 2000). After performing pre-processing operations, the satellite
image is geo-referenced and projected with polygonic projection and WGS 84 as datum
by using ArcGIS 10.3 software. Ground control points (GCP) collected from Toposheets
used for the geometric correction process with a third-order polynomial geometrical
model. The image is then re-sampled by the nearest neighbour method. The geometric
correction is essential for applications such as change detection, resolution merge,
mosaic, and layer stacking purposes and should be highly accurate because the
misalignment of landscapes at the same location leads to huge errors. The current
procedure of manual point measurement can be prohibitively labour-intensive for large
applications, and it does not enforce a sub-pixel level correlation between images due to
the limitation of human visual interpretation. The imageries are then subjected to a noise
reduction technique to segregate the noise from the data. Many semiautomatic or
automatic segmentation techniques were applied to extract the shoreline from a variety of
remote sensing data (White and El Asmar, 1999; Dellepiane et al. 2004). Demarcation of
land–water boundary and the shoreline is carefully digitized and exported as shapefiles
for further analysis. The extracted shorelines then overlaid to produce the shoreline
change map. Erosion and accretion are measured and analyzed.
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Table 1 Topographical maps used from the Survey of India (SOI)

Results and discussion
Different shoreline change maps are created by using ArcGIS 10.3. To investigate the
long- and short-term changes, the shoreline data of 1967, 2005, 2012, 2016, 2018, and
2019 were utilized. Based on this study, Topographical maps, and Satellite imageries
provide the shoreline change measurements using GIS techniques.All three sectors of the
study show a drastic change in its shoreline forthe last five decades. Most of the changes
are indicating a landward displacement of the sea and loss of the coast, demarcating a
progressive coastal erosion in these zones. Shanghumukham beach is one of the famous
tourist destinations of the city is extremelyvulnerable to erosion (Fig. 4a). This
phenomenon is also unsafefor the International Airport of Trivandrum. From the Infrared
image of the study area,it's visible that most of the coastal regions of the district densely
populated with houses and other buildings of the village settlements. Valiyathura and
Poonthura are the two among them, also facing a severe loss of land (Fig. 4b&4c).
Conclusions
The monitoring of progressive erosional and depositional changes on the coasts requires
the use of techniques that appropriate to local circumstances. To make significant
predictions where process monitoring is difficult or absent, it may be possible to record
data on independent variables. Remote sensing technique can be used to evaluate the
coastal processes like littoral drift, erosion/accretion, shoreline changes, and various
geomorphic processes.The shoreline of Thiruvananthapuram district is facing a
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considerable loss of land due to endless coastal erosional activities. The causes may range
from natural to anthropogenic.

Fig. 4a. Shoreline change map of Shanghumukham sector, Fig. 4b. Shoreline change map
of Valiyathura sector, and Fig. 4c. Shoreline change map of Poonthura sector.
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Fig. 5a.Sea wall between Valiyathura and Shanghumukham beach, Fig. 5b. Satellite
images of Vizhinjam Sea port project and adjacent coastal area in 2020 and 2003, Fig. 5c.
Satellite images (2003 and 2020) of Groin structure and adjacent sea at Poonthura.Fig. 5d.
Satellite images of closing (summer) and opening (monsoon) of pozhi. Fig. 5e.Beach
sand

mining

in

Alappad-Chavara

region.Fig.

5f.Locations

of

Dams
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Thiruvananthapuram district.
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Constructing sea walls has been the primarydefence against the drastic erosion that
practised in the district. However, it showed to be a failure, and these walls can have an
opposite effect. Sea walls are constructions built amid water and land areas, usually along
the coastline to protect waves from striking the shore and prevent soil erosion. Of the
590-kilometre stretch ofKerala's coast, 310 kilometres has by seawalls, groins, and
offshore breakwaters. Sea wall structure is, on the contrary, one of the reasons that cause
erosion. Erosionthrough monsoon is common, but after the rains, the beach doesn't get
restored because of the sea wall. The sediments that eroded never replenished.
Valiyathura and Shangumugham were the maximum affected beaches. Both Valiyathura
and Shangumugham beaches lie in between a gap of sea walls (Fig. 5a). The Valiyathura
shoreline exists between two sea walls that end on its south side, and another sea wall had
started from the other side where the people lived in between it. So it produced an
elevation of water level in the gap. Sea walls and moles are not scientific solutions.
Putting a barrier on the coast will destroy the ecosystem. It will deepen the sea. Forty-four
rivers of Kerala drain into the sea. A substantial amount of soil from the Western Ghats
accrues in the sea. Due to this, beach erosion, as well as beach formation, happens. So
should leave the sea to itself, for its expansion or its contraction.
Harbours are another reason for erosion and alleged that the Vizhinjam seaport project in
Thiruvananthapuram would cause massive damage to the coastal area (Fig. 5b).
TheVizhinjam port may not create an immediate effect, though, in the long term, it would
be harmful and negatively impact the coastal ecosystem. The recent disturbances in the
sea to the Vizhinjam International Seaport, which is currently under construction. The
port located about 18km further south from Shanghumukham beach. Ever since the
harbour came up, the waves have become rougher. Because of the breakwater in the
harbour, the waves have nowhere to go and are hitting us more demanding.
Erosion and accretion are balancing to each other. If the sand and sediments drifted from
one side, it must accumulate somewhere. The construction of structures laterally the
beach has disturbed the equilibrium of erosion and accretion. Sea walls, groins, or
breakwaters tamper with the littoral flow of the current close to the shore. As a result, the
coasts situated onthe northern side of any such structure will erode due to the sea wave
effect. The present study area also witnessed the construction of groins and its aftereffects in the form of loss of land at Poonthura (Fig. 5c).
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Besides being ineffective in coast protection, these manmade constructions have also
taken a toll on the hills. There are hundreds of quarries in the mountains of Western
Ghats, and constant digging and mining for materials to construct sea walls, etc. have
weakened the fragile hills and resulted in an increasing number of landslides. Kerala saw
the maximum number of landslides this year since the onset of monsoon, and the situation
turned grave during the recent floods.
These coasts had pozhi (sandbanks between the sea and backwaters), which opened
seasonally, to avoid flooding in the nearby Karamana River. After that, the government
started a stable mechanism to open and close the pozhi. A wall built from the river
extending to the sea (Fig. 5d). Since then, beach erosion initiated in the areas where the
wall ended.
Natural reasons recognized in the report range from the action of waves to sea storms to
sea-level rise.A tsunami of 2004, Cyclone Ockhi of 2017, a flood of 2018 and 2019,
cyclone Amphan of 2020 arealso attributed to worsening the situation. Erosion was
severe in these years of touching natural calamities compared to previous years because
the damage that happened during these events could not be repaired due to continued
depressions in the sea after the event.
One of the other reasons for the coastal erosion is the large number of dams built on
almost every river of Kerala. Kerala has today 41 west-flowing rivers, and these rivers
could have been a great source of silt, sand, and soil transportation in the direction of the
coast. This may have assisted the accretion. However, there are more than 50 dams on
these rivers, and these dams have jammed the movement of the soil to the seashore. The
report of the Intergovernmental Panel on Climate Change (IPCC) evaluate that large dams
block 75 % of sediment flow. Once started constructing big dams everywhere, it has
prevented the sediment transport to the sea. It has two effects. One, it has pretentious the
condition and the evolution of beaches and two. It has also affected the sediment supply
to the sea, which helps to produce more marine and fish resources. Three dams are
working in the district Auvikkara, Neyyar, and Peppara Dams (Fig. 5f). These massive
structuresbuilt across the rivers mainly used for irrigation services but also share a
significant role in stopping the sediments from high lands with water. This may reduce to
supply of beach producing deposits on the coast of the district.
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Sand mining from the beach is a serious issue that adversely affectsthe beach. Sand
mining practices are pervasive along the Kerala coast. The coast is enriched with placer
deposits such as Ilmenite, Rutile, Sillimanite, Zircon, and Garnet. The state of Kerala is
best in India, in terms of titanium mineral placer resources - especially of ilmenite, with
over 60% of contained TiO2 in the world's leading ilmenite deposit at Chavara (Fig. 5e).
The coastal areas of southern districts of the states are well known for their beach placer
deposit mining activities and are environmental problems. Along with placer deposit
mining, beach sand also extracted for building purposes in a vast quantity. The extensive
mining activities also lead and enhance the process of coastal erosion.
Werequire acomprehensive study to bring a sustainable solution to these issues on how to
restore the sediments on the beach. Beaches of the Thiruvananthapuram district should be
divided into sub-cells of smaller dimensions where a long term sustainable plan to
address erosion. Natural protection is the best way to protect the coast. Coastal plants, as
well as mangrove plantations, can hold the sand on the shore. Plant trees in the coastal
areas that protect our beaches, and promote natural remedies instead of human-made
constructions to prevent the erosional process. Rehabilitating the communityaway from
the sea requires only one-tenth of the amount spent on sea walls. The present study has
insisted that care should be taken in the utility of future planning and management of the
Thiruvananthapuram region from further erosion without bringing any changes in the
natural processes.
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El génesis del caos:
“La furia telúrica que aceleró la Guerra del Pacifico (Perú, Bolivia y Chile)”
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ABSTRACT:
The present article, describe the acts for internal geodynamics (earthquake and
tsunami), the pandemic of “Yellow Fever” and the fiscal bankruptcy, what
involve the application of taxes at “Ten cent at quintal of Saltpeter” by means
of act of the 14 February 1878, act approved by the Bolivian National
Convention, how affect the Protocol and Agreement of limits between Chile
and Bolivia, those at promote the become at diplomatic conflict between Chile
and Bolivia, to promote the war declaration at Peru and Bolivia at 05 April
1879.
PALABRAS CLAVE / KEYWORDS: Terremoto, Guerra del Pacifico, Desastres Naturales,
conflicto, fenómeno natural, Salitre.
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Introduction
Muchos autores han descrito, analizado y publicado sobre los orígenes que generaron la
“Guerra del Pacifico”, especialmente la invasión chilena al puerto boliviano de
Antofagasta. La circunscripción del hecho solo se fundamenta en el incremento de 10
centavos al impuesto por quintal de Salitre; pero muy poco – o casi nada- se ha analizado
sobre cuál fue el origen de esta medida tributaria por parte del gobierno de Bolivia.
Autores de la talla de (Basadre Grohmann, "Historia de la Republica del Perú [1822 1933]", 2005), (Mc Evoy, 1997), (Vicuña Mackenna, 1880), (Caivano, 1904), (Spila de
Subiaco, 1887), entre otros, refieren como origen común del conflicto el incumplimiento
del Tratado de 1874 entre Chile y Bolivia; en el cual se indicaba la formula tributaria
“especial” para los capitales chilenos en los territorios consignados entre el paralelo 23° y
24°.
Sin embargo, los eventos de geodinámica interna – tectónica, determinaron la política del
alza de impuestos debido a la destrucción de los puertos del litoral boliviano. El 13 de
agosto de 1868, 25 de octubre de 1876 y 15 de mayo de 1878, los cuales afectaron a la
infraestructura portuaria de los puertos bolivianos y peruanos en la costa sur del océano
Pacifico.
Muy pocos autores, han consignado el daño a la infraestructura como una causal –
relativa y fundamental- por lo que Bolivia incrementó impuestos a las empresas chilenas
en su litoral. Este fenómeno natural y económico, se vivió de forma diferente en el Perú,
debido a que las empresas de Guano y Salitre fueron nacionalizadas por Manuel Pardo
(1873). Como indica (Basadre Grohmann, "Historia de la Republica del Perú [1822 1933]", 2005)1, que parte de la crisis económica, se desarrolló por la política caudillista y
expendio del guano y salitre en deudas adquiridas por las campañas independentistas y la
afectación de desastres naturales en infraestructura pública, como también indica (Seiner
Lizarraga, 2016)2 .

1

Basadre Grohmann, J. (2005). "Historia de la Republica del Perú [1822 - 1933]". págs.225-226. Lima,
Perú: "El Comercio".
2
Seiner Lizarraga, L. (2016). "Historia de los sismos en el Perú: Catálogos: Siglos XVIII - XIX". (págs.
415-420). Lima: Universidad de Lima.
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La aproximación multidimensional del inicio del conflicto es fundamental para
comprender de forma holística las motivaciones, razones y circunstancias que la
produjeron.
MATERIALES Y MÉTODOS:
Análisis comparativo de fuentes primarias, documentos, comentarios y estudios.
RESULTADOS:
Conforme a lo establecido por (UNDPA- UNEP, 2015), el desarrollo de eventos de
desastre natural y escases de recursos promueven y degeneran el desarrollo de conflictos
armados internos y externos. La dinámica del conflicto tiene orígenes antropológicos y
sociales que se remontan y repiten desde el “inicio de los tiempos”.
En el caso particular de la Guerra del Pacifico, uno de los puntos fundamentales que
generó el incremento del impuesto al quintal del salitre y posterior incumplimiento del
Tratado de 1874 entre Chile y Bolivia. La crisis económica originada por los sismos y
tsunamis del 13 de agosto de 1868, 25 de octubre de 1876, 7 de mayo de 1877 y 15 de
mayo de 1878, impactaron de formaconsiderable en la infraestructura portuaria,
ferroviaria y de servicios públicos.Lo que originó en un desplazamiento de la población
boliviana hacia los ejes productivos del interior. Reduciendo la población boliviana en los
distritos de Antofagasta, Mejillones, Tocopilla y San Pedro de Atacama - según el censo
del 31 de agosto de 1885, refiere (Galaz-Mandakovic & Owen, 2015) que:
“[…] El Censo de 1885, solo se consignó solo a los habitantes que sabían
leer y escribir…; […] previo a la invasión de Antofagasta el 15.6% de la
población era boliviana, el 76.4% era población obrera chilena y el resto
de otras nacionalidades […]”.3
Los movimientos sísmicos no fueron las únicas causales del despoblamiento de la zona
litoral de Bolivia; sino también la pandemia de “Fiebre Amarilla” del año 1869 - 1870
que afectó desde Tacna hasta Antofagasta (Diario "La Democracia", 1879)4.

3
4

(Galaz-Mandakovic & Owen, 2015)(Pág. 170-175)
Diario "La Democracia". (17 de julio de 1879). La peste de Fiebre Amarilla. págs. 3-4.
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Muchos autores refieren a la acción de triple defensa para “atacar a Chile” en 1873 como
justificación por parte de Chile para el inicio del conflicto(Barba, 1946) 5 - Tratado
defensivo Perú, Bolivia y Argentina, el cual refiere:
“[…] El tratado Lindsay – Corral estableció la fórmula de modus vivendi
que ratificaba ventajas para chile con el Tratado de 1866.6 […] Mitre:
“La doctrina Varela” no puede ser aplicada para obtener derechos por
sobre la victoria. […] 7 de un tiempo acá vienen suscitándose graves
cuestiones entre Chile, y la confederación Argentino – Boliviana de la otra
con la demarcación de límites entre aquellas republicas – Riva Agüero a
Yrigoyen […]8”.
En síntesis, el conjunto de circunstancias (naturales, políticas, económicas y geopolíticas)
marcaron el tenor de las relaciones peruano, boliviano, argentinas y chilenas durante 1870
a 1879; y que degeneraron en el conflicto de 1879.
DISCUSIÓN:
¿Es posible considerar como causales de la Guerra del Pacifico (1879 - 1883) los eventos
pandémicos y tectónicos del siglo XIX, como un hecho circunstancial o un hecho
fundamental las acciones que generaron las acciones que degeneraron la invasión de las
provincias litorales de Bolivia y el inicio de la guerra entre Perú, Bolivia y Chile?
El “origen” del conflicto – para muchos autores – se debe al incumplimiento por parte de
Bolivia del Tratado de 1874 entre Chile y Bolivia (Protocolo y Tratado de limites Chile y
Bolivia, 1874); el cual establecía en su artículo 3° lo siguiente:
“[…] Los depósitos de guano existentes o que en adelante se descubran en
el perímetro de que habla el artículo anterior serán partibles por mitad
entre Chile y Bolivia, el sistema de explotación, administración y venta se
efectuara de común acuerdo entre los gobiernos de las dos repúblicas en
la forma y modo que se han efectuado hasta el presente […]9”.

5

(Barba, 1946)
Ídem Pág. 278
7
Ídem Pág. 286 / Diario “La Nación” 05 de diciembre de 1869
8
Ídem Pág. 301
9
Articulo 02°: Protocolo y Tratado de límites entre Chile y Bolivia. 06 de Agosto de 1874.
6
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El artículo del Protocolo y Tratado de límites entre Chile y Bolivia (1874), establece un
“Candado Jurídico” el cual imposibilita la variación de tasas impositivas y fiscales por
parte de Bolivia a las empresas y capitales chilenos.
“[…] Los derechos de exportación que se impongan sobre los minerales
explotados en la zona de terreno de que hablan los artículos, no excederán
la cuota de la que actualmente se cobra; y las personas, industrias y
capitales chilenos no quedarán sujetos a mas contribuciones de cualquier
clase que sean que a las que al presente existen[…]10”.
Como refiere (Letelier Cosmelli & Castro Rojas, 2019)11:
“[…] Desde fines de la década de 1860 y, posteriormente, durante la
década de 1870, se observa un vuelco irreversible en la historia del
puerto, debido a una serie de desastres naturales y antrópicos. Destaca la
epidemia de fiebre amarilla en 1869, cuyo resultado con decenas de
fallecidos fueron devastadores12. A lo anterior se suma el terremoto del 13
de agosto de 1868 con epicentro en Arica y, finalmente, el terremoto y
maremoto del 8 de mayo de 1877, que arrasó completamente con el puerto
[…]Toda esta situación, se sumó a la crisis del puerto en desmedro del
crecimiento de asentamientos vecinos las disputas territoriales y de
recursos con Chile, previo como Antofagasta, junto con el tenso clima
producto de a la guerra del Pacífico (Cavieres, 2007)13[…]”.
El impacto generado por desastres naturales (Terremoto y tsunami de 1876 / 1878;
Fenómeno del Niño 1876 - 1878) y eventos sanitarios (Pandemia de “Fiebre
Amarilla”)(Sors, 1869) 14 . Afectaron la agricultura de Perú y Bolivia(Rocha Felices,
2012)15, que generó la hambruna y migración de la población costera a la zona central de
Bolivia.Produciéndose la desocupación de los territorios de litoral boliviano.

10

Ídem. Articulo N° 03.
(Letelier Cosmelli & Castro Rojas, 2019)51(1), 155-166.
12
(Galaz-Mandakovic & Owen, 2015).
13
(Cavieres, 2007).
14
(Sors, 1869) (págs. 101-130). Tacna: Imprenta "Tacna".
15
“El año 1877 fue un año que podría haber sido catalogado como el año del Apocalipsis, en todo el
mundo. Cuando uno mira la evolución del clima a nivel global desde mediados del siglo XIX hasta ahora,
lo que se ve es un salto en este año que muestra que nunca la temperatura había subido tanto en un solo
11
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La convulsión política generada por los eventos pandémicos y sísmicos hicieron que
Hilarión Daza Grossellediera golpe de estado en 1876 a Tomas Frías Ametller –
presidente boliviano que firmó Protocolo y Tratado de Límites entre Chile y Bolivia de
1874.
1. La pandemia de “Fiebre Amarilla 1868 – 1878:
La Pandemia de “Fiebre Amarilla” se acrecentó con las condiciones sanitarias que
dejaron los terremotos de 1868, 1876 y 1878; sumado a las deficientes prácticas de
higiene que existían a finales del siglo XIX. Sobre la pandemia de “Fiebre Amarilla”
(Donoso Rojas, 2008)16, indica:
[…] En marzo de 1868, cuando se presentaron los primeros casos de
fiebre amarilla, […] “no sería extraño que de un día a otro seamos
invadidos desde que la hay en Lima y el Callao, y no se toma ninguna
prevención con los buques que vienen del Norte, ni menos se ordena el
mantener el mejor aseo de la población […] 17 …se transformaría en
epidemia tras el terremoto de agosto, llegando a registrarse, entre
diciembre de 1868 y marzo de 1869, entre cuatro y seis casos diarios,
[…].. Una editorial de El Mercurio de Tarapacá llegaría a culpar a la
Compañía de la epidemia […] Todas estas gazmoñerías parten del miedo
que tienen que en los puertos de Chile los pongan en cuarentena, pero de
ello se libertarían dejando y recibiendo la correspondencia en un bote
fuera del puerto sin dejar ni recibir pasajeros; empero los señores
capitanes de los vapores nos tratan peor que a Cafres [sic] creyéndose
unos Lores cuando no son más que unos pobres diablos […]18”.
No debemos dejar establecer que la pandemia de “Fiebre Amarilla”, jugó un papel
importante en la mortandad y despoblamiento de las zonas litorales, además de reducir la
capacidad de producción de las empresas salitreras entre Perú y Bolivia.
2. Situación económica en Perú y Bolivia [1868 – 1879]:
año, una situación tremendamente anómala y que generó muchos cambios a nivel político y social en
muchos países”. Ken Takahashi - (Rocha Felices, 2012) Pág. 06-07.
16
Donoso Rojas, C. (2008). 1868: Un Annus Horribilis en la historia de Iquique. Revista de Ciencias
Sociales, 37-60.
17
Ídem. Pág. 51.
18
Ídem. Pág. 52.
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El impacto de los movimientos telúricos y desastres climáticos afectaron la actividad
comercial y social las costas del Pacifico Sur. Al respecto a la situación económica que
afectaba a Bolivia y Perú, (Prado Robles, 1997)19 y (Barragan & Qayum, 1997)20, indican
que:
“[…] La adulteración monetaria tampoco parece haber propiciado el
crecimiento de la economía boliviana; al contrario, es probable que esta
práctica gubernamental hubiera impedido que la economía nacional
alcanzara un mejor desempeño. […]. Esto sugiere que la política
monetaria adoptada entre 1830 y 1871 retardó considerablemente la
modernización y el crecimiento de la industria minera boliviana […]”.
En el caso peruano (Basadre Grohmann, "Historia de la Republica del Perú [1822 1933]", 2005) indica:
“[…] La época de 1869 a 1879 es una era de negocios y especulaciones.
Lima y Santiago logran progresos notables y en ambas ciudades se
realizan suntuosas “Exposiciones”. Después de la aparente prosperidad,
emerge la crisis fiscal y económica. Bolivia y el Perú […]21”.
Como se evidencia las finanzas públicas entre 1870 -1879, tuvieron un desmedro en las
arcas públicas de Bolivia y Perú, debido a factores socio-políticos, económicos y
ambientales, que tuvieron impacto en la capacidad de recuperación fiscal.
En el año 1875, los precios de la plata, generaron una grave crisis fiscal, como lo refiere
(Barragan & Qayum, 1997), debido al mercado paralelo de la plata, la capacidad de
conversión y transacción de la moneda corriente acuñada de forma ilegal. El valor de la
plata en los mercados de Tacna, Valparaíso y Jujuy a lo que refiere (Prado Robles, 1997)
como:
“[…] De acuerdo a datos extractados de las Memorias de Hacienda, en el
período 1825-1873 casi 70% de los ingresos del Estado provenían de tres
fuentes principales: Contribución indígena (34,7%), Aduanas (17,5%) y

19

(Prado Robles, 1997) 79.
(Barragan & Qayum, 1997) 75-80.
21
(Basadre Grohmann, "Historia de la Republica del Perú [1822 - 1933]", 2005)(Pag. 228). Lima, Perú: "El
Comercio".
20
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Gravámenes

sobre

la

minería

(17.1%).

Los

ingresos

estatales

permanecieron estancados en torno a 2 millones de pesos hasta el inicio
de los años 1870, y los déficits presupuestarios fueron casi permanentes.
[…]22”.
Para (Basadre Grohmann, 2005) el agravante económico de la economía peruana a la
“Plutocracia” inoperante; que solo utilizó la “bonanza del guano y el salitre” (1850 1868), se tuvo que emitir medidas de urgencia para el ordenamiento fiscal23. La dinámica
económica – social, y la intromisión del feble boliviano en la economía, generó el
desarrollo de oferta monetaria circulante, que benefició a comerciantes del Perú y
Valparaíso. Sin embargo la tasa de encaje al desvalorizarse el valor nominal de la plata
boliviana promovió el caos financiero. (Prado Robles, 1997), señala que éste esquema
monetario solo benefició la retención de la riqueza de los empresarios que avalaron sus
acreencias con mercados internacionales como Londres y Paris. (Querejazu Calvo, 1979)

La impronta generada entre el caos fiscal, el desorden financiero, la afectación de eventos
de geodinámica interna – tectónica y eventos pandémicos, afectaron gravemente la salud
fiscal, moral y social de Perú y Bolivia y refiere:

“[…] En agosto de 1872, el señor Manuel Pardo fue elegido presidente de
la República del Perú. Era el primero civil que asumía su función en la
agitada historia republica de ese país. Su más firme propósito fue poner
coto a la orgia financiera que vivía su patria durante las últimas décadas
[…] Se determinó la nacionalización de las salitreras de Tarapacá […] los
dueños buscaron indemnizaciones mediante empréstitos de Londres
[…]24”.

El gobierno de Bolivia comenzó a generar la articulación legal y tributaria para aumentar
su recaudación fiscal, a fin de que permitiese la recuperación de las provincias del litoral
boliviano y el engrosamiento del alicaído fisco. (Querejazu Calvo, 1979), refiere sobre la
ley que decretó el nuevo impuesto y su relación con la ley del 22 de noviembre de 1872:
22

(Prado Robles, 1997)Pag. 79
(Basadre Grohmann, "Historia de la República del Perú [1822-1933]" Tomo III, 2005) Págs. 222-240.
24
Ídem. Págs. 69-71.
23
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“[…] Fue apoyándose en esta disposición [ley del 22 de noviembre de
1872] que don Belisario Peró […] consiguió para la Compañía de Salitres
y Ferrocarriles de Antofagasta la transacción del 27 de noviembre de
1873. […] varios juristas de Bolivia sostenían que para tener validez le
faltaba ratificación legislativa. La divergencia entre ambos puntos de vista
radicaba en la frase "con cargo a dar cuenta a la próxima legislatura".
[…] A su juicio, también el fallo del Consejo de Estado en sentido de ser
improcedente para la compañía un impuesto municipal de 3 centavos,
había sido erróneo […]25”.

La junta municipal de Antofagasta decretó en mayo de 1875 un impuesto de 3 centavos
por cada 100 kilos de salitre exportado, pero el Consejo de Estado de Bolivia, encabezado
por Serapio Reyes Ortiz posteriormente vicepresidente de Bolivia, rechazó el decreto
como ilegal e improcedente basándose en que la resolución municipal estaba en
contradicción con la transacción de noviembre de 1873 y el tratado límites de 1874.
(Querejazu Calvo, 1979) , refiere que la acción del cobro generado por el Consejo
Municipal de Antofagasta se debió al sismo del 08 de mayo de 1877, indicando lo
siguiente:
“[…] El 08 de mayo de 1877, los tres puertos bolivianos, los del Norte de
Chile y el sur del Perú, sufrieron la devastadora tragedia de un terremoto
y entrada del mar. […] El pueblo de Mejillones, Pica, Iquique y Arica,
quedaron destrozados… el 22 de octubre de 1877 la junta “ordenó” y
“mandó” a la “Compañía de Salitres y Ferrocarril de Antofagasta” el
adeudo de 1600 bolivianos para la reparación de los pueblos litorales.
[…] el 19 de diciembre Franklin Álvarez propuso la contratación vía
empréstito para la reparación de los daños generados por el sismo de
mayo de ese año. El diputado Francisco Buitrago propone a la Asamblea
Nacional de Bolivia el cobro de “diez centavos” por quintal de salitre a la
“Compañía de Salitres y Ferrocarril de Antofagasta” […]26“.

25
26

(Querejazu Calvo, 1979)Págs. 79-81.
Ídem. Págs. 78-84.
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3. Fenómenos Naturales y la afectación a la infraestructura pública:
Los fenómenos tectónicos, según el trabajo de(Seiner Lizarraga, 2016), nos ofrece una
visión retrospectiva de los principales sismos y tsunamis que afectaron las costas del
Pacifico Sur y que promovieron la “Reconstrucción” de la política fiscal en Perú y
Bolivia.
Sobre el sismo de Arica 13 de mayo de 1868 refiere:
“[…] Los muelles fueron arrancados por las olas y toda la parte baja de
la ciudad hasta la línea de la iglesia, el consulado británico, la oficina del
cable y la oficina de los vapores del Pacífico completamente destruidas.
La casita del cable perdida. Los restos del “Wateree”, […] perdido el 13
de agosto de 1868, arrastrados 2 millas el N. por la playa. […] La gran
ola subió 65 pies (19,75 metros) 27 […] El mar avanzó hasta 6 cuadras
(759 metros); y según La Reforma, las pérdidas ocasionadas por el
terremoto y el ras de marea llegaron a un valor de 4 millones de pesos.Hubo 5 víctimas. […]”28.
Sismo de Cobija 9 de mayo y 25 de octubre de 1876:
“[…] A las 8.25 p.m. del día 9 de mayo de 1876 se dejó sentir un ruido
sordo en dirección del mar e instantáneamente un remezón del SO al NE…
[…] aumentó terriblemente muy luego y con tan espantoso ímpetu, que
muchas personas que corrían rodaban por el suelo […]. La duración del
remezón debió ser de los 2 minutos; […] se dejaron ver sobre los cerros
del este resplandores muy intensos, originados tal vez por relámpagos u
otros fenómenos eléctricos, […] 29 La generalidad solo ha visto el
resplandor.[…]. El mar subió hasta 11,9 metros sobre su nivel ordinario
[…] y cuando se retiró con ímpetu violento, lavó las ruinas que había
producido a su venida. […] lo único que se ha visto es que 10 minutos

27

Diario “El Nacional” 13 de mayo de 1868.
Diario “El Comercio” 14 de mayo de 1868.
29
Diario “El Nacional” 09 de mayo de 1876. Lima – Perú.
28
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después del temblor ya no existían ni la plaza ni la calle del comercio (que
se llamaba de Beni […]30”.
El 7 de mayo de 1877 se registró un sismo y tsunami violento, que se sintió de Nazca
hasta La Serena, al respecto (Polo, 1899) indica:
“[…] En Tacna fue el temblor a las 5.6 p.m. Hubo primero un
sacudimiento vertical, de abajo a arriba, y luego otro ondulatorio que
duró 7 minutos. A los pocos segundos se experimentó otro remezón más
fuerte y más largo y que también impedía estar en pié. […].El mismo 13, a
las 8 de la noche, se vio en el cielo, de NE. a NO., una faja luminosa
angosta, de color rojizo, que se extendió hasta cubrir el horizonte, […] En
Sama y Locumba se perdió gran parte de las cosechas y la tierra se abrió
a trechos en hondas grietas que vomitaban agua cenagosa. […] En Arica,
a las 5.15 p.m. principió un suave movimiento ondulatorio de O. a E. que
fue ascendiendo gradual y paulatinamente, durando 8 minutos. […]. A las
5.37 se desbordó el mar, […] llegó a la altura de 12 metros a las 5.51
minutos, arrasando cuanto encontró a su paso […] Esta ola varó la
“América”, corbeta nacional de guerra, de 1550 toneladas, con 12
cañones de a 70 En Iquique, que está a 106 millas marinas de Arica, se
sintió con violencia el temblor. […]31”.

Por su parte(Polo, 1899) Refiere a los sismos que afectaron la región de Tarapacá entre el
25 de enero y 12 de marzo de 1878, en el que refiere:

“[…] El 25 de enero, a las 8 p.m. fuerte temblor en Iquique; el
movimiento fue de S a N y duró cerca de 2 min. Cayeron varias casas en la
ciudad de Tarapacá, sufriendo considerablemente la iglesia y la casa
consistorial; lo mismo que el pueblo de Matilla, recibieron gran daño las
oficinas salitreras [...]. El 12 [de marzo] temblor en Iquique y agitación
del mar […]32”.

30

Diario “El Porvenir” 16 de mayo 1876 Callao – Perú.
(Seiner Lizarraga, 2016) Págs. 435 – 438.
32
(Polo, 1899).
31
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La magnitud de estos eventos sísmicos y tsunamis generaron daños de consideración en la
infraestructura portuaria e infraestructura civil – militarde gobierno en Tacna hasta
Antofagasta entre 1868-1878.
4. Impuestos para recuperación de infraestructura y el inicio del conflicto:

La municipalidad de Antofagasta solicitó a la “Compañía de Salitres y Ferrocarriles de
Antofagasta” en pago de lo adeudado por concepto de impuesto de tres centavos.La
compañía se negó. Por lo que se arrestó a Jorge Hicks, y se intentó embargar los bienes.
Pero los trabajadores de las salitreras apoyaron la negativa de la empresa. La junta
municipal desistió del cobro. Posteriormente la compañía donó una cantidad de dinero
para el alumbrado.
El 20 de diciembre de 1877, el diputado Francisco Buitrago consideró nula la transacción
de 1873 y propuso agregar un impuesto de 10 centavos a cambio de aceptar su legalidad.
Por este motivo, Daza el 14 de febrero de 1878, mediante decreto aprobado por la
Asamblea Nacional de Bolivia, aprueba el impuesto de 10 centavos por quintal de Salitre,
el cual indicaba:
“[…] Artículo único: Se aprueba la transacción celebrada por el ejecutivo
el 27 de noviembre de 1873 con el apoderado de la Compañía de Salitres y
Ferrocarriles de Antofagasta, a condición de hacer efectivo como mínimo,
un impuesto de 10 centavos en quintal de salitre exportado.[…]”.

El 03 de enero de 1879, Chile, envía al buque blindado “Blanco Encalada”. El Ministro
de Hacienda, don Martin Lanza, pidió explicaciones de la presencia del blindado en la
bahía de Antofagasta, a lo que indicó:

“[…] Ante semejante presión no podía el Gobierno de Bolivia seguir
tratando el asunto de manera “pacifica”. Por su parte Chile, por medio
del señor Videla indicó que era una operación común que los buques calen
en la bahía. […]”33.

33

Ídem. Pág. 83 – 84.
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5. Diplomacia a la fuerza:
Federico Errázuriz Zañartu es elegido presidente de Chile el 18 de septiembre de 1871,
comprometió el presupuesto de Chile para la compra de los blindados “Blanco Encalada”
y “Cochrane” (Encina, 1937)34. El 03 de mayo de 1873, Don Aníbal Víctor de la Torre –
agente diplomático peruano en La Paz – Bolivia; fue a Buenos Aires – Argentina, a tratar
de convencer a Irigoyen para la adhesión a la alianza defensiva.
El tratado defensivo entre Perú y Bolivia – Tratado Riva Agüero – De la Cruz Benavente
se firma el 06 de febrero de 1873. El 20 de mayo 1873, Riva Agüero, mediante Aníbal
Víctor de la Torre emitió comunicados al Señor Yrigoyen explicando la situación de las
fronteras y posibles conflictos limítrofes en el cono sur del continente americano,
Domingo Faustino Sarmiento – presidente argentino desterrado en Chile – promovió la
adhesión al tratado defensivo y lo recomendó al congreso de su país.35. El conflicto que
mantenía Argentina con Brasil después de la Guerra de la “Triple Alianza”, generó
tensión en el frente del Atlántico y Pacifico para Argentina.
Durante el periodo entre 1876 -1878 la diplomacia Chilena, había enviado a Alejandro
Fierro – Ministro de Relaciones Exteriores de Chile y al Capitán Arturo Prat Chacón de
misión diplomática a Bueno Aires y a Montevideo, a fin de hacer contrainteligencia sobre
el tratado defensivo entre Perú, Bolivia y Argentina.
Arturo Prat, según (Venatici, 1993), tuvo como misión, hacer las presiones diplomáticas
de los gobiernos de Uruguay y Brasil contra la Argentina, en caso éste país ingresará de
facto al conflicto Chileno – Boliviano. Para (Barba, 1946), la cuestión geopolítica jugó en
contra de la alianza. Argentina, era conocedor de la amenaza a sus fronteras por el Este
tanto en las provincias de La Plata y la selva. Sin embargo, Argentina por medio de la
negociación de 1884 ganó la soberanía patagónica a Chile. Por su lado (Amunategui,
1879), nos brinda mayores detalles sobre la alianza peruano- boliviana con Argentina,
pero pone en autos la gravedad que esto hubiese implicado para el plan de Chile.

34
35

(Encina, 1937) Pág. 13.
(Presidente de la República Argentina Don Domingo Sarmiento, 1874) Págs. 16-17.
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(Porras Barrenechea, 1930), por su parte indica: “[…] la situación del Perú, Bolivia y
Chile, previo al conflicto del 79, determina como factor fundamental, el “estancamiento”
de la Alianza Defensiva entre Perú, Bolivia y Argentina ante los problemas limítrofes que
presentaba Chile con Bolivia y Argentina, que terminarían generando el Protocolo y
Tratado de límites entre Chile y Bolivia de 1874[…]”.
Chile en el año 1873, se encontraba endeudado; con una crisis económica importante36, en
este periodo Chile, se encontraba preocupado por las negociaciones que se habían
realizado entre el presidente argentino Pedro Irigoyen a la cual Argentina, no se adhirió
por el conflicto latente que mantenía por la guerra de la “Triple Alianza” y el conflicto
limítrofe con Brasil.
Por su parte (Wieland Conroy, 2016); indica que las circunstancias anexas a la génesis del
conflicto resultaban ser meras “justificaciones” para un plan pre-establecido que tenía
como fin, la usurpación por vía violenta las fuentes de riqueza y producción salitrera en
las costa sur del Perú y oeste de Bolivia.
La complejidad política, social- económica, sanitaria y de gestión de desastres naturales
de origen tectónico, promovieron un espacio convulso y gravoso para las naciones del
subcontinente sudamericano.
CONCLUSIONES:
Como indica el informe de (UNDPA- UNEP, 2015):
“[…] Un enfoque más colaborativo y preventivo podría incluir el
establecimiento

de

estructuras

e

instituciones

resilientes[…]

los

mecanismos de ejecución holísticos para reducir los futuros conflictos
sociales. […]”.
Los conflictos actuales, devienen de incidentes antrópicos, inesperados y para los que los
países en vías de desarrollo con fragilidad de gobernanza afecta de forma directa. Los
conflictos humanos, siempre han sido por falta de recursos, lo cual constituye una
innegable postura de expansión para “sobrevivir”. El conflicto, nos lleva a los confines
más primitivos de la especie humana.

36

(Porras Barrenechea, 1930). Pág. 116.
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Un caso reflejo de este tipo de incidentes es la Guerra del Pacifico, donde la consecución
de hechos como: la falta de gobernabilidad, la corrupción, los desastres y fenómenos
naturales, la falta de recursos en las sociedades, la necesidad de expansión, originan una
serie de hechos que degeneran en la invasión, de una población o país a fin de satisfacer
las necesidades primarias de un organismo. En este caso, el macro-organismo fue un país,
que necesitó atacar y vencer a otros para sostener los recursos minerales y naturales
necesarios para asegurar su supervivencia y desarrollo. Este fue el caso de Chile.
En cuanto a Perú y Bolivia, el ejemplo de la falta de previsión en priorizar y gestionar sus
bienes y riquezas de forma geoestratégica terminó por entrar en un conflicto con la
debilidad estructural a nivel social, económico y político.
En el caso puntual de la Guerra del Pacifico, podemos observar tres ejes importantes en el
desarrollo del conflicto; y son: el impacto socioeconómico de los desastres naturales y
eventos pandémicos en la dinámica de desarrollo poblacional de las comunidades costeras
del desierto sudamericano; la fragilidad política, en especial de la política de influencia de
poder y desarrollo, lo cual deviene en la gobernanza y desarrollo del territorio y la
población; y por último la diversificación de la matriz productiva y la gobernanza efectiva
de los recursos naturales y el ordenamiento fiscal y económico.
Con estos ejes podemos desmentir ciertos mitos sobre los hechos que antecedieron a la
declaratoria de Guerra del 05 de abril de 1879; y son: la expansión de la oligarquía
chilena, no fue la única causa del conflicto, con la toma de Antofagasta. Que como
refieren muchos autores refieren fue el incumplimiento del Protocolo y Tratado de límites
entre Chile y Bolivia (1874), por el incremento de 10 centavos en el quintal de salitre a la
“Compañía de Salitres y Ferrocarril de Antofagasta”; sino más bien, que este hecho fue
una causa de la situación de catástrofe que dejaron los eventos sísmicos del13 de agosto
de 1868, 25 de octubre de 1876 y 15 de mayo de 1878, la pandemia de “Fiebre Amarilla”
de 1869 – 1870, que causó una gran mortandad en los territorios costeros – salitreros de
Bolivia. Además, el fenómeno climático del “Niño” entre 1877 a 1878, que obligó a las
poblaciones costeras a migrar a zonas donde poder producir alimento y evitar la falta de
higiene y hambruna que impacto a las provincias del litoral boliviano.
Este proceso originó que mayoritariamente la mano de obra sea chilena, por lo cual, la
ocupación de los puertos bolivianos se desarrolle de forma pacífica por parte del ejército
chileno, con una mínima resistencia.
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Por último, Chile era un país financiado para la Guerra. Como bien relata (Porras
Barrenechea, 1930), Chile era un país quebrado, que tenía como único medio de
supervivencia - la guerra.
La “Guerra del Pacífico” adjudica a su inicio, una serie de factores desde los preestablecidos por Chile como afirma (Wieland Conroy, 2016), hasta los circunstanciales
como afirma (Galaz-Mandakovic & Owen, 2015). Sin lugar a dudas – en nuestra opinión
– la guerra abarcó ambos aspectos (el circunstancial y la planificación por parte de Chile)
la cual aprovechó el momento y los incidentes precisos para desplegar su plan, conforme
a la “visión Portales”.
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RESUMEN:
El presente artículo es un estudio retrospectivo y proyección de la pandemia
del CoVid19 en la región Tacna. La investigación ha analizado la falencia de
detectabilidad y control epidemiológico para el control de la pandemia de
CoVid19 en la región Tacna y su interrelación en eventos de Desastre Natural.
ABSTRACT:
The present article, is a retrospective study about the CoVid19 pandemic at
Region Tacna. The investigation was analyzed to the flaw about detectability
and epidemiologic control by CoVid19 stage at region Tacna and the
interrelation at natural disaster event.
PALABRAS CLAVE / KEYWORDS: CoVid19, Región Tacna, Riesgo de Desastre, proyección
de escenario de riesgo.

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

182

INTRODUCCIÓN

La enfermedad por coronavirus 2019 (COVID-19), causada por el virus SARS-CoV-2,
está ocasionando enormes problemas de salud pública mundial debido a su vertiginosa
expansión, por lo cual fue declarada por la Organización Mundial de la Salud (OMS)
como una emergencia de salud pública de importancia global y catalogada como
pandemia el 30 de enero y 11 de marzo de 2020.
La Emergencia Sanitaria global fue declarada por la Organización Mundial de la Salud el
30 de enero de 2020, declarando el estado de Pandemia Mundial el 11 de marzo de 2020.
En Perú, fue establecida por Decreto Supremo N°044-2020-PCM del 16 de abril del
presente.
Con fecha 29 de marzo d 2020, se presentó el primer caso de CoVid19 en la Región de
Tacna 37 , lo cual generó el crecimiento exponencial de la pandemia y la afectación
comercial – social de la región a causa del CoVid19, teniendo a la fecha 15,461
infectados y 531 fallecidos confirmados y 70 fallecidos sospechosos 38 al 18 de
septiembre de 2020.
El escenario de pandemia y desastre natural no ha sido considerado por la autoridad
competente.
MATERIALES Y MÉTODOS:
Análisis comparativo económico, artículos científicos, normas, protocolos, comunicados
oficiales, estadísticas Ministerio de Salud, repositorio documental.

RESULTADOS:
El 12 de enero de 2020, las autoridades chinas habían confirmado la existencia de 41
personas infectadas con el nuevo virus, quienes comenzaron a sentir síntomas entre el 8
de diciembre de 2019 y el 2 de enero de 2020, los cuales incluían: fiebre, malestar, tos
seca, dificultad para respirar y fallos respiratorios; (Hui, y otros, 2020).
Tras el primer brote de COVID-19 en Wuhan en diciembre de 2019, las autoridades
chinas confirmaron 41 casos, entre el 8 de diciembre y el 2 de enero de 2020, la ciudad
dejó de informar casos hasta el 19 de enero. Para ese entonces, la enfermedad ya se había
diseminado fuera de China continental. Los primeros casos por COVID-19 fuera de
China: fueron Tailandia y Japón.
Para prevenir la expansión del virus, los gobiernos han impuesto restricciones de
viajes, cuarentenas, confinamientos, aislamiento social, cancelación de eventos, y cierre
de establecimientos39. La Emergencia Sanitaria global fue declarada por la Organización
Mundial de la Salud el 30 de enero de 2020, declarando el estado de Pandemia Mundial el
11 de marzo de 2020.

37

Diario “Correo” 06 de marzo del 2020.
Sistema Nacional de Vigilancia CoVid19 – DEEPI-DIRESA Tacna, 17 de septiembre del 2020.
39
Véase: Linconao, A. (12 de abril de 2020). El confinamiento ante el COVID-19, sus efectos vinculares y
psicológicos. Fenómenos y prácticas recomendadas./
38
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En Perú, fue establecida por Decreto Supremo N°044-2020-PCM del 16 de abril del
2020. Presentándose el primer caso por coronavirus en el Perú el 06 de marzo 202040.
En Tacna, el primer caso confirmado el día 29 de marzo del 2020 se detecta el primer
caso oficial de contagio por CoVid19 en la Región Tacna. Sin embargo, el día 12 de
marzo del 2020, se reportó el caso del paciente de Ñuble – Chile. El paciente de Nuble,
ingresó a Chile por vía terrestre. El paciente estuvo en contacto directo con personas e
infectando a partir del día 03 al 05 de marzo del 2020. Periodo en el cual estuvo en
tránsito en Tacna y Arica. En Arica, se detecta el primer caso de contagio el día 18 de
marzo de 202041.
La directiva CoVid19 emitida por el gobierno nacional fue establecida por Decreto
Supremo N°044-2020-PCM del 16 de abril del 2020, no fue concordante a la directiva
establecida el año 200542.
El incremento exponencial de los infectados, elevado número de fallecidos en el mes de
julio a agosto 2020, se registra un incremento de 193.54% y 356.06% de exceso de
fallecidos en comparación al promedio de los mismos meses en los años 2018-201943.
Al 19 de septiembre del 2020 fueron diagnosticados un total de 15,842 de los cuales
14,238 por prueba serológica y 1604 por PCR de un total de 62,173 test (57,998 pruebas
serológicas y 4,175 pruebas PCR). El factor de efectividad entre la positividad y el test
era de: 24.54% pruebas serológicas y 38.41% pruebas PCR. Y se sumó 605 fallecidos.

DISCUSIÓN:
1. Situación actual del Sars CoV19 en Tacna:
El día 29 de marzo del 2020 se detecta el primer caso oficial de contagio por CoVid19 en
la Región Tacna; sin embargo, el día 12 de marzo del 2020, se reportó el caso del
paciente de Ñuble – Chile. El paciente de Nuble, ingresó a Chile por vía terrestre. Lo cual
indica que entre el periodo asintomático conforme a lo establecido por (Cheng H, 2020),
el paciente estuvo en contacto directo con personas e infectando a partir del día 03 al 05
de marzo del 2020. Periodo en el cual estuvo en tránsito en Tacna y Arica. En Arica, se
detecta el primer caso de contagio el día 18 de marzo de 202044.
El Gobierno Regional de Tacna y el “Comando COVID19”, integrado por la Dirección
Regional de Salud de Tacna, la Oficina de Seguridad, Defensa Nacional y Civil, la
Municipalidad Provincial de Tacna, entre otros organismos, inició la detección por PCR
el 11 de marzo 2020, al 18 de marzo del 2020 en la región Tacna se realizaron un total de
32 análisis PCR, (Castro , 2018)45 refiere sobre el muestreo probabilístico.
40

Vizcarra, M. (06 de marzo de 2020). Coronavirus: Vizcarra confirma el primer caso en el Perú. (D.
Gestión, Entrevistador) Lima, Peru.
41
Diario “Crónica de Chillán” (14.03.2020): “A un mes del primer contagio Ñuble suma 606 casos y 6
víctimas". (Págs. 02-03) Editorial: “LitoralPress” Concepción – Chile.
42
(Ministerio de Salud del Peru, 2005)
43
Sistema Nacional de Defunciones (SINADEF) – Ministerio de Salud.
44
Diario “La Tercera” (18 de marzo del 2020). Editorial: Grupo Copesa.
45
(Castro , 2018), 30, 50-65.
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Por tanto, teniendo en consideración epidemiológica brindada por el Ministerio de Salud
de Chile sobre el paciente de Ñuble diagnosticado Positivo el día 12 de marzo del 2020,
en Tacna, no se hizo el trazado de personas que tuvieron contacto en el tránsito del
paciente entre Tacna y Arica. La evidencia cuantitativa, era fundamental para la detección
temprana de los posibles contagiados en la ruta, como indica el trabajo de (Kahn, 2020)46:
En efecto el trabajo de la gestión de riesgo y control sanitario pandémico en la región de
Tacna presentó graves falencias que degeneraron en el incremento exponencial del
CoVid19 a la fecha.
Por su parte(Montesinos-López, 2007)47 establece en su estudio la necesidad de proyectar
la información probabilística a la detección de enfermedades infecciosas por medio de
análisis de modelos determinísticos y estocásticos, los cuales determinen el valor del
factor “R”, para la trazar la diseminación exponencial del agente vírico en una
comunidad.
El factor “R” de contagió entre el 06 marzo al 15 de abril de 2020 era de (R)=0.62, sin
embargo las estimaciones oficiales (Dirección Ejecutiva de Epidemiologia - DIRESA
Tacna, 2020) establece un total de 14 pacientes positivos, de los cuales 09 fueron
diagnosticados con PCR y 05 con prueba serológica de un total de 710 pruebas (411
pruebas serológicas y 299 pruebas PCR). Al 29 de abril del 2020 se contaba con 94
positivos, de los cuales fueron diagnosticados 77 por prueba serológica y 17 por PCR de
un total de 2378 test (2010 pruebas serológicas y 378 pruebas PCR).
El factor de efectividad entre la positividad y el test era de: 3.81% pruebas serológicas y
4.61% pruebas PCR. Esto debido a que entre el periodo entre marzo a abril 2020 solo se
testeaba a los pacientes que presentaban alguno de los síntomas que indicaba la directiva
del Ministerio de Salud denominada: “Prevención y atención de personas afectadas por
CoVid19”, la cual fue aprobada por Resolución Ministerial N° 129-2020- MINSA, del 29
de marzo de 202048.
Los estudios y artículos académicos disponibles entre febrero – marzo49. El proceso por
infección por Sars CoV2, tiene una duración entre 1 – 14 días. (Lauer & et all, 2020)50.
Sin embargo, esto no significa que el periodo de trasmisión del virus acabe en los 14 días,
la transmisión puede darse hasta 10 días posterior a los 14 días posteriores; y en algunos
casos graves hasta 39 días (Centro de Coordinación de Alertas, 2020)51.

46

(Kahn, 2020).
(Montesinos-López, 2007)49(3), 218-226.
48
Véase: Capitulo 08Documento técnico: Prevención y Atención de personas afectadas por CoVid19 en el
Perù. MINSA, Lima.
49
Véase: (Kaiyuan Sun, 2020).
(Fortino Solórzano-Santos, 2009).
(Ministerio de Salud del Peru, 2005 - actualizado 2009).
50
Véase: Lauer, S., & et all. (2020).
Kaiyuan Sun, J. C. (20 de febrero de 2020).
Cheung, J. C.-H., & al, e. (24 de febrero de 2020).
Hellewell, J., & al, e. (28 de febrero de 2020)..
51
Véase: (Centro de Coordinación de Alertas, 2020)(Págs. 17 -20).
47
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La misión de la Organización Mundial de la Salud –OMS/ ONU, En el informe de la
misión de la OMS en China se describen los síntomas y signos más frecuentes52 .
Las autoridades regionales el 13 de marzo del 2020, mediante Ordenanza Regional N°
005-2020- CR/Bob. Reg. Tacna, implementaron la Emergencia Sanitaria a nivel de la
Región Tacna, por la posible y/o inminente existencia del COVID-19 y la Resolución
Ejecutiva Regional Nº 095-2020-GR/GOB.REG.TACNA de fecha 12 de marzo de 2020
emitida por Gobernación Regional del Gobierno Regional de Tacna, la norma no
consideraba a los portadores por Sars CoV2.
Las autoridades del “Comando CoVid19”, no aceptaron la información técnico- científica
que se les brindaba, los protocolos víricos pre existentes. 53 Como la directiva de la
influenza H1N1, donde se diseñaron los protocolos de mitigación.
Como refiere (Francisco, 2020) y (Cheng, Jian, Liu, & et all, 2020) el 80% de los
pacientes son asintomáticos por lo cual la dinámica de propagación es mayor.
En este sentido, los centros de salud se negaban a realizar test de descarte a las personas
que presentaban uno de los síntomas o diferentes síntomas referidos a la infección por
Sars CoV2 aprobada por Resolución Ministerial N° 129-2020- MINSA, originando un
mayor problema en la detectabilidad y trazabilidad de la infección.
2. Proyeccion de Sars CoV2 en Tacna:
Conforme al artículo desarrollado por (Osorio Soto, 2020) se establece el análisis
matemático el es de 12.7, siendo que el 80% de personas son asintomáticos que da un
total de 10.16, el número de personas con síntomas leve-moderado es de 2.35 y letalidad
de 0.186 por cada 1000 habitantes54.
El análisis matemático el es de 12.7, siendo que el 80% de personas son asintomáticos
que da un total de 10.16, el número de personas con síntomas leve-moderado es de 2.35 y
letalidad de 0.186 por cada 1000 habitantes. En el factor
es de 15.88, siendo que el
80% de personas son asintomáticos que da un total de 12.70, el número de personas con
síntomas leve-moderado es de 2.36 y letalidad de 0.295 por cada 1000 habitantes. Lo que
es concordante con el(Dirección Ejecutiva de Epidemiologia /DIRESA Tacna, 2020)55.
El rango entre el 08-14 de marzo del 2020, se reportaron 723 casos de Infecciones
Respiratorias Agudas (IRAs) en la provincia de Tacna y 05 neumonías no graves y 02
defunciones por neumonía en la región de Tacna. Es decir, conforme al tránsito del
paciente de Ñuble- Chile entre el 03-05 de marzo de 2020, la
y
demuestran una tasa
de contagio entre 1: 10.16 12.07, de los cuales el 2.35 -2.36% desarrollarían
síntomas en la quincena de abril del 2020 conforme lo establece el Reporte CoVid19 del
52

Véase:(Cheng, Jian, Liu, & et all, 2020).
Véase: Center for Disease Control and Prevention - CDC. (2004). Síndrome respiratorio agudo severo
(SRAS)/ Fortino Solórzano-Santos, M. G.-N. (Mexico de 2009). Influenza. Boletín médico del Hospital
Infantil de México, 66(5), 461-473/ Ministerio de Salud del Peru. (2005 - actualizado 2009). Manual de
manejo de nueva Influenza H1N1. Lima.
54
Ref. (Osorio Soto, 2020) Pág. 13 -14.
55
(Dirección Ejecutiva de Epidemiologia - DIRESA Tacna, 2020)Bolentin Epidemiologico Semana 11: 0814 de marzo de 2020.
53
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19 de abril del 2020 de la Dirección Ejecutiva de Epidemiológica (DEEPI)- DIRESA –
Tacna, la cual reportó un total de 35 pacientes confirmados de un total de 990 muestras,
de las cuales eran 332 pruebas PCR y 668 Pruebas serológicas o “Rápidas”.
Asimismo, otro vacío de detectabilidad era la generada por la utilización de pruebas
serológicas, es que esta solo evidencia la presencia de antígenos IgM (inmunoglobulina
M) y los IgG (inmunoglobulina G). (Cheng H, 2020), establece que los antígenos IgM e
IgG aparecen entre los 7-8 días posterior a la infección, como detalla el estudio de.
Teniendo el infectado posibilidad de contagiar desde el día “0” de la infección.
Por ello en mayo del 2020 empezaron las falencias de la detectabilidadestablecieron el
incremento de infectados. Al 31 de mayo del 2020 fueron diagnosticados un total de 398
de los cuales 340 por prueba serológica y 58 por PCR de un total de 8809 test (7830
pruebas serológicas y 979 pruebas PCR). El factor de efectividad entre la positividad y el
test era de: 4.32% pruebas serológicas y 5.92% pruebas PCR.
Al 31 de julio del 2020 fueron diagnosticados un total de 3,829 de los cuales 3,047 por
prueba serológica y 782 por PCR de un total de 29,234 test (26,746 pruebas serológicas y
2,488 pruebas PCR). El factor de efectividad entre la positividad y el test era de: 11.39%
pruebas serológicas y 31.43% pruebas PCR.
Para el 30 de agosto del 2020 fueron diagnosticados un total de 11,100 de los cuales
9,615 por prueba serológica y 1,485 por PCR de un total de 48,450 test (44,719 pruebas
serológicas y 3,740 pruebas PCR). El factor de efectividad entre la positividad y el test
era de: 21.50% pruebas serológicas y 39.70% pruebas PCR.
Al 17 de septiembre del 2020 fueron diagnosticados un total de 15,842 de los cuales
14,238 por prueba serológica y 1,604 por PCR de un total de 62,173 test (57,998 pruebas
serológicas y 4,175 pruebas PCR). El factor de efectividad entre la positividad y el test
era de: 24.54% pruebas serológicas y 38.41% pruebas PCR.
Conforme a la proyección de (Kermack, 1927), se puede establecer mediante su modelo
SIRs, se puede establecer la proyección incluyendo las variables inmunitarias y variables
de riesgos externos:
El numero potencial de infectados en la región Tacna IgM (inmunoglobulina M) y los
IgG (inmunoglobulina G), asintomáticos, pre sintomáticos y asintomáticos leves es de
56,379.01, mientras que los pacientes que desarrollaran complicaciones – fallecimientos
oscilan entre 171.011 entre el 01 de octubre y 15 de octubre del 2020.
Conforme al problema de detectabilidad señalado entre sintomáticos y asintomáticos
como refiere (Cheng, Jian, Liu, & et all, 2020),(Kahn, 2020) y (David S. Hui, Esam I
Azhar, Tariq A. Madani, & et al, 2020), se puede modelar el número real de infectados de
la siguiente manera:
Calculo N°03:
Proyección de estimación real de contagios en Tacna
N= (Tp – (Pa.e + P.a)) ^ƒ(r)
N= (15.842 – (8.351 + 6.811)) ^ 1.67
N= (15,842 -15.162) ^ 1.67
N= (680) ^ 1.67
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N total= 56.379.03
Pg.(n) = (N) ^ 0.47
Pg.(n) Total = 56.379.03 ^ 0.47
Pg.(n) per/mes = 171.011
Fuente: Formulación propia.
Como se evidencia en la tabla N°01 y Cálculos N° 01 – 03, la tasa de test realizados por
el Gobierno Regional de Tacna, Dirección Regional de Salud Tacna y la programación
efectuada por el “Comando CoVid19 de Tacna”, el número total de Test, representa al
15.84% de la población total de la región Tacna. Sin embargo, el 93.28% de las pruebas
realizadas corresponden a pruebas.
Estos datos, nos demuestran que la detección, control y trazado del contagio cuenta con
un desfase de 6-8 días como refiere (Cheng, Jian, Liu, & et all, 2020). Además cabe
indicar que conforme a las medidas de autocuidado y uso de equipamiento de protección
personal y confinamiento redujo el factor “R”, en Tacna, ha a 1.6756. Sin embargo, la
detección sigue en desfase.
Conforme a la evaluación del factor “R” ( ∫ ) y los efectos de dinámica social y
climática, podemos establecer puntos críticos en la diseminación y proyección de la
infección del Sars CoV2 en la región de Tacna; y estos se detallan en la siguiente tabla.
Tabla N°01:
Proyección de contagios en Tacna
Mes

Set-20

Oct-20

Nov-20

Dic-20

Ene-21

Feb-21

Mar-21

Abr-21

May-21

Jun-21

Porcentaje sin infección
Tendencia Oficial

95.70
15842.00

86.09
15992.22

81.79
16235.42

77.49
16817.53

73.19
17793.41

68.89
19593.01

64.59
22314.28

60.29
25688.71

55.99
31756.34

46.38
43375.48

Tendencia Probable

56739.00

56982.19

57495.08

58012.58

63813.91

70195.37

73705.20

75547.90

76681.18

84349.37

Fuente: Elaboración Propia
Podemos establecer en base al estudio y el factor “R” (∫ ), en la región Tacna tendrá un
comportamiento dinámico, debido a factores externos y factores internos. En base a ello,
tomamos como base los efectos económicos, que son parte del factor externo e interno,
debido a que conforme a lo establecido en el D.S. N° 116-2020- PCM, del 01 de julio del
2020, la cual indica en su artículo 02°, inciso 2.2 y el articulo 03°, inciso 3.1; el Decreto
Legislativo N° 1492 y Decreto Supremo N° 005-2020-MINCETUR que establecen la
reactivación económica en sector turismo, lo cual, implica la reapertura de fronteras y
habilitación de movilización de turistas dentro del territorio nacional.
Cabe indicar que los países fronterizos a Tacna, cuentan con ratios de contagio elevados,
por lo cual el peligro de incremento del factor “R” y la movilización viral, promoverá la
infección y/o reinfección de pacientes. Conforme al estudio realizado por (Ye & al,
2020)57, indica que el 48.7% de los pacientes evaluados tuvo reinfección por Sars CoV2
de moderada – grave. El estudio establece las diferencias de la gravedad conforme a las
comorbilidades de los pacientes.

56

Huaynodata. 6 de agosto del 2020. “Factor R en Perú” https://huaynodata.com/
(Ye & al, 2020).

57
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Sin embargo se considera el concepto de “inmunidad de rebaño” (Rafart, 2001) 58 ,
establece que la inmunidad permitiría la reducción de la movilización de agentes virales;
sin embargo para alcanzar esta se necesitaría la infección entre el 60-70% de infectados.
Conforme al meta análisis al 20 de septiembre del 2020, el número de contagiados en
Tacna, es de 4.30% de la población total; en la proyección conforme a la dinámica viral
(estimado probable) la “inmunidad de rebaño” abarcaría al 14.46%. Por tanto, la
“inmunidad de rebaño”, no sería un escenario real y efectivo a la fecha.
Los datos establecidos Tabla 01, los meses críticos de contagio estarían entre enero –
febrero 2021 y entre mayo – junio 2021, esto debido a la afectación en la ciudad por las
lluvias e inundaciones generadas por el “Cambio Climático” y exacerbado por el
fenómeno del “Niño (Ensso) Modoki”, el cual ya ha generado variaciones pluviométricas
que han afectado el desarrollo de las lluvias en la cabecera de la desierto de Atacama.
Con lo cual, el colapso de sistemas de servicios públicos, como electricidad,
comunicaciones, médicos y servicios de agua y alcantarillado es una constante.
Los años en que se ha desarrollado el fenómeno del “Niño (Ensso) Modoki”, han
generado inviernos más fríos, donde la tasa de Infecciones Respiratorias Agudas (IRAs)
se incrementa en 230% al promedio normal.
El colapso de los sistemas de agua y desagüe, generaran 02 impactos directos, los cuales
son: limitantes de acceso a agua potable para higiene; y el colapso de desagües, lo cual
promueve la particularización de heces fecales. Y conforme al estudio (Sravanthi Parasa,
Madhav Desai, Viveksandeep Thoguluva Chandrasekar, & al, 2020)59, el cual indica:
“[…] Las pruebas fecales que fueron positivas para SARS-CoV-2 se informaron en 8
estudios, y se detectó desprendimiento de ARN viral en las heces en el 40.5% (IC 95%,
27.4% -55.1%) de los pacientes. Hubo un alto nivel de heterogeneidad (I2 = 94%), pero
no se observó un sesgo de publicación estadísticamente significativo. […]”.
Como ocurre en todo evento químico, biológico, radiológico, y nuclear, por sus siglas en
inglés - CBRNE Por tanto la propagación por heces con carga viral durante los eventos
naturales es una posibilidad de alto impacto. Cabe indicar que poco se ha considerado –
durante la pandemia – la transmisión por vía ocular como agente receptor del virus Sars
CoV2, como detalla (Sociedad de infectología de Chile, 2020).
Grafico N°01:
Proyección de contagios en Tacna

58
59

(Rafart, 2001) Página: 22-29.
(Sravanthi Parasa, Madhav Desai, Viveksandeep Thoguluva Chandrasekar, & al, 2020)
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Fuente: Elaboración Propia
3. Los desastres naturales en contexto CoVid19 – Tacna:
La gestión de riesgo y reducción de desastres – RDD, en la región de Tacna es precaria y
endeble, debido a que no se cuentan con planes y protocolos acordes para los escenarios
de riesgo que afectan a la región Tacna; aún más en evento de riesgo múltiple, como es un
evento pandémico.
Durante el periodo de enero- febrero 2021, se registró la inundación, desborde de ríos y
huaycos el 22 de febrero 2020. Es decir 10 días antes de que el paciente chileno
detectado en Ñule - Chile, esté en tránsito por Tacna; y 10 días posterior a los casos
sospechosos de CoVid19 en la región60.
Conforme al Mapa de gestión de riesgo y vulnerabilidad de desastres naturales ante
efectos pluviales, inundaciones (gráficos 17, 17.1 y 18), las zonas afectadas entre enero –
febrero 2020, son las mismas a ser afectadas en los eventos esperados por el fenómeno
del “Niño (Ensso) Modoki” 2021.

Grafico N°17:
Mapa Pluvial Región Tacna

60

Véase: Nota de presa GR. Tacna 04 de febrero 2020.
http://diresatacna.gob.pe/nuevo/detallenoticia.php?d=224
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Fuente: COER-Tacna
Grafico N°17.1:
Mapa de Riesgo CoVid19 Tacna

Fuente: COER-Tacna
Grafico N°18:
Mapa de inundaciones y huaycos Región Tacna

Fuente: COER-Tacna
A la fecha, los trabajos de mitigación d riesgo, han sido escasos y poco estructurados para
reducir el riesgo inherente a inundaciones y huaycos. La reubicación de las poblaciones
afectadas el 2020, ha sido inexistente.
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Un evento de riesgo que no ha considerado la Oficina de Seguridad, Defensa Nacional y
Civil, son los eventos de geodinámica interna, donde la región Tacna, es una de las
ciudades a nivel del Perú con mayor vulnerabilidad, debido a la deficiente planificación
urbana, limitada resiliencia de la infraestructura crítica y deficientes protocolos de
actuación.
La vulnerabilidad sísmica en la región es alta. La infraestructura critica, no cuenta con
elementos de contingencia adecuados para un evento complejo de riesgo.
Grafico N°18:
Mapa de Riesgos Sísmicos Región Tacna

Fuente: COER-Tacna
Este último escenario es que presenta mayor riesgo debido a que no se cuenta con
sistemas de “Alerta Temprana” que pueda permitir la evacuación de la población y la
adecuada preparación de equipamiento de protección personal para evitar el contagio
durante y después del evento. Además de generar el colapso del sistema sanitario. El cual
ya se encuentra debilitado por falta de infraestructura.
La Oficina de Seguridad, Defensa Nacional y Civil – Tacna a la fecha no cuenta con
protocolo de primera repuesta adecuados para responder de forma eficiente ante desastres
naturales en escenario complejo de riesgo.
CONCLUSIONES:
Conforme al documento emitido por la Organización Panamericana de la Salud
(PAHO- WHO), denominado: “El papel de los gobiernos locales en la Pandemia del
CoVid19”, establece el rol fundamental del gobierno sub nacional (distrital, local y
regional) en la respuesta a los eventos de riesgo y crisis sanitarias. En el caso
particular de Tacna, podemos concluir:
a) La necesidad mejorar los procesos de detección, trazado y monitoreo de la
infección, debe realizarse desde el día “0” de contagio. Como indica (Aguilar
Ramírez, 2020), fomentar la fiabilidad del “cerco epidemiológico”, es primordial
para reducir el factor “R”. El uso de pruebas serológicas es el menos indicado para
proveer información real, debido a que como refiere (Michael Hoelscher, 2020) y
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b)

c)

d)

e)

f)
g)

(Cheng, Jian, Liu, & et all, 2020), los pacientes asintomáticos, son los principales
y masivos vectores de contagio. La estrategia sanitaria emitida por el gobierno
nacional y los gobiernos sub-nacionales han presentados falencias de
determinación porcentual de infectividad, como refiere (Castro , 2018), esto
motivado principalmente poca fiabilidad (“Falso Negativo”) que presentan las
pruebas serológicas ó“rápidas”.
La debilidad de generar herramientas tecnológicas interconectadas para la difusión
de información de contagios en tiempo real (Kahn, 2020) y (Lauer & et all, 2020)
pretenden establecer datos reales y soporte para generación de contramedidas de
mitigación del riesgo de contagio. La capacidad de aplicar esta tecnología en el
trazado, identificación, focalización y monitoreo de pacientes y portadores ha sido
el factor determinante del incremento de contagios en la región, debido – entre
otras cosas- a la falta de capacitación y gestión por parte de las autoridades al
momento de desarrollar protocolos y ejecutar acciones.
La integración de escenarios de riesgo complejo, es una posibilidad en la región
Tacna. Lamentablemente, las autoridades pordesconocimiento, capacidad e
idoneidad, han promovido mensajes errados a la población y no han contemplado
las crisis subsecuentes de eventos de desastre natural en el contexto pandémico.
El factor económico – social tendrá efectos mayores al factor sanitario, debido a la
precariedad laboral, incremento de vulnerabilidades, reducción de fuentes
laborales, reducción del nivel de ingresos a nivel de grupo familiar y erráticas
decisiones de la autoridad local (regional/ local), está generando y generará
mayores indicadores conflictividad social, incremento de acciones delictivas,
pobreza y descontento social.
El gobierno ha planteado la “Reactivación Económica” con la re-apertura de
fronteras para dar dinamismo a las ciudades fronterizas y los ejes turísticos a nivel
nacional. Sin embargo, la capacidad para el desarrollo de pruebas de detección es
nula a nivel de Tacna. A la fecha se ha evaluado al 28.07% de la población, de las
cuales el 93.3% son pruebas serológicas, cuyo factor de fiabilidad es <79.4%.
La falta de infraestructura sanitaria, generada por la corrupción, agudizará la crisis
sanitaria. Y se debilitará a más el ya debilitado sistema de salud.
La deficiente capacidad de generar sistemas de “Alerta Temprana” ante desastres
naturales y sanitarios promoverá impactos directos en el incremento del factor “R”
de contagio; además de demora en la detectabilidad de nuevas cepas de Sars
CoV2, por efecto de insalubres condiciones de disposición de residuos biológico;
y su interacción zoonótica con animales de consumo que se alimentan en
“botaderos” de residuos en la región.
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Abstract
Forest Fires have become an increasing common in Tamil Nadu, India. A
number of fire outbreaks in a year slaying hectares of wild areas. This paper
makes a humble attempt to identify whether forest fires have made a
considerable impact on the forest caps of Erode, Salem and Dharmapuri
Districts of Tamil Nadu. Further it also tries to map out the forest fire frisk
zones and the potential areas of forest fire sensitivity in the study area. In
order to visualise its impact NDVI maps were generated from Satellite
imageries of LANDSAT 5,7 and 8 for the past years (2006 – 2019) in the
corresponding fire seasons. Parameters like vegetation type, temperature,
rainfall, road network and slope (topography) of the study area were taken into
account. Data from Tamil Nadu Forest department, Ministry of Forest
Environment and Climate Change, National Institute of Wind Energy, Indian
Meteorological Department (IMD), SRTM DEM datasets and open street map
in ARCGIS 10.3 were instrumental in converting the above factors into their
corresponding Thematic maps. These map layers were then integrated in
ARCGIS 10.3. Using weighted overlay tool in ARCGIS 10.3 the final Risk
Zone and Spread sensitivity maps were generated. This could be a valuable
aid in planning Action Programmes to prevent such fires in the future. Even
annual mountain trekkers can use this to plan their trips by avoiding those
forest fire prone zones. Keywords: Forest Fire, Risk Zones, Remote Sensing,
GIS, NDVI
Keywords: NDVI,Sensitivity,forest fire zone,Risk
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1.1 Introduction
Since immemorial time, forest have been an integral of the human ecosystem. They are a
natural gift to mankind. Besides providing shelter and protection to a large number of
living beings, they have been a major source of food, timber, medicinal herbs, rubber and
many other vital products. Since ancient time it is the forests which have enriched human
lives both socially and economically. The ecological conditions prevailing in any given
area is directly indicated by the health status of the forests in that area. The unique
geographical location of the Tamil Nadu enables it to host a wide range of trees, shrubs,
herbs etc. locked across its length and breath. Tamil Nadu has a forest cover of about
26,345 km constituting 20.25% of the geographical area as per assessment of the Forest
Survey of India (India State of Forest Report 2015). If we track the forest cover
proportions over the past two decades, they have shrunken significantly. Frequent
outbreak of fires in the forests have greatly contributed towards this shrinkage of vital
caps. The causes of the forest fires can be broadly classified into 3 main categories,




Natural causes
Deliberately caused by man
And those caused unintentionally by man

Knowingly or unknowingly man has become the script writer for all these relentless
forest fires. Their act of grazing animals, shifting cultivation and collection of minor
forest produce can also be attributed to the same. Camping, trekking and careless
picnickers can also cause forest fires. Approximately 90% of the forest fires in the Tamil
Nadu are due to anthropogenic factors. Preparing a Forest Fire Risk Zone Map is hence
the first and foremost to avert such catastrophic accidents in the future. Further
identifying the Probable Forest Fire Spread Sensitive Zones can also supplement in crisis
management planning. During the burning process, energy is emitted in the form of heat
and light which can be easily detected in electromagnetic spectrum. The changes in the
reflectance value before and after burning can be estimated using sensors on satellites.
Satellite remote sensing has opened up new avenues for analysing forests and other
ecosystems at all spatial, temporal and geographic scales. Since 1970s Earth Observing
Remote Sensing sensors have been used to detect these changes, to estimate the burnt
area both quantitatively and qualitatively. It has been very instrumental in studying,
monitoring and detecting forest fires. In this present study an attempt has been made to
prepare Forest Fires Risk Zone Map and Probability of Forest Fire Spreading Map by
combining satellite image, topography and other data on GIS platform for Erode, Salem
and Dharmapuri districts in Tamil Nadu where forest fires occur multiple times in a year.
In Tamil Nadu along Western Ghats a number of forest fires incidents have been reported
so far. Among these, the Korangani Forest Fire (Dated: 12 March, 2018) gained a lot
public attention making the state deeply struck in sorrow. It burnt nearly 5 trekkers into
ash. The above-mentioned maps prepared as a result of this study can potentially help the
annual trekkers to avert such accidents.
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1.2 Study Area
The study area (Figure 1.1) covers the districts of Erode, Salem and Dharmapuri districts
in Tamil Nadu, India. Erode (11.3410°N, 77.7172°E) spans over 109.5 km , Salem
(11.6643°N, 78.1460°E) spans over 124 km , Dharmapuri (12.1211°N, 78.1582°E)
covers 25.32 km of area.

Figure 1.1: Location of the Study Area

1.3 Datasets Used
Landsat 5,7and 8 data were used for computing NDVI. SRTM DEM dataset was used in
generating the slope map. Apart from this data from Indian Meteorological Department
(IMD), National Institute of Wind Energy, Ministry of Environment, Forest and Climate
change and The Tamil Nadu Forest Department have been supportive in producing
various factors as thematic maps.
1.4Factors Responsible for Forest Fire over the Study Area
The following factors have been identified as the major causes for forest fires in the
districts of Erode, Salem and Dharmapuri. They are:
1.4.1. Vegetation Type and Tree Species
The major vegetation types found in the study area includes Tropical Dry Deciduous Forest,
Tropical Semi Evergreen Forest and Tropical Thorn Forest. Out of these the study area is
dominated by Tropical Dry Deciduous Forest (up to 80%) followed by Tropical Semi Evergreen
Forest (up to 15%) and remaining with Tropical Thorn Forest. Tree species like Albizzia amara,
Anogeissus, Latifolia, Butea monospermaand Terminalia species are housed at the Tropical Dry
Deciduous Forests of Erode, Salem and Dharmapuri. This type of forest is usually found at about
400 m and above. The trees here are mostly deciduous and are highly susceptible to forest fires.
This forest type has under growths which adds on high risks of spreading of forest fires. Tropical
Semi Evergreen Forests are home for species like Artocarpus hirsuta, Hopeaparviflora ,
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Lagerstroemia lanceolata and Terminalia species. This type of the forest is present between the
Western Tropical Evergreen and the Moist Deciduous types with mixture of occasional evergreen
and moist deciduous tree species. As this forest hosts a major portion of moist tree species the
forest fire risks are relatively lower than that of tropical dry deciduous forest. Tree species like
Acacia ferruginea, Acacia leucophloea, Albizzia amaraandAzadirachtaincica are found in the
Tropical Thorn Forest. This forest type extends from plains up to 400 m. They have very low
susceptibility to forest fires.
1.4.2. Climate
Climate factor controls the type of vegetation in a geographic region and thus plays a dominant
role in the creating forest fire prone areas. Dry, warmer climates and rain deficits lead to forest
fires susceptibility. Once the fire starts, warm and dry climates escalate it to greater heights. There
has been an increase in the average temperature of Tamil Nadu by 3°C - 4.5°C as per the climate
change studies carried out by the Indian Institute of Tropical Meteorology, Pune, India. The study
area has a tropical dry climate which makes it more prone to frequent forest fires.
1.4.3. Topography
Topography is an important geographical factor which governs the spread of forest fire as it is
linked directly with behaviours of wind. In upward slopes fire spread is more rapid and in
downward slops it is less rapid. Majority of the forest cover within the study area has moderate
slope. The altitude of the study area range between 183 m and 457 m. Altitude plays a key role in
the escalation of forest fires.
1.4.4. Road Networks
Both human and motor movement on road network have provided sufficient chances for
accidental or deliberate fires in the forests of the study area. Many tourists travelling through the
forest area Erode, Salem and Dharmapuri throw off cigar buds, leave off unextinguished camp
fires which set fire blazes quite often. Apart from this the local villagers sabotage the wild areas to
raise fodder crops, expand settlement areas and also to extract minerals from the mountainous
forests.
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1.5 Methodology

Collection of data from various

Preparing maps for the factors considered in the study

Resampling, reclassification and conversion of layers into raster

Integrating all the layer in ArcGIS 10.3

Weighted overlay Analysis in ArcGIS 10.3

Resultant Forest Fire Risk Zone Map and Probable Forest Fire
Spreading Zone Map

1.6 Parameters Incorporated in the Study
Based on the above-mentioned factors a number of parameters have been taken into consideration
for mapping the risk zones in the study area. They are:
1. Vegetation Type (Forest Cover Type), 2. Temperature, 3. Rainfall, 4. Road network
5. Wind speed, 6. Slope (Topography)
All the parameters were converted into separate maps. Vegetation Type map (Figure 1.2) was
prepared by the digitising the existing maps from Tamil Nadu forest department. Temperature
map (Figure 1.3)and Rainfall map (Figure 1.4)were prepared from the data acquired from Indian
Meteorological Department (IMD). Temperature and rainfall maps were prepared on an annual
average for span of past 15 years. Existing map from National Institute of Wind Energy was
digitised resulting in the Wind Speed map (Figure 1.5). SRTM DEM data sets were downloaded
from USGS website (https://earthexplorer.usgs.gov) and processed in ArcGIS for generating the
Slope Map (Figure 1.6)of the study area. It was generated under six categories of 15% interval.
Road network map was prepared by exiting open street map in ArcGIS and digitising them. It was
prepared incorporating National Highways, State Highways, Major Roads and Minor Pathways.
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Figure 1.2 : Vegetation type MapFigure 1.3: Temperature Map

Figure 1.4 : Rainfall Map

Figure 1.5:Road Map
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Figure 1.6: Wind Speed Map

Figure 1.7: Slope Map

1.7 Weighted overlay Analysis in ARCGIS
Overlay analysis is an operation carried out in GIS which superimposes multiple datasets so as to
identifying the relationships between them. An overlay analysis results in a composite map by
integrating the attributes and geometry of the input raster data sets. There are two types of overlay
analysis both raster and vector. But here we follow the raster overlay analysis. Many methods of
raster overlay analysis are used commonly but for this study the weighted overlay analysis has
been chosen.
Weighted overlay is a technique in which a common measurement scale of the values is applied to
dissimilar and diverse input to create an integrated analysis. Here weights and ranks are allotted to
the layers and themes within them depending on the extent of influence on the considered
analysis.
The followings steps were followed for running the weighted overlay analysis.
1.7.1 Selecting an evaluation scale:
The evaluation scale Represent the suitability range. The values at the two extrema represent the
most and hast suitability. In this study the evaluation scale was chosen to be from one to four
represents. where four represents most rick factor.
1.7.2. Adding the input raster.
1.7.3. Setting scale values:
The call values for each input raster in the analysis are assigned values from the evaluation scale.
The makes it possible to perform arithmetic operations on raster that originally held dissimilar
types of values. The assigned values can also be changed according to the suitability or
importance.

1.7.4. Assigning weights to input raster:
In this study, for forest fire risk zone mapping, the vegetation type was awarded the major
weightage, as it was sought to be the most significant paper. For mapping the probability of forest
fire spreading, vegetation type and wind speed were given the major weighted share.
1.7.5. Finally running the weighted overlay tool in ArcGIS.
The weighed of each input raster is multiplied with the corresponding cell values of each input
raster. The resulting cell values are added to produce the final output raster.
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In order to carry-out the weighted overlay analysis, all the layers were first reclassified, converted
into raster and resampled. This ensures that all are of the same pixel size and classified similarly.
This analysis was carried out using Weighted Overlay Tool in ArcGIS. All the above six layers
were given as input for the overlay analysis. This analysis follows the below given mathematical
equation to calculate to Risk Zone Indices (RI),
RI =∑
where W represents the weightage awarded to each layer and R represents the rank given to each
theme within a layer. ‘i’ represents the number of layers, ‘j’ represents the number of themes
within each layer.
RI = W1xR1 + W2xR2 + W3xR3 + W4xR4 + W5xR5 + W6xR6
where,
W1xR1 = Weight and Rank of Vegetation Type Layer
W2xR2 = Weight and Rank of Temperature Layer
W3xR3 = Weight and Rank of Rainfall Layer
W4xR4 = Weight and Rank of Slope Layer
W5xR5 = Weight and Rank of Windspeed Layer
W6xR6= Weight and Rank of Road Network Layer
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Table 1.1: For identifying Forest Fire Risk Zones through this analysis, the following criterion
table was followed:
Layers

Weightage

Themes within the layer

Rank

Vegetation Type

40

Tropical Dry Deciduous Forest

4

Tropical Semi Evergreen Forest

3

Tropical Thorn Forest

1

>28

4

27 – 28

2

26 – 27

2

25 – 26

1

>2000mm

1

1500 – 2000

3

1000 – 1500

3

<1000mm

4

45 - 60, 60 - 75, 75 – 90

4

30 – 45

3

15 – 30

2

0 – 15

1

>6, 5 – 6

4

3 - 4, 4 – 5

2

<3

1

Minor Pathways

4

Major Roads

2

State Highways

2

National Highways

1

Temperature

Rainfall

Slope

Windspeed

Road Networks

26

20

4

8

2

Table 1.2: For mapping the Probable Forest Fire Spreading Zones, the under given criterion
table was followed:
Layers

Weightage

Themes within the layer

Rank

Vegetation Type

40

Tropical Dry Deciduous Forest

4

Tropical Semi Evergreen Forest

3

Tropical Thorn Forest

1

>28

4

Temperature

26
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Rainfall

Slope

Windspeed

Road Networks

27 – 28

2

26 – 27

2

25 – 26

1

>2000mm

1

1500 – 2000

3

1000 – 1500

3

<1000mm

4

45 - 60, 60 - 75, 75 – 90

4

30 – 45

3

15 – 30

2

0 – 15

1

>6, 5 – 6

4

3 - 4, 4 – 5

2

<3

1

Minor Pathways

4

Major Roads

2

State Highways

2

National Highways

1

8

4

20

2

1.8 NDVI:
NDVI stands for “Normalised Differential Vegetation Index”. NDVI id a numerical indicator that
utilises the NIR and part of visible band of electromagnetic spectrum (EMR) which is used to
assess whether the observed target has live green vegetation or not. NDVI is defined as the
difference in the spectral reflectance of NIR and RED bands divided by the sum of spectral
reflectance of NIR and RED bands.
=

−
+

The index value ranges from -1.00 to +1.00 which basically represents the green vegetation caps.
The more positive the value the more greener is the vegetation. NDVI has found its way of
application in many fields. To name a few, it is very useful in crop monitoring, drought
monitoring, forescasting forest fire zones, assessing crop production and many more.
In this study, NDVI has been taken into account to assist and cross check the outcomes of
weighted overlay analysis in bringing out the Fire Risk Zones in the forest areas and their spread
sensitivity. Further it could also help in visualising the diminishing green zones due to such fires.
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1.9 Results and Discussion:
When weighted overlay analysis is run for two separate instances, based on the above given
criterion tables, the following were obtained.
1. For the table 1.1, a resultant map(Figure 1.8) was produced in which very high forest fire risk
zones were in red colour, high risk zones were in light green in colour and low risk zones were in
dark green in colour.

Figure 1.8: Forest Fire Risk Zone

Figure 1.9: Forest Fire Spreading Sensitivity

2.For the table 1.2, the generated resultant map(Figure 1.9) had three categories in which high
zones of forest fire spreading were green, Moderate zones were in pale sandal and low zones were
red in colour.
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3. The prepared NDVI has shown the dramatic decrease in the forest area over the years from
2006 – 2019.
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Thus, the weighted overlay analysis in ArcGIS has been helpful in generating forest fire risk zone
map and probable forest fire spreading zone map. Modifying the % influence or weightage for the
considered may result in a different output map. However, the above weightage and ranks were
assigned based on the field of evidences from the Tamil Nadu Forest Department, certain logics
and discussion with the concerned field experts.GIS based analysis has proved to be very effective
in mapping out the potential zones. It has allowed to integrate voluminous datasets despite their
disparities. Using GIS can be the most favourable way for studying the risk zones as it is cost
effective, time bound and gives better results. By mapping all the Forest Fire Risk Zones and
Probable Forest Fire Spreading Zones, Action Programmes can be meticulously planned to avoid
wildfires in the future.
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Abstract:

The course of mankind has changed over the past decade with the challenges
faced by human race from natural disasters and pandemics. Sustainable
mitigation steps to reduce risks from the disasters are evolving and are still
debated, applied and updated to develop more effective strategies. But with
chronicles of history from different corners of the world, India and specifically
Kerala on disaster mitigation, the idea mooted as a successful shield is a wellinformed collective and collaborative, culturally & socially knit approach of a
mass community that yield results in terms of reducing the impact of disaster.
Disasters are black swan events and in the chaos, many a times, the framework
of integrative cross sector collaborations fail in harnessing the governance of
the systems, in generating value to sustain critical services. The article
broadens the idea of innovating and building resilience in the social and
cultural framework of human networks by discourses as the remedy to
mitigate the shock of a disaster and the subsequent waves of destruction that is
inherent in it. However many factors are recognised as knitted together as
influencers, in the nurturing of the resilience, in face of disasters for
emergence of complex adaptive systems. A responsive, accountable and
transparent cross-sector collaboration utilising intervention strategies with
essentials for building community resilience initiatives are required at all
levels for coordination of disaster operations in collaboration with various
agencies. Complexity of the disasters varies and hence complex partnership
dynamics are required in challenging times using all the modern digital aids.
Fostering social resilience in practice is a task attained with great difficulty by
mending bridges of alliance is necessary to combat the complexities in face of
a disaster and destruction waves attached to it.
Key Word: Disaster management, Resilience, social, cultural, framework,Cross sector
collaborations
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Introduction
Factorial Analysis of Disasters
The saga of human progress over the years is also the story of resolute efforts of success
against the various quirks of nature and time. The course of mankind has changed over
the past decade with the challenges faced by human race from natural disasters and
pandemics too. Disaster word by etymology is "anything that befalls of ruinous or
distressing nature; any unfortunate event," especially a sudden or great misfortune form
mid-16th century Italian disastro ‘ill-starred event’, from Middle French désastre
(1560s).All disasters are events of widespread destruction and chaos with major collateral
damage with loss of life caused by various forces and can be natural likeearthquakes,
flooding, volcanic eruption, landslide, hurricanes or manmade like wars, explosions etc.
Profound environmental impact, loss of human life and habitat, economic and financial
loss are all aspects and characteristics of any disaster.International Federation of Red
Cross and Red Crescent Societies (IFRC) , the world's largest humanitarian organization,
defines a disaster as “a sudden, calamitous event that seriously disrupts the functioning
of a community or society and causes human, material, and economic or environmental
losses that exceed the community’s or society’s ability to cope using its own resources”
symbolised as (Vulnerability+ Hazard ) / Capacity = Disaster(www.ifrc.org) highlights
the characteristics from a response perspective of a disaster. But disasters as evident have
constructs of threat, time, severity, recurrence, etc. Callousness, insensitivity, carelessness
are factors behind technological disasters (Bolin 1986). The various characteristics of a
disaster are highlighted to understand the framework needed to mitigate the after effects
of a disaster.
The complexity of disasters is have grown with growing complication of our lives, there
is nothing like a perfect disaster management plan to cover & avert all loopholes in the
contingency plan. Post disaster reviews worldwide highlights many lacunae which need
to be improved during next disaster mitigation plan. Since everyemergency have unique
perspectives and characteristics, the scope for reviewing & improving the action plan
after each adversity is an interesting area of research for human survival. The lessons
learned from each case need to be carefully assessed for their applicability and relevance
to specific situations, to make it more effective.History has many records of unexpected
events, failures disasters emerging suddenly always with a premonition with surprise.
Notable always is that disasters usually emerge from nowhere in the perceptive view and
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keep intact the surprise element in most cases, except for some like droughts, floods, wars
etc in which some indications of the looming disaster may be available. The vulnerability
to deceive is where the planned strategies fail and crisis in action plans emerge. Warning
intelligence if any, is often disguised in a disaster and don’t emerge out distinctively and
often is engulfed as uncertainty and the validity of information is tangible mostly or
perceptive. However it also highlights the importance of exhaustive research in warning
methods of disasters disciplines and surprise management methodically. A sum of
assessment of possibilities can determine issue of a warning, but unfortunately in policy
frameworks warnings can be issued only after confirmation with absolute certainty is
often a general dilemma. Surprise is often seen as a neglected element in disaster risk
management and crisis mitigation (Merz et al 2015).
Over the years the spread and severity of disasters are on rise. The weather related
disaster annual losses in the world has increased to $63 million in the 1990s from $3.9
million in the 1950s(Kreimer et.al 2003).The recorded rise in disasters, their
consequences and vulnerability of people prone to face it, can be also in way attributed to
a great extent, to our path of development criss crossing nature’s plan or course of things.
Hence the focus on the concept of sustainable development considering climate change
impacts have been an area of debate and research world over in the last few decades.
Flash floods, famines,unseasonal rains & floods, sand storms, glacial rifts, heat waves,
rodent attacks etcare the reflection of the brunt of climate change which is clearly in the
visible now. In the book, ‘The resilience dividend: Being Strong in a world where things
go wrong (2014), by Judith Rodin cited ‘urbanization, climate change and globalization’,
as the three major challenges the modern world is facing. Rapid urbanisation, coupled
with quick socio economic changes brought out by globalisation and increasing frequency
and severity of extreme weather events, intensify the vulnerability of growing population.
Easily said by definition of things working as per plans ,but in disaster management
normallyuncertainty elements creeps in the disaster in terms of location, causalities,
disruption of networks of communication, transportation, resources, and medical teams
reach which leads to difficult situations than anticipated. After any incident the following
becomes critical -

resource despatch for risk mitigation, on-site triage and medical

assistance, shifting injured to health care facilities and comprehensive treatment. In any
disaster the fast and effective incident information system is a challenging and critical
task. Heterogeneous data from the disaster site usually props up from different channels
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of information but the challenge is to extract relevant and useful data from the streams of
messages to plan an appropriate mitigation alternative. Different phases of disaster also
bring in need of different services and help to be provided to the incident management
site.
Disaster Management & Mitigation Challenges
In the world conference on disaster reduction held at Kobe, Hyogo, Japan, on Jan
2005,the Hyogo Framework for Action (HFA) highlighted promotion of systematic
approach strategy for reducing vulnerabilities and hazard risks. The need for building
resilience in communities and nations were focused on Disaster risk reduction DRR by an
identification, assessment and reduction approach in a systematic manner. The conference
focussed on factors of local priority with strong institutional framework support, identify
assess, monitor cycle of risks to improvise and get early warnings, building of a culture of
safety and resilience at different levels using training , knowledge and education,
reduction of inherent factors of risks and ensuring strong preparedness for and effective
mitigation response to disasters. The underlying need for collaborations, amongst various
disciplines and institutions and people to build a collective response is necessitated as
disaster issues are generally complex in nature and scale.
Disaster taxonomy has various dimensions (Lerbinger, 1997; Duke and Masland, 2002),
vulnerability levels based on urban rural divide, population concentration, environmental
conditions etcbut still there are general commonalities which are being discussed. Any
disasters have an effect on sustainable development and has the potential threat to wipe
out and play havoc with years of economic investment and development efforts. Disasters
also demand diversion of funds from primary developmental priorities of health,
infrastructure, education, agriculture, food at times.In a disaster or a crisis the situation on
the site is not static but dynamic in characteristics and with marked changes in
characteristics of information,communication needs, scope, urgency impact responders’
appropriateness (Janssen et al., 2010).

In an environment of complex,dynamic &

unpredictable nature cooperation of multiple groups of professionals is a requirement
(Kapucu,2008). Information needs in disasters are unpredictable and complex in nature be
it natural, or human induced and needs involvement of many stakeholders in highly
uncertain time and pressure situations.(Lee etal., 2010)Failure of procedural hierarchy
failure in unexpected crisis condition (Comfort and Kapucu 2006), need to interact with
different and unfamiliar personnel (Auf der Heide, 1989),situational demand for
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coordination in volatile, dynamic, unpredictable situations all create unexpected DM
challenges. Customised solutions for specific situations, development of flexible
mechanisms of coordination for better responses has to be developed. (Chen et al. 2008;
Mendonca 2007).
Uncertainty is high, communication density is high, and decision making rate is high at
lower levels in crisis management.In complex, ambiguous, and unstable task
environments hierarchy line coordination severely effect flexibility of networks (Bharosa
et al., 2011). In any crisis the resources available are less than the management capacity
needed for the crisis.At most times in a disaster the consequences outweigh the capacity
of emergency services and throw their functioning out of gear from their normal structure
of reach. Hence sourcing and patching of additional reinforcements is critical as vital
interests of the community or society are affected.But in such complex situations
informed decisions are to be taken. Proper decisions depend on data and accuracy of
information availability in timely and appropriate manner (Grothe et al., 2005).
Crisis at times of disaster is not that lack of information but having right information at
right time is a critical function. Issues of quality of information and systems capability
have a crucial effect on the efficient multi disciple approach to a crisis management
(Leeet al., 2010).Even though resilience has become an often quoted remedy universally
in event of any disaster, the elements of prevention, pre-emption, protection and
pragmatism are to be considered for development of mitigation strategies. An assessment
of intention versus capabilities will determine the effective uses of resources. The role of
analyst on ground is critical in formulating a correct tactical response in the face of
disaster. The pre-conceptions of the analyst must not influence the course of action and
hence disaster analysis is often critical in successful risk mitigation plan conception.
Realistic descriptions are often a prerequisite in crisis management. Management of
disasters are, in general, represented by a phased circle of preparedness, mitigation
measures, response capabilities and recovery mechanisms. Of these, mitigation and
preparedness are phased before a disaster and response and recovery after a disaster.
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The concept of Community preparedness & Critical role of local community
Community is a complex relationship and may be formed based on need of disaster
mitigation at times. Individuals with various backgrounds, culture, caste discipline,
location, occupation, thinking comes at times to form a dynamic union for addressing a
common goal and may separate once the objectives are achieved.Be it the Calicut
International Airport tragedy of Sept 2020 or

Perumon tragedy in 1988 or Kadalundi

train disaster in 2001, the disaster management and mitigation scenario of Kerala is filled
with

various selfless acts of service and courage of people and communities. In tragic

times the community or panchayat level leadership has risen in a crucial way to meet the
challenges of disaster always has been a unique fact. Even during the big Kerala floods
of 2018, coastal fishermen played a yeoman role in disaster management by bringing in
their boats for rescue in areas where navy speed boats couldn't cater. In many cases, even
official rescue forces banked on the knowledge of our fishermen, in order to safely
navigate through the flood waters.
Recent experiences of community first line response and various studies point out that in
the present world, it is important and effective to build community capacities to act as
first responders in the event of disasters. This focuses on the fact that local-level capacity
building has become critical now and incorporating elements of vulnerability reduction
and disaster management strategies in community governance is a real need. By assessing
the vulnerability to probable hazards and develop strategies and resources to mitigate/
prevent their impact through a well-defined response plan is a needed exercise for all
community to face various imminent threats. This can also act as a useful tool for
adaptation.
Another advantage of community approach is that it can be useful in utilising the
connections with different levels of Government systems and working jointly to deliver
better outcomes for the society. Strong involvement of local communities and panchayats
to start and supplement the disaster mitigation activities at times of need had taken the
sting out of disaster in the various instances. Locals would be the best informed and
knowledgeable on the core local matrix of healthcare and support capacities and facilities
which is very critical, significant and relevant in fast evacuation,transportation and
mobilisation of casualties during a disaster.
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Disaster Management Nurturing Cultural Response & Resilience with Cross Sector
Collaborations
Zebrowski (2016) presented resilience as the capability of a system to regain to normalcy
by utilising its own inherent capacities, for absorbing and surviving the disturbances it is
facing.Resilience is a word with divergent definitions based on conceptual frame of usage
but by community resilience it is development of absorbing capacity of a community to
stress, crisis by resisting and also building adaptation methods to manage frameworks of
structures from not collapsing in turmoil and to maintain critical supply chains of survival
and re-emergence.
Analysing the various facets of crisis management phases and lacunae, a 12C model of
Disaster management is highlighted in Fig.1 with factors of critical first response,
command &control, communication, collaboration, connectivity with stakeholders,
contribution of local community, coping strategies, cost factors, confidence build up,
community &culture, computational engineering and core strengths enabling for an
improved sustainable disaster management attempt.

Fig.1 12C model of Disaster Management
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Critical First Response
The speed of emergency responses plays a critical role in the effectiveness in minimising
the negative impacts of disasters. All disasters always have a spatial (geographical)
location component where access for a first critical response is needed. For a complex
disaster management plan, first response information of different types & times are
critical on the situational awareness, location, movement possibilities, mobility, site
assess ability, safety, flows of traffic, congestions, numbers involved, causes, predictive
alerts etc. Real time data of all the information is generally with the local populace due to
being in the vicinity and understanding the graphics of location and always is one of the
best critical first response providers in many crisis situations. So the capacity building
process of first response methodology has be well defined.
Command & Control
The general pattern followed in disaster situations is a ‘Command & Control’ philosophy,
in line with the military model of emergency preparedness plans. Dynes (1994), explains
the command and control model for Disaster Management in terms of the three Cs, where
the first ‘C’ represents ‘chaos’, and can be eliminated by the other two ‘Cs’ command and
Control.Leadership is important in the effective implementation of any group activity.
Hailey (2006) defines leadership as ‘a process whereby an individual influences a group
or individuals to achieve a common goal’. In disaster management situations, where
there is complete confusion and chaos, the role of an experienced person to effectively
coordinate and effectively communicate with the affected communities can considerably
control the impacts.But as the complexity and severity of incidents increases on account
of changing climate, rising population with increasing vulnerability, the dynamics of
disaster management are changing from leadership skills to organizational structures and
cultures to improve effectiveness in the disaster response phase. A well-informed
collective and collaborative, culturally & socially knit approach of a mass community can
yield better results in terms of minimising the impact of disaster.
Communication
Standard Operating Procedures (SOP) in disaster management are developed to provide,
the major actions to be taken by different agencies and communities in responding to
disasters in a well-defined action format

but communication issues are critical as

overplay of roles and overstretch do create hiccups in effective redressal of issues during
a disaster .Effectiveness of Disaster Management activities includes organised efforts of
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a large no of individuals from different sectors including public, private, government,
NGOs & local community and depend significantly on the communication and
coordination in understanding the SOPs prepared for the scenario.
Collaboration
In disaster management it is necessary that diverse organisations and systems work in
tandem and such ability termed as interoperability is a critical factor. For an incident
management to be effective coordinated interactions of agencies from public and private
domain with multi-disciplinary skillsets and command structure is to be synchronised by
the DM handlers.Cross-sector collaboration is a term used to describe the process where
various community organizations collectively focus their expertise and resources on a
complex issue of importance to a community they serve. Considering the increasing
complexities of calamities, cross sector collaboration is becoming a necessity in the
present day world for effective disaster management. Climate change research using
modern tools of science and technology helps gives a significant guidance in evolving a
risk prevention strategy and disaster mitigation plan in a natural disaster (Geis,2000). It is
a critical need to establish a broad database on various facets of disaster analysis data of
various occurrences by having a systematic data compilation strategy. This database
details will emerge as critical and handy for response management during a disaster
occurrence
Connectivity with Stakeholders
Since the type and number of stakeholders increase with rising complexity of the
scenario, building awareness, along with a thorough planning and good coordination
among the stakeholders is essential in this regard. Various stakeholders have a role play
in a disaster management phase. Disaster risk mitigation work is strenuous, challenging
and quite difficult with coordination and communication glitches occurring often. Relief
providing in a disaster comes up with unexpected moments in time of chaos but the
dilemma is to manage the surprises without much domain expertise or authority.Chaos
comes when local authority and their knowledge mismatch with the framework of
institutional approach setup for disaster risk mitigation. Such conflicts call in for sudden
redressal of issues cohesively as at many times the local field authority needs to be
empowered with renegotiations of authority in a disaster. The local authority generally
always know how urgent the disaster is to be mitigated and know how to mobilise
resources from local means which may not be in sudden action frame work of the disaster
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management authority at times and this instability of action approach causes a lot of
pressure for change on relief measure actions. Front line disaster authority is more
focussed on rescue approach and do less rely on hierarchical structures for what to do and
how to do, hence coordination, governance becomes important factors in any disaster
management.
Contribution of locals
World Disasters Report 2014 briefs about the role of people’s cultures, beliefs attitudes
contribution in relation to risk management. Contribution of locals is an important aspect
in any DM program. For Kerala, it may be the first time during floods of 2018, that the
role of Civil Society became so visible and effective in Disaster management, including
rescue operations and rehabilitation activities including resource mobilisation. A feature
notable in the 2018 Kerala floods was the quick and effective response driven by mass
participation of local and nearby people despite the immensity of destruction. Another
feature was the decentralised duties and resources to local bodies level with core
unification at administrative level.The participation of peoplefrom various gamut of
social spectrumsin mass rescue and relief work was focussing community togetherness
aspect in face of disaster. The decentralised intervention in the disaster management saw
the mobilisation of fisher folk community about 600 boats used to rescue more than a
lakh of marooned people in a matter of days even when air-force and navy wasn’t able to
copeup with the huge rescue demands. The sense of overarching collective solidarity
cutting across the religious, political or class lines and the desire of support was an
important component in the flood disaster management example from Kerala.
Coping Strategies
The interplay between impacts of crisis and copingstrategies on various dimensions are
critical in DM. The most important DM characteristics is the way how people and
disasters interrelate and this has important ramifications of how disaster is perceived,
approached and managed. Societal understanding of people’s vulnerabilities and
development of culture of coping with disasters bring a resilience to withstand crisis and
helps in fortifying existing capacities. Even though technologies are important in handling
disasters, the essential element of any disaster management is the peoples participation
and coping with the crisis. Enlisting the participation of people in coping mechanisms to
face crisis generates grass root structures to cope with disasters with a better
understanding of vulnerabilities. Like in the Air IndiaExpress flight crash on 7th August
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2020 in the South Indian state of Kerala after skidding off the runway while landing at
Kozhikode, Calicut International Airport, t hundreds of local residents rushed up with
all vehicles they can scramble to shift injured to various hospitals in-spite of the heavy
rain and overcoming fears of the Covid-19pandemic. As the KeralaChiefMinister tweeted
on the incident ‘the fast response of local people and officials made all the difference” is
clear indications of having coping mechanisms in DM. The goal of sustainable mobility is
one of the biggest challenges in modern traffic management. In an DM work processes at
times mobility of emergency services becomes a bottle neck if the spread of disaster is
large.DM handlers are to have adaptive abilities to cope with such work processes for a
productive crisis response
Cost Factors
The risk-averse, defensive and reactive disaster governance management has a cost of
decision making; and with insufficient resources (financial and human resources) to
support projects delivering crisis response is sometimes fraught with lack of capital. So it
is very important that an evidence-based decision-making for a practical framework has
to be formulated in which the operational effectiveness of disaster response is with cost
efficiency. Cost efficiency is to be promoted in disaster management plans so that risk
reduction is focussed rather than provisioning for post disaster relief and assistance.
World Conference on Disaster Risk Reduction in Sendai, Japan, (2015) in Sendai has
even identified ‘‘Investing in disaster risk reduction for resilience’’ as one of the major
areas of focus. Cost benefit analysis is an important tool for prioritizing the application
context of capital in DM, whether the emphasis of focus should be hard resilience options
like building of infrastructure or on preparedness for a disaster focussing on soft
resilience. Like in a flood risk prevention should the benefits is in by building flood
embankments or by flood risk prevention measures investment are difficult choices if the
data environment is limited and weak. Generally, in quantitative terms assessment of
uncertainty is always difficult. The re-currency of hazards, fragility, exposure, value of
life estimates Incomplete damage assessments etc. are some areas in which uncertainties
are bound to be inherent and hence the cost analysis

data

and cost concept used are

sensitive measurements. But Cost based decision approach is an important criteria in
decision making in DM in the times ahead.
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Confidence Build-up
From advocacy to implementation the confidence of handling disaster management on the
action front is a critical aspect in DM. In handling a crisis situation when impacts and
mass casualty events are more there is no place for complacency and confident handling
of situations is a must. In any emergency management preparedness the confidence to
respond to the disaster event is a critical component. Confidence level depends on the
robustness of systems,plans, and training imparted to handle a crisis situation. Confidence
building measures are to be incorporated for an effective DM when a lot of people will be
swayed to inaction and in activation witnessing the course of disaster unfolding.
Community &Culture
A classic definition of culture is “that complex whole which includes knowledge, beliefs,
arts, morals, law, customs, and any other capabilities and habits acquired by [a human] as
a member of society” (Tylor, 1871).The concept focus on synergising the capabilities of
different communities /groups by building suitable cultures of preparedness, to respond
practically during disaster situations and reduce its impact.Resilience building is a
concept that can be learned and a practice that can developed. Disasters may have
different perspectives and diverse after effects. For building successful resilience
consistent, reproducible data on disasters have to be refined for developing an effective
model parametric. But it has been clear that resilience building is one of the successful
elements in face of a disaster with the local and worldwide disaster facing experiences.
Budgets getting strained and scarce resources are only allocated by local governance
agencies to build comprehensive emergency disaster management, community resilience
etc. A way to overcome this limitation is by increasing the

collaboration of state- and

community-wide programs of emergency management to build community operational
continuity and resiliency by encouraging intra and interagency communication and team
building to synchronise various resources to the disaster front.
What is a resilient community?A resilient community normally can have a response in
case of a disaster and can also learn and further strengthen its response from the leanings
of the disaster management short comings. It has a capability to reduce damage by
effectively using its resources and managing it in face of a disaster. The community has
the ability to be resourceful in terms of what it has no matter whatever resourceful the
condition the community it is and is not dependent on abundance of resources It is the
ability of community to synchronise the resources at hand in the emergency needs of a
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disaster without having even earlier planned for such an episode. A resilient community
will bounce back with its cohesiveness of sharing resources and has more chances of
improvement of health education, environmental social, cultural and economic systems. It
learns form past experiences to refine and build strategy for handling new emergencies,
should it arise. Community Resilience major factors and reflections of a resilient
community during a disaster is highlighted in Fig..2 Community Resilience in Disaster
Management. Resilience can be viewed as the capacity to prepare to face disturbances, to
safely manage the incident, recover from its after effects and to learn from the experience.
How to improve community Resilience
 Leverage on improving Education & Health Factors
 Leverage on community governance machinery focus on disaster management
 Training & Community resource mapping for disasters
 Training of selected leaders in disaster management.
 Enhance communications network capability.
 Access to national & disaster management infrastructure to local leaders.
 Community planning and strategies to build in resilience to all hazards
 Interagency MOU for state, national networks to integrate with community
networks
 Transport planning in disasters & emergency access training.
 Policy & Planning supports.
 Sharing experience tools, kits,best practices and coordination for resilient design
activities
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Fig. 2 Community Resilience in Disaster Management
Federal Emergency Management Agency in their strategic plan for 2018 – 2022 pointed
out that building a ‘Culture of Preparedness’ within communities and governments will
support the National effort to be ready for the worst disasters – at the individual, family,
community, state, local, tribal, territorial (SLTT), and Federal levels (FEMA,
2018).Various studies have highlighted that Resilience against hazards and disasters can
be pepped up by preparedness through community participation (Berke et al. 2011;
Karanci and Aksit 2000; Kim and Kang 2010; Pfefferbaum, Pfefferbaum, and Van Horn
2015).
Computational Engineering
Computational methods also give resilience by the fact that with comprehensive
assessments of earlier disasters, successful framework of responses can be modelled.
Mostly now the DM information system assess & data is general on national scale and
local level DM data in terms of diversity , system architecture has to be standardised
across different platforms and agencies during a disaster. DM can now benefit from the
developments in computational methods and architecture by the new emerging sciences
of AI and other scientific development. Technology Adoption from digital technologies
now assessable & available by the emergence of new communication systems,
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computerised

tools and gadgets are turning out to be useful in DM (Perry et.al 2003;

Turoff et al., 2004, Zlatanova and Li, 2008).
During crisis heterogeneous data formats come in from multiple agencies involved and a
high-level integration to make this data to operational command needs is a critical task.
Pre-incident and post incident data is always needed by the DM handlers for checking
effectiveness of management and huge data mining efforts with computational methods
are to be backed-up behind DM management. Patterns and processes of disasters of
similar nature give approach personnel more reliable info on handling situations and
hence decision making modules with multi criteria inputs help plan and execute responses
in appropriate and phased manner.In a DM situation cooperation between various
agencies can be strengthened by “Internet centric” operations and needs are to be
synchronised on digital platforms.
Core Strengths Enabling
Normally in most places the population’s preparedness for disasters is generally low
irrespective of the fact that preparedness to face disaster can reduce loss of life and
property during hazards.Disaster management agencies at all levels have to be more
prepared is the lessons learnt from catastrophic disasters of past (Miskel2008). So gearing
up core strengths is critical aspect of Disaster management.
Conclusion
The increasing impact of man-made factors on climate dynamics, frequency and severity
of extreme events are likely to increase in the coming years. Annual number of natural
disaster events globally (for the period 2000 to 2019), published by Statistical Research
Department, Jan 24, 2020 shows a recurrence of above 350 natural disasters from the year
2009 to 2019. Apart from the economic & financial losses, recurrence of these disaster
events can have a severe impact on the physical and mental health of the affected (Wind
TR et.al 2013). So we have to be prepared for effectively utilising all our resources to
combat the complexities in face of disasters.However many factors are recognised as
knitted together as influencers, in the nurturing of the resilience, in face of disasters for
emergence of complex adaptive systems. A responsive, accountable and transparent
cross-sector collaboration utilising intervention strategies with essentials for building
community resilience initiatives are required at all levels for coordination of disaster
operations in collaboration with various agencies. Complexity of the disasters varies and
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hence complex partnership dynamics are required in challenging times using all the
modern digital aids. The proposed 12C model of disaster management is for fostering
social resilience in practice by mending bridges of alliance is necessary to combat the
complexities in face of a disaster and destruction waves attached to it.
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Abstract
Frequent, severe and long-lasting droughts can significantly hamper the
strategic management of water resources in drought-vulnerable regions. This
study adopts a spatio-temporal approach for assessing drought risk of droughtprone areas in Attappady, Palakkad dist., Kerala in order to enable better
drought relief policy and reasonable solutions and proactive measures for
preparedness and mitigation of drought impacts. In this study the spatially
representative reflection of the risk of drought in a drought-prone area with
multiple indicators of vulnerability, exposure and drought hazard is considered
for the development of a geographic information system-based method for
mapping drought risk. The Fuzzy Logic Approach is then adopted as a new
approach in this analysis to standardize the various drought factors on a scale
of 0–1 followed by an integration of drought vulnerability, exposure and
hazard indices using the Fuzzy GAMMA overlay operation to generate the
case study region's optimal drought risk map. The use of the fuzzy set to
integrate and identify drought factors shows its useful implications for
managing spatial drought-related data and for the creation of the drought risk
index. The study has implications for drought risk mapping, especially in the
use of the flexible logic-based analytical technique integrated with GIS
mapping tools for spatio-temporal drought risk studies. The methodology in
this paper can be seen as a realistic mapping tool for drought studies to enable
better drought management, drought prevention and relief planning measures
to be taken by various decision-makers in water resources, agriculture and
other socio-economic areas. The study revealed that rainfall is the major factor
affecting the drought and 12.8% of the study area has shown the least value.
14.99% of the study area is under severe drought risk.
Keywords: Drought Risk Index, Drought, Fuzzy logic, Geographic Information System
(GIS).
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Introduction
Droughts are overland events of prolonged periodical extreme climate, described over
months or years by under-normal precipitation (Dai, 2011). Most find drought the most
complex but least understood of all natural hazards that affect more people than any other
hazard (Abdel Aziz Belal, 2014). Drought risk is a result of a region’s natural hazard
exposure and susceptibility to sustained water shortages (Nishadi, 2015). Depending on
the conditions, drought can be categorized into four classes; meteorological, agricultural,
hydrological and socio-economic drought. In principle, a meteorological drought is
defined as a deficit in precipitation over an area for a period of time (Mishra and Singh,
2010). The fact that weather conditions with low precipitation, dry winds and high
temperature are highly variable and vary from region to region is known to be a drought
for a unique area. The onset of an agriculture drought is inevitable when air pressure is
reduced to a point where soil moisture is impaired (Zargar et al., 2011). While a number
of studies based on modeling and characterizing drought in severity, intensity and
duration (Dayal et al., 2016, 2017a, b; Deo et al., 2016,2017;Deo and Sahin, 2015),
temporal and spatial mapping of drought risk remained quite poor. Livada and
Assimkopoulos (2007) used SPI to detect spatially and temporally based drought events
in Greeceand a recent study by Zarafshani et al. (2016) are some of the notable
international contributions. India is a large agrarian country with more than 70% of its
population dependent on agriculture. Due to the disparity in rainfall, more than 68% of its
net sown area is drought prone of which 50% experience severe drought. The country
experiences drought every 2 to 3 years in some part or the other (Jayaseelan et al., 2001).
P. Singh, R., S. Roy, et al., (2003) prepared maps of Temperature Condition Index (TCI)
and Vegetation Condition Index (VCI) from data obtained from Advanced very High Resolution Radiometer (AVHRR) all over India. Pandey et al., (2010) prepared drought
vulnerability map of Sonar basin in India in 2010, using Geographic Information System
(GIS). The study area in this case is Attappady, Palakkad. Attappady is a rural area that
has suffered severe land degradation in Kerala, South India, and is inhabited by a poor,
predominantly tribal population. The combination of severe land degradation, poverty and
tribal population makes Attappady unique in both social and hydrological terms. Drought
has been one of the main issues affecting this place and studies are least reported. The
recent study on drought in the study area was in 2015, Subin et al., (2016) prepared a
drought hazard map using Multi Criteria Analysis in Attappady, Kerala, India. To
produce the individual drought hazard map various drought hazard factors were
considered for analysis through the 'union' mathematical function in ArcGIS. The study
found out that there is a rise in the risk area of drought due to decreased forest cover. The
drought vulnerability scenario established by combining all seven parameters suggested
that chance of vulnerability to drought are more pronounced across Agali and Kallimala
and relatively less in Kottathara and Sholayur. The results of the study indicated that GIS
and Remote Sensing could be effectively used to identify vulnerability areas of drought.
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Study Area
Attappady is a vast mountain valley region at the headwaters of the BhavaniRiver below
the Nilgiri Hills of the Western Ghats. It is classified as the first integrated tribal
development block of Kerala in the Mannarkkadtaluk of Palakkad district. The Attappady
block is located in between 10°55ˈ10ˈˈand 11°14ˈ19ˈˈnorth latitude and 76°27ˈ11ˈˈ and
76°48ˈ8ˈˈ east longtitude.Attappady comprises of a total area of 745sq.km, spanning over
three panchayat’s namely Agali, Pudur and Sholayur. It shares its boundary to the east
with Coimbatore district in Tamilnadu, Nilgiris in the south, Malabar districts of Kerala
in the west and Palakkad taluk in the north. The region’s 465 Km² out of 745 Km² is
considered forest, again 293 Km² of this forest is recognized as reserved forest and 172
Km² is vested forest (Mannarkad Forest Division, Kerala forest department, 2010).

Figure1. Study Area
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Methodology
A Geographical Information System (GIS) based risk map was prepared using Fuzzy
logic approach by considering multiple factors in Attappady.
3.1 Datasets used
3.1.1 Details of the base map and the toposheet used in this study are given below.
Table 1 Details of Satellite image used
Sl
No.

Satellite

Sensor

Date
of Bands
acquisition
Used

Spatial
Resolution

1

LANDSAT
8

OLI/TIRS
CL Level 1

12/12/2019

30m

345

Table 2 Details of Maps used
Sl
No.
1

Map Used

Source

Toposheet

Survey of India

2

Soil Map

Benchmarks
Soils of Kerala

No.code of
Map
58B/9, 58B/10
58B/13, 58B/14
Palakkad District

Scale
1:50000
1:50000

3.1.2 Details of the thematic layers prepared in this study is given below.
Table3 Thematic layers prepared
SLNo.
1
2
3
4
5
6
7

Name of the layers
Rain locations
Rainfall
Soil depth
Soil moisture
Soil Texture
LULC
Depth to Water Table

Geometry
Point
Point
Polygon
Polygon
Polygon
Polygon
Polygon

3.2 Identification of significant factors
Drought is caused by the deficit of precipitation, while the extent of drought depends on
numerous factors. Drought risk to agriculture can be seen as a result of exposure to
climate threat and susceptibility to drought-related cropping practices (Wilhelmi and
Wilhite, 2002). In order to assess regions with high risk of droughts from an integrated
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drought risk map, vulnerability to drought, exposure and hazard factors must be
identified. While there are distinct but no fixed variables, previous studies elsewhere have
identified a variety of static and semi- static physiographic and dynamic climatic factors
closely related to drought conditions. The most common yet immediate associations with
drought are slope, soil type, soil depth, evapo-transpiration and soil moisture.
3.2.1 Rainfall Departure (RD)
The rainfall deficiency is the primary factor responsible for drought occurrence, as it is
the cause of subsequent moisture deficiency in soil (Jain et al., 2015). In this study, the
Rainfall Departure (RD) from normal is regarded as the hazard index. RD was calculated
for the drought years 2012, 2013, 2014, 2015 and 2017. The formula for calculating RD
is given as
(%) =

− ′
× 100
′

Where a = rainfall for the given month, year and a1=averagerainfall for the month, season
or year over the base period 2009 – 2018 (Deo et al., 2009)
3.2. 2 Soil
The low and irregular rainfall imposes a significant restriction on rainfed agriculture in
seasonally dry and semi–arid tropics and sub–tropics. Soil moisture is of crucial
importance in these areas for the fullest expression of plant output capacity over time.
The texture of the soil is significant because it affects the amount of water that soil can
retain, the rate of movement of water through the soil and how workable the soil is for
plants to grow (FAO, 2005).
3.2.3 Evapotranspiration
Evapotranspiration (ET) is the sum of evaporation and plant’s transpiration from the
Earth’s land and ocean surface to the atmosphere. Evaporation accounts for moving water
from sources like soil, vegetation collection, and water bodies to the surface.
Transpiration accounts for the movement of water within a plant, and the subsequent loss
of water from its leaves as vapor through stomata. The Evapotranspiration was obtained
from NASA’s Goddard Earth Sciences Data and Information Services Center (GES
DISC).
3.2.4 Land-use
The susceptibility to drought can be interpreted in a dynamic way through land use and
management, which includesgovernment farming practices and societal factors (Nelson et
al., 2005). Land use is one of the most significantfactors affecting drought vulnerability.
Because of its dynamic nature it is considered an exposure factor in this study. The
LU/LC/ map was prepared using satellite image obtained from LANDSAT 8 OLI/TIRS
CI Level 1.
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3.2.5 NDVI
In this study NDVI is obtained from the LANDSAT 8 OLI/TIRS CI Level 1. The NDVI
was produced for the year 2019. The mathematical expression derived for NDVI by
Tucker (1979) is given as:
NDVI = (NIR – R) / (NIR + R)

(8)

3.3 Proposed weighting scheme
A differential weighting scheme based on the relative importance of the factors is
proposed to produce the vulnerability, exposure and hazard indices map. The weightage is
given based on the influence of each factors on overall vulnerability to droughts. The
weight assignment is in between 0 to 10 where a value of 10 is assigned to the most
influential to drought vulnerability and 0 for the least influential. For instance, the water
demand and availability varies with land use types and since agriculture and urban use are
the most influential subclasses to drought vulnerability, they are assigned higher weights.
Table 4 Numerical weights assigned to the subclasses of drought vulnerability,
drought exposure drought hazard factors.
Sl.
No

Factors

Assumption

LU/LC

The classified land use
with assigned weights is
directly related to the
degree of vulnerability.
The subclass with higher
weight
is
more
vulnerable to drought
and vice versa fuzzy
Large

1

2
Soil texture – Sand

3

Slope

4

Sand: directly related to
the
degree
of
vulnerability. The higher
percentage
of sand
means higher degree of
vulnerability.
fuzzy
LARGE
Directly related to the
degree of vulnerability.
The
higher
the
percentage of slope
means higher degree of
vulnerability.
fuzzy
LARGE
Inversely related to the

Classification of
Drought
Vulnerability factors
Water body
Open/Dense/
Reserved forest
Quarry
/
Rocky
knob/Scrub land
Grassland
Settlement
Mixed cropping
Banana/coconut
Plantations
<50%

Weights
Assigned

>50%

10

0 – 16
16 – 32
32 – 49
49 – 65
65 – 82

2
4
6
8
10

>0.00050

2

0
1
4
6
8
9
10
5
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5

6

7

8

8

degree of vulnerability.
The higher percentage
Evapotranspiration of
evapotranspiration
means lower the degree
of vulnerability. fuzzy
SMALL
Inversely related to the
degree of vulnerability.
Soil depth
The greater depth of soil
means less degree of
vulnerability.
fuzzy SMALL
Inversely related to the
degree of vulnerability.
The greater percentage
Soil Moisture
of soil moisture means
less
degree
of
vulnerability.
fuzzy SMALL
Rainfall Departure Inversely related to the
degree of vulnerability.
The smaller the rainfall
departure index, the
higher the degree of
vulnerability
fuzzy
LINEAR
>
fuzzy
SMALL
NDVI
Inversely related to the
degree of vulnerability.
The lower the NDVI
value, the greater the
exposure and degree of
vulnerability.
fuzzy
SMALL
Depth to water Directly related to the
table
degree of vulnerability.
The greater the depth to
water table, higher the
vulnerability.
fuzzy
LARGE

0.00050 – 0.00047
0.00047 – 0.00044
0.00044 – 0.00041
<0.00041

4
6
8
10

>11

5

11 – 6

10

4.388 – 4.268
4.268 – 4.149
4.149 – 4.030
4.030 – 3.911
3.911 – 3.792

2
4
6
8
10

-7 to -10
-10 to -13
-13 to -16
-16 to -19
-19 to -22

2
4
6
8
10

0.74 – 0.53
0.53 – 0.41
0.41 – 0.27
0.27 – 0.14
0.14 - -0.87

2
4
6
8
10

<2
2–3
3–4
4–5
5–6

2
4
6
8
10

3.4 Concept of vulnerability, Exposure and Risk
The hazard index consists of the rainfall departure (%) and evapotranspiration. The
hazard index is obtained by applying fuzzy LINEAR followed by fuzzy SMALL to the
evapotranspiration for the base period (2009 – 2018). The Fuzzy SMALL transformation
is used when lower input values are more likely to be a member of the set as the negative
numbers corresponding to the rainfall departure in this analysis.The vulnerability index
consists of integrated maps of soil depth, soil texture, soil moisture, depth to water table
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and slope. Guided by the assumptions in the table, fuzzy SMALL or fuzzy LARGE
membership functions were applied to the indicators.The exposure index consisted of
integrated layers of Land use and NDVI. The fuzzy SMALL was applied for NDVI
correspondingly. The risk is a product (or sum) of hazard, vulnerability and/or exposure.
According to Downing and Bakker (2000), the risk can be expressed mathematically as:
Risk = Hazard × Vulnerability × Exposure...............................(1)
Risk = Hazard + vulnerability...................................................(2)
3.5 Fuzzy logic approach
The fuzzy set Theory, introduced by Zadeh(1965), incorporates the membership function
to work on a range of numbers (0,1), representing the degree of membership certainty
(Pradhan 2011) rather than using crisp sets that allow only values of either 0 or 1 as truth
levels (Jun et al.2013). It is an alternate conceptual basis deriving from artificial
intelligence technology, with several important implications for geospatial modelling.
Fuzzy logic tool appeals to complex issues such as drought risk assessment because it is
easy to understand and apply, enables versatility in combining multiple map layers, can
be easily implemented in GIS (Pradhan 2011), and manipulates spatial objects with
various measuring units into standardized values between 0 and 1 (EspadaJr et al., 2012).
Fuzzy logic has been used for landfall and flood risk mapping, assessment of water
harvesting zones, multi-hazard flood disaster validation and decision support for
environmental impact assessment, among others. Considering Attappady as a study area,
the application of hazard and risk assessment in other environmental sectors is therefore a
justification for using fuzzy logic approach for drought risk assessment.Fuzzy logic is a
method that measures the “degree of truth” rather than the absolute “true or false” terms
(i.e. 1 or 0) in Boolean logic (Zadeh 1968, 1975). It includes 0 and 1 as the extreme cases
of truth but also different states in between, i.e. Fuzzy logic allows mathematically given
partial membership as:
µA(x): X → [0, 1]..........................................(3)
Eq.(3), µA(x) refers to the membership grade of element x in the fuzzy set A, and the X is
the universal set specified in the particular problem. A careful selection must be made for
the correct membership feature to construct a Fuzzy logic-based model. The fuzzy
membership functions convert the input raster into a scale of 0-1 based on a specified
fuzzification algorithm within the context of the present study. A value of 1 indicates full
membership in a fuzzy group, while membership decreasing to a value of 0 means that
the fuzzy set does not belong to the fuzzy set. Three membership algorithms LINEAR,
LARGE and SMALL are used in this study.In the LARGE fuzzy membership, the larger
inputs have membership values of 0.5 is defined for the function. LARGE fuzzy
mathematical expression of membership function is given as (Tsoukalas and Uhrig 1996):
( )=

In........................................... (4)
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Eq.(4), the f1is spread and the midpoint is f2. The fuzzy LARGE function is useful when
higher membership is given to large input values which can be either an integer or
floating – point positive values. The fuzzy SMALL determines membership function with
lower input values closer to 1. Mathematical expression for function fuzzy SMALL is
given as:
μ(x) =

… … … ..(5)

Fuzzy SMALL function is useful when higher membership is given by low input values.
The fuzzy LINEAR membership feature applies a linear function inbetween the user
defined minimum and maximum values. Values below the minimum a 0 (definitely not a
member) and values above the limit a 1 (definitely a member) will be assigned. There are
five different types of overlays: AND, OR, PRODUCT, SUM and GAMMA in ArcGIS
10.5, for the user to choose from. This analysis used GAMMA overlay using the
algebraic product of the “increasive” fuzzy SUM and the “decreasive” fuzzy PRODUCT
results, both elevated to GAMMA power. The fuzzy GAMMA overlay procedure is
chosen to avoid bias on which risk equation (Eqs.1-2) to be used in the calculation
(EspadaJr et al., 2012, 2013) where Fuzzy GAMMA’s mathematical expression is
(Tangestani 2003):
=(

) ×

......................(6)

Where
is the calculated fuzzy membership function, γ is a parameter chosen
between 0 and 1;
is the fuzzy algebraic SUM and product is the fuzzy algebraic
PRODUCT.
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Figure2 Methodology for Drought Risk Mapping
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Results and discussions
Most of the study area was found to be rainfall deficient with RD values ranging from 20
to -7 (Table 5; Fig 7) with 12.80% of the area falling under severe rainfall deficient
category. The trend is somewhat different while comparing it with the average rainfall
received by the study area (Fig 4.1). It is evident that the drought risk levels of the regions
correlate well with the corresponding hazard indices, where high-risk regions are
critically vulnerable to drought. This is likely because hazard index values in the
GAMMA overlay operation were given a maximum probability value of 1 while
vulnerability and exposure variable were multiplied by their probability values
conditional on the hazard index (Dayal et al., 2017).Evapotranspiration is the rate of
transport of water vapor from the earth’s surface into the atmosphere Mecikalski et al.,
(2018). The evapotranspiration values in the study area for the base period ranges from
0.00041 to 0.00050 (Table 6; Fig.5 A, B). According to this study 14.95% of land
indicates low to very low evapotranspiration, resulting in high drought vulnerability.The
slope that measures the inclination of the horizontal is another important drought
vulnerability factor. The slope values in the study area ranges from 0 to 82m with around
85.34% of area with slope less than 30 (Table 7; Fig.5 C,D).Therefore, the terrain with
lesser slopes are relatively less vulnerable to droughts compared to hilly plains (Jain et al.,
2015).Majority of the study area has lower water table (Table 11; Fig.6 C, D). The depth
to water table for the study area ranges from 2m to 6m in depth. About 84.30% of the
study area has a lowered water table which increases vulnerability to drought. In the study
area, the soil moisture values range from 3.792 – 4.388 with only 2.18% of the study area
having least soil moisture content (Table 9; Fig.6 A, B). The soil texture is important
because it influences the amount of water soil can hold, the rate of water movement
through the soil and how workable the soil is for growing plants (FAO 2005). There are
two types of soil in the study area clay and sandy. 26.60% of the study area comprises of
sandy soil which has high risk for drought (Table 10; Fig.3).Soil depth refers to the
thickness of the soil materials that provide structural support, nutrients and water for
plants (Scherer et al., 2013). The soil depth varies from 6m to 11m with 26.61% of study
area has lower soil depth values (Table 8; Fig.3). Shallow depth soil is more vulnerable to
drought.
The role of anthropogenic activities in increasing in increasing the level of risk associated
with droughts is notable. These effects can be demonstrated by another set of drought risk
map excluding exposure factors (Fig.12). The difference between Drought Risk map
(VHE) and Drought Risk map (VH) (Fig.11; Fig.12) ascertains the importance of
exposure factors in drought in drought risk assessments. The difference is more evident in
the low to moderate risk regions where inclusion of exposure factors has increased the
level of risk to high if notvery high.
From the hazard (Fig.8), exposure (Fig.9) and vulnerability (Fig.10) indices, the drought
risk map was developed using the Fuzzy GAMMA overlay, defining areas having the 5
risk classes (Fig.11). The percentage area of the five risk classes: no risk, low risk,
moderate risk, high risk and very high risk are given in (Table 14; Table 15).
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Table 5 Rainfall deficiency of the study area (m)
Sl. No

Value

Area (Km2)

Weightage

Area
(%)

1

-7 to -10

2

15.47

1.85

2

-11 to -13

4

216.53

25.93

3

-14 to -15

6

278.86

33.40

4

-16 to -18

8

217.23

26.02

5

-18 to -23

10

106.89

12.80

Table 6 Evapotranspiration of the study area (Kg m-2 S-1)
Sl. No

Value

Weightage

Area (Km2)

Area (%)

1

0.00051 – 0.00054

2

170.37

20.40

2

0.00049 – 0.00050

4

356.63

42.71

3

0.00047 – 0.00048

6

183.16

21.94

4

0.00043 – 0.00046

8

62.59

7.50

5

0.00038 – 0.00042

10

62.24

7.45

Table 7 Slope of the study area (Degree)
Sl.No

Value

Weightage

Area

Area

(Km2)

(%)

1

16 - 0

2

358.35

42.92

2

32 – 17

4

354.17

42.42

3

49 – 33

6

108.93

13.05

4

65 – 50

8

12.58

1.51

5

82 – 66

10

0.95

0.11
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Table 8 Soil depth of the study area (m)
Sl.No

Value

Weightage

Area (Km2)

Area (%)

1

12 – 16

5

222.18

26.61

2

0 – 11

10

612.79

73.39

Table 9 Soil moisture of the study area
Sl.No

Value

Weightage

Area

Area

(Km2)

(%)

1

4.269 – 4.388

2

87.5617

10.48

2

4.15 – 4.269

4

240.2880

28.79

3

4.031 – 4.15

6

433.9570

51.97

4

3.911 – 4.031

8

54.9681

6.58

5

3.792 – 3.911

10

18.1989

2.18

Table 10 Soil texture of the study area
Sl.No

Texture

Weightage

Area

Area

(Km2)

(%)

1

Clay

5

612.79

73.39

2

Sand

10

222.18

26.61

Table 11 Depth to water table of the study area (m)
Sl.No

Value

Weightage

Area

Area

(Km2)

(%)

1

2–1

2

7.42

0.89

2

2–2

4

24.09

2.88

3

4–3

6

100.99

12.09

4

5–4

8

561.11

67.20

5

6–5

10

141.38

16.93
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Table 12 LULC of the study area
Sl.No

1

Type

Weightage

Water

Area

Area

(Km2)

(%)

1

529.64

63.43

Body/Forest
2

Scrub

4

116.88

14.00

3

Grassland

6

22.56

2.70

4

Settlement

8

4.38

0.52

5

Mixed crop

9

159.60

19.11

6

Plantation

10

1.92

0.23

Table 13 NDVI of the study area
Sl.No
Value
Weightage

Area

Area

2

(Km )

(%)

1

0.55 – 0.75

2

287.1790

34.3927

2

0.42 – 0.54

4

167.6960

20.0833

3

0.28 - 0.41

6

150.6650

18.0437

4

0.15 – 0.27

8

151.9580

18.1986

5

-0.87 – 0.14

10

77.5025

9.2817

Table 14 Drought Risk Index (DRI)
SL

Rank

NO.

Area

Area

(Km2)

(%)

1

No Risk

181.15

21.71

2

Low Risk

175.94

21.09

3

Moderate Risk

173.14

20.75

4

High Risk

179.04

21.46

5

Very High Risk

125.05

14.99
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Table 15 Drought Risk Index (VH)
SLNO.

Rank

Area(Km2)

Area(%)

1

No Risk

195.85

23.47

2

Low Risk

213.76

25.61

3

Moderate Risk

131.84

15.80

4

High Risk

156.74

18.78

5

Very High Risk

136.20

16.33

Figure 3 Thematic layers representing Rainfall, Soil depth, Soil texture and DEM for
drought assessment in the study area.
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Figure 4 Classified and fuzzified thematic layer of the study area

Figure 5 Classified and fuzzified thematic layers of the study area
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Figure 4, 5 & 6; Classified and fuzzified thematic layers of the study area.

Figure 7 Fuzzified RD of the study area
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Figure 8 Hazard Index Map of the study area

Figure 9 Exposure Index Map of the study area
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Figure 10 Vulnerability Index Map of the study area

Figure 11 DRI (VHE) map of the study area
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Figure 12 DRI (VH) map of the study area
Conclusion
A descriptive drought vulnerability and drought risk assessment index has been
accomplished by a new methodology that incorporates vulnerability, exposure and hazard
factors by integrating with fuzzy logic analytical tool in. Fuzzy logic approach was found
to be advantageous as it aimed to minimize the subjectivity in the drought risk
assessment. By choosing fuzzy GAMMA overlay, the different fuzzy overlay operations
allowed great ﬂexibility in quantifying drought risk expressed in truth values that range in
degrees between 0 and 1. Rainfall is the major factor affecting the drought and 12.8% of
the study area has shown the least value. 14.99% of the study area is under severe drought
risk. Almost all the risk factors coincided to give a conclusive risk zone for drought.
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Abstract
Flood is regarded as the most common natural disaster reported worldwide.
India is no exception as far as floods are concerned. Normally during
monsoons showers Kerala state faces flooding and some districts stands
unique in frequent flooding. During august 2018 heavy rainfall lead to the
mega flood in entire Kerala. The region in Ernakulum were also heavily
flooded. So, the study area was selected as Ernakulum district to model the
flood depth using the interpolation method. The flood height were traced from
the water receding marks after the post flood field survey conducted in the
most affected area using handheld GPS the locations were plotted. The data
was developed and used to generate flood depth model for the entire district
using geo-spatial interpolation technique Inverse Distance Weighted (IDW) to
generate the flood depth map. The vulnerable ecosystems were identified
through remote sensing technique.
Keywords: Flood Depth, Spatial Interpolation, Inverse Distance Weighted, Remote
Sensing.
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Introduction
Flood is the most common and widespread of among all-natural disasters. It is an
inevitable natural phenomenon occurring from time to time in all rivers and natural
drainage systems. Indian subcontinent has specific geographical structure. Which make
various parts of the nation for flooded area. Both India and Kerala are more prone to
flood than any other disasters.Normally during monsoons showers Kerala state faces
flooding and some districts stands unique in frequent flooding. The effects of climate
change and anthropogenic activities like poor drainage management and unscientific
urban planning are responsible for flood disasters. Flood zoning studies have become
more efficient in recent years because of the availability of advanced computational
facilities and use of Geographic Information Systems (GIS). So mapping flood prone
areas is a primary step involved in reducing the risk of the region and it is an essential
component of flood risk management. Flood inundation maps provide accurate geospatial
information about the extent of floods. When coupled with geographical information
system and can help decision makers to extract other useful information to assess the risk
related to floods such as human loss, financial damages, and environmental degradation.
The objective of the study was to develop flood depth model using geospatial technology.
During august 2018 heavy rainfall lead to the mega flood in entire Kerala. The region in
Ernakulum were also heavily flooded.So, the study area was selected as Ernakulum
district to model the flood depth using the interpolation method.
Study Area
Ernakulum was selected as the study area lies between North latitudes 09° 47’ 13” and
10°10’44” and East longitudes 76° 10’ 05” and 77° 05’ 24. Ernakulam district occupies
the Central part of Kerala state and bound by Thrissur district on the north, Idukki on the
east and south east, Kottayam and Alappuzha districts on the south and the Lakshadweep
Sea on the west. The district spreads over an area of 3068 Sq. km. Kochi, Aluva,
Angamali, Muvatupuzha are well known places of the district. Kakkanad is the
headquarters of Ernakulam district.

Figure 1 Study area Location map - Ernakulum district
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Materials and Methodology
a) Dataset used
In order to attain the data, the flood affected locations were surveyed. The post flood
survey was carried out in flood affected region using handheld mobile GPS. Based upon
the flood receding marks on the walls of the houses and built ups the flood height were
measured using measuring tape. Unstructured questions were asked to the native residents
and interviewed to spot the exact flood affected locations. The marked locations were
photographed using the mobile Global Positioning System named 'GPS Essential'
(Android based mobile application for location mapping and survey). Geo-tagged images
were attained photographed in order to document the post flood event receding marks.
Only the accessible areas in the study are were surveyed. The regions surveyed covered in
Ernakulum were Table 1.
b) Software used
ArcMap 10.5, GPS Essentials (Android mobile app), Microsoft Excel 2007
C) Methodology Flow Chart for Geospatial Analysis

Figure 2 Methodology flow chart
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Figure 3 Flood Depth IDW of August 2018 in Ernakulam District
Result and Discussion
There are different spatial interpolation methods helpful to generate the flood depth
model through spatial analyst toolset of ESRI Arc Map. Some of them are Kriging,
Natural Neighbor, Spline, Spline with Barriers, Topo to raster, topo to raster by file,
Trend and IDW. Inverse Distance Weighted interpolation (IDW) assumes that the nearer
a sample point is to the cell whose value is to be estimated, the more closely the cell’s
value will resemble the sample point’s value. IDW estimates the none sampled points
(Ogbozige et al., 2018) in the selected area of interest (AOI) or study area i.e.,
Ernakulum. IDW is a deterministic method traditionally used to interpolate water table
depth (Reed et al., 2000). The IDW method gives weight to data points such that their
influ-ence on prediction is reduced as distance from the point increases. The choice of
this weighting power can significantly affect the estimation quality (Adhikary & Dash,
2017; Mueller et al., 2001). The majority of Ernakulum district that were flooded
identified ranged 0 to 5.99 meters. The place that were most prominently submerged were
Malayatoor, Neeleswaram, Ayavana, Perumbavoor, Aluva, Vengoor, Ockal, Kochi,
Nedumbassery and Muvattupuzha (Figure 3), (Table 1). The taluks like Aluva,
Muvatupuzha, North paravoor and Kunatunadu were identified as flooded during the
august 2018 (Figure 4).
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Figure 4. The IDW flood model in Taluk of Ernakulam
Table 1. The Surveyed places that were flooded during August 2018
Sl.
Location
Water in Sl.
Location
Water in
No
Metre
No
Metre
1
Malayatoor
5.44 25
Karukutty
2.3
2
Neeleswaram
5.4 26
Prakkadavu
1.9
3
Ayavana
5.44 27
Puthenvelikara
4.3
4
Chendamangalam
2.34 28
Vadakkekkara
4.18
5
Kadungallur
1.8 29
Nedumbassery
3.04
6
Paravoor
3.1 30
Thuravoor
1.55
7
Angamali
1 31
Koovapadi
4.2
8
Kaladi
5 32
Pindimana
1.5
9
Perumbavoor
5.3 33
Vengoor
4.5
10
Aluva
5.36 34
Ockal
4.8
11
Pothanikkade
2.25 35
Vengola
2.9
12
Eloor
3.5 36
Vahkkulam
5
13
Kalamassery
2.8 37
Kanjoor
4.3
14
Kochi
1.9 38
Keezhmad
4.04
15
Marady
2.7 39
Ambalur
1.8
16
Muvattupuzha
4.3 40
Maneed
4.5
17
Paingottur
2.43 41
Ramamangalam
3.5
18
Varapuzha
2.31 42
Valakam
4
19
Edathala
3.15 43
Arakuzha
3.61
20
Karumalloor
2.6 44
Avoli
3.8
21
Kottuvally
3 45
Manjapara
3
22
Alangad
3.5 46
Poothrikka
3.8
23
Ezhikkara
0.4 47
Edakkattuvayal
2
24
Ayyampuzha
3.3 48
Cheranallur
2
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Figure 5. Re-classed IDW to Flood Depth Contour or Flood Depth Isodepth area.
Vishnu et al., 2019 has conducted study of the August 2018 flood in parts of Kerala. The
study assumed to use the satellite imageries Sentinel-1A to draw the flood spread extent.
Here in the our study it has determined the flood depth parameter through IDW without
using the satellite imageries like Digital Elevation Models (DEM). The volume of the
flood water was not estimated in this study and stands as limitation. Using the
reclassification technique the Figure 3 was classed into iso-depth area or flood depth
contours (Figure 5) using the spatial analyst extension of Arcmap 10.5.1. The iso-depth
area has its potential to be used to map the flood damaged area the data when overlaid to
many other layers such like built environments (Road, Houses, Railway lines, agriculture
lands etc.), wetlands and forest the damages can be estimated.
Conclusion
The paper presents how to post model the flood event using geospatial technology. The
field location and data to compute the flood event shall be surveyed to run the IDW
model in GIS platform. The IDW illustrated the isodepth-area when re-classified. This
study addressed the an efficient and cost-effective methodology to prepare flood depth
hazard map.
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Abstract
Floods, natural disasters that occur worldwide, have become more and more
frequent in recent decades. Flash flood is defined as the unexpected flooding
of low-lying geomorphic areas: rivers, basin, dry lakes and washes. It can
result from heavy rain along with severe thunderstorms. These are often
unavoidable and unexpected; however, it can be controlled through
appropriate measures to minimize losses and damage. This study reports about
the flash flood risk zones near Akkulam-Veli Lake, Thiruvananthapuram,
Kerala. The AHP technique was used for the case study. The lake basin was
derived from SRTM DEM using Hydrology tool in ArcGIS. The flood risk
vulnerability mapping follows a multi-parametric approach and integrates
some of the flooding factors such as rainfall distribution, slope and elevation,
drainage density, land use/ land cover, soil type and roads per grid. The
Sentinel-2 data from USGS is used for the land use/ land cover classification.
The total area of study is 65 sq.km and is classified into three classes based on
the flood vulnerability such as high-risk zone, moderate risk zone and low-risk
zone. The obtained results were found to be very well matching with the
general conception of flood-prone regions in the study area. It was also
observed that most influencing factors for the occurrence of floods are found
to be slope, roads, drainage and built up and less influencing factors as soil
and rainfall. From the result, it is clear that the AHP method is highly suitable
for the identification of flash flood risk zones.
Key Words: Flash flood, AHP, Sentinel-2, SRTM DEM, ERDAS IMAGINE, ArcGIS.
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1. Introduction
Flash flood can be defined as a rapid onset of the flood with a short duration and a
relatively high peak discharge and are considered as one of the worst natural disasters
(Ahmed M. Yousse et., al 2011). Flash floods most commonly occurring in dry areas that
have recently received precipitation. It can be seen anywhere downstream from the source
of the precipitation and even many miles away from the source. The coverage of its
damages is not measurable (Rozalis et al., 2010). It is the most common natural disaster
which will create a huge loss for human life and economy. These floodings have caused
massive damage to highways, settlement, agriculture, and livelihood in different countries
all over the world (Ahmed M. Yousse et., al 2015). Flash flood in the cities led to high
levels of water in the streets and roads, causing many problems such as bridge collapse,
building damage and traffic problems. Due to its sudden and highly unpredictable nature
with brief spells of heavy rain shows that they are very dangerous (Ismail
Elkhrachy,2015). Several qualitative methods exist in the literature for the estimations of
the risk level of flash flood hazard within a watershed using remote sensing derived data
and GIS tools (Ahmed M. Yousse et., al 2015). It is impossible to avoid risks of floods or
prevent their occurrence, and it is only possible to work on the reduction of their effects
and to reduce the losses.The paramount importance of flood hazard risk assessment and
mapping is to ensure the healthy and sustainable development of society. Flood hazard
risk is usually measured by the probability that a flood will occur. The purpose of the
flood hazard risk assessment is obtaining accurate risk levels of the area.Thus flood
susceptibility
mapping
is
essential
for
urban
hydrology
management
(Ratan Kumar Samanta et al. 2018).Evaluation results provide a reference for flood risk
management, prevention, and reduction of natural disasters in the study basin
(Chengguang Lai et al., 2016). This research attempts to map the flood-prone zones using
geospatial tools.
2. Objectives
The main objectives of the study are: 1) to identify the flash flood risk zones of the
Akkulam-Veli lake basin using AHP method. 2) to identify the factors favourably
influencing flash floods. 3) to map the high-risk zones.
3. Study Area
The Akkulam–Veli Lake is situated 5 km north-west of Thiruvananthapuram city in the
southern part of India (8º25′–8º35′N, 76º50′E–76º58′E). The area experiences a tropical
humid tropical climate with relative humidity 76.2 % and with an average air temperature
27.5 °C. The annual average rainfall of 1823.7 mm due to south-west and north-east
monsoon rainfall.. The lake has a length of 3.2 km, average depth less than 4 m (Sheela et
al. 2010) and area of around 1 km2. Laterite hillocks surround it. The lake is partially
divided into two by a bund formed lengthwise. The western side (around 1.25-km long,
100-m wide) forms the Veli Lake, and the northeastern part forms the Akkulam Lake. For
the most t of the year, these lakes remain separated from the sea due to a sand bar (around
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150-m long and 30-m wide). This remain open for a period of 10–14 days, depending
upon the influx of land drainage into the lake.
During this period, tidal rhythm is observed with moderate to good flushing. The
Akkulam-Veli Lake is linear with the seaward side abutting against the shoreline of
Arabian Sea, to which it finally drains. Saltwater intrusion due to occasional breaching of
the sand barrier during monsoon contributes to an increase in pH values in the Veli
Lake(Arya Unnikrishnan et al. 2018).Two natural channels (Kulathur Stream and
Kannamoola Stream) drain into the lake. The Kannamoola Stream and the TravancoreShornur Canal (Parvathy Puthen Ar) act as sewers to this lake (Arya Unnikrishnan et al.
2018). Apart from the colossal sewage load, the lake receives industrial wastes, hospital
wastes, surface runoff, tourism by-products, and wastes from various developmental
activities(K. Swarnalatha et al. 2012). The catchment area of the lake has become thickly
populated because of rapid urbanization during the last few decades. Because of rapid
urbanization and associated changes in land use pattern, water spread areas have been
found to decrease considerably due to deposition of sediments, reclamation, and growth
of weeds (K. Swarnalatha et al. 2012). The area is having great potential for future
development in tourism. The tidal phenomenon is fragile and is insufficient to flush out
wastewater from the lake. The discharge of wastes on the lake makes Akkulam-Veli Lake
a stressed zone.

Fig: 1 Study area map
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4. Methodology
4.1 Data and Data Sources:
In this study,
the analysis toolboxes\system toolboxes\spatial analyst
tools.tbx\extraction\extract by mask was done using Arc GIS 9.3 and ERDAS IMAGINE
software tools. The study area Akkulam–Veli lake basin was derived from SRTM DEM
(table 1). The roads, water body and drainage were digitized from SOI toposheets. The
soil map was obtained from the Soil Survey Department Thiruvananthapuram. The
rainfall distribution map was generated from the data obtained from the Meteorological
department. The land use/land cover map was extracted from Sentinal-2 data, and the data
were classified using ERDAS IMAGINE software. The DEM and slope map was
generated from SRTM DEM downloaded from Earth Explorer. The Google Earth was
also used for location analysis which helps in the land use classification.

SOI Toposheets
1:50000

SRTM DEM

Road
Drainage

Auxillary datas

Supervised
Classification

Rectification and Projection

Digitization of layers

Sentinel 2

Slope

Landuse/ Landcover

Rainfall

Soil

GIS Analysis

Fig: 2 Methodology
Road frequency

AHP analysis

Drainage density

Flood hazard zone map
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Table 1: Table showing description of data.
Data
Sentinel 2
SRTM DEM
Toposheets 58 D/14
& 58 H/2

Source
USGS
USGS
SOI

Resolution and scale
10 m
30 m
1:50000

Year
2020
2016
1965

Table 2: Table showing the Parameters extracted from different sources
Parameters
Source
Slope
Derived from SRTM DEM
Land use/ land cover
Classified from Sentinel 2
Soil
Soil Survey Department
Rainfall
Meteorological Department
Drainage
Digitized from 58D/14 & 58H/2
Roads
Digitized from 58D/14 & 58H/2
4.2 Processing of Data (AHP Method)
To define the flood risk for an area, this study first categorized various factors
concerning flood events based on literature reviews. The analytic hierarchy
process (AHP) is a structured technique for organizing and analyzing complex decisions
based on mathematics and psychology. AHP is a decision making in a tricky
circumstance through the hierarchical structure which is composed targets to be attained,
criteria to be used for decision making, and alternatives to be selected (Satty, 1980). The
objective of AHP is to identify the relative importance of multiple paired criteria to
achieve a stated goal (Carr and Zwick 2007). Formulation of the decision problem in the
form of a hierarchical structure is the ﬁrst step of AHP. A hierarchy is an efficient way to
organize complex systems. It is efficient both structurally in representing a system and
functionally in controlling the system. Once a hierarchy is constructed, the decisionmaker begins a prioritization procedure to determine the relative importance of the
elements in each level of the hierarchy. The elements in each level are compared as pairs
according to their importance in deciding consideration. The comparison of Satty’s
classification table is given below (Table 3):
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3

5

Extreme
favours

1

Very strong
favours

3

Strongly
favours

Equal

5

Slightly
favours

Slightly favours

7
9

Strongly
favours

Very strongly
favours

Extreme
favours

9

7

Table 3:Satty’s Classification for pair wise comparison.
After comparison matrix are created, relative weights of various elements with respect to
the elements in the adjacent upper level are computed as the components of the
normalized Eigen vector is associated with the Eigen value of their comparison matrix
(Mustafa
and Al-Bahar,1991). For finding the Eigenvector first find the priority vector take the sum
of the matrix column-wise.
A1 A2 A3 A4
B1 B2 B3 B4
X Y
Z P

Priority vector

Then to normalize the vector divides each element with the sum of each column.
A1/X
B1/X

A2/Y A3/Z A4/P
B2/Y B3/Z
B4/P

Then the sum of each column will be 1 then only we can say that the vector got
normalized. Taking the sum of the rows and finding the average of the rows, the obtained
vector is known as the priority vector. The sum of the priority vector column-wise will be
1.
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A1/X + A2/Y + A3/Z + A4/P
B1/X + B2/Y + B3/Z + B4/P

P
Q
R
S

=

Priority vector

P+Q+R+S=1
The priority vector value represents the priority percentage of each item. The principal
Eigenvalue is the summation of products between each element of the Eigenvector and
the sum of the columns of the original matrix. The obtained value is ƛmax.
ƛmax= average value*sum of columns.
Composite weights are then determined by aggregating the weights through the
hierarchy. The outcome of this aggregation is a normalized vector of the overall weights
of the options. Saaty (1980) proposed the consistency ratio in order to eliminate the
degree of inconsistency in the constructed comparison matrix.
CR=CI/RI.
Where CI is the consistency ratio, and RI is the consistency index for a random
comparison square matrix. Saaty (1980) suggested that if this ratio exceeds 0.1, the set of
judgments may be too inconsistent to be reliable. A CR of zero means that judgment is
entirely consistent.
Table 2: Random Consistency Index (RI)
N

1

2

3

4

5

6

7

8

9

10

RI

0

0

0.58

0.9

1.12

1.24

1.32

1.41

1.45

1.49

The CI can be computed as:
CI=ƛmax-n/ (n-1).
Where ƛmax is the largest Eigenvalue of the comparison matrix, and n is the number of
the comparison square matrix.
Table 4: Number of comparisons.
Number of things

1

2

3

4

5

6

7

n

Number of comparison

0

1

3

6

10

15

21

n(n-1)/2

CR <= 10% - consistent.CR >10% - inconsistent.If CR >10%, we need to revise the
subjective judgment.
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The obtained CI value is overlaid with the raster calculator tool in Arc GIS. Here instead
of using assigned value, the consistency index value is used in the raster calculator. The
value obtained from the matrix was converted to a total of 9 based on the importance of
each parameter.
5. Result and Discussion
5.1 Slope
The slope of the land is an important geospatial parameter for any geographic
study. Slope refers to the elevation difference between two points of a unit distance. The
slope values are different in various areas of Akkulam-Veli lake basin. The slope values
were classified into 4. The classes are 0-3, 3-6, 6-9 &>9m. For each class, ranks were
assigned based on the influence to cause a flood. The value 1 shows not influencing and
not prone zone to flood. 2 show less influencing and less prone zone to flood. 3 shows a
moderately influencing and moderately prone zone to flood. Value 4 shows highly
influencing and highly prone to flood (table 5). The 0-3 value is in rank 4 because a
decrease in slope reduces the runoff. 3-6 class is included in rank 3. The 3-6 class in rank
2 and >6 value class in rank 1 (table 6).

Fig: 3 Slope map
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5.2 Soil
The soil types in an area are vital as they control the amount of water that can infiltrate
into the soil, and hence the amount of water which becomes a flow. There are two
different types of soil present in the study area. The types of soil seen are gravelly clay
and clayey.Most of the area is covered with gravelly clay and is about 63sq.km of the
total area. The clay type of soil covers about 2 sq.km of the area.

Fig:4 Soil map
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5.3 Drainage Density
Drainage is an important ecosystem controlling the hazards as its densities denote the
nature of the soil and its geotechnical properties. The drainage density is an important
factor affecting flood. The drainage was digitized from the toposheets, and the drainage
density was calculated through the IDW interpolation technique. The drainage density
values were classified into four classes. The classes are 0-1, 1-2, 2-3 and >3. For each
class, ranks were assigned based on the influence to cause the flood (table 5 & 6). The
value 1 shows not influencing and not prone zone to flood. Rank 2show less influencing
and less prone zone to flood. Rank 3 shows moderately influencing and moderately prone
zone to flood. Value 4 shows highly influencing and highly prone to flood (table 5). The
class value of 0 to 1 in drainage density comes under the rank 4. The class value range 12 of drainage density is included in rank 3. In rank 2 the value ranges of 2-3 included. For
rank 1 the value ranges >3 (table 6).

Fig: 5 Drainage density
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5.4 Land Use/ Land Cover
The land use and management of the area is also one of the primary concerns because this
is one factor which not only reflects the current use of the land, pattern and type of its use
but also the importance of its use concerning the living population and its relationship
with the existing development. There are five classifications for land use. The classes are
Algae, barren land, built-up, vegetation and water body. The value 1 shows not
influencing and not prone zone to flood. 2 show less influencing and less prone zone to
flood. 3 shows a moderately influencing and moderately prone zone to flood. Value 4
shows favourably influencing and highly prone to flood (table 5). The urbanization
prevents the filtration of the water to the ground. The barren land covers about 5 sq.km of
the area, and it comes under the rank 1. The vegetation covers about 23sq.km of total
area, and it is included in rank 3. The built-up is a main influencing factor and it covers
about about 20 sq.km and categorized in rank 4. The algae which is not a common factor
and it covers about 7 sq.km which is included in rank 2. The water body covers about 10
sq.km and included in rank 1 (table 6).

Fig:6 Land use map
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5.5 Rainfall
Heavy rainfall is one of the major causes of floods. Floods are associated with extremes
in rainfall; any water that cannot immediately seep into the ground flows down the slope
as runoff. The data from 4 stations are collected from the Meteorological department. The
rainfall values are also classified into 4 classes. The classes are >1000, 1000-1200, 12001400, >1400 mm.The value 1 shows not influencing and not prone zone to flood. 2 show
less influencing and less prone zone to flood. 3 shows a moderately influencing and
moderately prone zone to flood. Value 4 shows highly influencing and highly prone to
flood (table 5). The higher rainfall indicates the priority to flood. The rainfall class value
range >1000 mm comes under the rank 1. The classvalue range of 1000-1200 mm is
included in rank 2. The value range of 1200-1400 mm class included in rank 3. For rank
4, the value ranges >1400 mm (table 6).

Fig:7 Rainfall map
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5.6 Roads Per Grid
The road is one of the essential anthropogenic factors inducing flood hazard. The number
of roads per square kilometre is classified into 4. The classes are 0-2, 2-4, 4-6, >6.The
value 1 shows not influencing and not prone zone to flood. 2 show less influencing and
less prone zone to flood. 3 shows a moderately influencing and moderately prone zone to
flood. Value 4 shows favourably influencing and highly prone to flood (table 5). The
number of roads classes value range 0-2 comes under the rank 1. The classvalue range 2-4
is included in rank 2. The value range of 4-6 class included in rank 3. For rank 4 the value
ranges >6 (table 6).

Fig: 8 Roads per grid map
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Table:5 Rank priority
RANK
VALUE
1
2
3
4

RANK
Not prone
Less prone
Moderately prone
Highly prone

Table:6 Theme and corresponding rank
THEME
Drainage
density

Soil

SL
NO
1
2
3
4
1

2
1
2
Land use/ land
3
cover
4
5
1
2
Roads per grid
3
4
1
2
Rainfall
3
4
1
2
Slope
3
4

CLASS

RANK

0-1
1-2
2-3
>3
Gravelly
clay
Clayey
Waterbody
Builtup
Vegetation
Algae
Barrenland
0-2
2-4
4-6
>6
>1000
1000-1200
1200-1400
>1400
0-3
3-6
6-9
>9

4
3
2
1
2
3
1
4
3
2
1
1
2
3
4
1
2
3
4
4
3
2
1
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5.7 Flood zone mapping
The analytic hierarchy process (AHP) is a structured technique for organizing and
analyzing complex decisions based on mathematics and psychology. AHP is a decision
making in a complicated circumstance through a hierarchical structure which is composed
targets to be attained, criteria to be used for decision making, and alternatives to be
selected (Satty, 1980). After the calculation of the matrix, all the parameters are overlayed
to obtain the final map (table 8). Here the area is divided into 3; high-risk zone,
moderately risk zone and low-risk zone. Highly prone to flood category about 17 sq.km
areas. Moderately prone to flood is about 27 sq.km. Low-risk zone is about 18 sq.km
(table 9). The obtained results were found to be very well matching with the general
conception of flood-prone regions in the study area. 41 % of the total area comes under
the moderate risk zone and 17% high-risk zone. Only 18% of the area is in a safe
condition. The high-risk wards are Pattom, Medical college, Kannamoola, Vanchiyoor,
Kunnukuzhi.
Table :7 AHP comparison matrix
THEMES
ROAD
LANDUSE
SOIL
DD
SLOPE
RAINFALL
CI
RI
CR
CR%

ROAD
1
1
1
2
2
3
0.067
1.24
0.0540
5.4

LANDUSE
1/2
1
1
2
2
3

SOIL
1
1
1
2
2
3

DD
1/2
1/2
1/2
1
1
1 1/2

SLOPE
1/2
1/2
1/2
1
1
1 1/2

RAINFALL
1/3
1/3
1/3
1½
1½
1

Table : 8 Themes and corresponding CI value
Theme

CI Value

Soil

0.09

Slope

0.06

Drainage density

0.06

Roads per grid

0.06

Rainfall

0.06

LULC

0.11
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Fig :9 Flood susceptibility zone map

Class

Table :9 class and area
Area (sq.km)

Less prone

18

Moderately prone

27

Highly prone

17
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17 sq.km

18 sq.km
Less prone
Moderately prone
Highly prone

27 sq.km

Fig 10 : Area of coverage of each class
6. Conclusion
The ﬂood-susceptible zones derived in the present study reveal that about 17 sq.km or 26
% of the total area is highly vulnerable to ﬂood.The regions which are highly susceptible
to flash flood are Pattom, Medical college, Kannamoola, Vanchiyoor, Kunnukuzhi. The
high ﬂood-susceptible zones are concentrated in the vicinity of the drainage, road, and
slope. The obtained outcome found to be matching with the general conception of ﬂoodprone regions in the study area. The moderate susceptible zone was found at about
27sq.km. The less susceptible zone is about 18 sq.km and about 27% of the total area.
This proves that the method developed in the present study with the limited number of
factors can be used for reliable estimation of ﬂood susceptibility. It was identified that the
most inﬂuencing factors for ﬂood occurrence are slope, roads, drainage pattern, and built
up for the study area. On the other hand, soil and rainfall factors have a minor role in
ﬂood occurrence. It is clear that the AHP method is highly suitable for the identification
of flash flood risk zones. The map prepared in the present study will surely help disaster
managers, planners, and local authorities to improve their understanding of ﬂood
vulnerability in the region. It can also be expected that the ﬂood-susceptible map
developed in the current study will help various authorities in the region in guiding the
operational responses for the ﬂood risk reduction.
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Abstract
Covid-19, an acute respiratory disease, spreads around the world, it is
imposing significant threat to vulnerable populations. So, finding the
vulnerability factors of Covid-19 and comparing it among countries will be
useful for implementing efficient strategies to mitigate disease’s worst
effects.This is an attempt to study the demographic, social, economic,
physical, health and environmental vulnerabilities of selected countries with
respect to covid-19, using geoinformatics. We compiled 49 indicator’sdata
from WHO and World Bank website to generate the vulnerability indices. This
category-wise study will help each country to decide in which area they need
to strengthen and what kind of strategies to adopt. Comparing the result with
Covid-19 situation as of July 25th indicates, it positively related to
demographic and health vulnerability whereas a neutral result was obtained in
social and economic vulnerability.
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1. Introduction
A novel Coronavirus emerged in the China and is now spreading all over the world. As
Covid-19 is a newly identified pathogen, there is no known preexisting immunity in
humans, so the transmission is very rapid (WHO, 2020). As of

25th

July 2020, there is

15581009 confirmed cases and 635173 deaths were reported from all around the world.
From the statistics it is clear that the pattern of spreading and disease progression is
different among each country (WHO, 2020). Governments of all countries enforce
different stategies to contain the transmission of virus and warning high risk groups to be
particularly carefull and observing in social distancing measure, because they have the
great chance to become severely ill and to die if they were infected. The high risk groups
includes, elder people, persons with comorbidities, HIV/AIDS, overweight etc. (Public
Health England, 2020).
Evidence from prior studies suggest that older male patients are most susceptible to
SARS-CoV-2 infection (Chen et al., 2020; Yang et al., 2020; Huang et al., 2020). Among
comorbidities hypertension and diabetes are the first two major diseases among Covid-19
patients and other comorbidities include obesity, chronic obstructive pulmonary disease
(COPD), cancer and renal disease (Guan et al., 2020; Richardson et al., 2020, Wang et al.,
2020; Ejas et al., 2020). Besides comorbidities, population density and environmental
characteristics also have profound influence on the spread of SARS-Cov-2 virus (Hamidi
et al., 2020; Carteni et al., 2020).
Therefore a lots of factors causes the vulnerability to SARs-CoV-2 infection. In order to
access vulnerability, we should consider both the core factors (susceptibility or fragility
and coping capacities) and different dimensions of vulnerability. This study investigated
various risk factors from several dimensions in order to construct vulnerability indices for
each domain.
2. Materials and Methods
2.1.Selection of countries
Worst affected countries and least affected countries by Covid-19 are selected for
the study. Total of 44 countries are selected. The list of 23 mostly affected and 21
least affected countries are given in the Table 1.
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Table 1: shows the selected countries
Countries having high cases and deaths Countries having less cases and deaths
United States, Brazil, India, Russia, Peru, East Timor, Papua New Guinea, Belize,
Mexico, Chile, United Kingdom, Iran, Tanzania, Syria, New Zealand, Cuba,
Spain, Italy, Turkey, Germany, France, Montenegro,
Canada, Iraq, China, Ecuador, Sweden, Democratic.
Belgium,

United

Arab

Emirates, Malaysia,

Netherlands, Switzerland

Greece,
Rep.

Norway,

of

Finland,
the

Senegal,

Congo,
Sudan,

Australia, Nepal, Uzbekistan, Austria,
Serbia, Ireland

2.2. Collection of Data
A total 49 indicators to prepare the vulnerability indices. The data regarding 43
indicators

was

extracted

(https://data.worldbank.org/)

from
and

World
World

Bank
Health

Open

Data

Organization

Portal
website

(https://www.who.int/data). Data of Covid-19 cases, deaths and incidence are
downloaded from WHO Covid-19 Dashboard (https://covid19.who.int/).
2.3. Assigning Dimensions (domains)
Divided the indicators to 5 domains according to the themes after rigorous
literature review in all sectors of vulnerability.Then added one more domain for
analysing the vulnerabilities to Covid-19. The six domains are, demographic,
economic, social, physical, environmental and health. Summary of the selection
of parameters and the corresponding hypothesis used for the implication ranking
are given in Table 2.

2.4.Construction of Indices
The CSV file containing the raw data are joined in a Projected world Shapefile. After
that raster file of each indicators are generated. To construct the vulnerability indices
for all six domains, each of the indicators are classified and ranked according to the
hypothesis of each indicators (see Table 2). For example, a higher value of 5 indicates
higher vulnerability and 1 indicates lower vulnerability. To generate scores for each
domain, all indicator’s scores within a domain are summed together for each country
using raster calculator and then normed again across countries.
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The equation for constructing vulnerability indices are given below:
a) Demographic vulnerability index (DVI) = (*population density) + (*population
growth) + (*net migration) + (*International tourism) + (*Population, age >65) + (*birth rate)
+ (*urban population)

b) Economic vulnerability index (EVI) = (*net national income) + (*income per capita) +
(*government health expenditure) + (*GDP growth) + (*exports of goods) + (*OOPE- current
health expenditure) + (*OOPE per capita)
c)

Social vulnerability index (SVI) = (*school, primary enrolment) + (*school, secondary
enrolment) + (*unemployment) + (*political terror scale) + (*government effectiveness rank)
+ (*Voice accountability)

d) Physical vulnerability index (PVI) = (*hospital beds) + (*laboratory) + (*nurse and
midwifery personnel) + (*death by unsafe water) + (* death by communicable disease) +
(*Basic drinking water) + (*basic sanitation) + (*Physicians) + (*surgical workforce) + (*risk
communication) + (*zoonotic events) + (*Universal health coverage) + (*death by
communicable disease)
e)

Health vulnerability index (HVI) = (*Measles) + (*BCG) + (*DPT) + (*Hib3) +
(*Pol3) + (*open defecation) + (*prevalence of anaemia) + (*prevalence of overweight) +
(*Undernourishment) + (*asthma) + (*diabetes) + (*blood pressure) + (*cancer cases) +
(*obesity)

f)

Environmental vulnerability index (En.VI) = (*average temperature) + (* average
precipitation) + (*forest area)
Where,* indicates the ranked score.

Finally map for six domains are generated with two layers. The first layer contains a
continuous value but the second layer contains a classified result. The classes Includes
very high (red), high (dark yellow), medium / moderate (green) and low / less (dark
green) vulnerability.

Table 2: showing indicators included in each domain and the hypothesis for ranking
of each indicators
Demographic Domain
SI.
Indicators
No.
1
Population density (people per
sq. km of land area)
2

Net migration rate

Hypothesis
Countries having higher
population density is more prone
to rapid spread of disease.
Migration catalyses the importing
of disease.

High Rank
Indicates:
Most
Vulnerable
Most
Vulnerable
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3

International tourism, number of
arrivals

4

Population ages 65 and above
(% of total population)

5

Birth rate (per 1,000 people)

6

Urban population (% of total
population)

A country with higher number of
arrivals will definitely susceptible
to infections in new areas.
A country with higher percentage
of elder is more likely to have
higher fatality.
A higher birth rate may pose a
challenge to the government to
ensure immunization to all within
proper time with available
resources.
Urban population are more
susceptible to infection due to the
lack of social distancing.

Most
Vulnerable
Most
Vulnerable
Most
Vulnerable

Most
Vulnerable

Economic Domain
7

8

9

10

11

12

Adjusted net national income
(current US$)

Countries with great national
income are better in dealing with
epidemics by providing enough
financial assistance.
Adjusted net national income per Citizens with higher per capita
capita (current US$)
income are good at spending on
healthcare needs.
GDP growth % annual and
A higher GDP growth and
Adjusted savings: net national
savings indicates a better
savings (% of GNI)
economy.
Exports of goods and services
Higher exports are indicator of a
(% of GDP)
most stable and developed
economy.
Domestic general government
Government spending on health
health expenditure (% of GDP)
reduces the out of pocket
expenditure of citizens for health.
So, more people show interest in
treatment in milder infection too.
Out-of-pocket expenditure (% of A higher amount of spending on
current health expenditure) and
health services by patient itself,
Out-of-pocket expenditure per
deny them to seek treatment at
capita (current US$)
the initial stage of infection.

Less
Vulnerable

Less
Vulnerable
Less
Vulnerable
Less
Vulnerable
Less
Vulnerable

Most
Vulnerable

Social Domain
13

School enrolment, primary (%
gross) and School enrolment,
secondary (% gross)

14

Unemployment, total (% of total
labour force)

A betted educated population are
aware of the consequences of
epidemics. So, they will take
necessary actions at the proper
time.
A country with higher
unemployment is a burden to the
economy. For such individuals
long term lock down is posing

Less
Vulnerable

Most
Vulnerable
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challenge.
15

Political Terror Scale (PTS)

16

Government effectiveness rank

17

Voice accountability

Countries with conflicts and
corruption tend to show higher
spread of disease due to the
violation of preventive measures.
Government effectiveness is a
crucial role in eradicating
epidemic. Because, efficient
planning and implementation are
the effective way to control
health crises besides,
medications.
Democracy, freedom of
expression and a free media
encourages trust towards the
ruling authorities. It will naturally
help to follow their rules.

Most
Vulnerable

Less
Vulnerable

Less
Vulnerable

Physical Domain
16

Hospital beds (per 1,000
people), Physicians (per 1,000
people), Specialist surgical
workforce (per 100,000
population), Nurse and
midwifery personnel (per
100,000 population)

Countries having higher
healthcare facilities effectively
prevent spreading of diseases and
thereby decreases the death rate
by providing adequate treatment
to the patients.

Less
Vulnerable

17

Laboratory (%)

Less
Vulnerable

18

People using at least basic
drinking water services (% of
population) and People using at
least basic sanitation services (%
of population)
Cause of death, by
communicable diseases and
maternal, prenatal and nutrition
conditions (% of total) and
Death by unsafe drinking water
(%)
Risk Communication (%)

Higher lab facility helps to
identify disease at the early stage
and thereby limit the spread of
infection.
Countries with basic drinking
water and sanitation prevent
contact transmission and
infection of waterborne origin.
Death by communicable disease
and unsafe water indicates the
hygienic condition of the
countries.

Most
Vulnerable

Higher % of risk communication
leads to early response towards
hazards.
Countries having greater chances
of zoonotic events are might
susceptible to outbreak of

Less
Vulnerable

19

20

21

Zoonotic events and humananimal interface (%)

Less
Vulnerable
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epidemics.
22

Universal Health Coverage
(UHC) in percentage

Peoples in countries having
maximum UHC is able to seek
treatment.

Less
Vulnerable

Health Domain
23

24

25

26

27

28

29

30

Immunization for children ages
12 – 23 months (measles, DPT,
BCG, HiB3, Pol3)
People practicing open
defecation (% of population)

Higher rate of vaccination
coverage reduces the risk of
infection and mortality.
A country with higher % of open
defecation is more prone to
infection relation to unhygienic
condition.
Prevalence of anaemia among
The countries having higher rate
children (% of children under 5) of anaemia are more susceptible
to the severe infection.
Prevalence of overweight (% of Populations having higher % of
adults) and prevalence of obesity overweight are more susceptible
(% of adults)
to severity of disease (Covid-19).
Because adipose tissue is also
vulnerable to Covid-19
Asthma (%)
Higher percentage of asthmatic
population will increase the
fatality in severe infection.
Raised blood pressure (% of
Hypertension is expected to the
population)
leading comorbidities in the case
of Covid-19.
Cancer cases
Countries having higher
percentage are at risk from death
due to Covid-19.
Prevalence of undernourishment Undernourishment naturally
(% of population)
results in low immunity. So
higher % indicates higher chance
on occurrence of disease.

Less
Vulnerable
Most
Vulnerable

Most
Vulnerable
Most
Vulnerable

Most
Vulnerable
Most
Vulnerable
Most
Vulnerable
Most
Vulnerable

Environmental Domain
31

Annual temperature

32

Average precipitation

33

Forest area

Lower temperature is suitable for
transmission of Covid-19. As
temperature increases rate of
spread decreases.
A much higher average
precipitation decreases the
Covid-19 transmission.
A country having higher forest
area are more susceptible to
Covid-19 infection.

Less
vulnerable

Less
vulnerable
Less
Vulnerable
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3. Results and Discussion
The outcome of our study is the vulnerability index maps for Covid-19 pandemic in six
dimensions (domains) of vulnerability.The countries showing less vulnerability can easily
handle an epidemic or pandemic (Covid-19) and this ability decreases as the vulnerability
increases. On the other hand, highly vulnerable countries will possess a huge impact after
the epidemic or pandemic season. We can also interpret that countries having large
vulnerability values are more susceptible to an epidemic.The result of six vulnerability
indices are discussed separately in the following paragraphs.
3.1. Demographic Vulnerability Index (DVI)
The Figure 1 clearly depicts the intensity of vulnerability among countries on
demographic dimension from low to high ranges and as well as in four classes. The result
is somewhat surprising, as the highest vulnerability ranks are shown by United States,
Germany, UK, Spain, France, Netherland, Belgium, Italy and Turkey, which is followed
by Brazil, Peru, Mexico, Russia, UAE, Australia etc. Sudan, Congo, Serbia, Nepal, Iraq
and Papua New Guinea having the lowest vulnerability. Yet, other highly densely
populated countries like India, Austria and China belongs to the moderate vulnerability
class. So, from here we can infer that population density alone should not give an ideal
information on the vulnerability of an area. There are certain other significant factors like
urban population, elderly population, mobility etc. might be contributed to this particular
result. Supporting findings are found in some nationwide studies of Kang (2020), Dowd
et al (2020) and Ghosh et al (2020).
As per the data on July 25, 2020, the Covid-19 confirmed cases and incidence are
strongly and positively related to this DVI with a very few exceptions. More clearly, US,
Brazil, Spain, Italy, Turkey, Russia etc., are among the most infected countries and all
these are under the very high to high vulnerability classes and the exceptions are India,
Iran, Chile and Australia.
3.2.Economic Vulnerability Index (EVI)
From Economic Vulnerability Index map (Figure 2), we can find out most of the
developing countries and low-income countries such as Sudan, Senegal, Peru, Iraq, India
and Nepal belong to very high to highly vulnerable class in regards to economic
vulnerability. All American, European and Western pacific countries fall in low to
moderate vulnerable classes. The Current status of confirmed cases of covid-19 is just
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opposing to the index result, as most of the highly infected counties possess low EVI
value. Another promising inference is that, recovery from the grip of pandemic would be
easy and also the disease burden is tolerable for the least vulnerable countries. So, they
will quickly manage the economic crisis after pandemic.
3.3.Social Vulnerability Index (SVI)
As we can see in the Figure 3 African countries, Russia, East Asian countries and
Western Pacific countries are showing very high to high vulnerability. Exception from
this is shown by Nepal, UAE, New Zealand and Australia, which together with situation
American and western European countries belongs to the low to moderate vulnerable
class. Comparison with Covid-19 situation does not showing a much positive result. But
however many of the conflict affecting countries are reported with higher number of
cases.
3.4.Physical Vulnerability Index (PVI)
Among the twelve factors took for the creation of PVI map (Figure 4), most of the
factors represent the healthcare availability and government or individual’s contribution
to health sector. Result reveals, India, China, Iran, Latin American countries, etc. along
with African countries and Papua New Guinea embodied in the high to very highly
vulnerable category respectively, in terms of physical vulnerability. At the same time,
US, Sweden, Spain, Germany, Russia, Italy and Australia indicates a very low
vulnerability. Rest of the countries lies in medium vulnerable class. Thus, a huge outbreak
in any of these highly vulnerable countries will result in an adverse condition.Recovery
from illness will be fast and much better recovery rates will be expecting in most stable
(least vulnerable) countries. When come to Covid-19 pandemic scenario, amazingly the
countries showing low to moderate vulnerability are among the countries having higher
number of reported cases (E.g. US, Spain, Germany, Italy, Russia, France, etc.). In
contrast, most of the most vulnerable countries like India, Brazil, Chile, China and Iran
also shows a tremendous confirmed case. Thus, we got two opposing results. Similar
trend is found in the case of total death. But number of deaths is limited to a lesser extend
in Canada, Germany, Turkey, Iraq and India, though the number of cases is high. But the
comparison of PVI with Case Fatality Rate (CFR) indicates countries such as India,
China, Brazil, Chile, Iran, etc. shows low to medium CFR, even if they belong to highly
vulnerable region. As well as most stable countries (US, Sweden, Canada, European
countries and Mexico) possess a much higher CFR with respect to its physical
vulnerability. But the authenticity of CFR is in question, because many highly infected
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countries and resource poor countries only selectively run Covid-19 test; altogether, many
people remain asymptomatic. This will definitely produce a statistically high CFR in such
countries and will end up in misunderstanding.
3.5.Health Vulnerability Index (HVI)
Result of HVI-unclassified map indicates, major portion of the American continent and
Western Europe and all the selected African countries experience a comparatively high
vulnerability than Asia, Russia and Australia. On the other-hand, in reclassified HVI, 29
out of 44 selected countries showed a low to moderate health vulnerability. Such
countries are China, Iran, Malaysia, Cuba, Chile Uzbekistan, etc. (low) and Russia, India,
Australia, Turkey, European Countries, Brazil, Canada, etc. (moderate). Most vulnerable
countries are Iraq, Papua New Guinea, USA, Peru, Sudan, etc. which shows red to orange
shade respectively (see Figure 5). It is clear that, difference in the index value from
unclassified to reclassified index is minimum. That means, countries showing moderate
vulnerability lies closely to the border line of high vulnerability. Therefore, an outbreak
of epidemics will adversely result in huge casualties in these highly vulnerable countries
too. This will gradually contribute to increase in fatality. The countries with higher
comorbid citizens are US, UAE, Spain, France, Italy, UK, Sudan, Germany and Sweden,
which recorded a CFR of 3.6%, 0.58%, 10.43%, 17.8%, 14.2%, 15.33%, 6.32%, 4.44%,
and 7.21% respectively for Covid-19 until 25th July, 2020. The high CFR in low income
countries like Sudan (6.32%), Tanzania (4.12%), and Syria (5.75%) is also listed in the
countries facing undernourishment, anaemia and also inadequate immunization.
Moreover, the most vulnerable countries reported a significant death toll with respect to
the cases. Comparison with cases and death also showed a positive relation with very few
exceptions. Hence, current situation of Covid-19 pandemic strongly agrees with the HVI
result.
3.6.Environmental Vulnerability Index (En.VI)
The map showing the environmental vulnerability of selected countries is given in the
Figure 6. the En.VI is made on the basis of Low temperature and Low precipitation
favours the infection of Covid-19 like illness. From the reclassified index we can see that,
Russia, Sweden and Finland are the most environmentally vulnerable countries and
Canada represents the second class (High). It is note that countries such as India, Sudan,
Brazil, Chile, UK, etc. are very least environmentally vulnerable to Covid-19. The Covid19 status is not much showing any relation to our En.VI result. Though Canada and
Russia are among places having Covid-19 cases. Out of 16 countries having total cases
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above 1 lakh, 14 of them are lies in the moderate to low vulnerable class. There is not
much difference is found in the case of number of deaths also. This does not imply
environment has no role in the growth of Covid-19. Either the method or hypothesiswe
used are not accurate. But confirmation of such interpretation needs a detailed study
mentioning region specific climatic data and other influencing parameter at different
seasons.
However, if we look at some facts, we can derive to some assumptions. First, countries
that are physically and economically most stable will be able to cope with a large-scale
outbreak of any infections, as well as the subsequent economic crisis. On the other hand,
things will be just opposite for highly vulnerable countries without any external aid.
Secondly, countries that are demographically and environmentally vulnerable should
experience a huge spread of infection and that might create an out-of-control situation.
Finally, countries showing high vulnerability in social and health dimension should
expect a comparatively increased mortality rate. In this sense, each country is weak in one
dimension or another. All we can learn from this is that each country needs to understand
their vulnerability and should undertake containment measures based on their capacities
and weakness.
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Figure 1: Showing map of Demographic Vulnerability Index (DVI)
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Figure 2: Showing map of Economic Vulnerability Index (EVI)
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Figure 3: Showing map of Social Vulnerability Index (SVI)
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Figure 4: Showing map of Physical Vulnerability Index (PVI)
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Figure 5: Showing map of Health Vulnerability Index (HVI)
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Figure 6: Showing map of Environmental Vulnerability Index (En.VI)
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4. Conclusion
This study gave an opportunity to fond the variations in vulnerability among countries in
different dimensions.It is obvious that each country is different in terms of different
vulnerability dimensions. United States and Western European Countries are at most
vulnerable in demographic and health dimensions, but they are found most stable in
physical, economic and social vulnerabilities. African countries are highly vulnerable at
socially, economically and physically, but showing least vulnerability in demographic and
environmental dimension.India, China and some other Southwestern countries showing
moderate to high vulnerability in almost all dimensions. Hence, it is difficult to arrive any
conclusion with regards to vulnerability towards epidemics for each country at a glance.
Countries with higher demographic and health vulnerability showed huge incidence rate
as well as high mortality due to SARS-CoV-2 infection. But in case of physical
vulnerability and environmental vulnerability our assumption was found incorrect. Most
of the countries belongs to lower economic vulnerability classes had highest number of
cases and deaths. However, it is advisable to compare EVI after the disease has
completely cleared up from the world. The comparison with environmental vulnerability
is found disappointing that, it does not correlate with the Covid-19 pandemic. This might
be due to the false hypothesis or lack of other determining parameters in our study. I
hope, region wise study with more parameters like humidity, wind speed, minimum
temperature etc. in different seasons will be more effective. Exclusion of control
measures taken by each country is a shortcoming to our comparison.
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Abstract
Soil piping or subsurface erosion play vital roles in land subsidence. This
study reports the soil piping phenomenon in Adoor-Pandivillage, Kasaragod,
and Kerala, India. Piping events are more common in Kasaragod than many
studies contemplate. Geological mapping has been carried out to document the
spatial extent of piping and identify the geomorphological and soil controls on
its occurrence and distribution. This soil piping and subsurface erosion is
observed and reported within an area of 10 km2. Some of the areas have old
collapsed pipes and some are ongoing processes. Dimensions of the collapsed
pipe (subsided pipe) measured in the field, slope gradient and topographical
variables were derived from RS (Remote sensing) and GIS (Geographic
Information System) techniques. This study reports that the geological and
geochemical factors control the process of soil piping. Soil texture and
clay/sand content laterite play a vital role. In Kasaragod, the impacts of
landscape modification, rainfall intensity, soil texture, slope hydrology, slope
stability, slope-channel are the major reasons for this soil piping.
Understanding more about soil pipes is important to avoid massive soil
failures and problems such as land subsidence and associated disasters.
Keywords: Soil piping, Remote sensing, Geographic Information System and AdoorPandi.
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Introduction
Soil piping or subsurface erosion playsa vital role in land subsidence. Soil piping or
tunnelling erosion is a new silent trigger of roof collapse and associated disaster.Soil
piping erosion is defined as the hydraulic removal of subsurface soil, causing the
formation of underground channels and cavities (Boucher, 1995). The infiltration of
waterproduces pipe-like conduits similar to gravity flowing tunnel well. Soil erosion by
water represents a critical environmental issue worldwide (García-Ruiz et al., 2017; Lal,
2001; Morgan, 2005; Poesen, 2018). Piping events observed in both natural and
anthropogenic landscapes, in a wide range of climatological, geomorphological and
pedological settings (Bryan and Johnes, 1997). The pieces of evidence show that piping
performs as a function of drainage and erosion, but the drastic collapse of the roof of the
soil strata makes it one of the triggers (Bryan and Jones, 1997).Subsurface erosion
occurs nearly in all climatic zones and the majority of all soil types. Soil piping controlled
by various factors including hydrogeology and water chemistry, chemical compounds in
the soil, slope of the terrain, soil stability, weather and climate, topography, land use and
land management (Anita Bernatek-Jakiel and Jean Poesen 2018).
Study Area
The study area Adoor-Pandi located between North latitude 12° 46’ 10” and 12° 12’ 20”
and East longitude 74° 56’ 00” and 75° 30’ 15”. Adoor-Pandi it’s a lateritic hillock in 32
km towards east from Kasaragod district of Kerala state, south India at an altitude of
220m (figure, 1).Nine rivers drain the district; study area drained by one major river.
Adoor-Pandi is the western border of Kerala separated by Karnataka state. The area
consists of thick forest, and cultivated paddy field the major crops raised is coconut,
arecanut, cashew, rubber, pepper etc. The hill capped with hard laterite and duricrusts,the
slope of the study area mainlyoriented to the south to north. The end of the slope has
west-flowing young stage Chandragiri River.Geologically, the area,comprised a part of
Mesoarchean micro continent Coorg block. The important basement rocksinclude
charnockites, granulite, gneisses, Khondalite, Wayanad schist complex and peninsular
gneiss.Groundwater occurs under water table conditions in alluvium, laterite, weathered
crystalline and fractured crystalline. Laterite is the most widespread and extensively
developed aquifer in the district. The laterite is underlain by litho-margin clay which is
the preliminary lateralization front. Laterite is more ferruginous, porous and hard in
northern parts of the district compared to those in the southern parts of the district.
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Materials and Methods
Detailed field investigation, RS, GIS techniques and Google earth images were used to
the systematic study of the soil piping and associated land subsidence. The field
investigation process includes mine visit, identification of stratigraphic formation, and
Interview of local peoples and mine workers.
Result and Discussion
Soil Profile of the study area
Soil proﬁle development, with the presence of diﬀerent horizons, may also aﬀect soil
piping. Several studies report that soil piping occurs above a water-restrictive (boundary)
layer, which induces a lateral subsurface ﬂow. Such a boundary layer formed at the
organic–mineral horizon interface. The soil profile of the study area consists of four-layer
(figure,2) forest loam or organic-rich soil (0.5 to 1m) intense red to yellow-brown
coloured residual laterite (1 to 10m depth). Soft laterite (10 to 15m) and a thin layer of
litho-margin clay below the litho-margin clay lies weathered/fractured crystalline rocks.
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Figure. 2 Soil profile of the study area

Morphological Characteristics
Mature collapsed pipes and landslides observed under the study area include forest.
Within a small area identified several land subsidence and depression, the diameter is >10
meter (figure, 3a, b&c)majority of subsidence happened in the peak time of southwestern
monsoon. At the time of subsidence continues intensive rainfall, bomb blastings like
sound, high velocity of subsurface flow and soil loss observed.
Spatial distribution of collapsed pipes
No of collapsed pipes dug wells, and laterite mines observed from the field investigation.
About 50 years before land subsidence and landslide happened under the forest both are
in the same trend line. In the study area, we noticeda smallwaterfalland its flow is parallel
to the piping outlet flow. (Figure, 1) which shows groundwater flow direction and spatial
distribution of piping.
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Figure3.a recently collapsed pipe July 2019.

(Figure, 3.b) inside view of the soil piping

Figure 3.c old collapsed pipe - about 50 years
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Figure 4 slope of the study area

Factors controlling and impact of soil piping
1. Elevation
The elevation of the area significantly influences soil piping events. A detailed digital
elevation model of the present study area prepared in a high resolution using GPX (GPS
eXchange Format) obtained from google earth pro. The area under investigation located
in the upper midland region along the Western Ghats. The elevation of the study area
ranges from 80-300 meters above mean sea level. The area featured with a west-flowing
tributary of Chandragiri River and a flat topped mount of laterite in the south-east side.
They are superimposing soil piping events points with DEM indicating the affinity of
piping events with high elevations. Most of the points of soil piping occurred at the height
of 180-300 meters above mean sea level. Flow direction derived from contours of
elevation, also indicating a trend of soil piping events twinned with it.
2. Slope
A detailed slope map of the study area derived from DEM using Spatial Analyst Tools of
ArcGIS 10.3 in a high resolution. The general slope of the terrain ranges from 0.12 to 81
degrees. This range of slope value itself, indicating the irregularities and instability of the
surface topography of the area in focus. A flat table topped like topography observed
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through the slope analysis and coincidently all the soil piping and land subsidence events
occurred over this flat-topped surface above 180-meter height.
3. Climate
Kasaragod receives its maximum rainfall during southwest about 3500 mm annually. The
primary source of rainfall is SW seasonal wind from June to September which donates
85.3% of total rainfall of the year. Comibination of Continoues intensive rainfall,
elevation, slope and soil texture are the major factor of piping.
Conclusion
The study area has resulted numerous collapsed pipes within a small area. Detailed field
investigation help to detect collapsed pipes. From the study intense rainfall, soil
properties such as clay mineralogy, soil structure, topography (slope gradient), fluid flow
and land use and land management are the major factors controlling the development of
pipe networks. This study has confirmed that a wide range of slopes gradient (i.e. 0–810)
can be affected by piping erosion, The presence of a clay-rich lithological layer
(lithomargic clay) seems to be an important factor explaining the spatial distribution of
the collapsed pipes in the study area. Furthermore, the presence of high biological activity
under this land use may also enhance the vertical (earthworms although more research is
needed to confirm it. From the observation following major impacts by soil piping is
noticed such as 1) hydrological processes 2) soil ersosion 3)slope stability 4) new gully
formation these factors leads to landscape evolution in the piping area.More detailed
study is recommened in this study areaallow to prevent and control this soil degradation
process.
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Abstract
The newly emerged global pandemic COVID-19 caused by SAR-CoV-2 is the
major public health concern nowadays. Being an emergency service, the risks
associated with the veterinary health care sector including the professionals,
farmers and animal products handlers have been pronounced in Kerala.
Despite the risk of virus transmission, lack of transporting facilities, delay in
treatment of emergency cases, unavailability of expert veterinary service, feed,
medicines and logistics in remote places, difficulty in animal products
marketing due to customers hesitation were the major constraints during lock
down. The risk management at the veterinary professionals level included
general workplace hygiene, limit the number of presenting cases, social
distancing, cleaning, disinfection and signage, avoid group meetings, setting
practice policy for unwell staff, communicating new protocols to the public,
postpone elective procedures, surgeries, and non-urgent veterinary visits, use
of personal protective equipment kits, monitoring and evaluation of disease
prevention strategies and surveillance.The animal husbandry sector had a
crippled response to the initial phase of lockdown, but its vibrancy was
retained by promoting telemedicine, conducting online awareness classes,
webinars, farmers group formation on novel social media platforms, financial
support to farmers by providing cattle feed etc. The demand and production of
milk, meat and egg and their products were increased and the milk production
has increased by one lakh litres per day when compared to pre-lockdown
period. The existence of a strong dairy cooperative network, assured market
with good price, launching Ksheeradoodhan application for fetching higher
price for ‘Farm fresh milk’, innovative mechanization, coupled with value
addition have been the key factors driving the resilience of dairy sector
during the pandemic. The collaborative efforts of all researchers, policy
makers, farmers and public based on one health approach are needed for
ensuring veterinary public health, food safety, environmental heath and
efficient pandemic management.
Key words: COVID-19, risk, lock down, animal, public health, pandemic
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Introduction
The newly emerged global pandemic COVID-19 caused by SAR-CoV-2 is the major
public health threat nowadays. Its impact on the socio- cultural, economic, educational
and health sectors are not accountable. Being an emergency service, the risks associated
with the veterinary health care sector including the professionals, animal owners and
animal products handlers have been found to be pronounced in densely populated states
like Kerala.
The coronavirus pandemic created a drastic economic impact on veterinary practices,
with a reduction in turnover of 51%-75% at the height of the crisis (Vet partners, 2020).
The veterinarians play a vital role in emergency preparedness, response and recovery
efforts during and after the disasters and emergencies affecting man, whether it is a
natural, man-made, large or small because the animals are also involved along with
human (Cima, 2020). They promote and help in preparedness to limit the impact of
disasters on both animals and people which includes disease outbreaks in pets, livestock
and aquatic animals. It presents an enormous risks to essential veterinary healthcare
workers and communities they serve. This article draws on reflections risk, resilience, and
response of the veterinary health care sector during the COVID-19 pandemic in Kerala.
The first incidence of COVID-19 in India was from Kerala and it was confirmed in
Thrissur on 30 January 2020 (Narasimhan, 2020; Kerala defeats, 2020), with the lowest
case fatality rate in India (0.36%) compared to the national average of 1.55% (Covid-19
Body count, 2020). Kerala's success in containing COVID-19 has been widely praised
both nationally and internationally (Masih, 2020; Soutik, 2020). The government had
called for a lock down all over the state during the period from March to May. An
increase in number of cases have been noticed in March, followed by a reduction to less
than 0.25% per day by April 30. But, a second wave of new cases occurred in May due to
mass return of Keralites from outside the state and country. As of 7 October, there have
been 2,53,405 confirmed cases with 1,60,253 (63.23%) recoveries and 906 deaths in the
state.Thiruvananthapuram is the most densely populated district where occurs 16% of the
total confirmed cases in the state followed by Malappuram (11%), Kozhikode (10%) and
Ernakulam (10%) districts.
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Materials and methods
Collected the information regarding the pandemic management of veterinary health care
sector, the risk, resilience and response, development projects implemented in the field of
animal health care, animal welfare, livestock development, food safety, and public health
from different veterinary institutions in Kerala through phone calls, and from available
publications, articles (O'Sullivan, 2020) and newspapers.

Results and discussion
Despite the risk of corona virus transmission, lack of transporting facilities, delay in
treatment of emergency cases, unavailability of expert veterinary service, feed, medicines
and other logistics in remote places, difficulty in marketing of animal products due to
customers fear were the major constraints during lock down. The risk management at
the veterinary professionals level included general work place hygiene, limit the
number of presenting cases, cleaning, disinfection and signage, avoid group meetings,
setting practice policy for unwell staff, communicating new protocols in news papers
and social media, postpone selective procedures, surgeries, and non-urgent veterinary
visits, use of personal protective equipment (PPE) kits, monitoring and evaluation of
disease prevention strategies and surveillance. They adopted different ways of working
and treating animals by keeping social distancing measures. Reduced the number of
staffs, in order to protect vulnerable employees who are in self isolation and stayed at
home due to child care issues.
All the activities were coordinated by establishing control rooms at district levels.
Informed the local administration about livestock value chain operations and the
importance of ensuring the supply of feed and fodder. Documented adverse events, loss
faced by farmers, and other value chain players. Capacity building of officers to guide
farmers on alternative feeding strategies, home processing of excess livestock products,
use of home-based remedies etc. Reviewed the existing government facilities that can be
provided to the interested group of farmers to temporarily convert milk to solid products
besides providing the marketing assistance. Initiated immediate processing, storage,
transport-related training to select entrepreneurs interested in the home delivery of
livestock, supported the interested entrepreneurs so that they can sustain their endeavor
following a spike in demand. Identified major aggregators and facilitate whose activities
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maintained the supply chain and discussed with value chain critical players eg. hatchery
owners, breeder farms and feed suppliers to ensure the maintenance of production.
The district level veterinary officers has taken the responsibility of monitoring adverse
animal health-related events continuously, which in turn reported by the Panchayat level
veterinary officers. The fake news that can affect livestock business and welfare of the
farm, companion, and work animals were also reported by them. Efforts were taken to
maintain veterinary services accessible for needy farmers and animal owners and assist
them to plan for possible health events like birth of animals, vaccination and other
emergencies. Non-Governmental Organizations (NGO) and activists focused on
conducting a campaign for creating shelter, health support, feeding and identification of
street animals. Conducted a state level risk assessment and critical review of marketing
practices to undertake measures to mitigate the risk of exposure of humans and animals to
SARS-CoV-2 from the susceptible wild, livestock, companion, and aquatic animals.

When the entire nation continues to be under lockdown due to the Covid-19 pandemic,
the dairy industry has proved to be more resilient than many other sectors in terms of the
extent of supply chain disruptions. The dairy farmers, especially those connected to
producer-centric institutions continued to milk their cows and buffaloes, and sold the
surplus to the village level co-operative societies of MILMA. Milk was then pooled,
cooled, and transported to processing centres where it was pasteurised, packaged and
dispatched to thousands of marketing outlets, finally and distributed to millions of homes
(The financial express, 2020). Government at panchayat level took care of cows as all
family members tested positive.There had been various rumors among the peoples that
the corona virus can spread through the consumption of milk, meat and chicken.
However, the Centers for Disease Control & Prevention declared that transmission of
coronavirus is through direct contacts with humans and his secretions, not via livestock or
their products (CDC, 2020). Government of Kerala and the veterinary departments
published guidelines in order to prevent the pandemic.Milk production has increased by
over 1 lakh litres per day in the Malabar region during lock down and also the production
and demand for eggs and chicks have also been increased in this year. On an average, 2
lakh eggs were produced in government farms a month. It has increased to 2,47,654 in
July (Ramavarman, 2020). The presence of a strong cooperative network, sustained
efforts for disease control and innovative mechanization, coupled with value addition
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were the key drivers helped in the sector’s growth. The cooperative movement has played
a critical role in retaining the vibrancy of the animal husbandry sector as a whole,
especially the milk production. The milk cooperatives ensured that the farmers get an
assured market and a good price. The farmers have also launched their own marketing
networks through WhatsApp groups and other social media platforms, which also fetch
them higher price for fresh warm milk.The mobile App, Ksheeradoothan was developed
by Indian Veterinary Association, Mannuthy unit in association with Govt. Engineering
College, Thrissur, hich will help the consumer to find the producer in his locality.
Farmer’s friendly lecture series for the month of June and webinars were conducted by
Kerala Veterinary and Animal Sciences University, Kerala for creating awareness among
the farmers about the spread of corona virus and the animal husbandry practices to be
adopted during the COVID-19 scenario.
Conclusion
One Health approaches are the need of the hour to strengthen coordination and capacity
building for disease surveillance and control, epidemiology, stronger laboratories,
integrated information and communication management at state level. It helps to prevent,
detect and respond to the severe threat posed by COVID-19 and strengthen the disease
prevention, preparedness resilience and response.
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Abstract
The healthcare system has emerged from merely an individualistic treatment
based system to a public health system centuries back. Public health is defined
as ‘the science and art of preventing disease, prolonging life and promoting
human health through organized efforts and informed choices of society,
organizations, public and private, communities and individuals” (Acheson,
1988). Public health does not limit the scope of healthcare to medical
treatment rather the focus was spread across all spans of human life. Disasters
are always projected as unpredictable events which cause injury and death.
Hence disaster management was majorly focused on the emergency medicine/
healthcare aspect except in case of biological disasters or long lasting disasters
such as droughts. And hence the healthcare aspect of disaster preparedness is
majorly devoted to first responders training and hospital preparedness. But the
paradigm shift from disaster response to disaster prevention, mitigation and
preparedness, paved the way to focusing on understanding vulnerability
elements of disasters. Recent pandemic COVID-19, again brought back focus
of emergency care during disasters to the non-medical aspects of healthcare
such as social factors of gender, race, income and occupation, health literacy,
accessibility to healthcare systems etc. While emergency medical care is
extremely important in the post disaster phase, the public health system will
help to understand and reduce the vulnerability aspects and thereby help to
reduce disaster risk. Public health and Emergency medicine intermingle across
four general core areas i.e., accessibility to healthcare systems; surveillance of
diseases, injury and health risk; delivery of preventive medicine and the
development of policies to protect and improve the public’s health (Steven L.
Bernstein, 2008). In this paper each of these elements are examined in detail in
the context of recent disasters including COVID-19 to understand how public
health investments in the long run helps in better management of emergency
medicines.
Keywords: Covid 19, Vulnerability, Medical, Emergency
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Introduction
Disasters are incidents which cause harm to the community affected. They are of various
types- sudden and slow onset disasters, predictable and unexpected events, natural and
anthropogenic etc. Even though disasters are incidents or events, the root cause or the
dynamic factors behind these disasters are complex. Vulnerability elements including
physical, social, economic vulnerabilities decides the intensity of the disasters in any
community (Ben Wisner, 2004).
The impact of disasters in healthcare system includes disruption of functioning of
hospitals, disruption of public health services including safe drinking water,
environmental health issues such as contamination of wells, mental health impact and
inadequate nutritional supply to people. All these impacts depends on the nature of the
disasters and have their own set of negative outcomes in long term.
Disaster Management is a multi-Sectoral subject in which all departments or sectors
including health, civil administration, law and order, transportation, food supply etc. have
very relevant roles to play. Health sector is one of the most important sector in disaster
management. An appropriate healthcare system in a community will help to increase the
resilience of a community.
Emergency Medicine is one of the key department that is affected by unpredictable
sudden onset disasters. Also it is where the injured victims of disasters are first taken into.
Emergency Medicine is the medical specialty with the principal mission of evaluating,
managing, treating and preventing unexpected illness and injury. During disasters
emergency medicine includes transportation of the patients from the disaster site to
hospitals, onsite or offsite triage and treatment of the patients for their injury. The
supporting functions includes communication of the incident and its intensity to the
healthcare system, arrangement of sufficient infrastructure facilities for the patients,
increasing the beds to the surge capacity of the hospital, referring the patients if needed to
specialist secondary or tertiary care centres etc. This is done by the administrative section
of the hospital. Appropriate administrative management is needed for rapid arrangement
of such facility. Training of the administrative staffs towards emergency preparedness
including hospital emergency or disaster management plan is very crucial.
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Public health is the science and art of preventing diseases. Public health is defined as the
science of protecting the safety and improving the health of communities through
education, policy making and research for disease and injury prevention (University of
Pittsburgh, 2020).Public health in disaster management includes needs assessments,
matching available resources with defined needs, prevention of further adverse health
effects, implementation of disease-control strategies, evaluation of the effectiveness of the
application of these strategies and improvement in contingency planning for future
disasters (Noji, 2000).
Public health and Emergency Management have recently emerged into Public Health
Emergency Management. This new sector widens the scope of medical care during
disasters. Public health have other important roles in disaster management which includes
safe drinking water, nutritional support to pregnant women, lactating mothers and
children, maintaining sanitation and hygiene etc. Also the social determinants of health is
also directly interrelated to the social vulnerability of disasters. But since this paper
focuses on the importance of public health interventions in Emergency preparedness these
topics are not discussed here.
Methodology
This is a qualitative study with a content analysis approach. The study is exploratory in
nature. This paper is prepared by using secondary data sources. The data regarding
Emergency Medicine and Public health was collected from various journals, articles,
website reports, media reports, books and reports including National Health Profile 2019.
Qualitative methodology is used to understand the linkages between Public health,
emergency medicine and disaster management.In depth analysis was done to comprehend
the topics. The obtained data were interpreted and analysed as much as possible.
Public health and Emergency Medicine linkages
Public health and Emergency medicine intermingle across four core areas i.e.,
accessibility to healthcare system; surveillance of diseases, injury and health risk;
delivery of preventive medicine and the development of policies to protect and improve
the public’s health (Steven L. Bernstein, 2008). Each of these four areas are analysed with
the examples of recent disasters and the linkages between public health and emergency
medicine is explored. Examples of Vishakhapatnam gas leakage incident, Puttingal fire
accident, COVID-19 and Nipah virus infection is examined in the paper.
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1. Accessibility to healthcare system
Accessibility to healthcare system includes availability of healthcare facilities, availability
of medical resources including human resources and materials, physical access to the
healthcare centres, affordability, quality of the healthcare services etc. During sudden
onset disasters it is important to have sufficient healthcare facilities to manage the injured
people. There should be communication facilities, well networked ambulance services,
hospitals with emergency medicine facility etc. during these incidents. Ensuring
appropriate bed capacity, ventilator capacity, doctors and paramedical staffs for
population is a public health concern. If appropriate number of healthcare facilities are
not available in the nearby areas of a disaster, the transportation of patients to faraway
places for emergency medical support may even cost the life of disaster victims.
Puttingal fire accident happened on 10th April 2016 at around 3.13am. The incident
occurred in Puttingal Temple in Paravur, Kollam, Kerala, India. Even though the incident
happened at midnight, the District Medical Officer (Health) team and the district
administration acted swiftly and the hospitals were prepared to accept the fire accident
victims in no time. The patients were shifted to nine private hospitals and three public
hospitals in Kollam district itself. Among these four hospitals were within 10-12 Km
radius from the accident site (Sreenidhi Sreekumar, 2017). About 67.5% of victims were
treated in the private hospitals and 32.5% patients were treated in Government hospitals
in the district. For tertiary care, the most critical patients were shifted to Medical College
Hospital, Thiruvananthapuram after triaging and providing basic first aid and after
stabilizing the patient at hospitals in Kollam district. Within 17 minutes of the incident,
i.e., by 3.30 am, the Medical College Hospital, Thiruvananthapuram was alerted by the
District Medical Officer (Health) Kollam. On receival of the information on fire cracker
incident, the Medical College Hospital arranged additional facility in Casualty and
additional staffs were also deployed. Two separate wards were arranged for
accommodating victims of the accident and three Operation Theatres were reserved for
performing emergency surgery for the critically injured patients (Sreenidhi Sreekumar,
2017)
Availability of nearly twelve hospitals near to the accident site itself shows the
availability of sufficient healthcare facilities in the district. Even when the patients were
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needed to be shifted to a tertiary care hospital for Emergency Medical Care, the
supporting functions of transportation and communication were prompt which shows the
administrative preparedness of the healthcare system.
After the initial rescue phase a 24 hour medical camp was started near the accident
location for follow up care by the District Medical Office (Health) team. ENT surgeons,
Psychiatrists etc. were posted in the area for additional support.
A team was formed with Accredited Social Health Activists (ASHA) and Junior Health
Inspectors (JHI) for field surveys. This team performed the public health door to door
surveillance for checking the health of the affected population. They also were used to
assess the drinking water quality of the region. It was found that about 200 wells were
contaminated by the accident. Hence drinking water was supplied to the region using
water tankers. This helped to prevent additional outbreak of diseases due to the
consumption of contaminated water. The whole process of follow up treatment and
additional support to the victims and other public health aspects such as ensuring safe
drinking water in long run helped the health department to prevent further cascading
disaster.
During COVID-19 pandemic, the world faced shortage of healthcare infrastructure and
resources including trained human resource. The disease was considered as a public
health emergency and The World Health Organization (WHO) declared the COVID-19
outbreak as Public Health Emergency of International Concern on 30 January 2020 and a
pandemic on 11 March 2020. About 40% of the patients are asymptomatic and still the
sheer number of infected population makes the disease a major concern for Emergency
Medicine department along with Public Health department. The mortality rate of the
disease depends on many factors including age, existence of comorbidities etc. But it also
depends on the health infrastructure available in a region. When the Emergency Medicine
department get overloaded or exceeds its capacity, the mortality rate increases. The
vulnerable population includes elderly, people with pre-existing conditions such as
diabetes, hypertension, heart disease etc. As per the National Health Profile 2019, the
elderly population of India is 8.2 percent. But in Kerala the elderly population is much
above the national average and the highest in India which is 13 percent (Ministry of
Health & Family Welfare, Government of India, 2019). As per National Programme for
Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases and Stroke
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(NPCDCS) report, the prevalence rate of these non-communicable diseases are high in
Kerala which is a vulnerability factor of COVID-19.This statistics helped the health
department to prepare for the worst case scenario.
During the community spread phase of the disease, patients who becomes critical ill and
who needs ventilator support increases substantially. This could be overcome by proper
planning and arrangement of infrastructure for accommodating more patients. The
administrative responsibility of increasing the bed capacity beyond the surge capacity,
was demanded during COVID-19 times.
2. Public Health Surveillance
Surveillance of diseases, injury and health risk is an area to be focused on examining the
relation between public health and emergency medicine. Public health surveillance has
been defined as the ongoing systematic collection, analysis, and interpretation of data on
specific health events affecting a population, closely integrated with the timely
dissemination of these data to those responsible for prevention and control (Stephen B.
Thacker D. F., 1994). Surveillance could be for both communicable diseases as well as
non-communicable disease. The surveillance are done both actively and passively. These
surveillance could be used to understand the disease or accident pattern in a region. This
helps the Emergency Medicine department to better prepare for such diseases or
accidents. Also public health interventions will help to reduce the disease in the area and
thereby reduce the disease burden in the hospitals and also it helps in better policy
making to tackle the issue (Shawn M Varney, 2006). Nipah outbreak in Kerala, India is
an example of how passive surveillance of patients arrived at Emergency Medicine
department triggered an active surveillance to lookout for patients by contact tracing. On
19 May 2018, a Nipah virus disease (NiV) outbreak was reported from Kozhikode district
of Kerala, India. This outbreak is the third Nipah virus outbreak in India. There were 17
deaths and 18 confirmed cases, with a mortality rate of 89%. The two affected districts
were Kozhikode and Malappuram. After the diagnosis of the case as Nipah infection, the
district administration and the Health department focused on active surveillance of
contacts. Those primary and secondary contact cases were quarantined and were
monitored. This way the disease spread was contained. Nipah viral infection is a
potentially fatal viral infection which can cause encephalitis. The mortality rate of Nipah
across world is 50 to 75%. Hence it is important to contain the disease in the early stage
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itself. Environmental Public Health focus on Hazard Surveillance and Exposure
Surveillance. Hazard surveillance is the "assessment of the occurrence of, distribution of,
and the secular trends in levels of hazards (toxic chemical agents, physical agents,
biomechanical stressors, as well as biological agents) responsible for disease and injury."
Exposure surveillance is the monitoring of individual members of the population for the
presence of an environmental agent or its clinically in apparent (e.g., subclinical or
preclinical) effects (David H. Wegman, 1988). Hazard Surveillance check for the
hazardous material or hazard, its exposure and the health outcome or the negative impact
of the hazard on health (Stephen B. Thacker D. F., 1994). Here the Hazard Surveillance
is very important in the context of Chemical, Biological, Radiological Nuclear (CBRN)
disasters. Environmental Public Health surveillance helps to identify the environmental
issues in an area such as chemicals, toxic gases etc. which could lead to disasters. Its
relevance was researched in the Endosulfan incident in Kasaragod, Kerala and the
resultant health implications for people living in the area. Hazard Surveillance in areas
near to factories or industries helps the district administration and nearby hospitals to
better prepare for health emergencies due to exposure of toxic substance from nearby
factories.
The recent Visakhapatnam gas leak accident which occurred in LG Polymers Chemical
Plant in RR Venkatapuram village near Visakhapatnam, Andhra Pradesh could be cited as
an example on the importance of Hazard Surveillance. The incident occurred on early
morning hours of 7th May 2020 during COVID-19 lockdown period. The vapours of
Styrene, a chemical was leaked from the factory and spread across 3 Km radius affecting
many villages. In the incident 11 people died, more than 20 people were in critical
condition in hospitals and more than 1000 people were affected (CNN, 2020). A detailed
hazard surveillance could have helped to understand the risk and the nearby hospitals
could have better prepared for any accident in the chemical factory. The hospitals near to
factories can store antidotes for the chemicals that are used, prepared or stored in the
industries.
3. Delivery of preventive medicines
Prevention is defined as the actions aimed at eradicating, eliminating or minimizing the
impact of disease or disability. Preventive healthcare system is traditionally 4 typesPrimal, Primary, Secondary and Tertiary. Among these Primal, Primary and Secondary
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levels are presently considered as preventive medicine as the tertiary prevention denotes
treatment which is after the onset of the disease or its symptoms. Tertiary prevention
focused on individuals rather than on the community. Primal or Primordial prevention are
the measures that prevents the emergence of risk factors in the form of social,
environmental, economic and behavioural conditions. Primordial prevention targets the
underlying stage of natural disease by targeting the underlying social conditions that
promote disease onset. (Kisling & Das, 2020) For example prevention of obesity,
hypertension etc.
Primary prevention targets both community and individuals. Through primary prevention
the individual or the community will be prevented from the risk of exposure to the
disease. Also the immunity of the individuals could be increased towards certain diseases.
Example immunization for communicable diseases. Secondary prevention focus on
disease detection at early stages.
Primordial preventive interventions are the vulnerability elements of society. It could be
achieved by improving the social determinants of health. Ensuring the minimum wages or
providing nutritional supplements to children through Anganwadi etc. would prevent
malnutrition among children. Hence an intervention at the policy level for improving the
socio-economic- environmental condition of the community will help to prevent diseases
and thereby reducing the disease burden on Emergency Medicine department.
During initial phase of COVID-19 with the available knowledge on novel Corona Virus,
hand hygiene was promoted across the world by all health agencies including World
Health Organisation. Primary prevention method of hand washing with soap for more
than 20 seconds or using sanitizers were propagated across the globe. Later with new
research reports, use of masks and social distancing was encouraged. Information,
Education and Communication materials regarding the same was circulated. Community
awareness was created using different methods and languages suitable for each place.
Lock down was imposed all across the world at various stages and with varying
restriction. All economic activities were slowed and virtual mode of meetings were
encouraged as part of primary prevention towards COVID-19.
‘Break the chain’ campaign initiated by Government of Kerala helped to install hand
washing facilities in every nuke and corner of the state. Repeated campaigns through
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television, radio, public address system and through the daily press meet by the Chief
Minister of Kerala made the message reach every person in the state. This helped to slow
down the disease spread along with other public health measure such as tracing, testing
and treating. After diagnosing a person as COVID positive, his or her contacts both
primary and secondary are traced to limit the spread of the disease.
All these activities were done in order to slow down the spread of the disease. The
pandemic overwhelmed the healthcare system in the world. Both developed countries and
developing countries struggle to meet the need of Emergency department. Even though
the mortality rate of the disease was comparatively less, the large number of patients
increased the actual number of people died due to disease. As per an estimate by
Princeton University, the total number of hospitals in Kerala is 3342 of which 1280 are in
public sector and 2062 belongs to private sector. They reported that there are 38004 beds
in public sector hospitals and 61223 beds in private sector hospitals with a total of 99,227
hospital beds available in the whole state. There are 1900 ICU beds available in public
sector hospital in Kerala, 3061 ICU beds in private sector and 4961 total ICU beds
available in the Kerala As per the report 950 and 1531 ventilators are available in public
and private sectors with a total of 2481 ventilators in the state of Kerala. The efforts to
capture the infrastructure availability in the state helped to understand the preparedness
measures the state mechanism has to undertake during the peak days of the pandemic.
This helped to increase the bed capacity and increase ICU and ventilator facility in
hospitals in Kerala when the cases were showing in increase trends.
4. Drafting of policies
In order to support the Emergency Medicine department and to reduce the disease load of
patients in hospitals, policies were drafted to control disease. Drafting of policies help
health department as well as government to undertake necessary steps to control the
diseases especially when it is a wide spread epidemic or endemic or epidemic with more
fatality rate like Nipah or in case of pandemic situations.
When it comes to the drafting of policies to protect and improve the health of public,
COVID-19 is the right example. Identifying the issues with managing pandemic,
Government of Kerala drafted theKerala Epidemic Diseases Ordinance, 2020 and Kerala
Disaster and Public Health Emergency (Special Provisions) Ordinance, 2020. According
to the Kerala Epidemic Diseases Ordinance, the state government may notify any disease
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as an epidemic disease if the State Government is convinced that there is a disease
outbreak in the whole state or any part of the state. Kerala Disaster and Public Health
Emergency (Special Provisions) Ordinance, 2020 was promulgated by the Governor of
Kerala on the 30th day of April, 2020. The Kerala Disaster and Public Health Emergency
(Special Provisions) Ordinance 2020 empowered the State government to defer the salary
of an employee by an amount not exceeding one-fourth of the total monthly pay, for
managing a situation arising out of a disaster or public health emergency.Kerala Disaster
and Public Health Emergency (Special Provisions) Ordinance, 2020 was promulgated by
the Governor of Kerala on the 26th day of March, 2020. Later the Ordinance was
amended on July 3, 2020. If booked for violating Kerala Epidemic Diseases Ordinance,
2020, any person, institution, or company whodisobeys this Ordinance or obstructs any
officer empowered under this Ordinancemay be punished with imprisonment of up to two
years or a fine of up to Rs.10000 or both. Abetting an offence will be also punishable
with imprisonment of up to two years, or a fine of up to Rs.10000 or both. All offences
will be cognisable (person may be arrested without warrant) and bailable.Later the
amendment Ordinance permits offences under the principal Ordinance to be compounded
either on the application of the accused before the prosecuting institution or with the
permission of the concerned court, upon payment of a fee (Government of Kerala,
2020). On examining these it is clearly viewed that the public health efforts to draft the
policy document if implemented properly will help to contain the disease and will reduce
the disease burden in emergency medicine department.
Conclusion
Disaster Management an emerging field is currently advancing from rescue- reliefrecovery centric to a paradigm shift of disaster preparedness and mitigation and more
advanced to incorporating disaster management elements to development sector in order
to prevent hazards or minimize the intensity of disasters. Even though emergency
management is an unavoidable part of disaster management, public health measures
towards disaster risk reduction will help in proper management of health requirements
during disasters. Public Health measures such as disaster preparedness by health
department and preparation of Hospital Disaster management Plan will help emergency
medicine department to tackle the patient surge during disasters. Public Health measures
will increase resilience of the population which in turn will support the Emergency
Medicine Department.
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Abstract
Fluvial (orriver) sediments filling ancient river channels are known as paleochannels. Paleo Channels are broad erosion channels into a basement that
underlies a system of depositional sequences and contain several episodes of
deposition and represent meandering peneplain streams. This is the first report
of a prominent Paleo-Channel delineated from the midland region of Pamba
River Basin using various methods such as Remote Sensing, GIS, and fieldbased studies. The interdisciplinary approach of this study proved to be
successful tools for understanding, mapping, and determining the accurate
dimensions of the paleochannel. Geomorphological features and advanced
technologies such as infrared Landsat images were used to delineate the
paleochannel, oxbow lake structures, paleo-depositional and erosional
surfaces. Digital Elevation Model and normalized difference vegetation index
is also used to map paleo-river. Morphological characters such as channel
width and sinuosity index were studied. For sedimentological
analyses,sediment cores from the channel were taken, and geobotanical
evidences were also collected. Sedimentological analysis of collected core
samples helped to identify the type, mechanism of transfer, and deposition
environment of sediments from the various depth of the channel. Based on the
above data, it is concluded that the identifiedpaleochannel was a small
tributary of the river Pamba.
Keywords:Paleo-Channel, Geobotany, Remote Sensing (RS), Geographic Information
System (GIS), Sedimentology and Pamba
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Introduction
Fluvial sediments filling ancient river channels are known as paleo-channels (Jaireth et
al., 2010). Paleo-channels are remnants of stream channels cut in older deposits and filled
by younger overlying sediments representing the distribution of valley systems as these
existed at given geological time in the past (Zankhna & Thakkar, 2014). Paleo-channels
can most easily identified as broad erosional channels into a basement which underlies a
system of depositional sequences which may contain several episodes of deposition and
represent meandering peneplain streams (Twidale, 2004). They can be defined as
conserved aggregated geologic remnants of an ancient river or stream channels that have
ceased surface flow activity, although many remain active sources of groundwater and
subsurface water transportation (Vervoort & Annen, 2006; Mohammed-Aslam &
Balasubramanian, 2010). Remote Sensing techniques are one of the appropriate methods
for the identification of ancient river channels (Rossetti, 2007). Geological and
geomorphological settings are often taken into account when choosing a strategy in
paleochannel investigations (Karmanov, 2013; Arun & Prasad, 2016; Narayana, 2014).
Palaeochannels are recognized and broadly inspected since the first 19th century by
scientists utilizing various methods (Bridge, 1985). Paleochannels typically act as
pathways for groundwater movements and supply a possible source of groundwater. Their
presence will benefit from identifying areas suitable for recharge and now and then in
mitigating contamination difficulties in suffering regions(Ethridge and Schumm,1977).
They are wealthy in sand and placer deposits, and the studies on the geological process
that control the inception of paleochannels are critical. Additionally, the mapping of
paleochannels is essential within the organizing and management of groundwater
resources (Subash Chandra et al., 2019). The objective of this work is to identify
apalaeochannel in the Edayaranmula region of Pamba river basin, Pathanamthitta, Kerala.
Pamba River is the third-longest river in the state of Kerala. The river is originated at
Pulachimalai (Westernghat) and end at Vembanadu Lake and Thottappalli spillway.
There is a necessity to establish a precise methodology for identification and mapping of
palaeochannels by make utilization of Remote Sensing as a powerful tool. Only limited
paleochannels were delineated in Kerala. The identification of Paleo-channels has a broad
range of applications like in, flood hazard zonation, geoarchaeological studies and studies
and selecting appropriate water potential of the area

K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

318

Study Area
The study area Edayaranmula located in Pathanamthitta district of Kerala lies between
North latitude 9°19' 30" and 9° 20' 0" and East longitude 76° 39' 30" and 76° 40' 0"
(Figure 1). The mapped area comprises of an area about 5 km2. Geologically the region is
underlined by Recent sediments. The basement formations consist of charnockite Group
of Archean age and intrusive acid rocks of Proterozoic age. Deposits filled in the flood
plains and valley fills are mainly of Cenozoic aged fluvial deposits.

Figure 1. Study area map
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Methodology
Preliminary identification of paleo-channels was carried out utilizing Google Earth Pro.
Detailed fieldwork carried out and tried to identify the morphological patterns of a river
like meandering curves, oxbow lake, flood plain, other erosional and depositional
features. A detailed geomorphological map of the study area prepared using WMS layer
of Bhuvan.

Figure 2. Identified morphological structures such as meandering patterns, oxbow lake,
point bars, and other erosional/depositional features.
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Figure 3. Geomorphology of the study area.
Result and Discussion
Remote sensing methods proved to be the most prosperous way to study geomorphology.
Remote sensing techniques will facilitate us to identify prominent morphological features
of the earth's surface and quantify significant changes in it. As a preliminary
identification, High-resolution satellite images of Google Earth Pro were used for this
study. The possible river patterns and other features that suggest a paleochannel with
drying conditions were identified in the study area (Figure 2). A channel-like feature
without flowing water identified in the study area. Morphological characteristics of a
river such as meandering curves, oxbow lake, flood plain, crevasses splay, point bar, and
other erosional/depositional features were delineated. The morphological features and
absence of water flow from remote sensing techniques suggest a paleochannel.
Geomorphologically, the area characterized with features of fluvial origin, active flood
plains,

denudational

origin-pediment-pediplain

complex,

and

water

bodies.

Geomorphology of the study area is presented in figure 3. The topography, vegetation,
sand type, presence of water marks etc. found in the study area conform the paleochannel.
The banks were situated about one to two meters above the paleochannel. The entire
channel comprised of about 2.5 Km length and 10 to 20 m width and still preserves some
ponds and water bodies within it. All the geomorphic features identified from the remote
sensing methods are located in the field.
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Conclusions
The presence of a paleochannelis demarcated in the midland region of the Pamba river
basin at the Edayaranmula area of Pathanamthitta district, Kerala. The channel existed as
a small tributary of Pamba and was located in between North latitude 9 °19' 30" and 9°
20' 0" and East longitude 76° 39' 30" and 76° 40' 0". The channel is situated in the
southern part of the main Pamba River. Later the course of the main River would have
changed and the connection of this channel might have cut from the main River. The
identification of paleo-channels has a broad range of applications like in flood hazard
zonation, potential site for sand

and identifying appropriate sites for artificial aquifer

recharging. Studies like advanced remote sensing applications of multispectral bands,
sedimentological analysis of grain size and surface texture, geo-botanical investigation,
geophysical surveys, morphometric analysis etc. are being carried out. More pieces of
evidence that proving current channel is a paleochannel will also lead to
establishinginterdisciplinary methods can be utilized as successful gears for
understanding, mapping, and determining the precise dimensions of geological features
like a paleochannel.
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Introduction
The United Nations (UN) and the World Health Organisation (WHO) have praised
India's response to the pandemic during the initial stage as 'Comprehensive and robust,'
terming the Lockdown restrictions as aggressive but vital for containing the spread and
building necessary healthcare infrastructure. On gradual opening of lockdown, the
pandemic state is not the same in fact we will be leading the nation as far as COVID
count is concerned. The figures registered in India, as on 12 June 2020 is 4.28 M out of
which fatalities are 72775. The constant rise in numbers and Peak is not in sight, this is
a cause of concern.
Background
India’s first patient was detected at Kerala on 30 Jan 2020, a student who had travel
history and no further cases were reported in the month of February. In March, the
transmissions grew after several people with travel history to affected countries, and
their contacts, tested positive. The first National Lockdown was announced on 22
March 2020, followed by a series of lockdowns over the past five months. NDMA
issued advisories and guidelines for preventing/arresting the spread of Corona.
Understanding the Threat
A pandemic is the worldwide spread of a new infectious disease, to which people have
little or no immunity. In the present context it relates to CORONA virus.
Pandemic Phases : Pandemic too has phases in its life cycle. The spread of such
infection in the country and region is continuously monitored by the WHO; this forms
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the initial phase when this spread covers more than one region, WHO initiates Alert.
This forms the 4th phase of Pandemic- Declaration of Pandemic. The 5th and 6th phase
is the active phase when the concerned countries respond to Pandemic, to reduce
morbidity and mortality and the 7th phase/ Post peak phase starts when the spread is
effectively arrested and numbers start reducing. The last phase is transition from
Pandemic to normalcy.
Responding to Pandemic : Considering this as an L3 disaster, National Executive
Committee (MHA) issued an order dated 28 Mar 2020, to implement containment
measures. As per National Plan directions were given regarding appointing Executive
Magistrates as Incident Commanders. The Incident Commanders were made
responsible for the overall implementation of preventive and mitigation measures.
Probably these orders were based on the presumption that as per National policy and
National plan for the management of Disaster (COVID), functionaries down the chain
will implement IRS. In most of the cases orders were implemented strictly as per the
wordings and Incident commanders were nominated by district collectors, however,
whether IRS was implemented or not needs verification. Notwithstanding, this paper
brings out how the IRS can be used in COVID situation.
IRS in Pandemic
As per National Policy on DM there is a need to adapt IRS at state and District level
and IRTs need to be created at each level. The National Plan also mentions that these
IRTs need to act as responders to any disaster. Indian Government decided a National
response strategy for responding to COVID 19, and for that 11 Emergency Support
Functions (ESF) were identified and created/formed at national level vide NEC order
dated 29 Mar 2020, to deal with different issues like health and medical preparedness,
response, and recovery activities.
State Level Activities
As per provisions of DM Act 2005, State Executive Committee will be responsible for
management of disasters within the state. The Chief Secretary of the state will act as
RO. He shall function from state EOC along with ESFs, preferably ESFs to be in line
with National level ESFs. Area Command or Unified Area Command can be formed at
Divisional level, under Divisional Commissioner (functioning from Division EOC) and
under Area Command there will be District/ Municipal Corporation IRTs (functioning
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from District/ Municipal Corporation EOC). In COVID situation there is a need to have
Fusion Centers within IRTs at Branch/Division (if the containment area is small) level
for better information assimilation, and coordination. These fusion centers can function
as command posts for Branch/Division and have access to all decision making tools.
Conclusion:

Incident Command system (IRS in India) is widely implemented for

management of incidents or events whatever be its magnitude. For management of
pandemic, considering the principles and features of IRS, it would have been an
efficient and effective management tool.
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Abstract
Nipah virus infection (NiV) is an emerging highly pathogenic zoonotic
disease, outbreaks of which have been reported from South East Asian
countries.
The
virus
belongs
to
the
genus Henipavirus and
subfamily Paramyxoviridae. The natural reservoirs of the virus are fruit bats of
the genus Pteropus, and the virus has been isolated from bat urine and partially
eaten fruits in Malaysia. Human infection begins with fever and brain
inflammation leading to disorientation or coma. Some patients present with
acute respiratory distress syndrome and mortality ranges from 40% to 70.
Outbreaks of NiV have been reported from Malaysia, Singapore, Bangladesh,
and India. The outbreaks in Bangladesh and India were linked to consumption
of fresh date palm sap contaminated by fruit bats. Eighteen confirmed cases
were reported from the districts of Kozhikode and Malappuram with high
mortality and person-to-person transmission. This study is an attempt to
analyze the outbreaks of Nipah virus in south east Asian countries with
respect to place of origin, transmission, and comparison of prevention and
controlling strategies and activities with due concern to Kerala scenario.
Zoonotic diseases can also be transferred from animals to humans through
insects that act as a "middle-man," or vectors for the disease-causing agent.
Nipah virus (NiV) is an RNA virus belonging to family Paramyxoviridae.
Fruit bats act as natural reservoir of Nipah viruses and among various
outbreaks documented from different geographical parts of the globe these
bats have been associated in one or other way for transmission of the virus and
associated infection. This study was done to describe outbreaks of Nipah virus
in south east Asian countries with respect to place of origin, transmission, and
comparison of prevention and controlling strategies and activities with due
concern to Kerala scenario. It also aims at understanding the lessons learned
from Nipah virus outbrake in Kerala, and how it helped in the management of
Covid-19 Situation.
Keywords : Nipah, Zoonosis, Prevention, Bengladesh, Malaysia, Philippines, Covid
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Introduction
Nipah virus (NiV) is an emerging bat-borne pathogen. It was first identified 20 years ago
in Malaysia and has since caused outbreaks in other parts of South and Southeast Asia. It
causes severe neurological and respiratory disease which is highly lethal. It is highly
infectious and spreads in the community through infected animals or other infected
people. Different strains of the virus show differing clinical and epidemiological features.
Rapid diagnosis and implementation of infection control measures are essential to contain
outbreaks. A number of serological and molecular diagnostic techniques have been
developed for diagnosis and surveillance. Difficulties in diagnosis and management arise
when a new area is affected. The high mortality associated with infection and the
possibility of spread to new areas has underscored the need for effective management and
control. However, no effective treatment or prophylaxis is readily available, though
several approaches show promise. Given the common chains of transmission from bats to
humans, a One Health approach is necessary for the prevention and control of NiV
infection. Nipah virus (NiV) is an RNA virus belonging to family Paramyxoviridae. It
belongs to the genus Henipavirus which also contains Hendravirus (HeV) and the
recently described Cedar virus. Bats are the natural reservoir of Henipaviruses. While
Cedar virus has not been found to be pathogenic to any animal, NiV and HeV cause lethal
neurologic and/or respiratory disease. NiV is one of the pathogens on the WHO priority
list of pathogens likely to cause outbreaks needing urgent research and development
action . It first emerged in Malaysia in 1998 and has since caused several outbreaks in
South and Southeast Asia. NiV is highly pathogenic to a broad range of mammals and is
considered to have pandemic potential due to its zoonotic as well as person to person
transmission. The reservoir of infection, Pteropus bats, have a worldwide distribution. It
is likely that new areas where they reside will be the location of spillover events in the
future. A recent outbreak in a new geographical area in Kerala, India is just the latest such
event. Research into this disease has been hampered by the relatively small number of
cases as well as difficulties in diagnosis. NiV is classified as a Biological safety level 4
(BSL 4) pathogen and access to such laboratories is limited in many countries. Research
into epidemiology, modes of transmission and potential prevention and control strategies
is needed urgently.As of 17 July 2018, a total of 19 Nipah virus (NiV) cases, including 17
deaths, were reported from Kerala State: 18 of the cases were laboratory-confirmed and
the deceased index case was suspected to have NiV but could not be tested. The outbreak
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was localized to two districts in Kerala State: Kozhikode and Malappuram. No new cases
or deaths have been reported since 1 June 2018 and, as of 30 July, human-to-human
transmission of NiV has been contained in Kerala State.As reported in the Disease
Outbreak News published on 31 May 2018, three deaths due to NiV infection were
reported on 19 May from Kozhikode District, Kerala State. Three of the four reported
deaths were confirmed positive for NiV by real-time polymerase chain reaction (RTPCR) and IgM ELISA for NiV.Two patients recovered completely and were discharged
from the hospital. Acute respiratory distress syndrome and encephalitis were observed
among the patients infected. This was the first NiV outbreak reported in Kerala State and
the third NiV outbreak known to have occurred in India; the two previous outbreaks
occurred in the state of West Bengal in 2001 and 2007.For preventing future NiV
outbreaks, a continuous surveillance in the area of human health, animal health, and
reservoir hosts should be carried out to determine the prevalence and to predict risk of
virus transmission in human and swine populations. Successful accelerated development
of preventive vaccines and therapeutic antibodies or antivirals are need of the hour to
control the spread and treat the infected patients during an outbreak. Collaborative efforts
such as CEPI and biotech companies will accelerate the vaccine or therapeutic
development for NiV. The World Health Organization (WHO) has defined Zoonotic
diseases, as those diseases and infections, which are naturally transmitted between
vertebrate animals and man, and infections that are shared between vertebrates and man.
The zoonotic diseases include viral (rabies, yellow fever, influenza, Kyasanur forest
disease, etc.), bacterial (anthrax, brucellosis, plague, leptospirosis, salmonellosis, etc.),
rickettsial (tick typhus, scrub typhus, murine typhus, etc.), protozoal (toxoplasmosis,
leishmaniasis,

trypanosomiasis,

etc.),

helminths

(hydatid

disease,

taeniasis,

schistosomiasis, leishmaniasis, etc.), fungal (histoplasmosis, cryptococcus, etc.) and
ectoparasites (scabies, myasis, etc.). According to the WHO, zoonotic diseases in South
East Asia are grouped as endemic, re-emerging, and emerging diseases with epidemic
potential.
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Figure.1 Acceleration of Zoonoses
Direct contact with animals is the easiest way for diseases to spread from animals to
humans, such as through petting, handling or getting bitten or scratched by an animal.
People who work in the livestock industry or in animal care industries (zoos or
aquariums, for instance) are more susceptible to exposure to zoonotic diseases because
they're often in direct contact with animals. Domestic pets can also be a direct source of
exposure, as can wild animals that come in contact with hunters. (Pulliam et al.
2012).Spending time in areas where animals live can lead to indirect exposure to zoonotic
disease agents through contact with water or surfaces that infected animals have also
come in contact with. Some zoonotic germs can even contaminate the air we
breathe. Hantaviruses for instance, are a family of viruses spread by rodents, but rarely
through direct contact. Instead, the viruses are more often spread in aerosolized bits of the
rodent's infected fecal matter, Han told Live Science. For example, people sweeping out
their sheds after a long period of time may inhale dust contaminated with infected fecal
particles from mice. (Chua et al. 2002).
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Figure.2 Transmission of Nipah Virus
Bats serve as reservoir hosts for several high risk pathogens, including Nipah, rabies and
Marbug viruses. Such viruses are not associated with any significant pathological changes
in the bat population (O’Shea et al. 2014; Schountz 2014). Detailed studies are needed to
understand the mechanisms of NiV transmission from bats-to-pigs, pigs-to-man, and from
date palm sap to human and viral circulation between fruit bats, pigs and human beings.
Fruit bats act as natural reservoir of Nipah viruses and among various outbreaks
documented from different geographical parts of the globe these bats have been
associated in one or other way for transmission of the virus and associated infection
(Clayton et al. 2016; Yadav et al. 2018). From bats, the virus has crossed its speciesbarrier frequently to several other species including man through spilled over
transmission, but with limited transmission from person to person thereafter (Gurley
et al. 2017). Transmission of NiV to man occurs mainly in places where man, pigs and
bats come in close proximity. People rear pigs for economic benefits and fruit bearing
trees are also cultivated in and around the farm for shade. Bats of Pteropus spp. which are
NiV reservoirs, are attracted by the fruits, hence NiV gets spilled over to pigs/animals and
also to man. Infected pig meat travels across continents which led to transmission of virus
from animals in one part of the world to people in another part of globe. This combination
of close surroundings of fruiting trees, fruits- like date palm, fruit bats, pigs and man
altogether form the basis of emergence and spread of new deadly zoonotic virus
infections like Nipah (Pulliam et al. 2012).
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Signs and symptoms
Human infections range from asymptomatic infection to acute respiratory infection (mild,
severe), and fatal encephalitis.Infected

people initially develop symptoms including

fever, headaches, myalgia (muscle pain), vomiting and sore throat. This can be followed
by dizziness, drowsiness, altered consciousness, and neurological signs that indicate acute
encephalitis. Some people can also experience atypical pneumonia and severe respiratory
problems, including acute respiratory distress. Encephalitis and seizures occur in severe
cases, progressing to coma within 24 to 48 hours. The incubation period (interval from
infection to the onset of symptoms) is believed to range from 4 to 14 days. However, an
incubation period as long as 45 days has been reported.Most people who survive acute
encephalitis make a full recovery, but long term neurologic conditions have been reported
in survivors. Approximately 20% of patients are left with residual neurological
consequences such as seizure disorder and personality changes. A small number of people
who recover subsequently relapse or develop delayed onset encephalitis.The case fatality
rate is estimated at 40% to 75%. This rate can vary by outbreak depending on local
capabilities for epidemiological surveillance and clinical management.
Diagnosis
Initial signs and symptoms of Nipah virus infection are nonspecific, and the diagnosis is
often not suspected at the time of presentation. This can hinder accurate diagnosis and
creates challenges in outbreak detection, effective and timely infection control measures,
and outbreak response activities. In addition, the quality, quantity, type, timing of clinical
sample collection and the time needed to transfer samples to the laboratory can affect the
accuracy of laboratory results.Nipah virus infection can be diagnosed with clinical history
during the acute and convalescent phase of the disease. The main tests used are real time
polymerase chain reaction (RT-PCR) from bodily fluids and antibody detection via
enzyme-linked immunosorbent assay (ELISA). Other tests used include polymerase chain
reaction (PCR) assay, and virus isolation by cell culture.
Treatment
There are currently no drugs or vaccines specific for Nipah virus infection although WHO
has identified Nipah as a priority disease for the WHO Research and Development
Blueprint. Intensive supportive care is recommended to treat severe respiratory and
neurologic complications.
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Bio-safety issues of Nipah virus
For those who have to work in the field or on farms where Nipah infection is suspected,
personal protection, such as masks, goggles, gloves, gowns, and boots, is advocated,
together with hand washing and disinfection of equipment.With its high virulence,
animal-to-human and human-to-human spread, significant morbidity and mortality, and
resultant fear and panic and tremendous economic losses caused, NiV fulfils some criteria
to be considered a potential agent for bioterrorism. It is thus listed as a category C agent
on a list of bioterrorism agents by the Centers for Disease Control and Prevention, and
any handling has to be done in biosafety level (BSL) 4 facilities.
Methodology
Conducted a literature search using the digital archives Google Scholar, Pubmed, Jstore
and news reports. The following Medical subject terms were used: ‘Nipah Virus
Infection’, ‘Epidemiology Nipah virus’, ‘Clinical features Nipah virus’, ‘Diagnosis Nipah
virus’, ‘Surveillance Nipah virus’, ‘Vaccine Nipah virus’, ‘Nipah virus Malaysia’, ‘Nipah
virus Bangladesh’, Nipah viral infection India’, ‘Nipah virus Philippines’ and Nipah
outbreak in Kerala . All literature reviews, original papers and case reports pertaining to
all aspects of NiV origin, modes of transmission, clinical presentation, diagnosis and
management were reviewed. The cross-references from these publications were also
included. Additionally, epidemiological reports from the WHO and the National center
for disease control (NCDC), India and other public health organizations were assessed for
this paper. The aim of this search strategy was to seek out literature describing the
transmission of the disease, diagnosis of infection and control strategies.
Case Studies - Epidemiology of Global Nipah Outbreaks
In 1998, NiV disease was recognized for the first time in Malaysia in persons who were
in contact with swine population. In March 1999, one outbreak of acute Nipah virus
infection was recorded in 11 male abattoir workers (average age of 44 years) in Singapore
where pig meat was imported from Malaysia, with one dead. Patients showed higher level
of IgM in serum and some unusual symptoms of atypical pneumonia and encephalitis
with characteristic focal areas of increased signal intensity in the cortical white matter in
MRI. Symptoms of hallucination along with abnormal laboratory results including low
lymphocyte and platelet counts, high levels of CSF proteins and of aspartate
aminostransferase were present. The patients were treated by intravenous acyclovir and
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eight were cured (Paton et al. 1999; Abdullah and Tan 2014). From September 1998 to
June 1999, 94 patients (both males and females), with anaverage age of 37 years,
reporting close contact with swine population and diagnosed with severe viral
encephalitis were investigated. Results showed a direct transmission of Nipah virus from
pigs to human beings. The illness showed a very short incubation period and the
symptoms includedheadache, dizziness, fever, vomiting, doll’s-eye reflex, hypotonia,
tachycardia, lowering of consciousness, areflexia (loss of all spinal reflexes),
hypertension and high mortality (Goh et al. 2000). Surveillance studies on Malaysian wild
life species like island flying foxes (Pteropus hypomelanus) initially revealed the
seropositivity of Nipah viral antibodies in them and laterconfirmed the existence of virus
also by isolation studies (Chua et al. 2002).In Singapore and Malaysia, febrile
encephalitis due to NiV has been reported from 246 patients between1998 and 1999 and
in farmed pigs during the same period, as an epidemic with neurological as well as
respiratory signs (CDC 1999a,b; Nor et al. 2000; Pulliam et al. 2012). Farmers associated
with pig farming and abattoir workers were found to be in the high risk group (Pulliam
et al. 2012), and the human mortality was about 40% (Lo and Rota, 2008). NiV infection
has not been reported directly in man or pig in Indonesia, but exposure of Pteropus
vampyrus bats to NiV has been reported. Thus in Indonesia, there is every possibility of
disease spread from the carrier bats to pig or man (Woeryadi and Soeroso 1989; Mounts
et al. 2001; Kari et al. 2006). Presence of anti-NiV antibodies in serum indicated an early
exposure of bats to the virus. In India, a sero-surveillance study conducted over 41
pteropid fruit bats in North Indian region showed seropositivity in twenty bats (Epstein
et al. 2008).
In Malaysia in 1999, human infection cases were initially confused with Japanese
encephalitis or Hendra-like viral encephalitis. However, the Ministry of Health confirmed
that NiV was the causative agent of the infection in pigs and man and morbidity was
higher (231 cases out of 283 cases reported) in Negri Sembilan region of Malaysia.
Genome of the NiV was sequenced at the CDC, Atlanta, Georgia, USA. The Ministry of
Health declared total of 101 human deaths and approximately 900,000 pigs were culled
(Uppal 2000). Researchers confirmed that Nipah infections in pigs and man that occurred
in peninsular Malaysia in 1998–1999 spilled over from Chiropteran bats (Yob
et al. 2001). In peninsular Malaysia, an epidemiological study was conducted for three
years to assess the seroprevalence of anti-NiV antibodies and the presence of virus
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among Pteropus vampyrus and P. hypomelanus bats of different age groups and
physiological status [involving adults, especially pregnant lactating and juvenile bats (6–
24 months)]. Various risk factors for NiV infection in pteropid bats were also explored.
Among the two bat species, the risk of NiV and seroprevalence were higher for P.
vampyrus (33%) than P. hypomelanus (11%). NiV seroprevalence and distribution
showed variation (1–20%) in the P. hypomelanus batsand also in between the years 2004–
2006 irrespective of seasons (Rahman et al. 2013). The surveillance study was performed
to assess the distribution of Henipaviruses in Southeast Asia, Australasia, Papua New
Guinea, East Timor, Indonesia and neighboring countries. NiV RNA was detected in P.
vampyrus bats of Pteropodidae family and non-Pteropid Rousettus amplexicaudatus bats
from East Timor (Breed et al. 2013).In Cambodia, NiV-specific antibodies were detected
in P. lylei (Lyle’s flying foxes). In Indonesia, such antibodies were also detected by
ELISA in the sera collected from P. vampyrus (Reynes et al. 2005; Sendow et al. 2006;
Sarma 2017). In Thailand, regular surveillance and sero-surveillance of bat population
indicated the presence of NiV RNA in the saliva and urine of bats, and IgG in the serum,
suggesting long term NiV persistence in them (Wacharapluesadee et al. 2005).
In Bangladesh, outbreaks of Nipah virus were initially confirmed only by the presence of
anti-NiV antibodies in serum samples. However after 2004, researchers started genetic
characterization of Nipah virus by detecting viral nucleic acid (Harcourt et al. 2005).Till
the year 2010, overall 9 outbreaks have been recorded in Bangladesh. Raw date palm was
the source of infection of the outbreak recorded during the year 2011 (Rahman
et al. 2012). Such finding is further strengthened by the fact that raw date palm
consumption was common in patients with fatal infection (∼65% mortality rate) (Olson
et al. 2002; Luby et al. 2006; ICDDRB 2010). Another outbreak during 2011 in a remote
town named Hatibandha in the Lalmonirhat district, northern Bangladesh, reported 15
deaths due to NiV infection (Wahed et al. 2011). Studies performed in pigs in Ghana
suggested that serum antibodies against Henipaviruses including Hendra and Nipah
viruses and viral nucleic acid were also present in another species of fruit bat, i.e. Eidolon
helvum, reflecting the exposure of pigs to these bats (Hayman et al. 2011).
NiV was detected for the first time in Siliguri, West Bengal, India in the year 2001 during
an outbreak characterized by febrile illness in association with altered sensorium (poor
thinking capability or poor concentrating capacity). A close resemblance had been found
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between the isolates of Siliguri outbreak and those obtained during the outbreak in
Bangladesh. Such resemblance is justified, as Siliguri is located at the vicinity of
Bangladesh (Harit et al. 2006; ICDDRB 2011). Another outbreak was reported from
Nadia district, West Bengal in the year 2007 (Chadha et al. 2006). Most recently in the
year 2018, Nipah viral disease outbreak has been reported in Kozhikode district, northern
Kerala, India and the fruit bats have been identified as the source of the outbreak
(Chatterjee 2018; Paul 2018). During this outbreak, deaths occurred in the infected
subjects as well as in healthcare personnel who were involved in treatment of patients. On
May 19, 2018, 4 infected people died and on 23 May, 2018 13 more subjects deceased (3
from Malappuram and 10 from Kozhikode district). NiV was confirmed upon laboratory
testing using RT-PCR. Genetic analysis at the early stage confirmed NiV etiology and
that the epidemic strain showed close resemblance to the BD strain of NiV
(http://gvn.org/update-on-the-nipah-virus-outbreak-in-kerala-india/). In both outbreaks,
circumstantial evidences suggested the human-to-human transmission, as most people
who acquired the infection were either care-givers, or family members of infected
persons.Sporadic NiV outbreaks, person-to-person transmission and its zoonotical aspects
have been implicated in hundreds of human deaths during the past two decades, and this
has posed a huge threat to domestic animals and humans. Epidemiological investigations
have revealed NiV circulation in Asia, Africa, and the South Pacific Ocean (Sun
et al. 2018). A recent report indicated NiV outbreaks presently being still small but posing
a significant threat to be extremely lethal (Spiropoulou 2018).
NiV disease outbreak investigation in Kerala, India, during May–June 2018, elucidated
virus transmission dynamics and epidemiological analysis by employing real-time RT
PCR testing to detect presence of virus in throat swabs, blood, urine and CSF. A total of
23 cases were identified including the index case, and 18 laboratory confirmed cases. The
incubation period was recorded to be 9.5 days (6–14 days). Twenty cases (87%) showed
respiratory symptoms and the case fatality rate was 91% with only two survivors.
Sequencing and phylogenetic analysisrevealed NiV isolate to be closer to the Bangladesh
lineage (Arunkumar et al. 2018). Nevertheless, there is a growing demand for increasing
public awareness regarding the transmission pattern and risk of NiV infection which will
ultimately aid in the potential reduction ofoccurrence and associated spread/outbreaks of
the disease (Yu et al. 2018).A firefly luciferase that expresses NiV has been generated for
facilitating studies (spatiotemporal) on the pathogenesis of Henipaviruses. Herein
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bioluminescence imaging technique has been used for monitoring of the replication of the
virus as well as spread in knockout mice. This reverse genetics system may be a useful
tool to investigate Henipa-like viruses (Yun et al. 2015).
Outbreak of Nipah virus encephalitis in the Kerala state of India
Source of infection and transmission
Fruit bats are known reservoirs of NiV infection. While the exact mode of transmission
from bats to the primary case is unclear, further exploration revealed that exposure may
have occurred either in the process of cleaning of a bat infested unused well or during
visits to the nearby forest. Fruit bats were mapped in the area and specimen studies for
virus confirmed from captured bats by animal husbandry and National agencies.
However, further transmission of NiV infection from the primary case was human to
human. No other animal hosts was evident and no new local transmission was noted from
the village of the primary case or in other villages.The Kozhikode outbreak was identified
as a person-to-person propagated outbreak. Hospital transmission was noted at three
hospitals and two health-care workers were affected. The second generation had only
three cases. Of the 18 confirmed cases of NiV infection, 14 were from Kozhikode district
and 4 were from the neighboring district of Malappuram but exposed from Hospital A (at
Kozhikode). The mean age of cases was 41 years (±15.9) (range, 19–75 years) with male
predominance (61.1%). The outbreak peaked from 12th to 18th May 2018 [Figure 2] with
a mean incubation period of 9.3 days (±1.9) (range, 6–14 days). Only two survived (CFR:
88.8%). Clinical features in most cases included signs of acute encephalitis, fever,
headache, altered sensorium, seizures, and vomiting. A proportion of the cases also had
severe respiratory symptoms whereas a few cases reported with diarrhea. Average
duration of hospital stay for the deceased was 3.4 days (range, 1–9 days) and for the two
survivors was 23 days.
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Table 1.1 Demographic details and outcome of patients
Case
No.

Age
(years
)

1

26

Sex

Type of contact

Source
of
infection

Date
exposure

Male

Bats

of

Date of
onset of
illiness

Outcome

Date

Location
of
Exposur
e

Unknown

2-May-18

Died

May 5,

Case 1

4-May-18

13-May-18

Died

May
17,
May
17,
May
17,
May
19,
May
18,
May
19,
May
20,
May
20,
May
20,
May
20,
May
20,
May
21,
May
22,
May
22,
May
24,
May
26,
May
27,
May
30,
May
30,
May
31,
Not
applic
able
Not
applic
able

Not
known
1

2

45

Male

Consumption of
bat-bitten fruit
Bystander

3

100

Male

Inpatient

Case 1

4-May-18

15-May-18

Died

4

17

Male

Bystander

Case 1

5-May-18

11-May-18

Died

5

48

Female

Hospital staff

Case 1

5-May-18

12-May-18

Died

6

28

Male

Case 1

4-May-18

13-May-18

Died

7

51

Female

Family
(brother)
Family (aunt)

Case 1

5-May-18

13-May-18

Died

8

50

Male

Inpatient

Case 1

4-May-18

17-May-18

Died

9

36

Female

Inpatient

Case 1

5-May-18

16-May-18

Died

10

23

Female

Inpatient

Case 1

5-May-18

13-May-18

Died

11

48

Male

Bystander

Case 1

5-May-18

16-May-18

Died

12

32

Female

Caregiver

Case 1

4-May-18

15-May-18

Died

13

48

Female

Bystander

Case 1

4-May-18

18-May-18

Died

14

52

Male

Bystander

Case 1

5-May-18

15-May-18

Died

15

45

Male

Bystander

Case 1

4-May-18

15-May-18

Died

16

58

Male

Family (father)
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Kerala Governments Initiatives to Tackle Nipah
Once the outbreak was reported, doctors in public and private hospitals issued alerts for
people diagnosed with pneumonia-like symptoms. After officials announced that the virus
was being spread through fruits eaten by bats, people significantly cut down fruit
consumption. After the first person was diagnosed with the virus, an officer trained in
Ebola outbreak protocols advised the doctors in the state on infection control measures.
These measures included “isolating patients, using surgical masks and decontaminating
surfaces”. Speaking to The Print, Dr A.V. Jayakrishnan, member of the Indian Medical
Association, recalled, “During the outbreak, the main breakthrough was when the patient
was admitted to hospital. In that hospital, the doctor evaluating the symptoms went
through literature and found out that it was a strain of Nipah virus.” “Subsequently, when
it was diagnosed, the government immediately swung into action, which is why the
situation was controlled,” he added.
Rajeev Sadanandan, an IAS officer who worked closely with Health Minister Shailaja at
the time of the outbreak, told ThePrint, “I think contact tracing was the most effective
initiative taken by the government to control the outbreak. Once the cases were identified,
we traced every possible person who had been infected.” “Every trace we picked up
figured in our list of potential people who could be affected,” he added. The
government’s swift action at contact tracing proved to be successful in containing the
Nipah virus because unlike other viruses, Nipah doesn’t spread as efficiently. It only
moves to people within a metre of infected patients.
When asked whether the methods of tackling coronavirus and Nipah virus are
comparable, Sadanandan replied, “Not really. The advantage of coronavirus is that the
focal point of the epidemic is known, so one has to follow up with all the people with
travel history to Wuhan.” . Dr Jayakrishnan said isolation is one of the most effective
methods to control the spread of infection.“One of the takeaways from the Nipah virus
outbreak was that isolation is one of the most effective methods to control spread of
infection.” He added, “Symptomatic patients should be treated and isolated ”(The Print 3
February 2019). Upon identification of the first case, the state health machinery
immediately swung into action, with a team of experienced multidisciplinary experts led
by the Director of the National Centre for Disease Control arriving in the affected district
on 19 May. Strong political commitment was key. The Union Health Minister and the
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Chief Minister of Kerala state led the day-to-day situation analysis and outbreak
response.“The rapid and comprehensive response mounted both by the central and state
governments clearly highlights the importance of strong health systems and such a need
has never been stronger than now, especially in view of the emerging and re-emerging
viruses,” said Dr Poonam Khetrapal Singh, Regional Director for WHO South-East Asia
Region.
Steps after diagnosis in Kerala
After confirming the diagnosis, the next major challenge with the Kozhikode outbreak
was that, unlike all the previous outbreaks, the current one had occurred in a densely
populated area with a highly moving and intermingling population. There was no
previous experience in tackling such health emergencies. Intensive measures were
initiated by the state with the help of central government health authorities including the
National Centre for Disease Control, National Institute of Epidemiology, Indian Council
of Medical Research (ICMR), and experts from AIIMS, New Delhi. The target was active
contact tracing and quarantining. Strong support and co-operation by the public ensured
the success of all such measures. The state government also promoted the association and
co-operation between private and public medical facilities. Strict isolation precautions
were followed at the treatment centers and stringent measures for the prevention of
droplet spread were initiated. At the community level, a special task force was set up to re
ensure early suspicion and detection followed by isolation, treatment, and surveillance of
confirmed cases. A single center for the treatment of suspected or confirmed cases was
soon identified, with the Government Medical College, Calicut, being the point of care.
Relevant health education was frequently provided via social, printed, and visual media.
The social, political, and religious leaders were actively involved in facilitating the entire
process. Taking active measures to restrict the movement of people in the affected areas
was also a crucial strategy and challenge in the isolation process. Movement of people
and visits to the epicenter areas were strongly discouraged. Gathering of people was
highly discouraged at least for 12 days after the death of last Nipah patient (since the
known average incubation period was mostly within 12 days). All social and political
gatherings were postponed including marriages and religious functions. Holiday was
declared for all educational institutions in the two affected districts during the above
period. Although the first case was diagnosed on May 18, the containment could be
achieved with a span of 12 days, with the last case reported on May 30. The Kerala
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government has finally announced the state as free from Nipah infection on July 1, 2018.
Postoutbreak surveillance for detection and prevention of a potential further outbreak is
still going on.
 Contact surveillance
Contact surveillance for confirmed and probable cases was carried out. More than 2600
contacts were followed up for 21 days each and put under home quarantine.
Symptomatics were transported in dedicated ambulances to Hospital A where they were
triaged as suspected/probable cases as per case definition and the samples were sent for
the confirmation of diagnosis. Surveillance continued for 42 days till mid-July 2018
 Health workers worked round the clock
Key elements were a focus on infection prevention and control measures based on
isolating

patients,

using

personal

protective

equipment

and

decontaminating

surfaces.Surveillance was critical: more than 2 500 contacts of Nipah patients were
monitored by the state surveillance system. Even though cases were reported from only 2
districts of Kozhikode and Malappuram in Kerala, the surveillance net was rapidly scaled
up to neighboring districts as well. Advisories were issued by the Government, and
updated on the Ministry website, and shared with all states. A total of 18 laboratory
confirmed cases were identified, of whom 16 had died. One additional case, the person
thought to have first contracted the disease, also died but could not be tested.
Information sharing also played a key role. A 24-hour helpline took queries from the
concerned community, while the state government used all available channels of
communication, including traditional, online and new media, and social mobilisers, to
counter rumors and inform people what the risks were and how to protect
themselves.Health workers and officials all worked almost without a break, successfully
preventing a further wave of human to human transmission. By mid-June, the Kerala
government and the Union Health Ministry announced that the outbreak had been
contained.The outbreak response illustrates how effective, strong, and connected health
systems – in close cooperation with animal health and wildlife sectors – are vital to
preparedness and fast reaction.Simultaneously, as part of R&D for Nipah, WHO is
collaborating with the Indian Council of Medical Research, and research protocols are
under development.
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What the Kerala government lacked ?
At the time of the outbreak, Kerala lacked testing facilities. Samples of Nipah-suspected
patients had to be flown to NIV (non-invasive ventilation) testing centers in Pune, which
would take over 24 to 36 hours to deliver the results. The recurrence of Nipah virus cases
in 2019 suggested that the state’s health department may have been able to contain the
epidemic once it appeared. But, it hasn’t been able to trace the virus and contain it at its
very source.According to a The Hindu,, one of the “weirdest anomalies of Kerala’s famed
health record” is that it doesn’t have a separate Directorate for Public Health. The state
also lacks a ‘cadre’ of trained public health professionals to track infectious viral diseases.
The lessons learnt
Many of those who contracted the illness acquired it in a hospital. Some were merely
visitors who had come to see other patients. It is, therefore, time to examine how we can
decongest our hospitals. Instituting a strict referral system and controlling visitors are
sorely needed reforms. Bystanders who help out with many routine hospital chores can be
reduced by appointing more caring staff. Infection control protocols within hospitals also
need to be followed with intent, with universal precautions for health workers in dealing
with any patient.Misinformation through the social media and even on occasion by the
mainstream media had fuelled panic in the early days with people afraid to venture out.
This had resulted in great economic loss with no perceived benefit. In times like this, one
authoritative voice has to be heard above all on a daily basis. A multi-disciplinary
technical team should be instituted for this purpose. Fake messages and mischievous and
false propaganda needs to be checked by appropriate legal means. The extant public
health law is archaic and possesses no teeth. An effective public health Act, capable of
dealing with such situations, has to be enacted at the earliest. It is hoped that the
government will follow up its success with the actions so vital for the future, so that its
best efforts are not diluted by mischief and fake news.
Banking on the Nipah experience to fight Covid-19
In fact, the entire framework of Kerala’s response to the threat of a possible public health
emergency due to COVID-19 is based on its experience in managing the Nipah outbreak.
The Nipah outbreak took the State health system by surprise. With a high case fatality
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rate of 88.9%, the virus created a lot of panic. By the time the outbreak was contained, 17
people had died.
Though the State identified the infectious agent with the second case and launched
control measures, Nipah had already spread to multiple sites from the index case (the
patient in an outbreak who is first noticed by the health authorities). Epidemiological
investigations later revealed that the index case was a “super spreader”; he had
transmitted the infection to 19 people. The lesson from the episode was stark: simple and
universal infection control protocols in hospitals would have prevented human-to-human
transmission and saved lives.
As part of improving disease surveillance, outbreak monitoring units were set up in all the
medical colleges in the State last year. These units scrutinized patients in emergency
wings and isolated those with acute respiratory symptoms as soon as they come in. Nipah
struck again in 2019, but this time the health authorities managed to immediately spot the
index case, isolate him, and treat him. No one else was infected.When the COVID-19
alert was sounded, all these baseline preparations fell into place. The rest of the measures
concerned logistics and management, which the State health administration managed
well. Overnight, the State Control Cell set up 18 sub-divisions (for surveillance, training
and awareness, sample tracing, transportation and ambulance, etc.), charted out the roles
and responsibilities of each team, and micromanaged nearly everything, right down to
roping in local self-government bodies for assistance and ensuring that families
quarantined at home had adequate food and supplies delivered to them
Discussion
A rare outbreak of NiV encephalitis occurred in Kozhikode district of Kerala during May
2018 with 18 confirmed cases and a primary case. The mode of transmission was person
to person, similar to the outbreaks at Bangladesh and Siliguri. The NiV of this outbreak
showed 97% similarity to Bangladesh lineage (NiV-BD). Lower number of cases
occurred when compared to the Siliguri (66 cases) and Bangladesh outbreak (44 cases),
but more cases when compared to other sporadic outbreaks in Bangladesh (3–16 cases)
and Nadia (5 cases). The seasonality also conforms to the fruit-bearing season of
January–May in South India as seen in the Siliguri and Bangladesh outbreaks
corresponding to the breeding season of the Pteropus bats.The high CFR (88.8%) is
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slightly more than the outbreaks in Siliguri (68%) and Bangladesh (77%). Lower
mortality in Malaysian outbreak (40%) has been attributed to the different strain of NiV.
Epidemiological linkages showed person-to-person transmission and a single patient
(Case 0) served as a point source for 15 confirmed cases. All the cases were infected from
health-care settings in the late stages of illness. Even the family contacts may have been
infected during the stay of Case 0 at Hospital B. Human propagation of the virus was first
observed in Siliguri where hospital cases served as the source of infection for 33 healthcare workers/visitors and also documented in Bangladesh.Bats were mapped in the local
area and 19% of the Pteropus giganteus specimens collected were reported as positive for
NiV, but other animal host were not identified. Drinking of raw date palm sap is not a
custom in these parts of Kerala, but the primary case may have had bat exposure from the
well or from the nearby forest. As there are no pig farms in the affected area, pig as an
intermediate host is unlikely in this outbreak. Phylogenetic analysis at NIV, Pune, showed
high similarity (99.7%–100%) between NiV sequences in P. giganteus and human NiV
samples from Kerala.All cases in the current outbreak were adults with the youngest age
being 19 years and males were more affected. The outbreak at Siliguri was also
characterized by infection in those above 15 years with a male: female ratio of 1.4:1.
Infection among children have been observed in Naogaon, Rajbari, and Meherpur in
Bangladesh (range, 2–60 years). Children were not affected in the Kozhikode outbreak
possibly because contact of children with cases during the infectious phase might have
been low. Transmission of the disease from the cases occurred during their stay in the
hospital, indicating that transmission mainly occurs during the late stage of the disease
when symptoms of encephalitis and respiratory distress are severe and droplet and contact
secretions are highly infectious as has been observed in Siliguri.The average incubation
period of this outbreak was 9 days similar to outbreaks in Bangladesh (9 days and
Malaysia (10 days).Only two health-care workers were affected, one survived and both
were exposed when the outbreak was still unrecognized unlike the Siliguri outbreak
where the number of health-care workers affected were more.Further cases were arrested
as isolation of cases, and barrier nursing was intensified within 2 days of identification of
the virus and the outbreak contained.Person-to-person transmission is the key
epidemiological feature of the outbreak which occurred in Kerala. Transmission occurred
mainly in health-care settings and the mortality rate was high. The outbreak was
contained by case isolation, early initiation of barrier nursing, infection control practices,
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contact surveillance, and home quarantineEarly detection of the outbreak and prompt
isolation of cases along with strengthening of infection control practices and barrier
nursing helped in containing the outbreak.
Conclusions and future directions
Over the past two decades, the Nipah viral pathogenesis along with the transmission have
been much well understood due to extensive research. This understanding is going to be
more advanced in the decade to come. It is important to note in this regard that the
practical utility of this understanding will be reflected in the entry of Nipah viral vaccines
into clinical trials in humans, and modification of risk factors in order to prevent
infection. Further, such understanding will be great aid in developing techniques along
with therapeutics for treatment of infected subjects for reduction of morbidity as well as
mortality. Prevention of such zoonotic disease in agricultural and healthcare workers
should be a priority. Scientists have presented from platform like Global Outbreak Alert
and Response Network (GOARN) especially after the outbreaks in Bangladesh and India
and marked the necessity of development of network communicating between veterinary
and medical services concerning this disease. By involving the multiple sectors and with
multidisciplinary approach, precise and concrete preventive strategies can be planned and
implemented.The ‘One Health’ approach is also the utmost importance. There is
requirement of coordination between institutes as well as at the international level among
virologists from both medical and veterinary fields as well as ecologists for understanding
to the fullest the period and mechanism involved in excretion of the virus by the bats. At
the same time, the common people should be educated about food hygiene as well as
hygiene at personal level. Inspection of all the imported livestock at the time of arrival
and also before travel at the point of origin is essential. Proper isolation, quarantine and
disinfection protocol including infrastructure facilities and trained personnel with
protective clothing should be in place to respond quickly upon identification of any new
case. There should be maintenance of proper hygiene at maximum level for slaughtering
such livestock. For preventing future NiV outbreaks, a continuous surveillance in the area
of human health, animal health, and reservoir hosts should be carried out to determine the
prevalence and to predict risk of virus transmission in human and swine populations.
Successful accelerated development of preventive vaccines and therapeutic antibodies or
antivirals are need of the hour to control the spread and treat the infected patients during
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an outbreak. Collaborative efforts such as CEPI and biotech companies will accelerate the
vaccine or therapeutic development for NiV.
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Abstract
Our country has come a long way in terms of its development, unfortunately at
the cost of nature, which has resulted in a global climate change. Climate
change has hence been a cause for several disasters in different parts of the
country. As the population is increasing day by day, the government cannot
extend help to its people immediately during a disaster, so people should be
enlightened about such disasters and ways to tackle them rather than waiting
for the government to help. A community should be formed. The community
should include common people, government officials, party workers of that
particular locality and it should be monitored by the local administration .The
community members can come together and form a community club where
people should be taught life saving hacks, suitable training should be given in
accordance with the disasters that are likely to affect that locality depending
upon the geographic conditions of that area and the club should be properly
equipped to face such disasters. The community would have clear goals, but
would lack in technical, legal and financial alternatives, that should be
compensated by the government by providing necessary resources. The
community approach had been successful in reducing the impact of floods in
New York, which had a community club under the name “labor for your
neighbor”. As it is said “alone we can do so little, together we can do so much,
we can conclude that community approach is an effective and practical step
towards disaster management.
Keywords: Disaster Management, Community Approach, Community Club
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Introduction
Our country has come a long way in terms of its development, unfortunately at the cost of
nature, which has resulted in a global climate change. The climate change has hence been
a cause for several disasters in different parts of the country.Disasters illustrates how it
can destroy the community and its functions. As, the population is increasing day by day,
government cannot extend help to its people immediately during a disaster so, people
should be enlightened about such disasters. It provides an opportunity to change the
pattern of emergency managementina more sustainable manner and ways to tackle them
rather than waiting for the government to help.
Community Approach in Disaster Management
The disasters doesn’t affect a single person, rather a whole community, therefore a
community club should be formed .In 2011,Federal Emergency Management(FEMA),
published a whole new community approach to emergency management1.By engaging
whole new community approach , a community club can be formed for effectively and
productively tackling the disaster by teaching life having hacks and giving suitable
training to its members.The community club should include the residents, local leaders,
government officials , medical practitioners of the locality. They can conduct meetings
with the whole community and together form plans for effectively dealing with the
disaster. Community approach tends to make people independent and self reliant which
can help one in tough times.The community should be backed by the government, it
would have clear goals but would lack in technical, legal and financial alternatives , that
should be compensated by the government, especially in vulnerable locations like rural
areas where there is a lack of such resources.
Procedure To Be Adopted In Community Approach
1) FORMING A COMMUNITY CLUB
All members of the area should be involved and a meeting should be held , where the
community should be enlightened about the disaster management and from the
community representatives for the club should be elected .It should include the local
leaders, medical practitioners, govt officials, and representatives of the residents in that
locality.
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2) INDENTIFYING THE DISATER PRONE AREAS
Disaster prone areas of the community should then be identified . After identifying such
areas , a data should be prepared identifying the seasons in which the disaster effects such
areas, It should also include the data regarding the vulnerable locations near such areas
like explosive factories, accident prone areas.
3) RESOURCE MAPPING
Resources available near the community should be identified for carrying out the
evacuation effectively. The list should include;


Open spaces like parks, playground and parking spots within the local vicinity.



Medical facilities-It should include the list of doctors, hospitals and pharmacies
within the community . This information helps to connect with the medical team
quickly in case of emergencies.



Temporary shelters- the list should include places which can be used as temporary
shelters, which could include schools , colleges and community halls within the
locality.



Public sanitation- A list of information regarding the number of public toilets,
public bathrooms should be taken.

4) SUITABLE TRAINING
After collecting the information regarding the resources, suitable training should be given
to the members of the community club. The members should be divided into different
parts
1) Search and rescue team- the members of this team should actively
carry out search and rescue operations of the stranded people during
a disaster.Example- Effective Response of Apda Mitra2, Flood in
Bihar, District Sitamadhi (2019) 200 volunteers including 55 women
volunteers got trained in District Sitamadhi one of the severely flood
prone district of Bihar for flood risk mitigation within ApdaMitra
scheme.

Under

overall

supervision

of

District

Magistrate

SitamadhiApdaMitra were actively involved in search & Rescue and
relief operations at Dumrikala.Panchayat, Majorganj block, District
Sitamadhi during flooding in 2019.[FIG-1]
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Fig-1- Rescue operations conducted by ApdaMitra,during a flood in
Sitamadhi district of Bihar

Fig-2-Community approach adopted in kohlapur district of Maharashtra,during a flood

Fig-3-Apda Mitra members engaging rescue operation of people affected by the cyclone
fani
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Fig-4- Volunteers came to help residents remove mud and salvage belongings from
homes ruined by floodwaters on “Labor for Your Neighbor” weekend events following
HurricaneIrene in Margaretvile, Newyork.
2) Medical professionals-This group should consist of expert medical
professionals to treat the injured and providing necessary medicines
accordingly.
3) Volunteers- The volunteers should be the all in all, they should
provide and make arrangements for all the necessary requirements
for the people which would include clean water and food items.
5) MOCK DRILLS
Conducting frequent mock drills strengthens the community club. Mock drill can
help to resolve the difficulties which could arise while carrying out real operations

Examples of places which adopted community approach in India.
1] Kolhapur district, Maharashtra: Flood Kolhapur3, (2019) From 14th of July 2018
as per the prediction of IMD it rains heavily in all the 12 blocks of the Kolhapur
district. Excess water was received in free catchment areas of all 13 rivers of
district. Immediately water levels increased in all river basins and alerts was
declared by District Administration. Emergency Management planning was done
under the guidance of District Magistrate (Incident Commander) with all the line
department including AapdaMitra. With the support of trained AapdaMitra 06 lives
got saved due to effective communication and efficient response by the
AapdaMitra.[ SEE FIG-02]
2] PURI DISTRICT, ODISHA: Cyclone Fani, Odisha4,(2019) Cyclone Fani
crossed Odisha coast near Satapada and Puri on 3rd may leaving behind
devastation.14 district were affected however, Puri, Cuttak and Khorda District was
severely affected. Odisha is having 400 trained ApdaMitra in the District Puri and
Jagatsinghpur. ApdaMitra volunteers immediately came into action and did early
warning and supported in evacuation. As soon cyclone Fani started losing grip
ApdaMitra volunteers supported district administration in clearing road, providing
first aid and managing the distribution of food and medical aid and other relief
material at various relief shelters to the cyclone victim. [SEE FIG-03]
Example place which adopted community approach outside india.
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1] Margaretville Village, NewyorkCity :Margaretville, New York5, September 4,
2011—The community approach has been successful in reducing the impact of
floods in the New York. Volunteers came to help residents remove mud and
salvage belongings from homes ruined by floodwaters on “Labor for Your
Neighbor” weekend events following Hurricane Irene. [SEE FIG-04]
Conclusion
Past experiences in the Odisha and Maharashtra (India) affirm the effectiveness of
involving communities in disaster preparedness and mitigation. However, local
communities cannot reduce all vulnerabilities on their own. While communities have built
on local coping strategies and capacities to reduce some vulnerabilities, many necessary
structural mitigation measures involve big capital outlay, which should be provided by
the government. As it is said “alone we can do so little , together we can do so much”, we
can conclude that community approach is an effective and practical step towards disaster
management.
Citations
1- Federal emergency management agency. Washington DC: Federal emergency
management agency, US dept of homeland security;2011.
2-Source- Bihar State Disaster Management Authority
3- Source- Office of District Magistrate Kolhapur
4-Source- Office of District Magistrate, Puri
5- Elissa Jun, FEMA:A whole new community approach to emergency
management; principles , themes and pathways for action, FDOC 104-0081,December,2011.
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4] Community based disaster managementhttp://egyankosh.ac.in/bitstream/123456789/39222/1/Unit-3.pdf
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Abstract
Extreme precipitation events, landslides, and floods are the most common
natural disasters that affect human society and economy. The recent changes
in climatic conditions coupled with increasing anthropological activities
increases the incidence of floods in India. Floods not only cause material
damage but also human and animal loss. The damage due to floods has
increased in recent past compared to the earlier times due to increase in the
frequency of floods, encroachment of flood plains and other anthropogenic
activities like mining, deforestation etc. Impact of flood in this study was
analyzed using time series data of flood for the entire country from1953 to
2018. The data was divided into 2 parts as ‘before and after’ by considering
the maximum area (m.ha) and population affected (m) in a particular year.
Ordinal least square method was used to analyse the rate of change of area
affected (m.ha), population affected (m), crop area damage (m.ha), damage to
houses, human lives lost and total damage (Rs. Cr.) for before and after
period. It was found that population (m), damage to crop area (m.ha), damage
to houses and total damage (Rs. Cr.) were highly significant at 1 % level
whereas other variables viz., area affected (m.ha), and human lives lost were
significant at 5 % level for the before period. The data from the after period
indicates that population (m), total damage (Rs. Cr.) were significant at 1 %
and area affected (m.ha) was significant at 5 % level where as the other
variables under study were not significant. The response of the Government to
floods through Disaster management acts/policies has reduced the flood loss in
the after period. The area, population affected and total damage need to be
minimized by sensitizing the population about flood preparedness and
management through collaborative efforts at the community level.
Keywords: Impact, Flood, Structural change, Preparedness, Choke test.
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Introduction
Our planet is more prone to increase in the number of incidents of natural disasters in
recent times (Halgamuge&Nirmalathas, 2017). In the year 2019, worldwide around 4.1
billion people were potentially exposed to natural disasterswith Asia experiencing highest
number of disasters and the frequency of floods were more compared to other natural
disasters(CRED, 2020). Flood is considered as the most prevalent and costliest natural
disaster in the world which cause catastrophic destruction to life and livelihood(Tripathi,
2015).Generally, flood occurs when the natural watercourses lack the capacity to convey
excess water from heavy rainfall events (UNISDR, 2017).Globally, 800 million people
live in flood prone areasand around 70 million people exposed to the flood events
annually (UNISDR, 2011), whereas, in India around 3.19 million people were affected
annually and an average area of 7.2 million ha was affected due to floods(Tripathi, 2015).
The frequency and intensity of flooding varies spatially and temporally. The flood occurs
in different forms and as per the NIDM, (National Institute of Disaster Management)
floods can be generally categorized into the following 4 types.
A. Flash Floods: These floods occurmainly due to heavy rainfall associated with
towering cumulus clouds, thunderstorms, tropical cyclones or during passage
of cold weather fronts, or by dam failure or other river obstruction and last
within six hours.
B. Riverine Floods: Floods caused by precipitation over a large catchment area,
melting of snow or both. These floods built up slowly or on a regular basis,
and may continue for days or weeks.
C. Coastal Floods: Floods associated with cyclonic activities like Hurricanes,
tropical cyclones, etc. generating a catastrophic flood from rainwater which
often aggravate wind-induced storm and water surges along the coast.
D. Other floods: include urban floods, ice jams, glacial lake outbursts etc.
Out of all these types of flooding, Urban flooding has become the major concern at
present, the recent floods in Hyderabad (October, 2020),Mumbai (August, 2020) and
other cities around the country points towards the poor urban planning and drainage
management system in the country.Historical data from 1970-2009 shows that riverine
and flash floods account for more than 50 % of the reported disasters in India (Abbas et
al., 2016)The devastating effect of these flood events not only cause human deaths but
also affect large area of crops, public and private properties, business loss, cattle loss
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etc.Apart from the tangible losses, these flood events also cause intangible losses, which
includes insecurity & fear, affects health & wellbeing etc.(Allaire, 2018).The present
study mainly covers the above-mentioned flood types, its origin, causes and its impact on
the Society. This study focusses on the tangible lossesof floods in India using secondary
sources of information.
Methodology
The study used time series data of flood events from 2 different secondary sources viz.,
Centre for Research on the Epidemiology of Disasters (CRED) and Central Water
Commission (CWC), GoI. CRED data was used to find out the different flood types
occurred in Indiaand its origin whereas, CWC data was used to analyse the rate of change
of flood impacts i.e., impact of flood related to the total area affected (m.ha), population
affected (m), damage to crop area (m.ha), damage to houses (number), number of deathsboth human and livestock, and total damage (Rs. Cr.), which includes damage to crop
area, houses &public utilities.The CWC data was available from 1951 to 2018 and the
data was divided into two periods as before and after by finding the break-even year. The
break-even year was selected based on the maximum area and population affected in a
particular year. Later on, the rate of change of flood impacts were analysed for both
before and after periods using ordinal least square method.
Results:
Table 1:Incidents of hydrological disasters in India during 1926-2020
Type of hydrological
disasters

Number of
events

Riverine flood
Flash flood
Coastal flood
Others
Total flood disasters
Landslides
Avalanches
Total Hydrological
Disasters

145
30
4
127
306
42
9
357

Total
Deaths
(No.)
30115
8136
569
36090
74910
4257
869
80036

Total
Affected
(No.)
348864849
48681588
11500000
503851075
912897512
3993815
10456
916901783

Total Damages
('000 US$)
42112929
3904680
275000
26941559
73234168
4500
50000
73288668

Data Source: Centre for Research on the Epidemiology of Disasters (CRED)
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The above table gives a clear description of the number of hydrological events and its
impact occurred in India from 1926-2020. It can be seen from the table 1 that the total
flood disaster events and the impact from these events were more compared to other
hydrological events like landslides and avalanches.

Figure 26: Incident of flood types and its mortality rate
Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

It can be seen from the above fig that as the flood event increases the death toll also
increases except for river flood and other flood events. Other flood events here mainly
refer to urban flood events. The death toll in other flood events exceed as that of riverine
floods, this may be due to the fact that the urban flooding incidents in India are increasing
at an alarming rate and the devastation due to these events were quick and the losses were
huge.
Table 2: Causes of flood types
Flood type
Riverine flood
Flash flood
Total

Broken dam Slide (land, mud, rock, snow) Others
8
1
9

30
8
38

107
21
128

Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

The type of flood events occurred were again categorized based on the reasons and it was
found that broken dams, slides (mainly rock, mud, land, and snow) and other reasons
were the causal factors. The incidents of broken dam or dam failure incidents is
increasing and as per the CWC(Central Water Commission) report, out of 36 dam failure
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cases reported in India, 44 percent is attributed to flood induced failures. Even the
construction material of all the large dams in India weremainly of earthfill embankment
types(87.69%) and around 83 % of the dam failures occurred in case of earth dams. Some
of the common causes of dam failures were attributed to breaching, overtopping (CWC),
foundation defect, piping and seepage, conduit and valve failure (Bharti et al., 2020) and
poor management (Zhang et al., 2009). A list of dam failure events in case of riverine
floods is given in table 3.
Table 3: Riverine floods due to Broken Dam/Burst bank
Year Location of the riverine floods
1991 Andhra Pradesh, Maharashtra, Orissa, Gujarat, Madhya Pradesh
Maharashtra
Himachal Pradesh
2005 Karnataka, Andhra Pradesh
Chhattisgarh, Orissa, Maharashtra, Madhya Pradesh
Gujarat
2008 Bihar, Assam
2009 Meghalaya
Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

Natural causes of flood events are difficult to manage compared to the artificial ones and
here the incidents of dam failures can be minimized by improving and strengthening the
infrastructure facilities.
Table 4: Flash floods and its origin in India
Year
1968
1984
1990
1993
1998

Location of flash floods
Rajasthan, Gujarat, North-East, West Bengal
Ladakh area
Jammu & Kashmir
Karnataka
Gujarat, Maharashtra

2000
2000
2000
2001
2003
2003
2004

Arunachal Pradesh, Assam
Arunachal Pradesh
Andhra Pradesh, Telangana
Bihar, Uttar Pradesh
Himachal Pradesh
Himachal Pradesh
Assam, Meghalaya, Arunachal Pradesh, West Bengal

Origin

Brief torrential rain
Dam/levy, break or
release

Brief torrential rain

Torrential rain
Heavy rains
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2004
2005
2006
2006
2006
2007

Uttar Pradesh, Himachal Pradesh
Uttar Pradesh
Jammu and Kashmir
Andhra Pradesh, Telangana
Madhya Pradesh
Andhra Pradesh, Telangana, Kerala, Karnataka, Maharashtra

2008

2008

Assam, West Bengal, Orissa, Bihar, Gujarat, Goa, Haryana,
Kerala, Karnataka, Maharashtra, Madhya Pradesh, Punjab,
Rajasthan, Uttar Pradesh, Tamil Nadu, Arunachal Pradesh,
Uttarakhand, Jharkhand
Tamil Nadu, Puducherry

2009
2010
2015
2015
2016
2016
2017
2017

Delhi
Jammu and Kashmir
Jammu and Kashmir
Tamil Nadu
Uttarakhand, Assam, Arunachal Pradesh
Assam
Maharashtra
Tamil Nadu

2018

Kerala, West Bengal, Odisha, Assam, Nagaland, Uttar Pradesh,
Himachal Pradesh, Maharashtra
Tripura

2018

Torrential rain
Heavy rains
Monsoonal rain
Heavy rain
Monsoonal rain and
tropical cyclone
Monsoonal rain

Tropical cyclone Nisha
Torrential rain
Heavy rains
Torrential rain
Monsoonal rain
Torrential rains
Heavy rains
Monsoonal rains
Heavy rains

Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

As it is clear from the above table that the flash flood events were mainly attributed to
torrential rains, heavy rains and monsoon rains.Only one case of flash flood incident was
recorded due to dam failure incident in Gujarat in 1998. The intensity of the flash flood
was so severe that in 2010, a disastrous flash flood due to cloud burst with 14 inches of
rain for a period of 2 hours took the lives of 234 persons in Leh, Ladakh region of India
(Gupta et al., 2012).
Table 5: Coastal floods and its origin
Year
1991
1991
1997
2007

Location of coastal floods
Origin
Assam, Meghalaya
Assam, Tripura, Arunachal, Mizoram
Tropical depression in Bay of Bengal
Coastal districts of West Bengal
Orissa, West Bengal
Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

Coastal floods experienced in India were very few and these were mostly of cyclonic
origin and affected the districts adjacent to Bay of Bengal (Table 5). The occurrence of
K.R Baiju, Karunakaran Akhildev, Joice K Joseph, Naveen Babu, Anithomas Idiculla, Mahesh Mohan and A.P Pradeepkumar. (2020). Proceedings of the
4th Disaster, Risk and Vulnerability Conference October 9th 10th - 17th &18th 2020, School of environmental Sciences, Mahatma Gandhi University,
Kottayam, Kerala, India - 686560 367 p

358

these floods depends mainly on the cyclone characteristics and the number of flood
incidents were very less compared to other flood types like riverine floods and flash
floods.
Impact of floods: Time series data of CWC was used to find out the break-even point and
in the year 2018 the area and population affected were maximum, hence, keeping 2018 as
the break-even year the flood data was categorized into before and after period and the
rate of change of impact variables were calculated using linear regression and the results
are given below.
Table 6: Impact of floods in India
Before (1951-1978)
Parameters
B value
Area (m.ha)
0.228*
Population (m)
1.763**
Damage to crop area (m.ha) 0.191**

After (1979 -2018)
Parameters
B value
Area (m.ha)
-0.095*
Population (m)
-0.556**
Damage to crop area (m.ha) 0.021NS

Damage to houses (no.)

58593.82** Damage to houses (no.)

-22833.49NS

Cattle loss (no.)

7919.178*

Cattle loss (no.)

-3420.503*

Human lives lost (no.)

133.762*

Human lives lost (no.)

-9.815NS

Total damage (Rs. Cr.)

39.616**

Total damage (Rs. Cr.)

720.914**

** Significance at 1 % level * Significance at 5 % level
Data Source: CWC

Results from the before time period i.e., 1951-1978 shown statistically significant w.r.t all
the variables under study. The variables under study i.e., population (m), damage to crop
area (m.ha), damage to houses (no.) and total damage (Rs. Cr.) were significant at 1 %
level whereas the remaining variables viz., area affected (m.ha),cattle loss (no.) and
human lives lost (no.) were significant at 5 % level. During the after period i.e., from
1979-2018 most of the variables under study shown a negative sign indicating reduction
in the impact compared to the before period. Variables like area affected (m.ha),
population (m) and cattle loss (no.) were negatively significant and the total damage (Rs.
Cr.) was significant at 1 % level. Damage to crop area (m.ha), damage to houses (no.) and
human lives lost (no.) were non-significant in the after period. This may be due to the
efforts that the Government is taking to minimize the impact of flood in the after period.
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Figure 27: Area and population affected before and after period
As seen from the above fig that the area and population affected has reduced due to
flooding in the after period compared to the before period. This may be due to the
initiatives taken by the different State Governments in the after period to combat the
natural disasters like floods may be through conservation efforts like watershed
management activities, building soil and water conservation structures etc.
Table 7: Occurrence of Flood types before and after period
Flood type

Before 1978

After 1979

Riverine flood
3
142
Flash flood
1
29
Coastal floods
0
4
Other floods
44
83
Total
48
258
Data Source: Centre for Research on the Epidemiology of Disasters (CRED)

The incidents of flood types were increased in the after period when compared to the
before period (Table 7). As the number of flood events are increasing, there is a
possibility that the number of people affected from the flood events also increases. The
intensity of flood also worsens if there is a catastrophic event accompanies heavy rains
like earthquakes and tsunamis.Climate change is also one of the triggering factorsto
intensify the flood situation and as per the study by (Dottori et al., 2018), where they have
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used simulation methods to analyse the temperature increases and its effecton flood. They
reported that an increase in temperature of 1.5 °C could result in human loss from
flooding by 70–83% and the direct flood damagecould be to the tune of 160–240%.
Similarly, an increase of 3°C warmer climate,could result in three times increase in the
number of people exposed to river floods in India.
As per the recent Global Climate Risk Index (CRI) 2020, which quantifies
extreme weather events in terms of fatalities and economic losses, India ranked 5th in
terms of most affected countries in 2018 (Eckstein et al., 2020)(Table 8). The death toll in
India exceeds the other top nations in the index, which clearly indicates that the efforts we
were taking is not enough and needs further strengthening in mitigation and adoption
measures to combat the extreme events.
Table 8: The 5 most affected countries in 2018
Ranking 2018 (2017)
1 (36)
2 (20)
3 (40)
4 (7)
5 (14)

Country

CRI score Death toll

Losses per
unit GDP in %
0.64
0.48
0.12
1.32
0.36

Japan
5.5
1282
Philippines
11.17
455
Germany
13.83
1246
Madagascar
15.83
72
India
18.17
2081
GDP = Gross Domestic Product.
Source: Germanwatch, Global Climate Risk Index, 2020.

Conclusion
The paper deals with the impact of flood events for 2 time period i.e.,1978 and after 1979
by considering the time series data of CWC. The study found that the number of flood
incidents are increasing after 1979 and the impact in terms of area affected in m.ha,
population affected in million is showing negative trend compare to the before 1978
scenario. The data also shows that the flood types viz.., incidence of flash floods, riverine
floods and other flood events like urban flooding are increasing in the after period i.e.,
after 1979. Overall, the incident of coastal floods was less compared to flash floods and
riverine floods. The death toll from other flood type, like urban flooding were more
compared to riverine flooding. The flood data of before 1978 indicates significant change
in all the parameters under study whereas, the after period shows a decline in the impact
parameters even though the incidents of floods are increasing. The decline in the impact
in the after period may be attributed to the efforts that the Government is undertaking to
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minimize the losses through Disaster management act, conservation efforts undertaken on
watershed basis etc. Though, the Central Government and different State Governments
are taking efforts to minimize the losses from floods, the overall damage (Rs. Cr) is
showing significant difference in the after period indicating the efforts are not enough to
mitigate the losses and needs better adoption practices.The riverine floods associated with
dam failures can be minimized by strengthening the infrastructure facilities and proper
management of dam structures. As the incidents of urban flooding is increasing, we need
to focus on urban flood management in order to reduce the losses from such incidents. As
the trend of floods in increasing in India, an integrated flood management system is the
need of an hour and the community need to be sensitized to cope with the flood situation
through flood preparedness and management strategies.
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Abstract
The Anthropocene is “the proposed geological epoch dating from the
commencement of significant human impact on Earth's geology and
ecosystems, including, but not limited to, anthropogenic climate change”. An
analysis of the possible negative impact of climate change on water security,
arising from bootstraps (self-starting processes that can proceed without
external input) operating in connection with societal characteristics and land
use changes is presented. Laws of physics (natural philosophy) as applicable
to relevant components and processes of the water cycle had been explored
earlier. Here, mathematical toy models as applicable to relevant societal
properties will be explored. Possibility, for bootstraps in the combined
dynamics of society and the biosphere that aggravate the negative impacts, is
noticed. With increasing pressure on land, land use changes in the watershed
areas of rivers have steadily increased. Changes are expected, in the physical
characteristics of forest soil, under changes in land use. The consequent
impact on the hydrological cycle and hence on water security were analysed
earlier. This was done by using plantation soils as a proxy, for making a
conservative estimate of the impact of land use change on the water
conducting and transmitting characteristics of forest soil. Possible bootstraps
that lead to progressively more deleterious modifications to the water cycle,
were also pointed out. This presentation will examine a possible bootstrap
that feeds the negative modifications to the water cycle, due to the
intersections and interactions between changes in societal characteristics and
soil characteristics. Some ramifications of this intersection, in balancing
quantity and quality, in the various dimensions of individual and collective
subsistence and existence will also be analysed. Indicative data will be
examined in the light of the results of the aforesaid analysis, in the Indian
context.

Key words: Anthropocene, land use changes, water security, ecosystem balance, societal
characteristics
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Keynote

Currently we are getting used to wearing masks which was seldom part of our
attire till May 2020. The Covid-19 Pandemic unmasked various elements in
societies of nations across the world and put to test whether we can respond
effectively, a scenario almost no one could forecast. It’s time to assess how
effective the responses were and to see what we should be doing in the
forthcoming months and years. Years back a theologian, named Stanley Jones
mentioned in one of his devotional book – “Relationship ups the urgency of
information”. No doubt, Information is powerful, but the urgency of
information depends on the relationship we have with people, locations and
institutions to use them to respond effectively to the situation. If we look at
nature, there could be onward and reverse flow of water in the chain of actions
in the environment. One of the appropriate example could be the hydrological
cycle. Rain falls on a mountain, tributaries moving down the slope,
converging to become bigger, taking
a meandering form, becomes
distributary, forming delta before debouching into sea. The evaporation in turn
give rise to the rainfall again. The information we were talking about should
also flow forward (downstream) and backward (upstream). But often there
could be various contradictions in the objectives of the stakeholders in reality
in the same chain. The nature has a balance. Even the business sector has
identified or realized that there could be contradictions in the objectives of
various. It’s a popular saying in the field of supply chain management,
“strength of the chain depends on the strength of the weakest link”. Because
the business needs to move on the stakeholders arrive at consensus and help to
identify and to give support to the weakest link for the overall well-being of
the chain so that profits can be attained, and business can run to satisfy the
customer needs. The best example we can comprehend with contradictions in
emergency management is the emergency warnings of two events get
superimposed: such as warning on cyclones and at the same time warnings
Covid-19, the former asks for convergence to a shelter and the other demands
divergence (social distancing). The governance system should identify the
weakest links and the role it plays in the entire chain and to ponder on the
support system for sustaining the chain. The following figure (Fig.1) would
able to help us identify the possible trade off so that response to a situation can
be handled better.
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In the governance system, between stakeholders in the chain of hazard
mitigation or disaster response, there could be various contradictions in
respective hyper local objectives. This can hamper the information flow
upstream and downstream, which in turn would affect the effectiveness of our
response or mitigation efforts. To tag urgency to the information, relationship
matters – Hope the DRVC 2020 would help in contributing to the awareness
of the urgency of building relationships and thus become part takers of
creating a risk conscious society who would take actions wisely as and when
they receive information on emergency or risk.
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Fig. 1 Guiding Fundamentals of Response Characteristics
(Source: Srivastava S, Evaluation of Relief Logistics and Distribution Challenges in
Flood Affected Areas of Agastyamuni, Uttarakhand. MSc Dissertation, JTCDM, TISS,
Mumbai, 2015)
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Modalities of united statelessness
Dr. Rupert Allan
Intervention Design, Country Management, Research
Keynote Talk
To safeguard human lives quickly and effectively in humanitarian disasters,
OpenStreetMapping (OSM) interventions generate life-saving maps whilst
placing the governance and authorship of the field data into the hands of the
communities where it originated. Institutional data often does not exist in
resource poor settings, and even where it does, hyper-local ‘expertise’ of
citizen-generated data has an argued advantage of ‘trustworthiness’ over this
more formal top-down information. (Muttaqien,Ostermann, Lemmens: 2018).
Although OSM may hold the dynamic potential to radically connect the
physical with the digital, linking ‘situated knowledge’ in communities (the
‘specific’) with humanitarian overviews (the ‘universal’), this does not justify
the indiscriminate mapping of ‘every corner of Africa’ simply for its own
sake. Exaggerated trust in new technology, too, can sometimes turn out to be
dangerously ‘techno-colonial’, and actually detrimental to the safeguarding of
human life. Where useful interventional maps depend on well-chosen words,
often simpler and more lo-fi solutions have a more measurable impact.
Digitally-enabled mobile infrastructures can now prove highly resilient,
refuting traditional assumptions linking mobility with ‘disadvantage’. Across
cultures, demonstrations of chosen itinerancies are beginning to query ‘digital
realism’, imposing plural ontologies of ‘place’, re-visiting traditions of
‘language-code’ in which technology manifests as ‘taxonomy’. In this, ideas
of ‘locale’ emerge more as process than place. This chapter draws upon
experiences of refugee-mapping using ‘local knowledge, local people, and
local tech’, and on attempts to convey data in a way that universally translates.
It will use field-derived perspectives to debate the multiple narratives which
OSM mapping (and OpenDataKit tooling) enables.
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Worst Disaster of the World on 2 Dec 1984
Dr. Ramesh VM
Senior Manager (Fire and Safety) (Retd),
Bharat Petroleum Corporation Limited-Kochi Refinery.
Keynote Talk
My presentation is on worst Disaster of the world occurred on 2 Dec 1984 and
the subsequent changes made in Factories Act, 1948 and the coming up of
Manufacturing, Storage and Import of Hazardous Chemicals Rules, 1989.The
mock drill made mandatory for Industries and the phases of conductance of
drill is explained. The recent disaster at LG Polymers Ltd., on 7th May 2020
had many similarities with Bhopal tragedy.More focus on past incidents are to
be made in order to avoid such incidents.
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Keynote Talk:
RemoteSensing and GIS are known as eminent technology for representing
geographicalproperties which used to store,retrieve,
and visualize
geographical data in an useful manner.Geo-information and remote sensing
are renowned tools for supporting research and operational activities devoted
to disaster reduction and to enhance functional strategies for increasing
awareness on natural hazard prevention. In the present digitalarena, it
canbefoundthat
data
become
big,
cities
become
smart,
thingsjumpsontoInternetandGeospatialreferencesareusedforinformation
management. Earth observation data have formed the basis for acquiring data
remotely for many years and are viewed as a time- and cost-effective way to
undertake
largescale
monitoring
of
natural
resource.
Thesetechnologiesareneededtoimprovehuman situation at a very basiclevel
through sufficientfood,shelter, and protection fromthenaturaldisasters.
There has been a global awareness of the need to take drastic action in
reducing and mitigating the impacts of disasters through disaster management.
Different governments and international agencies have made several efforts in
combating the challenges posed by natural and manmade disasters. Geomatics
in the highly interdisciplinary disaster management to include identification
and mapping of hazard prone areas, deformation monitoring of hazard prone
areas and massive engineering structures, production of rescue maps and
assessment of damages among others. In light of the enormous loss during the
disaster and hazard occurrence,some aspects of research activities that are
undertaken by disasters management authorities are related to susceptibility
and vulnerability analysis of danger areas, hazard zoning and risk
assessment(risk potential maps),making disaster scenarios and mapping of
post disaster operation during emergency and monitoring of potential
dangerous areas. The phases of disaster management cycle include disaster
preparedness, disaster prevention disaster relief, rehabilitation and
reconstruction. GIS has the power to integrate data from various sources into a
common platform and make it readily accessible to various stakeholders for
disaster management. It enables dissemination of critical information in a
timely manner in cases of emergencies. Further, the visualization of this data
helps in analyzing a situation and taking quick decisions. Remote sensing and
GIS have been playing, and will continue to play, vital roles in the different
phases of disaster management cycle.Geodatabases, remote sensing, and
mobile geographic information systems (GIS) applications were developed to
perform analysis climate-related disaster (for early warning/ mitigation
measures, distribution on slope instabilities at the regional scale which activate
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prevention and recovering measures; geological and geomorphological
controlling factors of seismicity, etc. Agricultural drought involves a deficit in
plant-available water that could compromise the crop yields. Remote sensingbased indices are an effective tool for large-scale drought monitoring because
they naturally integrate soil moisture or vegetation information into
agricultural drought indicators which are otherwise difficult to gather through
direct field observations.Landslide hazard assessment is an important step
towards landslide hazard and risk management. There are several methods of
Landslide Hazard Zonation (LHZ) viz. heuristic, semi quantitative,
quantitative, probabilistic and multi-criteria decision making process. The
advanced multivariate techniques are proved to be effective in spatial
prediction of landslides with high degree of accuracy.MCDM approach also
play significant role in determining relative importance of landslide causative
factors in slope instability process. Aerial photographs and high resolution
satellite data are useful in detection, mapping and monitoring landslide
processes. GIS based LHZ models helps not only to map and monitor
landslides but also to predict future slope failures.Advancement particularly in
the area of remote sensing application has developed gradually from optical
remote sensing to microwave or radar remote sensing, which has proved a
profound capability of penetrating a clouded sky and provided all weather
capabilities compared to the later (optical remote sensing) in flood monitoring,
mapping, and management. The delineation of flood prone areas and
development of flood hazard maps indicating the risk areas likely to be
inundated by significant flooding along with the damageable objects maps for
the flood susceptible areas. More so the idea of Web-based GIS enables an
important role in the flood hazard management. Tropical cyclones and their
often devastating impacts are common in many coastal areas across the world.
With a multitude of satellite remote sensing and spatial techniques and
potential data types, it is very challenging to select the most appropriate
processing techniques and datasets for managing cyclone disasters. Geospatial
based multi-criteria decision making approach using analytical hierarchy
process (AHP) is suggested the can be used as use as a basic input in the
cyclone risk modelling process due to its simplicity.Disaster risk management
and resilience is enhanced through the use of “big data” technologies that
improve the speed and effectiveness of linkages between disaster information
and systemic response. Modern Disaster Management Systems are based on
several columns that combine theory and practice, software, and hardware
being under technological advance.A big variation of sensors, software, and
carriers to support Disaster Risk opened up abundant possibilities to support
Disaster Risk Management processes capturing, processing, and representing
geospatial data in all phases of a disastrous occurrence. Many advance
techniques in hardware and platform system such as UAV systems, thermal,
RGB or oblique sensors, etc lead the creations faster data capturing and
availability. Combining these new updates with the several AI methods, i.e.
Machine Learning and GIS software applications a very promising path
towards integrated and interdisciplinary Disaster Risk Management. The
applications of those technologies are expected to enable better mitigation of,
and adaptation to, the disastrous impact of natural hazards. We should make
use of the technology to support our society in times of crisis and make a
pathway for sustainable development and resilient communities.
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