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Preface

The Disaster, Risk and Vulnerability Conference (DRVC) 2014 is an outcome of the interest that was generated
and the requests for a repeat of 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 the Uttarakhand flood was the most devastating and immediate amongst those. Each
disaster brings upon us the onerous task of conducting a post-mortem, 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 that populate this volume range from those utilizing technology to tackle disasters or
mitigate their effects to those that look at post-disaster interventions, community-based adaptation strategies
to GIS-based disaster management strategies.

The University of Kerala is specially thanked for sponsoring the conference at short notice. The Kerala State
Council for Science Technology and Environment (KSCSTE) has been very quick to approve the proposal for
the DRVC2014, and on behalf of the Organizing Committee I extend my sincere gratitude to the KSCSTE. The
Atomic Energy Regulatory Board (AERB) has been keenly associated with the DRVC2011 and had
subsequently maintained a close contact with the SES, MG University, which in turn lead to the AERB
extending their sponsorship to this progamme. I thank the Secretary, AERB for his support of this conference
and for readily agreeing to be part of the inaugural function. The Institute of Land and Disaster Management
of the Govt of Kerala (Dept of Revenue) is a co-organizer of the conference, and I thank them for the
association which has helped in the planning and execution of this event.

I also thank all my colleagues for their unstinting support in organizing this conference. All the students of the
department are thanked for their generous help, and I especially thank my doctoral students, Rajesh and
Prasanth, and Saran, an alumnus of the MSc Disaster Management program of SES, MGU for assisting me in
all aspects of the conduct of the DRVC2014. 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 here. I also thank the associates of
this conference: the Stuttgart, Germany-based Applied Geoinformatics for Society and Environment (AGSE)
headed by Prof.Dr.Ing.Franz-Josef Behr, the Stuttgart Active Alumni Group (SAAG), the Charitable Society for
Humanitarian Assistance and Emergency Response Training (CHAERT), and the Indian Institute of Emergency
Medical Services (IIEMS) for their contributions in the conduct of this conference.

I wish all of you a pleasant stay in Trivandrum and days of fruitful discussions in the conference, and hope to
meet all of you again at the next DRVC.

Trivandrum, India Dr.A.PPradeepkumar
24 April 2014 Organizing Secretary, DRVC2014
Associates
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Charitable society for
Humanitarian Assistance &
Emergency Response Training
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CONSEQUENCES AT DIFFERENT TIME-SCALE
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Abstract
Accidental release of toxic / flammable hazardous chemicals from chemical storage plants can cause serious injuries /
property damage, situation becomes grievous, if the plant is situated in a densely populated area. During sudden release of a
hazardous chemical from a storage tank the chemical stored inside the tank will vaporize and disperse in the atmosphere
depending on the process and meteorological conditions at the time of release. The area that would be affected can be
approximately calculated using fundamental principles of fluid dynamics through dispersion models. However the heavy gas
dispersion calculations are very complicated and the results obtained are not truly representative of the actual scenarios. Since
Liquefied Petroleum Gas (LPG) is most commonly used in industry and domestic areas, since it is a heavy gas, prediction of
consequences due to LPG release is not possible by calculations, therefore an effort is being made to predict the consequence at
different time — scale of LPG release using ALOHA. ALOHA (Areal Locations of Hazardous Atmospheres). This methodology
discussed in this paper is useful to predict probable concentration due to hazardous chemical releases and subsequent fires/
explosion effects because of existence of possible ignition sources in the vicinity of vapor clouds. Simulation of LPG release is
calculated using propane.

Keywords
Propane Release, Heavy Gas dispersion, Fire and Explosion, ALOHA, BLEVE

1. Introduction

In the past decade many chemical, petrochemical and petroleum industries from all over the world have installed
manufacturing/production plants in India, depending on the location, availability of sources, climatic conditions and large
man power. Most of these industries use hazardous chemicals as raw material /byproduct which when released in
atmosphere may cause significant damage to human beings and property. Moreover there have been some cases of toxic /
flammable release of gases at times in India which have led to great disasters. Thus, it is very important to predict release
and possible consequences so that proper safety measures are taken so as to avoid any type of accidents. Proper
maintenance of all the equipment involved in the production, storage or transportation of these toxic materials is
absolutely necessary.

Most of the chemical industries, where hazardous chemicals are used, are large scale industries with complex

processes that involve chain of chemical reactions, sophisticated procedures and massive scale of operation, the odds of
accidents and disasters such as explosions and fire hazards caused by the leakage of chemicals from important production
facilities, storage tanks, warehouses, and subsequently expose to public facilities in close proximity due to minor
negligence are not to be underestimated. Advanced risk assessment programs should be used to maintain equipment
inspection quality and equipment reliability after major maintenance.
Having thorough knowledge of all ongoing operations in the plant will help to minimize the threat of potential hazard and
also assist in running a pre-rescue operation in case of an emergency situation. From the previous gas releases that have
occurred like the Bhopal gas leak in UCIL on 2™-3" December 1984, it can be clearly concluded that there were no proper
measures available for predicting the exact area that had been affected by the gas release, if there would have been
accurate predictions about the affected area then the number of casualties that occurred could have been minimized.
Similarly in other such accidents that have occurred over past few years in India as mentioned in Table 1, it can be judged
that many lives could have been saved if the plant operator would have forecasted the impact of scale of the release
beforehand.

Conventionally there was no proper method available for instantly predicting accurate impact of scale of a heavy
gas release in a chemical industry. The manual methods that were known were complicated and time consuming, also the
results obtained by these conventional methods were not so reliable. Meroney (1984) attempted to predict Propane

A.P Pradeepkumar;, E-J. Behr, ET. Illiyas and E. Shaji 2014 Proc. 2nd Disaster, Risk and Vulnerability Conference 2014 (DRVC2014) 24-26 April 2014 Dept of
Geology, Uni Kerala, Trivandrum, India, 338p ISBN 9788192344928 1



release using box model and he observed that dense cloud was rapidly diluted to low values concentration because of
buoyancy effect. We have seen from the existing literature on hazard distance calculation using different heavy gas
dispersion model such as box model , hat model etc. are extremely time consuming and difficult to predict accurate
concentration at different time and space. Thus, there was an urgency to develop a model which would accurately predict
threat zones in case of a gas release and that too immediately. The United States Environmental Protection Agency
(USEPA) in collaboration with the National Oceanic and Atmospheric Administration Office (NOAA) in 1988 developed a
model known as CAMEO. The CAMEO software suite was developed because NOAA recognized that emergency response
personnel were often severely hampered by lack of accurate hazardous substance information. ALOHA is one of the
applications in the CAMEO software suite. ALOHA (Areal Locations of Hazardous Atmospheres) is an atmospheric
dispersion model used for evaluating releases of hazardous chemical vapors. ALOHA allows the user to estimate the
downwind dispersion of a chemical cloud based on the toxicological/physical characteristics of the released chemical,
atmospheric conditions, and specific circumstances of the release. ALOHA can estimate threat zones associated with
several types of hazardous chemical releases, including toxic gas clouds, fires, and explosions. In this study, the ALOHA
model has been chosen to simulate the scales of impact (threat zones) in the event of toxic chemical release. Propane is
used for prediction of the gas release. The model is used to simulate the scale of threat zones and dispersion when
propane is released from their storage tanks.

Table 1 Major Chemical Accidents in India

Name of Industry Deaths Injuries Date of Accident Cause of Accident
Century Rayon Factory, Ulhasnagar 9 140 17" March 1983 H.S Gas
Mukund Iron Plant, Thane 2 - 15" March 1995 Toxic Gas
HPCL Refinery 80 50 14" September 1997 VCE (Vapour Cloud Explosion)
Vishakhapatnam
GACL 4 20 5™ September 2002 Chlorine Gas
Vadodara Release
Kanoria Chemicals and Industrial 6 23 29™ March 2006 Chlorine gas release
Ltd., Renukoot
Bombay port Trust (BPT) - 103 14™ June 2010 Chlorine gas release
Mumbai

2. Risk Assessment Methods

2.1 ALOHA model of dispersion

The model of dispersion chosen for the purpose of this research is the ALOHA model, which has been built upon the
Gaussian dispersion model of continuous, buoyant air pollution flumes. The version of ALOHA model used for modeling is
version 5.4.4. The simulation model was jointly developed by organizations including the United States Environmental
Protection Agency (USEPA), Chemical Emergency Preparedness and Prevention Office (CEPPO), and National Oceanic and
Atmospheric Administration Office of Response and Restoration (NOAA). The ALOHA model of dispersion is a free
application provided by NOAA (National Oceanic and Atmospheric Administration) of the United States and EPA
(Environmental Protection Agency) and it is the tool for the assessment of toxic gas cloud threat zones recommended by
the USEPA. The model is capable of simulating the dispersion model for over 900 chemicals and is primarily used in the
simulation of accidental release of hazardous substances and the dispersion of chemical vapor. The American Industrial
Hygiene Association (AIHA) has published Emergency Response Planning Guideline (ERPG) values which are intended to
provide estimates of concentration ranges where one might reasonably anticipate observing adverse effects. These
guidelines are intended to be used as a planning tool for various Process Safety programs to determine priority concerns,
to evaluate the adequacy of containment, to identify downwind areas which might need to take action during a release
and to develop community emergency response plans. The need for an ERPG is based on the volatility of a chemical, its
toxicity, the releasable quantity and the public’s perception of the potential hazard.

ERPG definitions are as follows:

ERPG-1 is the maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for one hour without experiencing other than mild transient adverse health effects or perceiving a clearly
objectionable odor.

ERPG-2 is the maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms
that could impair their abilities to take protective action.

ERPG-3 is the maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

Lower Flammability Level of propane- 2.15%

Upper Flammability Level of propane- 9.6%
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2.2 Limitations

ALOHA's accuracy depends on the quality of the information given. But even the best input values possible are provided,
ALOHA (like any model) can be unreliable in certain situations, and it cannot model some types of releases at all. When
making concentration estimates, ALOHA assumes that the chemical is released into the atmosphere and immediately
becomes mixed so that the concentration looks like a bell-shaped curve throughout the cloud (the highest concentration is
downwind along the centerline). Even though that is not exactly what happens in a chemical release, this "Gaussian"
assumption is fairly typical and provides reasonable concentration estimates in most cases. However, ALOHA's
concentration estimates can be less accurate when any condition exists that reduces mixing in the atmosphere. For
example:

e Very low wind speeds. At very low wind speeds (less than 3 miles per hour) the pollutant cloud does not mix
quickly with the surrounding air. The concentration of the gas in the chemical cloud may remain higher than
ALOHA predicts, especially near the source.

e Very stable atmospheric conditions. Very stable atmospheric conditions (stability classes E and F) generally
occur at night or in the early morning, and may be indicated by conditions such as low-lying fog. Under these
atmospheric conditions, gas concentrations within a pollutant cloud can remain high far from the source.

ALOHA does not account for the effects of:
e Byproducts from fires, explosions, or chemical reactions
e Particulates
e Chemical mixtures
e Wind shifts and terrain steering effects
e Terrain
e Hazardous fragments

Modeling Approach. Propane is stored at ambient temperature and pressure conditions inside a storage tank of 10 ft
diameter and 70 ft length. The tank is filled to its maximum capacity. If a BLEVE occurs under these circumstances than
what would be the threat zones due to thermal radiation is a matter of interest. Also, If a VCE takes place for the
propane release at ambient temperature from a rectangular hole of 50inch length and 0.2 inch width at Oft from the
bottom of tank for 30 min time duration than what would be the threat zones that would occur in terms of flammable
area and overpressure is also a matter of concern. For both the cases, four different timings have been considered 00hrs,
06 hrs, 12hrs and 18hrs and the results have been obtained that at what time would the worst case scenario occur.

Table 2. Input Data
Time Scale 00hrs 06hrs 12hrs 18hrs
Wind Speed 1.4m/s 2.5m/s 5m/s 3.5m/s
Temperature 20degC 25degC 35degC 28degC
Stability Class F F C E
Humidity 50% 50% 50% 50%
Cloud Cover 0 tenths Otenths Otenths O tenths

3. Results and discussions

ALOHA was used to model the gas release for the scenarios mentioned in Table 2. The hazardous chemicals chosen are
propane because of its level of toxicity. The results of the simulation. Propane is one of a group of liquefied petroleum
gases (LP gases). Propane is denser than air. If a leak in a propane fuel system occurs, the gas will have a tendency to sink
into any enclosed area and thus poses a risk of explosion and fire. Thus, propane being hazardous requires an immediate
action to be taken if released in atmosphere.

A. Toxic vapor cloud for release of propane
The most dangerous and destructive type of explosions in the chemical process industries are vapor cloud explosions
(VCE). These explosions occur by a sequence of steps:
1. Sudden release of a large quantity of flammable vapor. Typically this occurs when a vessel, containing a superheated
and pressurized liquid ruptures.
2. Dispersion of the vapor throughout the plant site while mixing with air.
3. Ignition of the resulting vapor cloud.

CALCULATING FLAMMABLE AREA

Fig 1 describes that the highest release of propane i.e. (>12600 ppm) occurs at a distance of 633 mts from the source and
release of propane around 2100 ppm occurs at a distance of 1500 mts from the source.

Fig 2 represents the highest release of propane i.e. (>12600 ppm) occurs at a distance of 244 mts from the source and
release of propane around 2100 ppm occurs at a distance of 705 mts from the source.
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Fig 1, 2. Propane Concentrations at different Locations at 0600 hrs and 2. at 12:00 hrs

Case 3 : 18 00 Hours

Case 4 : 00:00 Hours
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Fig 3, 4 Propane Concentrations at different Locations at 1800 hrs and 00:00 hrs
Fig 3 narrates that the highest release of propane i.e. (>12600 ppm) occurs at a distance of 365 mts from the source and

release of propane around 2100 ppm occurs at a distance of 942 mts from the source.

We can observe from Fig 4 that the highest release of propane i.e. (>12600 ppm) occurs at a distance of 887 mts from the
source and release of propane around 2100 ppm occurs at a distance of 2100 mts from the source.

CALCULATING OVER PRESSURE
Fig 5 shows that the pressure of magnitude > 3.5 psi is observed at a distance of 463 mts and pressure of magnitude >

1.0 psi is observed at a distance of 612 mits.

Fig 6 indicates that the pressure of magnitude > 3.5 psi is observed at a distance of 176 mts and pressure of magnitude >
1.0 psi is observed at a distance of 300 mts.
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Fig 5, 6 Over-pressure due to Propane Explosion at different Locations at 0600 hrs and 12:00 hrs

Case 3 : 18 00 Hours
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Fig 7- Over-pressure due to Propane Explosion at different Locations at 1800hrs

In Fig 7 ,it is observed that the pressure of magnitude > 3.5 psi is observed at a distance of 265 mts and pressure of
magnitude > 1.0 psi is observed at a distance of 416 mts

Case 4 : 00 00 Hours Case 1 : 06 00 Hours
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Fig 8 Over-pressure due to Propane Explosion at different Locations at 0000hrs Fig 9 Thermal Flux due to BLEVE at
different Locations at 0600hrs
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In Fig 8 ,the pressure of magnitude > 3.5 psi is observed at a distance of 665 mts and pressure of magnitude > 1.0 psi is
observed at a distance of 833 mts.

BLEVE (Boiling Liquid Expanding Vapor Explosion)

A BLEVE occurs when a vessel containing a pressurized liquid above its boiling point ruptures. If a vessel partly filled with
liquid with vapor above filling the remainder of the container, is ruptured—for example, due to corrosion, or failure under
pressure—the vapor portion may rapidly leak, lowering the pressure inside the container. This sudden drop in pressure
inside the container causes violent boiling of the liquid, which rapidly liberates large amounts of vapor. The pressure of
this vapor can be extremely high, causing a significant wave of overpressure (an explosion) which may completely destroy
the storage vessel and project fragments over the surrounding area. While the term BLEVE is most often used to describe
the results of a container of flammable liquid rupturing due to fire, a BLEVE can occur even with a non-flammable
substance such as water liquid nitrogen liquid helium or other refrigerants or cryogens, and therefore is not usually
considered a type of chemical explosion. In Fig 9, the maximum heat (>10 kW/Sq. m) is radiated at a distance of 544mts,
heat >. 5kW/Sq m is radiated at a distance of 768 mts and heat greater than 2 kW/Sq m is radiated at a distance of 1200
mts.

Case 2 : 12 00 Hours Case 3 : 18 00 Hours
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greater than 10.0 kW/(sq m) (potentially lethal within 60 sec]
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[ ] greater than 2.0 kW/(sq m) (pain within 60 sec)

Fig 10, 11 - Thermal Flux due to BLEVE at different Locations at 1200hrs and 1800hrs

In Fig 10, the maximum heat (>10 kW/Sq. m) is radiated at a distance of 522mts, heat >. 5kW/Sq m is radiated at a
distance of 737 mts and heat greater than 2 kW/Sq m is radiated at a distance of 1100 mts. In Fig 11, the maximum heat
(>10 kW/Sq. m) is radiated at a distance of 537mts, heat >. 5kW/Sq m is radiated at a distance of 758 mts and heat
greater than 2 kW/Sq m is radiated at a distance of 1200 mts.
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Fig 12 Thermal Flux due to BLEVE at different Locations at 0000hrs
In Figl2, the maximum heat (>10 kW/Sq. m) is radiated at a distance of 555mts, heat >. 5kW/Sq m is radiated at a

distance of 784 mts and heat greater than 2 kW/Sq m is radiated at a distance of 1200 mts.
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Conclusions

Simulations were performed for the chemical propane release under the selected scenarios at different times. ALOHA
heavy gas model is used to determine various threat zones were obtained for different types of release. From the results it
can be concluded that the climatic conditions, elevation, speed of wind, humidity in atmosphere, etc. play an important
role for deciding the area that will be more prone to threat due to propane release. In the first case it is considered that a
BLEVE would occur in which the thermal radiation threat zone was calculated. In the second case it is considered that
Vapour Cloud Explosion ( VCE) takes place because of release of propane from a rectangular hole in a storage tank.
The flammable area for all 4 time zones was plotted and secondly the overpressure threat area was also plotted. From all
these simulations we conclude that be it VCE or BLEVE maximum destruction occurs if accident occurs at mid-night
0000hrs and minimum destruction occurs at 12 noon. Thus it can be concluded that as temperature and wind speed
decrease at night threat zone increases. Thus threat area increases with decrease in temperature and wind speed. Thus,
ALOHA model can be instantly used to model threat zones, flammable areas, overpressures, thermal radiation zones and
also the source strength of various chemicals depending on their ERPG values of propane at different time-scales by only
specifying the conditions under which the chemical is stored. In this way we can predict any accidental releases and their
consequences like over-pressurisation and heat flux across different locations at different time- scale.
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Abstract
The main intension of the present study is to prepare a land slide susceptibility zonation map of the study area using GIS —
techniques and frequency ratio method in which each theme and their classes are given with number of pixels of class and
percentage of class. This will give an estimation of percent of area under each class. By using the GIS techniques, calculate the
number of lad slides in each of the class within each theme. A total of 38 landslides were coming within the study area.
Percentage of landslide within each class is calculated by dividing the number of landslide within each class by the total
number of landslides. Frequency ratio or the favorability value is obtained by dividing the percent of landslide by the percent of
class. The different classes within each theme have particular frequency ratio. The sum of frequency ratios of all the selected
themes at a particular zone gives the Landslide Susceptibility Index (LSI) of that zone.LSI is the value which says how much a
region is susceptible to the occurrence of landslide. Based on the cumulative LSI values we have prepared four zones as stable,
low susceptible, moderately susceptible and highly susceptible.

Keywords
GIS, Frequency ratio method, Landslide susceptibility index, Manimala River, Pixels.

Introduction

Natural hazards are events that occur suddenly and swiftly causing extensive damage to life and property. Floods,
earthquakes, cyclones, volcanic eruptions, droughts, wild fires and landslides are some of the common natural hazards.
Their characteristics are difficult to be determined and prediction of their recurrence and behavior is a delicate task.
Landslides have become more severe especially with increase of human intervention on unstable hill slopes. Landslides
belong to that family of short lived and suddenly occurring natural phenomenon that can cause extraordinary landscape
changes and destruction of life and property. In the strict sense, landslides are relatively rapid down slope movement of
soil and rock which takes place characteristically on one or more discrete bounding slip surfaces which define the moving
mass (Hutchison, 1988).The term landslide has now come to include a broad range of different types of motion whereby
earth material is dislodged by falling, sliding and flowing under the influence of gravity (Coates, 1981).These events are
recorded in different terrains with varying geological assemblages and different climatic zones. Changes in the slope
gradient both natural and man-made, changes in antecedent moisture content, vegetation, lithological assemblage etc. are
some of the factors that have a direct bearing on the stability of a region. Normally the calamity is triggered by a
sufficiently strong mechanism which overcomes the natural stability of a segment i.e.; the shear resistance threshold is
exceeded. Seismic events and excessive precipitation are considered to be common triggering mechanism. Therefore, the
determination of the relative importance of various categories of causative factors, using different types of analytical and
assessment techniques, is the basic pre-requisite for landslide susceptibility modeling (V.Prassannakumar and H.Vijith
2012).

The term Landslide Hazard Zonation applies in a general sense to divide the land surface into discrete zones and
rank them according to degrees of actual or potential hazard from landslides or slope instability (Varnes,1984).All
zonation studies carried out till date relies on three fundamental assumptions.

(1).The slope failures in future will most likely be in similar terrain conditions that have led to past and present failures.

(2).In a given area the main environmental conditions which causes land sliding can be identified.
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(3).A summary of the degree of potential hazard in specified areas can be built up, depending on the number of failure
inducing factors, their severity and their interaction. However, the overall accuracy of Landslide Hazard Zonation
mapping for discrete areas still remains unevaluated and it is only rarely possible to predict the exact location and time of
a probable landslide

Study area

The areas selected for the study comprise 43.5sq.km falling within Lat.76°5140 and 76°5710 and Long.9°3437 and 9°3948
in Survey of India toposheet No.58C/11. Administratively the area falls within Idukki and Kottayam district of Kerala and
forms part of the highland region of Kerala encompassing within the entire upper catchments of the Manimala River. The
area reflects all the physiographic components of a typical vulnerable zone of Western Ghats has experienced multiple
slides in the recent past which attracted considerable attention from governmental agencies. The Eastern part is occupied
by the Peerumed plateau which has all characteristics of a natural plantation surface. The Manimala River originates from
this plateau edge and its first, second and third order tributaries flow down through the steep plateau margin. Generally
the elevation difference averages to about 1000m from the origin of first order stream to the confluence with the main
Manimala river which is 6™ order stream. Thus the central part of the area has the active youthful upper catchments of
two streams, the westerly oriented Meenachil River and southerly oriented Manimala River. These two upper attachments
are typical zones upon which the river is engaged active head ward erosion. The plateau margin presents youthful
topography where denudational landforms are prevalent which constantly pushes the drainage divide towards east.
Further the same drainage divide separate some parts of the upper catchment of Manimala and Meenachil rivers which
were constantly head ward cutting both the sides of a divide. Thus the central part of the study area hosts a plateau
margin which has all pre-requisites of an active erosion zone where the natural terrain set up is conductive to slope
failure/mass movements. Towards west of this zone the area has dissected topography where the elevation difference is
hardly more than 100m falling in the highland region. The area covers the foothill region presents a composite
denudational and depositional topography. The relative relief is low with very little mass movement history within this
zone. Thus the area selected for the present study has all the three physiographic zones: the plateau landform, plateau
margin with the source region of rivers and the lower midland plains facilitating their evaluation in terms of landslide
potential.

As far as the vegetation cover is concerned the major portion of the area encompassing the plateau margin and
the midland region is occupied by rubber plantations. However the area has strips of natural vegetation in the form of
natural degraded natural forest and grasslands in addition to seasonal cultivation adopted by local settlers. The plateau
region consists of extensive tea and cardamom plantation which is typical of Western Ghats. The area presents a typical
example of conversion of natural vegetation to monoculture plantations mainly rubber and tea in private lands. The
vegetation in the area is also typical of Western Ghats region in that all the variants available for a land cover assessment
which can be regionally applied. Thus the study area is an ideal sector where all the relevant terrain set up and socio-
ecological features are represented so that it can form a model or rather a sample of the entire Western Ghats region of
Kerala.
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Fig.1 Location map of the study area with landslide points by digital elevation model.
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Methodology

The methodology adopted here essentially is to work out the geologic, geomorphologic, hydrologic, climatic and
anthropogenic factors which are responsible for past occurrences of landslides. The causes of landslides can be worked out
based on available case studies from the region by taking nature of rock or soil, slope, hydrologic variables and imposed
human intervention like construction; cultivation etc. These could be correlated with past failures thus permitting
extrapolation of site information to regional areas. For a given area, depending upon the prevalent failure inducing
factors along with their severity and interaction potential, the degree of potential/hazard can be worked out. The success
of such assessment depends on the accuracy and volume of data used for the subjective evaluation. Various thematic maps
were prepared using remote sensed data along with extracted data from available topographic maps of Survey of India
(Sol) and structural and geologic maps of Geological survey of India(1:250,000). Data enhancement and field truth
verification was conducted by regular systematic field work for the collection of landslide locations verification of land
cover, geology and geomorphologic features. The spatial database constructed using Arc GIS 8.3 includes ten layers of
information are geomorphology, land use, soil type, slope, aspect, relative relief, lineament density, drainage distance,
drainage density. A pixel size of 20 x 20 m was adopted for all the themes. Therefore, the study area covers a digital
image of 48,388 pixels. The digital elevation model (DEM) portraits accurate representation of land surface which was
suitable for medium scale mapping (Tomlin1990; Nagarajan et al.1998)The DEM has been prepared by digitizing
contours at 20 m interval and the elevation points from the Sol topographic map interpolated and resembled to the
desired pixel. By using DEM very significant derivative layers such as slope angle, slope aspects etc. were produced.

The next stage in the study is the comparison of landslide inventory/ landslide population map with individual
thematic and interpretive maps in order to identify the units/ parameters/ zones in which past failures have taken place.
By this comparison it is possible to identify the degree of importance of individual parameters as causative factors so that
a rating could be made among the individual themes. A simple integration of these themes and their comparison with the
landslide population map can yield a qualitative assessment so that area could be divided into units depicting different
degrees of stability,

1. Stable zone -A very stable setting and no action by man possibly threaten the balance

2. Low susceptible zone — Dissected slopes of hills characterized by stable geologic setting that can be destabilized by
erosion/improper developmental activities.

3. Moderately susceptible zone — The terrain setting is same as in the above and landslides have occurred in the past but
conditions prevailing do not favor instability. However, if natural drainage is disrupted/ slope modified, landslides could
be triggered.

4. Highly susceptible zone- where landslides are likely to occur in view of the prominent factors contributing to landslide
being present.

The numerical methods of landslide hazard zonation using index values are the usage of Landslide Susceptibility
Index (LSI). This procedure of zonation involves identification of elements having role in causing landslides such as slope,
soil type, drainage, land use etc. This number is designated as LSI for a given area, the LSI of the categories if added
together gives the total LSI. This value is used for zonation of the area into different zones of landslide susceptibility. An
integration of all factors will lead to the allotment of LSI for the terrain to culminate in zonation based on LSI. In the
present study as the first stage of zonation individual factor maps are superimposed on landslide population map to assess
the influence of each factor to attempt zonation based on that particular causative factor. In the second stage all such
individual factor based zonation integrated cartographically to arrive at a qualitative zonation of the area. In the second
stage based on the importance of factors zonation is attempted using LSLIt may be summarized that the concept
employed both in qualitative and numerical system used here is the preparation of landslide hazard zonation map by
evaluation and synthesis of various geo-environmental factor maps in terms of frequency of landslide occurrence in the
region. Such zonation map depicts different regions of relative instability and identifies zones having equal degree of
susceptibility.

Total area of study is 43.55km? and for the convenience of study this value has been converting into number of
pixels. The total number of pixels of our study area is 48388. Different themes such as geomorphology, land use etc
contains different classes. The area contain each class is given in number of pixels and their percentage is calculated. The
total number of slides observed in the area is 38. The classes such as slope, aspect, relative relief, lineament buffer,
lineament density, distance from the drainage, drainage density are given certain identities. In the thematic map instead
of the class these identities are shown.

Frequency ratio model

Frequency ratio model used in this study for the landslide susceptibility is on the concept of the favorability function
(Chung and Fabbri 1999, 2005). The likelihood of landslide occurrence can be measured by statistical relationships
between past landslides of a given type and specified spatial data sets. It is assumed that any landslide occurs under
particular conditions can be characterized by these spatial data sets, which are considered as independent conditioning
factors. Thus, the prediction of landslide susceptibility is considered as the joint conditional probability that a given small
area will be affected by a future landslide condition by the physical characteristic of the area.
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The calculation of prior and conditional probabilities is compulsive condition for the development of the remaining
procedure, and represents the first step of the cartographic data integration (H.Vijith, G.Madhu 2007) The calculated
probabilities ,based on the correlation between landslide map with several independent data layers and on the
relationship between affected areas and total areas, are the following: In the case of landslide, if we set the landslide
occurrence event to be represented by a factor , “A”, and this factor’s attributes are denoted by, “B”, then the frequency
ratio of B is the conditional probability ratio. If this ratio is >1, then the relationship between a landslide and the factor’s
class or type is strong. If the ratio is <1, then the relationship between a landslide and the factor’s class or type is weak
(Zezere et al.2004; Lee and Sambath 2006).The spatial relationship between a landslide occurrence location and each
landslide- related factor was derived using frequency ratio model. For calculating the frequency ratio, a contingency table
was made for each of land slide-related factors. Then the area ratio for landslide occurrence and non-occurrence was
calculated for the class or type of each factor, and the area ratio for class or type of each factor to total area was
calculated. Finally, frequency ratio for the class or type of each factor was calculated by dividing the land slide occurrence
ratio by the area ratio.

Relationship between terrain factors and landslides

Identification and mapping of a suitable set of instability factors bearing a relationship to slope failures requires a prior
knowledge of the main causes of landslides (Guzzetti et al.1999; Lee et al 2004b). Relationship between landslides driven
areas and terrain factors controlling landslides can be distinguished from the relationship between areas without any past
history of landslide and landslide related terrain factors. Frequency ratio was used to represent the distinction
quantitatively. The terrain factors such as geomorphology, land use, soil type, slope, aspect, relative relief, lineament
buffer, lineament density, distance from drainage and drainage density were evaluated using frequency ratio method to
determine the level of correlation between the locations of the landslide in the study area. These terrain factors and
results are given in the table (1).

Geomorphology of the area is the one of the prime factor controlling the occurrence of landslides. Landform
represents the shape of the ground surface i.e. the shape of the hills and valleys. In other words landform is the feature of
the earth’s surface with distinctive form characteristics which can be attributed to the dominance of particular processes
or the structures in the course of its development and to which the features can be clearly related. The present day
landform depends very much on the history of weathering and rejuvenation of the area. A detailed landform map depicts
the relative disposition of each land facet formed as a result of multi cyclic surfacial processes acted upon it over a period
of time. While considering the geomorphology the area is divided into six classes, namely plateau, structural hill,
escarpment, denudation hill, denudation slope, valley fill. Among these the analysis shows that, the structural hill is
having frequency ratio >2, indicating very high possibility of landslide occurrence. Next to structural hill the frequency
ratio of escarpment is above 1 indicating high probability of landslides. As structural hill and escarpments are structurally
controlled, they are highly sensitive to earth movements and mere tremor may trigger the landslide here. The denudation
hill and valley fill have frequency ratio less than 1 where they are less susceptible to landslides.

When considering the land use of the study area the main determinant factor that comes up is the vegetation
cover of the area. The major portion of the area is covered by the plantation and natural vegetation. The impacts of
deforestation connected with hydro electric or irrigation projects through soil erosion and siltation are the main problems
of slope stability. The protective role of vegetation in mass stability of slopes has gained increasing recognition. The
beneficial effects of vegetation on Slope stability are, root reinforcement, soil moisture depletion, buttressing, arching and
surcharge. The area under study falls within the high land region comprising within it the plateau region, its steep plateau
edges, highly dissected slopes and part of midland. A few decades ago the major part of the area was covered by natural
vegetation that is prevalent in the tropical high land region. However the last few decades witnessed severe human
migration into this region resulting in the conversion of this natural vegetation into plantations and seasonal crops. This
process of conversion has changed the land cover characteristics leading to a stage by which the long term stages have
gradually become critical at many locations. Based on the land use; the area is divided into the following classes. They
are, Cleared area, Dense mix jungle, Grass land, Open scrub, Rocky knob, Rubber, Tea, Teak, Urban area. The frequency
ratio derived from the analysis observed for open scrubs with a value of 2.63 followed by the classes rocky knob, grass
land and cleared area with values 2.43, 2.16 and 1 respectively. The most susceptible class is the open scrub followed by
rocky knob, grass land, cleared area, rubber and tea. The classes teak and urban area are characterized by the absence of
landslides, means they are stable areas within the 9 classes with frequency ratio of zero however their percentage of area
is less. Soil type is the other factor which influences the distribution of landslides in various regions. The study area is
characterized by the distribution of three types of soil viz. Gravelly clay loam. The frequency ratio of gravelly clay loam is
1.39 and that of gravelly clay is 3.24 which is more susceptible to the landslides. The gravelly sandy clay loam is
characterized by the absence of landslides where they accounts for about 43.39% of the area i.e.; no landslides were
reported the study area coming under the class gravelly sandy clay loam.

The land surface from the summit of the hill to the base of the valleys is bounded by a sloping surface or the
slope. The configuration of the slope has a vital part to play in the planning of the use and conservation of earth’s
resources for present and future. Their complexity of form and multivariate nature of processes that act on it make the
study of slopes rather difficult. In any land use planning, whether for agriculture, transport or other anthropogenic
activities slope stability is a determining factor. To evaluate the slope in its term of stability ;slope angle ,slope form and
the material of which it is formed has to be evaluated properly assuming that the processes that act on it continues to act
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everywhere. Slope angle within a given area is estimated by ground measurements of true slope at selected individual
points. One convenient method to represent slope is in the form of isoclinal maps show the areas of equal inclination in
terms of degrees.

Table 1.Frequency ratio of factors to landslides occurrences

Number of Slide % Frequency
Number of Land Slide ratio
Thematic layer pixels in the pixels with
Class class Class % | in the class
Geomorphology Plateau 4665 9.64 1 2.63 0.23
Structural hill 10454 21.6 17 44.7 2.1
Escarpment 1810 3.74 2 5.26 1.4
Denudation hill 15685 32.41 11 28.94 0.89
Denudation slope 4758 9.83 0 0 0
Valley fill 11016 22.76 7 18.42 0.8
Land use Cleared area 1276 2.63 1 2.63 1
Dense mixed jungle 1677 3.46 0 0 0
Grassland 1180 2.43 2 5.26 2.16
Open scrub 9202 19.01 19 50 2.63
Rocky knob 2092 432 4 10.52 2.43
Rubber 24433 50.49 10 26.31 0.52
Tea 7805 16.13 2 5.26 0.32
Teak 597 1.23 0 0 0
Urban 126 0.26 0 0 0
Soil type Gravelly clay loam 21900 45025 24 63.15 1.39
Gravelly clay 5489 11.34 14 36.84 3.24
Gr. Sandy clay loam 20999 43.39 0 0 0
Slope Oto5 3328 6.87 0 0 0
S5to 10 5670 11.71 0 0 0
10to 15 6455 13.34 4 10.52 0.78
15 to 25 16805 34.72 11 28.94 0.83
25t0 35 12639 26.12 18 47.36 1.81
35t045 2990 6.17 4 10.52 1.7
>45 501 1.03 1 2.63 2.55
Aspect Flat 14 0.02 0 0 0
North 4460 9.21 5 13.15 1.42
North-East 4016 8.29 3 7.89 0.95
East 5846 12.08 11 28.94 2.9
South-East 3183 6.57 3 7.89 1.2
South 5981 12.36 5 13.15 1.06
South-West 11378 23.51 5 13.15 0.55
West 8923 18.44 5 13.15 0.71
North-West 4587 9.47 1 2.63 0.23
Relative relief <150 3927 8.11 0 0 0
150 - 250 12049 24.9 2 5.26 0.21
250 - 350 11099 22.93 5 13.15 0.57
350 - 500 12866 26.58 25 65.78 2.47
>500 135 0.27 0 0 0
Lineament buffer <50 5376 11.11 3 7.89 0.71
50-100 5063 10.46 0 0 0
100 -150 5336 11.02 3 7.89 0.71
150 - 200 4052 8.3 6 15.78 1.88
200 - 250 4850 10.02 5 13.15 1.31
250 - 500 17219 35.58 13 34.21 0.96
500 - 700 5164 10.54 4 10.52 0.99
>750 1328 2.74 4 10.52 3.83
Lineament Density <1000 12578 25.99 20 52.63 2.02
1000 - 2500 23587 48.74 12 31.57 0.64
>2500 12233 25.26 6 15.78 0.62
Distance from Drainage <50 17065 35.26 10 26.31 0.74
50 - 100 12921 26.7 8 21.01 0.78
100 - 200 13515 27.93 15 39.47 1.41
200 - 500 4752 9.82 5 13.15 1.33
Drainage Density <1000 7326 15.14 17 44.73 2.95
1000 - 2500 37071 76.61 20 52.63 0.63
>2500 3991 8.24 1 2.63 0.31
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Selection of suitable classes of angles takes into account; the short term and long term stability of slopes and
geomorphologic set up. In many tropical landscapes especially in humid conditions, slopes develop with usually distinct
characteristic angles. In the higher slope category certain types of landforms are delimited again by slope angles called
limiting angles. Taking into consideration both characteristic angles and limiting angles of slope, suitable classes of angles
are selected. In the area slope ranging between 0°-64° classify it in to seven as 0-5, 5-10,10-15, 15-25, 25-35, 35-45, >45,
The region with greater than 45° is having one landslide. On looking at the frequency ratio this class attains maximum
frequency ratio value of 2.55. It is followed by just upper class with a 35°- 45° range with a frequency value of 1.70.In the
first two classes with slope angles low, there is no landslides occurred. It is observed that as the slope angle increases the
frequency ratio is also increasing, that means if the slope of the terrain increases then it is more susceptible to landslides
whereas a flat terrain is not susceptible to the landslides. Ultimately the hilly regions are susceptible to landslides and
with increasing slope angle they become more susceptible.

Aspect of the area is related to the direction of slope. ie: the different parts of the area are having the slope
towards different directions such as north, south, N-E etc. There are positive and negative values for slope. The negative
values are indicated by the flat area i.e.; without slope. Aspect is classified as Flat, North, North- East, East, South-East,
South, South-West, West, and North-West. The frequency ratio in the area towards East is highest and is 2.9 and the
probability is also high. However the class S-W is wide but their frequency ratio is less. Frequency ratio of above one is
observed in classes N, S-E, and S slopping terrains .The remaining 4 classes have frequency ratio less than one and flat
area is characterized by absence of landslides means they are stable.

The earth surface to a large degree, possesses relief because the geomorphic processes operate at differential
rates in different regions for which the main reason being the difference in lithology and structure of crustal rocks. The
local intensity of particular processes may change notably in response to differences in such features as temperature,
moisture, altitude exposure, topographic configuration and the amount and type of vegetal cover. Hence many complex
factors are influencing the regional geomorphic processes. The rate of all weathering, all mass wasting, all erosion and all
deposition varies appreciably within narrow limits in relation to the influence of local conditioning factors. Thus the
relative relief /topography of an area are the reflection of sum total of all these attributes. The relative relief represents
actual variation of altitude in a unit area with respect to its local base level. While making the analysis of relief it is often
important to relate the altitude of the highest and lowest points in any particular area that is to ascertain the amplitude of
available relief. The relative relief does not take into account the dynamic potential of the terrain but is closely linked with
slopes and hence is useful in understanding morphogenesis. The relative relief classes with their identity are <150, 150-
250, 250-350, 350-500, >500.The high frequency value is observed in the class (350-500) and indicating high
susceptibility.

A lineament is a linear feature in a landscape which is an expression of an underlying geological structure such
as a fault. These are often apparent in geological or topographical maps and can appear obvious on aerial or satellite
photographs. A lineament buffer is the distance from a lineament. The lineament is also divided into different classes and
each class is given an identity as <50, 50-100, 100-150, 150-200, 200-250, 250-500, 500-750, >750.The maximum
number of landslides observed in the class (250-500) with frequency ratio 0.96 while for the class >750 the frequency
ratio is 3.83, means as the distance from the lineament increases there is a tendency to more susceptibility to landslides.
Lineament density is the number of lineament within specifically designated areas. Lineament density is divided into three
classes and the identity is given to each class as Low- <1000, Medium-1000-2500, High- >2500. While considering the 3
classes, maximum number of landslides occurred in area with low lineament density. 20 landslides occurred in this class
with frequency ratio of 2.02. The medium and high lineament density class has frequency ratios of 0.64 and 0.62
respectively. The observation is that as the lineament density decreases the region is highly susceptible. The distance from
lineament increases it is highly susceptible i.e., the presence of lineament decreases the possibility of landslides.

Among the different deciding criteria in the physical landscape of the earth’s surface, drainage system has
significant role. The drainage network is the focus for the interacting processes which carry water and sediments out of a
drainage basin aiding ultimately to shape the landscape. Hill slope evolution in an area is controlled by the sediment
transport processes which changes in response to the evolving topography and by their interaction with stream processes
at the slope base. On the surface of the earth running water is by far the most important agency in affecting transportation
of weathering products from highland to lowland areas and further from the land to the sea. Further a vast majority of
valley owe their origin lateral and vertical erosion by streams. In order to understand something of the complex process of
fluvial transport and erosion, it is necessary to evaluate the drainage characteristics of the terrain. One of the important
drainage characteristic is how much a region is distant from the drainage. For example the region near to the drainage
have a less infiltration of water whereas the region away from drainage have a higher infiltration rate of water which
controls the stability of soil and the factors such as vegetation etc which depend upon the distance from the drainage.
According to the distance from the drainage, the area is classified into five classes and they are <50, 50-100, 100-200,
200-500, >500. In the class <50 the number of landslides occurred is 10 and the frequency ratio is 0.74. As the distance
from the drainage increases it is observed that the susceptibility to landslide is increasing. The classes 100-200 and 200-
500 has frequency ratio of above 1 which is higher value. Hence it is observed that the distance from the drainage
increases the chance of landslides is also increasing. Near to drainage the surface run off reaches the channel and less
infiltration occurs where the distance from the drainage increases the infiltration rate increases and changes the soil
stability. As a result slope stability decreases and the area become more prone to landslides.
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Drainage density is the total length of all the streams and rivers in a drainage basin divided by the total area of the
drainage basin. It is a measure of how effectively or how poorly a watershed is drained by stream channels. Permeability
and underlying rock type affect the runoff in a watershed; impermeable ground or exposed bedrock will lead to an
increase in surface runoff. Rugged regions or those with higher relief will have the higher drainage density which in turn
affects the occurrence of landslides. In a region with high drainage density the infiltration of water is low, because the
surface runoff enters into the channels and no downward movement of water takes place. But in a region with low
drainage density instead of surface run off percolation of water into the ground takes place. These two processes have a
control on the stability on soil. In region with less drainage density the region may be more prone to landslides.Drainage
density can be classified into three classes and their identity is High- <1000, Moderate-1000-2500, Low- >2500. In the
class <1000 the number of landslides occurred is 17 with a frequency ratio o 2.95. In the upcoming two classes the
frequency ratio value is decreasing. In the second class (1000-2500) the number of landslides is greater than the first class
with a percent value of 52.63 (20 out of 38). But the frequency ratio is low (0.68), means the first class is more
susceptible to landslides. The third class is least susceptible to landslides with a frequency ratio of 0.31.The observation is
that as the drainage density decreases the region become more susceptible to landslides.

Landslide susceptibility index

Landslide Susceptibility Index (LSI) of a zone is the value which says how much a region is susceptible to the occurrence
of landslide. To achieve this existing landslide distribution data layer has been compared with various thematic layers
separately. The frequency ratios of each factor’s class or type were assigned to the themes to produce weighted thematic
map. All the factors were taken to the spatial analyst extension of the ArcGIS software for the integration. The landslide
susceptibility index (LSI) is calculated by summation of each factor’s ratio value using the raster calculator option of the
software by the equation.

LSI = Gmy: + Land,: + Sop + Sl +ASp + repet+ Lbpe+ Ldye + Disdry: + Drd,,e

Where Gmpr is the frequency ratio of geomorphology, Land,, is the frequency ratio of land use, So,, is the frequency ratio
of soil type, Sl,: is the frequency ratio of slope, As,: is the frequency ratio of aspect, r is the frequency ratio of relative
relief, Lb,, is the frequency ratio of lineament buffer, Ld,: is the frequency ratio of lineament density, Disdr, is the
frequency ratio of distance from drainage, Ld,, is the frequency ratio of drainage density respectively. The higher LSI value
indicating high susceptibility to landslides and lower value for low susceptibility to landslides. By considering the factors
used, LSI values has been divided in to four classes to yield four landslide susceptibility zones viz. stable, low susceptibility
zone, moderately susceptibility zone, highly susceptibility zone (fig-2).The four susceptibility zone are given in the table

2).
Landslide hazard zonation

The term zonation applies in a general sense to categories the land surface into areas and arranges them according to
degrees of actual or potential hazard from landslides or other mass movements on slopes. The fundamental assumption is
that used in the zonation studies are: the past and present are keys to the future, the main causative factors of land sliding
can be identified and degrees of hazard can be estimated. Hazard zone mapping involves a detailed assessment and
analysis of the past occurrences of landslides in terms of their location, magnitude and frequency with respect to various
geo environmental factors that influence landslides and mass movements. The factors that affect slope instability are
varied and their interaction processes are complex depending on terrain set up and climatic characteristics. The most
important terrain evaluation factor in hazard zone mapping is the recording of the landslides that occurred in the area.
The spatial distribution of old and presently active landslides when compared with different terrain factors reveal the
importance of each causative factor. The various individual factor maps such as land use, soil type, relative relief etc have
been prepared.

The parameters generated through terrain evaluation gives the necessary clues for identifying potential sites of
landslide hazard. For example an area 300 meters away from drainage with 400 meter relative relief and if the area is
having degraded natural vegetation it is characterized by very high LSI value and the area is most susceptible. This
susceptibility may be enhanced if the slope of the region is above 45°. Normally the incidence happens during high
intensity rain during the middle phase of south-west monsoon or if the pre-monsoon is usually heavy, during the initial
phase of south-west monsoon. If there is no dry phase between south-west and north-east monsoons a high intensity rain
due to the effect of cyclonic storms in the eastern coast during north-east monsoon is a favorable time for occurrence of
landslides. A two day rain in excess of 30cm during a rainy season may generate slope movement in critical zones.

Landslide hazard zonation

Based on the cumulative LSI values obtained, the area was classified into 4 zones of relative instability viz. stable, low
susceptible, moderately susceptible and highly susceptible depending upon the range of cumulative LSI values (table2)

. Stable zone- A very stable zone where no restrictions are warranted as reasonable human activity of any form
does not possibly threaten the balance.
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. Low susceptible zone - For all practical purposes these areas are safe from mass movements by virtue of its
present geo-environmental set up. However many slopes falling within this zone could be destabilized by uncontrolled
erosion, improper land use practices and development activities.
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Fig.2 Landslide susceptibility zonation map
. Moderately susceptible zone — These areas are prone to land sliding. Terrain setting is comparable to the last

category and in many cases the landslide initiated in the last category will have its impact on this zone also. The area
needs urgent attention in the form of mitigatory measures like regeneration of natural vegetation, reforestation, drainage
correction etc. Unless immediate action plans are implemented this zone will soon deteriorate to the highly susceptible
category.

. Highly susceptible zone — This is very unstable zone where landslides are likely to occur in view of the prominent
causative factor present. The area is almost degraded to such a state that it is practically impossible to evolve economically
and socially acceptable remedial measures which can positively prevent recurrence of hazard. The area has to be entirely
avoided for settlement or other developmental purposes and preferably left out for regeneration of natural vegetation and
attainment of natural stability in course of time through the physical process active in the area.

Table 2. Landslide Susceptibility Zones and corresponding LSI values.

Zones Cumulative LSI

Stable 2.39-6

Low susceptible 6-9
Moderately susceptible 9-11
Highly susceptible 11-23

Conclusion

The area under study was characterized by 38 landslides occurred before 2005 and prepared the thematic maps of each.
There are 8 landslides which were occurred after 2005 up to present. During the field work the GPS reading of each of
these 8 landslides were taken. The Landslide Hazard Zonation map was prepared using the data of the previous (before
2005) landslides. The GPS reading of these 8 landslides (recent) are applied and their location in the landslide hazard
zonation map is marked. In the validity test it is observed that no landslides occurred in the stable zone while in low
susceptible only one is occurred. Three landslides were occurred in the highly susceptible and four in moderately
susceptible zone, highlighting the region is more prone to landslides. From the above observation it can be concluded that
the Landslide Susceptibility Zonation (LSZ) map prepared is precise since the high and moderate zones cover about
87.5% among the total observed landslides(8). The LSZ map with landslides after 2005 is given in the figure (2) clarifies
our result.
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Groundwater is a dynamic and replenishable natural resource. And groundwater being more dependable source of sustained
water supplies, especially during drought and in hard rock areas, its assessment, development and rational utilization should
be given more importance. Groundwater prospects in a basin depend on lithology, geological structures, geomorphology,
hydrology, meteorological conditions and quality of water, which is useful in predictive groundwater resource management. In
the present paper, various groundwater vulnerable zones for the assessment of groundwater availability in the Pambar sub
basin of Devikulam Taluk have been delineated using remote sensing and GIS techniques. Survey of India toposheets, Idukki
district Geological Map (GSI) Google satellite imageries, SRTM DEM, Lnadsat ETM+ datas were used to prepare various
thematic layers viz. lithology, geomorphology, slope, landuse/landcover, lineament, lineament density, drainage, drainage
density, soil etc. The raster & vector maps of these factors are allocated a fixed score and weight computed from multi
influencing factor (MIF) technique. Moreover, each weighted thematic layers is statistically computed using ArcGIS 9.3
software to get the groundwater vulnerable zones. The groundwater vulnerable zones thus obtained were divided into five
categories, viz., very low, low, moderate, high and very high zones. The final output depicts the groundwater vulnerable zones
in the study area and found to be helpful in better planning and management of groundwater resources.
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1. Introduction

Water vulnerability is one of the major water related issues that most countries are facing or will face in the near future
due to increased water demand resulting from rapid population growth, urbanization, deforestation, industrialization and
economic development activities. Utilize the effectiveness of a GIS-based Water Infrastructure Inventory in the assessment
of water resources on district scale in a mountainous basin is achieved by establishing an inventory of existing water
infrastructures using GIS to assess water withdrawals; by estimating water availability and water demand of different
water user sectors; and by analyzing and mapping the spatial distribution of water situation, water vulnerability indicators
and proposed future water development in the study area (Tran Van Ty, et. Al.,, 2009) Water crisis is caused and increased
by various factors which some of the most important ones are: land use change, analyses of water needs of the past and
future, review of water balance and its quality (Anonymous, 2000). Therefore, water crisis has been considered from
different perspectives. (Biswas, 2005) believed that major crises are unlikely to come from water vulnerability, even if
some countries will find it difficult to manage such problems. Ajali and William (2004) studied the water crisis in the
Spanish Guadalquiviv River basin and proposed that the main solution lies in the preparation of integrated management
policies for water resources at basin scale. Variability of water resources has also been studied in terms of climatic changes
such as precipitation, temperature, evaporation etc. The interpretation of satellite data in conjunction with sufficient
ground truth information makes it possible to identify and outline various ground features such as geology, structure,
geomorphic features and their hydraulic characteristics (Das, et.al.,1997) Geology, geomorphology, structure and climatic
condition are the controlling factors of ground water storage, occurrence and movement in hard rock terrain (Sooraj
Kannan. PV, et.al., 2008)

2.Study Area

The present study has been conducted in Pambar River Basin situated in Devikulam Taluk, Idukki district of Kerala.
Among the three east flowing rivers in Kerala, Pambar River is one which drains the eastern slopes of Western Ghats
covering Anamalai — Cardamom hill ranges. The study area stretched between the latitudes of 10°8" 0" to 10° 2 0" N and
longitudes of 77°30" to 77°160'E covers an area of about 289 Sq.Km. Pambar river basin is a 6™ order basin developed in a
part of the Proterozoic, high-grade, Southern Granulite Terrain of the Peninsular India are carved out of a terrain
dominantly made of granite- and hornblende-biotite gneisses (K. P Thrivikramji 2012). The study area has been divided
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into different geomorphic units, such as escarpments, valley fill, Highly dissected denudational slopes, valleys,
denudational slope etc. It covers Keezhanthoor, Kanthalloor and parts of marayoor and Kannan Devan Hills Villages.
Pambar River is one of the main tributaries of Chinnar River flowing from west to east confluence near Chinnar chauki
settlement.

Study Area Location Map
Pambar River Basin

>z

Scale

Fig.1. Study Area Map

3. Aim and Objectives

This paper mainly emphasizes on identification of groundwater vulnerability area of Pambar river basin by introducing
multi influencing factor techniques in geospatial technology platform.

4. Methodology

To identify groundwater vulnerability area in Pambar river basin the following methodology (Fig:2) have been employed.
The major meterials are Survey of India (1:50,000) 58F03 & 58F04 Topographical Maps, Idukki District Geological Map
(GSD), SRTM (DEM) with 90 m spatial resolution and Google satellite Map, Terrain map downloaded from Google Map
were involved in these analysis. From the scanned toposheets all tributaries of different extents and patterns were
digitized. The slope map was prepared from SRTM DEM data in ArcGIS Spatial Analyst module. The drainage density and
lineament density maps were prepared by incorporate 1 sq. km grid using the spatial analysis-Inverse Distance Weighted
analysis tool in ArcGIS 9.3.

Satellite images from Google maps and LANDSAT-ETM+ Imageries (geo-coded, with UTM projection, spheroid and
datum WGS 84, Zone 44 North) have been used for delineation of thematic layers such as lineament, lithology,
geomorphology and land-use/land-cover. These thematic layers were converted into a raster format before they were
brought into GIS environment. The groundwater vulnerability zones were obtained by overlaying all the thematic maps in
terms of weighted overlay methods using the spatial analysis tool in ArcGIS 9.3. The final output has been converted from
raster to vector and the vulnerable area was calculated in sq.km.

4.1 Multi Influencing Factor (MIF) of ground water vulnerable zones

To calculate the groundwater vulnerability zone in Pambar river basin, the ranking was given for each individual
parameter of each thematic map, and weights were assigned according to the multi influencing factor (MIF) (Shaban et
al., 2006) of that particular feature on the hydro-geological environment. Seven influencing factors, such as lithology,
lineament, dranage, geomorphology, slope, land-use/land-cover and soil have been identified to delineate the
groundwater vulnerable zones. Interrelationship between these factors and their effect is shown in Fig. 3.

Each relationship is weighted according to its strength. The representative weight of a factor of the potential
zone is the sum of all weights from each factor. A factor with a higher weight value shows a larger impact and a factor
with a lower weight value shows a smaller impact on groundwater vulnerable zones. Integration of these factors with
their vulnerable weights is computed through weighted overlay analysis in ArcGIS 9.3 software.

5. Result and Discussion
5.1 Data analysis and thematic map preparation

5.1.1 Drainage Density. Horton (1932), introduced the drainage density is an important indicator of the linear scale of
landform elements in stream eroded topography. Low drainage density leads to coarse drainage texture while high
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drainage density leads to fine drainage texture (Strahler, 1964). The less permeable a rock is, the less the infiltration of
rainfall, which conversely tends to be concentrated in surface runoff. Drainage density of the study area is calculated using
spatial analysis-IDW technique tool in ArcGIS software. The study area has been grouped into five classes. These classes
have been assigned to very good, good, moderate, poor, and very poor respectively. High drainage density is recorded in
the central parts of the basin (Fig. 4). The suitability of groundwater potential zones is indirectly related to drainage

density because of its relation with surface runoff and permeability.

METHODOLOGY CHART.

SOl (58F03 &
58F04) Toposheet

LANDSAT - ETM+
&SRTM DEM

Thematic Map
Generation

v v

Drainage Drainage Lineament Lineament Geology Geomorphology
Density: Density Density
Analysis, integration and

weightage using MIF
Techniques

v

Groundwater
Scarcity Zone

Fig 2. Flow chart showing the methodology adopted for assessment of groundwater vulnerable zone.

Drainage

Geomorphology
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Fig 3. Interrelationship between the multi influencing factors concerning the groundwater potential zone.
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Fig. 4 Drainage Density

5.1.2 Lineament Density. A lineament is defined as a large-scale linear feature, which expresses the topography of
underlying structural features and relatively straight tonal alignments visible in satellite images. In general lineament
density is considered as good potential zones for groundwater targeting as they reflect high porosity and hydraulic
conductivity of the underlying materials (Subagunasekar M, et.al. 2012). The lineament density map of the study area is
shown in Fig. 5.
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Fig. 5: Lineament density map of the study area

5.1.3 Geomorphology. The geomorphology of the area is highly influenced by lithology and structure of the underlying
formations. The hydro geomorphological unit such as flood plain, valley fill, buried pediment is good sources of
groundwater whereas structural hills, pediment zone and gullied land are poor recharge zones. The study area consists of
Escarpment, Highly dissected denudational hill, Piedmont zone, Plateau, Rock exposure, Valley fill, Valley, Waterbody are
shown in Fig.6
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GEOMORPHOLOGY MAP
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Fig.6: Geomorphology map of Pambar River Basin Fig.7: Geological map of study area

5.1.4 Geology. Geology plays an important role in the distribution and occurrence of groundwater. In the present study
geological mapping is done using Idukki District Geological Map (GSI) with scale 1:250,000. The study area is underlain
by Hornblende-biotite gneiss, Granite gneiss, Anticline, syncline, strike and dip of foliation. The geological map of study
area is shown in Fig. 7

5.1.5 Slope Slope of a surface refers to change in height across a region of surface. Slope is an important factor since it
affects land stability. Slope map was prepared from SRTM data as shown in Fig. 8 the study area covered by undulating
topography with varies elevation structural hills. A high sloping region causes more runoff and less infiltration and thus
has poor groundwater prospects compared to the low slope region.

5.1.6 Landuse/ Landcover This map was prepared by the analysis of Landsat ETM+ images of 2004 and Google
Map images 2013. Based on the prepared map, 10% area is come under agricultural land followed by 39.18% forest land,
34.70% Grass land, 9.15% Plantation, 5.42% Rock outcrop, 1.05% settlement and 1% waterbody respectively. The
landuse/landcover map has been shown in fig.9 Considering the areas under irrigation, they constitute about 10% of the
study area indicating a strong reliance of the agricultural activities on irrigation which due to low precipitation in the
region is supplied by groundwater resources.

5.1.7 Soil. Soil types of the study area are largely depending on lithology characters. There are two main soil group of
this area (Fig.10). The first one is Hill soil (Chinnar Series) well drained with depth more than 150 cm developed from
gneissic parent material, strongly acid. Soils dark yellowish brown to red with clay loam to clay texture and the second
one is Forest soil (Anaimudi Series) well drained with depth more than 150 cm. developed from gneissic parent
material,very strongly acid and soils dark reddish brown to reddish yellow with silty loam to clay texture.

5.2 Weightage Calculation

The multi influencing factors are independent. Each influencing factors have major and minor effects are given in the
Table 1. The effect of each major and minor factor is assigned a weightage of 1.0 and 0.5 respectively. The cumulative
weightage of both major and minor effects are considered for calculating the relative rates (Table 2). This rate is further
used to calculate the score of each influencing factor. The proposed score for each influencing factor is calculated by using
the formula.

(A +B)

—Z{A-H?) x 100
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Table 1. Major and minor effects of multi influencing factor.

Influencing factors Major effect Minor effect
A B
Lineaments Drainage, Lithology Land use /Land cover, Slope, Geomorphology, Soil
Geomorphology Land use /Land cover, Lithology, Slope, Soil Lineaments, Drainage
Lithology Geomorphology, Slope, Land use /Land cover, Soil
Drainage, Lineaments
Slope Geomorphology, Lineaments, Lithology, Soil
Drainage, Land use /Land cover
Drainage Slope, Lineaments, Land use /Land cover, Geomorphology
Lithology, Soil
Land use /Land cover Geomorphology, slope Lineament, Lithology, Drainage, Soil
Soil Geology, Drainage, slope Geomorphology, Land use /Land cover, lineament

Table 2. Effect of influencing factor, relative rates and score for each potential factor.

S Major Minor Proposed relative rates|Proposed score for each
A B (A+B) influencing factor

Lineament 1+1 0.5+0.5+0.5+0.5 4 13
Geomorphology 1+1+1+1 0.5+0.5 5 16
Geology 1+1+1 0.5+0.5+0.5 4.5 14
Slope 1+1+1 0.5+0.5+0.5 4.5 14
Drainage 1+1+1+1 0.5+0.5 5 16
Land use /Land cover 1+1  0.5+0.54+0.5+0.5 4 13
Soil 1+1+1 0.5+0.5+0.5 4.5 14
Sum 32 100

5.3 Mapping of groundwater Vulnerability zone using hydrologic parameters and MIF techniques

The groundwater prospect map of the basin is established through investigation of hydrologic factors (geomorphology,
lithology, slope, landuse/landcover, lineament drainage and soil) which control the occurrence of groundwater. The
influencing factors on groundwater vulnerable were digitally mapped and their relative importance is examined in the
present study. Thematic layers of geomorphology, lithology, lineament density, drainage density, landuse/landcover, soil
and slope were used to demarcate and map the zones of groundwater vulnerability in the basin. The extent of influence of
each factor on groundwater vulnerability was assessed from interrelationships among the factors (Table 2). Each unit of
geomorphology, slope, lithology, lineament density, drainage density, soil and landuse/landcover is categorized as very
good, good, moderate, poor and very poor on the basis of groundwater holding capacity (Table 3). Weightages of every
individual themes and features were assigned depending on the suitability of groundwater vulnerability and on the basis
of MIF techniques. The maximum weightages value was given to the triggering feature of groundwater vulnerability (eg.
Rock outcrop) and the minimum weightages to the lowest triggering feature (eg. Very high lineament density) of
groundwater vulnerability (Table 3).
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Table 3. Classification of weighted factors influencing the potential zones

s st Venerabiity | Velhtage
Drainage Density Very Low Very low 1
Low low 5
Moderate Moderate 9
High high 12
Very High Very high 16
Lineament Density Very Low Very high 13
Low high

Moderate Moderate
High low 3
Very High Very low 1
Geology Granite Very low 7
HBG Very High 14
Geomorphology Plateau, gﬁfgﬁ:m’ Rock High 16
Valley, Denudational slope Moderate 10
Valley fill, piedmont zone, Low 5

water body

Slope 0-22 low 4
22-45 Moderate 9
45-89.9 high 14
II'; Eeerf?t?gltl Very Low Very High 13
Low High 9
Moderate Moderate 6
High Low 3
Very High Very Low 1
LU/LC Settlement Very High 13
Rock area, Grass land High 9

Forest Moderate

Agricultural

Land, plantation Low 3
Water Bodies, river Very Low 1
Soil Forest soil(Clayey) Very High 14
Hill Soil (Loamy) Very Low 7

After assigning the weightages to all the themes and features, the thematic layers were converted to raster format using
the spatial analyst tool. Finally, an integrated groundwater vulnerability zone map was prepared using spatial analysis-
Raster Calculator tool in ArcGIS software (Fig 11). From the result, high water vulnerability zones almost 85 sq.km area
are identified on North West and Southern part of the area which is a hilly terrain with steep to moderate slope and hard
rock areas in nature. Morethan 104 sq.km area is yet to meet groundwater vulnerability. In contrast that low vulnerability
zones comprises about 90 sq.km are marked on Piedmont zones of the agricultural land (Sugarcane, Paddy, Tapioca etc)
of Marayoor and Kandalloor village and along the course of Pambar river bed region and southern part of Nemakkad,
Lower Sottuparai estate.

Water Conservation Techniques. Sand dam, Sub-surface dam, Percolation ponds, Percolation ponds, Contour trenching,
Teras, Tube recharge of groundwater are some of the groundwater conservation measures insisted by Janette Worm, et.al
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2007. Half moon trenches, Staggered contour trenches, Semi elliptical trenches, Graded trench, Continuous contour
trenches etc are suggested by S.Maniuannan, et.al 2007. Check dams should be build thereupon to block & store water
after certain gaps. This help water to percolate to the water table and also provide small water stores at regular intervals
(Wiki.answers.com)

Conclusion

Delineating the groundwater vulnerable zones in Pambar basin, Devikulam taluk, Idukki district using remote sensing,
GIS, and MIF techniques is found efficient to minimize the time, labor and money and thereby enables quick decision-
making for sustainable water resources management. Satellite imageries, topographic maps and conventional data were
used to prepare the thematic layers based on hydrological parameters such as lithology, lineament density, drainage
density, slope, soil, Geomorphology and land-use/ Land-cover. The various thematic layers are assigned proper weightage
through MIF technique and then integrated in the GIS environment to prepare the groundwater vulnerable zone map of
the study area. According to the groundwater vulnerable zone map, the study area is categorized into five different zones,
namely very high, high , moderate, low, and very low. The result of the present study can provide as guidelines for
planning future artificial and natural recharge projects in the study area in order to ensure sustainable groundwater
utilization.
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Abstract
Climate change impact at the global level has become a major concern today. Climate change has significant threats to
agricultural sector. The agricultural production and productivity declining year by year, but the number of feeding mouth
increasing day by day. This paper reviews the possibility and potentiality of tuber crops in the study area, the resilience
towards climate change and it related catastrophes and aware the farmers the importance and economic feasibility of tuber
crops as a better alternative and industrial welcoming crops. The study found out that majority of the tuber cultivating
farmers in the study area falls into low landholding status whereas majority of the farmers engaged in cassava cultivation. The
farmers reported that the famers who cultivating tuber are completely satisfied with the resilience of crops against various
change in climatic variable.
Keywords
Climate change, Cassava, tuber crops

Introduction

Climate change is real. Weather and climate having profound impacts on living and non-living components on the globe.
According to Intergovernmental Panel on Climate Change (IPCC), climate change refers to a statistically significant
variation in either the mean state of the climate or in its variability, persisting for an extended period (IPCC, 2007).
Climate change may be due to natural internal processes or external forcing, or to persistent anthropogenic changes in the
composition of the atmosphere or in land use. Anthropogenic activities over the last century have contributed towards
increase of atmospheric concentration of the greenhouse gases (GHGs) and thereby led to an enhancement of natural
greenhouse effect. Increase in concentration of the greenhouse gases in the atmosphere has led to the warming of the
earth’s system. IPCC special report on Emission Scenario project an increase of global GHGs emission by 25 to 90% (CO»-
eq) between 2000 and 2030, with fossil fuels maintaining their dominant position in the global energy mix to 2030
beyond (SRES, 2000).The evidences of global climate changes are sea level rise, global temperature increases, warming
oceans, shrinking ice sheets, declining Arctic sea ice, glaciers, ocean acidification, emergence of pest and insect attacks.
Increased level of greenhouse gases beyond their natural levels due to uncontrolled human activities such as burning of
fossil fuels, increased use of refrigerants and enhanced agricultural activities caused climate to change to the present
form.

India is an agricultural country, majority of the population (65%-70%) engaged in farming. Climate change also
affects this agricultural country. The past data shows that average surface air temperature over the Indian subcontinent
show a slight warming trend by 0.2°to 0.4°C per 100 years in the mean annual temperatures (Srivasthava et al., 1998).
The country’s agricultural sector are under vulnerable to climate change, climate change related extreme weather events
and other catastrophes. Studies show that every 2°C may decrease rice yield by about 0.75 t ha™ and also affects other
important crops like wheat, chickpea, soyabean, sorghum. Reduction in production of staple food crops like wheat and
rice will lead to boost the price of these materials. Price peak will mostly affects the marginalized poor backwards peoples
of the country. To find out an alternative food source which provide sufficient calorie to maintain the normal diet? It is
very much necessary to introduce the importance of tropical root and tubers in our country.

Tropical Root and Tuber crops are known as the energy bank of nature serving either as primary or secondary
staple to meet the calorie needs of about one fifth of world’s population. They have the highest rate of dry matter
production per day and act as a chief calorie contributors. Root crops are the edible energy-rich underground plant
structures developed from modified root while tuber crops are those crops in which the edible energy- rich storage organs
develop wholly or partly from underground stem (Okigbo, 1989). These crops have numerous and complex roles to play
in the food security and reduction of hunger and elimination of poverty in small and marginal farmers and tribal
population. Under angiosperms there are 18 families which have more than 30 genera producing edible root and tubers.
Among more than 25 species of root and tuber crops, cassava, sweet potato, aroids (taro, swamp taro, elephant foot yam,
yam and tannia), yams (lesser yam, greater yam and aerial yam) are commonly cultivated. Economically important
tropical root and tuber producing species commonly used for food, feed medicine and industrial purposes.
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Countries like Africa, Latin America, and Asia extensively consumed root and tuber as the major source calorie
providing food material in order to defend against hunger and malnutrition. In country like Africa highly prone to drought
condition will not allow rice and wheat production. So the tuber crop like cassava plays an important role in their dietary.
Kerala the “God’s own country” now faces the staple crop production decline and the price peak of the staple food crop
rice. The state was prone to all natural hazards and also experience extreme weather events. Climate change and it
related catastrophes make the agriculture sector more miserable. The increase in population will make the situation more
dejected. So under such circumstance to aware the people the importance of tuber crops and its economical feasibility are
very much necessary for a sustainable future. The major objectives of the study is to understand the production potential
of tuber crop in the study area, to evaluate climate change influence the growth and production of tuber crops, to under
the resilience tuber crops by means of farmers opinion and the importance, possibility and potentiality of the tuber crops
in industrial uses.

Materials and Methods

The study was undertaken in Kottayam district of Kerala state, lies between 9°23’-9°52'N latitude and 76°21-77 E
longitude. The district has Western Ghats on the east and Vemband Lake and paddy field of Kuttanad on the west. From
the 5 taluks 130 tuber cultivating farmers especially cassava were selected using simple random sampling procedure and
structure questionnaires was employed for the collection of the primary data used for the analysis. The secondary data
mostly from the government revenue departments, government agriculture offices, reports and articles collected from
journals. The collected data were analyzed using descriptive statics such as frequency table, mean and percentage
analysis. The study area location map given below Figure: 1
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Figure: 1 Study area location map
Result and Discussion

Result of Market survey and Field selection

Market survey conducted mainly in two districts namely, Ernakulam and Kottayam district of 13 major loci listed in the
Table 1. From the market survey it’s clear that Kottayam district is the major provider or source of tuber crops mainly
cassava. Majority of the vendors reported that cassava from various cultivating zones of Kottayam was noted for its quality
and quantity and also the availability in off seasons. Other easily available tubers are elephant foot yam, colocasia. Hence
for an in depth study Kottayam district was selected.
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Result of Production potentiality of tuber crops in the study area

Result of status of Tuber crops. From the survey, the farmers reported that the tuber and root crops mainly cultivated in
Kottayam districts are cassava, yam, elephant foot yam, colocasia, lesser yam and sweet potato. Out of the total 130
farmers 96% of the farmers are cultivating cassava in their field whereas 73% farmers produce elephant foot yam. Only
19% of the farmers are reported to cultivate sweet potato in their land. The farmer’s status of growing tuber in their fields
was listed in table 2.

Table: 1 Distribution by the list of Markets

Sl no Markets Source of tubers Sl no Market Source of tuber

1 Ernakulam EKM,KTM, TN 8 Kodimatha Ktm, TN
2 Pachalam Ekm, TN 9 Kottyam Ktm, TN
3 Kaloor EKM,KTM, TN 10 Ettumanoor Ktm, TN
4 Vaduthala Ekm, TN 11 Athirampuzha Ktm, TN
5 Cheranalloor EKM,KTM, TN 12 Kuruppanthara Ktm, TN
6 Fort-Cochi EKM,KTM, TN 13 Kodimatha Ktm, TN
7 Chambakara EKM,KTM, TN

Source: Field Survey 2013 EKM- Ernakulam, KTM- Kottaym, TN- Tamil Nadu

Table: 2 Distribution by the status of tuber crops

Characteristics Frequency  Percentage (%)
Tapioca 125 96
Yam 88 68
Elephant foot yam 95 73
Colocasia 50 38
Lesser yam 38 29
Sweet potato 25 19

Source: Field Survey, 2013

Result of tuber cultivation status. In this study the landholding of farmers mainly categoried into three. Category 1 is
low (5 cent- 50 cent), category 2 medium (above 50 cent- lacre) and category 3 high (above 1 acre-1 hectare and above).
The graph 1 shows that 66% of the farmers having low (5 cent- 50 cent) landholding status while 10 % have high (above
1 acre-1 hectare and above) landholding status. This results that majority of the farmers engaged in tuber cultivation
having low cultivating land and are poor marginalized farmers.

Result of cost of production and output. The cost of production of tuber crops per hectare comes nearly 5800/- rupees
given in Table 3. Out of the total cost of production, hired labour cost constituted 64% where as farmyards manure and
chemical fertilizers shares 14% of the cost. When compared to the production cost of paddy, tuber demands less cost per
hectare.

Table: 3 Cost of production

Tuber name No. of plantsin 1 centland | Output(Kg) | Income generated
Production of tuber from 1 ["Cassava 10-12 90-120 2000-3000
cent land
Elephant foot yam | 8-10 40-70 1000-1500
Yam 10-12 36-40 1800-2200
Colocasia 10-15 25-30 1500-1800
Lesser yam 10-12 35-40 1600-1800

Compared to rice the tubers are profitable because it demands less cost. The yield productions of tuber crops are given in
the table 4 shows that from 1 cent of land 90-120 kg of cassava obtained after a successful growth cycle. The income
generated nearly 2000-3000. The other tubers like yam, elephant foot yam, colocasia also generating a better income
from completing a successful growth cycle.

Growth condition and Resilience of tuber crop. The tuber crops are not only good calorie provider but also they are able

to tide over the unfavourable conditions caused by the climate change and the occurrence extreme weather events. The
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table: 5 shows the growth period, optimal rainfall, temperature, fertility requirement, planting materials and storage time
in ground of cassava, sweet potato, potato, tannia, colocasia, yam.

Table: 4 Distributions by the production and output generated

Slno  Components Rupees

1 Hired human labour 1800

2 Planting material 1500

3 Manure and fertilizer 2000

4 Planting protection 0

5 Irrigation 0

6 Maintenance 500
Total 5800

Source: Economic review, 2013, Field survey, 2013

Table: 5 Main characters of tuber crops

Characterstics Cassava Sweet potato Colocasia Yam
Growth period(month) 9-24 3-7 6-18 8-11
Annual or Perennial Perennial Annual Perennial Annual
Optimal rainfall 100-150 50-75 250 115
Optimal temperature 25-29 15-18 21-27 30
Drought resistant Yes No No Yes
Optimal pH 5-6 5.5-6 5.5-6.5 Na
Fertility requirmnet Low High High High
Organic matter requirement Low High High High
Planting material Stem Tuber cutting Corms, cormels Tubers
Storage time in ground Long Short Moderate Long
Post harvest storage life Medium Long Long Long

na — data not available Source: FAO report 2012

These tuber crops are very rustic and grow well under marginal environment where most other animal crops would not
survive. Tubers especially tapioca is found to thrive under almost all weather and climatic conditions. It has several
defenses mechanisms that help it to conserve water, its roots can grow to great depths to access subsoil moisture reserve.
By this mechanism tapioca can withstand prolonged period of drought. Once the plant established, tapioca can grow in
very dry areas; the crop’s water requirement is put at form 400-750 mm for a 300 day production and have the ability to
withstand a temperature peak of about 38-40°C. The other tuber crops include Elephant foot yam, yam, and lesser yam
also shows resilience to drought condition. These crops overcome the unfavourable temperature stress condition by
shedding leaves to reduce its number. For reducing the rate of transpiration it reduce the leaf stomata by curling the leaf.
The colocasia are highly resilient to flooded and heavy rainfall condition. The plant petiole and roots are composed of
arenchyma cells. The peculiar feature of arenchyma cells was the presence of air channels, which allows exchange of
gases between the shoot and the root. Table 6 shows the opinion of the farmers regarding the resilience of tuber crops in
the study area.

Table 6. Opinion of farmers towards the resilience of tuber crops

Natural Hazards Cassava Elephant foot yam Yam Colocasia Sweet potato
yes/no yes/no yes/no  yes/no yes/no

Floods slightly slightly yes no Slightly

Drought no no no yes Slightly

Cyclone no no no no Na

Landslide na na na no Na

Source: Field survey 2013

The old meterological data shows that climate change happing on regional basis. The temperature shows an up shooting
trends whereas the amount of rainy days declining. The future projection shows the warming environment with high
temperature and chance of occurrence of severe drought events. The Kottayam district experience summer rain in the year
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2007 which highly damaged the paddy cultivation and other crops. The natural hazards experienced by the study area
were flood, drought, cyclone and landslide. The farmers (93%) in the study area reported that the cassava was highly
profitable and easily cultivated. 85% of the farmers reported that cassava shows high resilience under high drought
condition and also79% were reported that under water logged condition also they were surviving. Table 6 shows the
opinion of the farmers regarding the resilience of tuber crops in the study area. While the elephant foot yam, yam, lesser
yam in the study are also shows it ability to survive in the extreme drought condition, and if the harvesting may delays it
will safely buried in the soil and preserve themselves.

Importance of tuber crops as alternative & other sectors

Tuber crops not only enrich the diet of the people but also possess medicinal properties to cure many ailments or check
the incidence. Different part of the now choose these tuber crops as the future food crops, because its resilience and also
its low production investment. The study also conducts survey in the bakeries of Kottayam district. Out of 50 bakeries
owners 72% reported that the tuber like cassava flour used in bread making and also in cake stuff and other bakery
purposes. Mainly in Kottaym cooked cassava with fish curry are tourist attracting menu and got high popularity. Fried
cassava slices are highly selling product of cassava in Kottayam district.

They are not only used as a food material, but also it has medicinal properties and other industrial uses. In
California, after harvesting the crop residues are used as cattle feeders. The whole plant body is utilized for cattle feed. In
other countries cassava used by different industries for starch making, alcohol production, glucose, acetone, dextrins, glue
and pastes, used as binder and so on. By understanding its economic feasibility the counties like America, California, and
Nigeria are conducting a number of research work on tuber crops as a better future food and industrial crops. Elephant
foot yams are medicinally important tuber crops treat against piles, dysentery, asthma, swelling of lungs and tumors. In
Kerala these tuber crops medicinal uses are broadly applied in Ayurvedic treatments.

Conclusion

The study mainly focused the possibility and potentiality of tuber crops in the study area, does the tubers in the study area
are resilient towards climate change and related catastrophes and to aware the people the importance of tuber crops as an
alternative food stuff and the industrial applications providing a better income. 130 respondents were randomly selected
and interviewed with the aid of well structured questionnaires to gather all the necessary information for this research.
The major findings of the study are the districts also affected by climate change and related natural hazards. But the
farmers reported that the tubers especially cassava, elephant foot yam, yam are resilient under drought condition and
successfully completing their growth cycle. 65% of the farmers having low landholding status and majority of the farmers
reported that they cultivating cassava in their field. The bakeries survey also shows the use of cassava in bakery industry
was noted. The staple foods vulnerability towards the climate change and related catastrophes the tuber crops will
remains as the viable and cheap calorie provider.
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Abstract
The radioactive sources play a crucial role in the public domain including medical & health care sectors, research and
industrial applications. Though most of these sources are regulated; chances of the deliberate use of such sources as a terrorism
vector or an accidental dispersion in ambient air is expected to cause unprecedented consequences in public domain. Out of the
total reported radiological accidents worldwide, it is observed that more than 40 accidents are of terrorism activities and/or
radiological homicide natures as per international statistics. In order to protect the public from the detrimental effects of
radiological exposures of this kind, a well designed emergency response planning aided by an Early Warning System (EWS)
with real time sampling capabilities is to be implemented. The requirement of such system is evaluated through a case studies
conducted in the context of a Mayapuri radiological accident reported in 2010 and a comparative study conducted to identify
the background radiation level of Delhi. A graded approach in accordance with national and international protocols on
radiological protection and emergency management is utilized for the development of a Consolidated Emergency Management
plan for terrorism events involving radiological sources. Study concludes with the recommendation for developing a national
level Mobile/Standalone Environmental Radiation Monitoring Network at Metro Cities, and the implementation of mitigation
strategies for the protection of general public from the effects of radiological accidents.

Key Words
Radiological Terrorism, Threat perception, Orphan Sources, EWS, Mayapuri, First Responder, Response Measures,
Mitigation.

1. Introduction

Since the discovery in 19" century, the radioactivity have brought an exponential change to the humankind through its
application in hospital & health care sectors, food irradiation, power sector, industrial application and for many other
uses. Subsequently over a short span of time, a chain of events pertaining to leakage of hazardous radioactive material
reveal that the radioactive materials in the form of radioactive powder or pellets have moved out from security cordons to
public domain. The horrendous radiological accident during April at the Mayapuri scrap metal bazaar in New Delhi,
which caused radiation poisoning to seven persons, one of whom has since died, due to the result of abandoned radiation
sources mixed with scrap metal originating from various places both from India and abroad. The experts have identified
the material as Cobalt-60. The scrap industry recycles such scrap metal; largely iron, into low-grade steel, which is then
converted into various other products. Such events can take a more dreadful face as in the case that came up in Goiania,
Brazil 1987 where a radioactive source abandoned from a medical installation was unintentionally led to widespread
contamination which required a screening of 1,12,800 people for assessing the contamination. The statistics of orphan
and stolen radioactive sources and the incidence reported shows that these sources are at an arms length of public and
any terrorist group.

Continuous monitoring of background radiation level plays a vital role in obtaining information about
radiological contamination. These real-time monitoring becomes the deciding factor for the declaration of a radiological
emergency and initiation of response procedures. A properly designed emergency response plan backed with an Early
Warning Systems and dedicated first responder teams becomes the backbone for the protection of public from the dangers
of radiological events.

2. Threat Perception

The availability of radioactive sources in the public arena through its various applications and the inherent disruptive
power associated with it increases the chances of these sources being stolen. The medical facilities and industrial sources
become the soft target for terrorist groups, and they have the potential of using such materials for creating a RDD attack
or a homicide attack for social/political gains. The intention of these groups may not be the development of a “Weapon of
Mass Destruction” like nuclear bomb; rather these can be converted as a “Weapon of Mass Disruption”. The terrorist
groups may select crowded locations like a public gathering or places of strategical importance for such attacks resulting
in dispersion of radioactive material into the environment causing widespread contamination. The major aim of such
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attack is to engage the Governmental machineries to necessitate a mass clean up/decontamination of the affected area
and create large scale panic among the general public. The threat of terrorist groups planning and executing such
radiological attacks in India cannot be ignored. Considering the actual and implied consequences of such phenomenon,
the threat associated can be categorized in two different groups viz. Radiological Threat and Security Threat.

2.1 Radiological Threat: The radiation sources used normally remain in sealed containments. Such equipments are the
most significant in the context of terrorism; because they contain large amounts of radioactive material such as cobalt-60,
strontium-90, caesium-137, and iridium-192. Out of these Cs-137 is identified as one isotope which can be used for
incidents of terrorism nature. This particular isotope is extremely dangerous if ingested or inhaled accidentally even in
small quantities. It’s ability to get bound to the building materials makes it extremely difficult to decontaminate also. The
commonly available sources in the public domain can be classified into different categories as given below;

Table 1: Categorization Table

Category Categorization of common Practices Activity ratio (A/D)
1 . Radioisotope thermoelectric generators (RTGs) A/D=1000
. Irradiators
. Teletherapy, multi-beam teletherapy (gamma knife)
2 . Industrial gamma radiography 1000>A/D=10
. High/medium dose rate brachytherapy
3 . Fixed industrial gauges 10>A/D=1
. Level gauges, dredger gauges
. Conveyor gauges containing high activity sources
. Spinning pipe gauges,Well logging gauges
4 . Low dose rate brachytherapy (except eye plaques and permanent 1>A/D=0.01
implant sources)
. Thickness/fill-level gauges, Static eliminators
. Portable gauges (e.g. moisture/density gauges)
. Bone densitometers
5 . Low dose rate brachytherapy eye plaques and permanent implant 0.01>A/D>Exemption
sources Level
. X ray fluorescence devices
. Electron capture devices
. Mossbauer spectrometry
. Positron Emission Tomography (PET) checking

Health Effect: Radiological dispersion devices are typically designed to spread radioactive material over wide areas. The
health effect associated with radiation exposure are of two kinds Stochastic and Deterministic. The stochastic effects
which are of probabilistic nature ranges from hereditary effects to cancer. whereas deterministic effects are based on
threshold limits and includes radiation burns, Acute Radiation Syndrome etc. These effects depend on various factors like
intensity, duration, type of the radiation and the chemical & physical characteristics of the material involved. The
detectable effects according to the exposure criteria is given below in table;

Table 2: Effect from Radiological Exposure

Health Effects Acute Dose (Gy)
Blood count changes 0.50

Vomiting (threshold) 1.00

Mortality (threshold) 1.50

LDso/60 (minimal supportive care) 3.2-3.6

LDso/s0 (supportive medical 4.8-5.4
treatment)

LDsos60 (autologous bone marrow or >5.4
stem cell transplant)

2.2 Security Threat: Radioactive sources are widely used in various sectors like industry (calibration, material testing,
product irradiation and sterilisation, fill level and density measurement), medicine (radiation therapy for cancer
treatment, medical diagnostics, and blood irradiation), agriculture (seeds irradiation) and research. The details of
registered sealed sources available in India are given in Table 3.

The increase in the terrorist activities post 9/11 attack and the sporadic instances of smuggling of radioactive
materials have forced the security analyst to correlate the capabilities of known terrorist groups spreading its fangs
towards unconventional radiological attack mode. The recent incidence of cases of radiological thefts and homicide
attacks using radiological sources support the claim. According to Incident and Trafficking Database (ITDB) 2013 fact
sheet, between January 1993 to December 2012, the ITDB contained a total of 2331 confirmed incidents, out of which
419 incidents reported involved unauthorized possession and related criminal activities, 615 incidents reported involved
reported theft or loss and 1244 incidents involved other unauthorized activities. Terrorists might choose to use such
smuggled sources as a radiological weapon for one or more purposes with potential consequences of serious health
effects, psychological effects and widespread contamination through;
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> The deliberate placement of a breached or unshielded source in a public area(Radiation Emission Device)
> The deliberate dispersion of radioactive material with the help of explosive attack. (RDD)
> Use of radioactive material to cause homicide attack.
> Dispersion through air-conditioning systems or transportation tunnels or water supply system.
Table 3: Sealed sources in use in India
Devices Sources Numbers
Telegamma Units Co — 60 (plus depleted uranium used as shielded materials in 283
some cases)
Branchytherapy Units Co - 60, Ir - 192, Cs -137, SR -90 229
Gamma Irradiators Co-60 12
Gamma Chambers Co - 60 110
Industrial Gamma  Exposure Ir — 192, Co — 60 (plus depleted uranium used as shielded 1507
Devices materials in some cases)
Nucleonic Gauges including well- Am - 241, Am241- Be, Cs - 137, Co - 60 7850
logging sources
Medical and Industrial Linacs Depleted Uranium used as shielding materials 143
Consumer Products
Gas mantle Ce-58, Th-90 62
Lamp Starters 1-131, Tc -99 20
Smoke Detectors Am - 241 102
Electron Computer Detectors Co -60 667

Case History in INDIA: Number of cases has also been reported from India about the unauthorized access, theft or loss of
radiological sources and equipment containing various radioactive isotopes. Some major cases include; the Recovery of
Uranium 235 weapons grade material from criminals in Tamil Nadu in 1998; theft of more than 8 kg of natural uranium
from the IGCAR, Chennai (later seized by the Central Bureau of Investigation in 1999); recovery of 26 kg of uranium from
illicit traffickers in Hyderabad in 2000; theft of a gamma radiography camera containing Iridium 192 with an activity of
729 GBq during transportation in Assam in July 2002; theft of industrial ionizing radiation-gauging device containing
about 9.25 GBq Cs-137 source in November 2006; seizure of around 4 kg of low quality uranium from a group of
smugglers from the Nepal border in 2008; theft of Cobalt-60 isotopes from the Steel Authority of India Limited (SAIL)
Durgapur plant in January 2011.

Most of these incidents have been reported from areas having known record of terrorist activities, some of them
were even from cross border terrorism belts. In the context of such incidents and, the security threats to the country from
terrorists operating inside the country, State sponsored terrorism from across the border, terrorist groups with
international presence like Al Qaeda, LTTE, etc, extremist religious groups with specific political/religious aim,
Nationalist/separatist groups like naxalites, Naga insurgents etc. need to be re-ascertained.

3. Materials and Methods

The implementation requirements of this study are satisfied firstly by applying a graded approach to assess the
background activity level and to identify the radiation isotopes in the public reach. This is done through a dedicated
sampling and counting procedure and literature review. Secondly, to formulate protective action guidelines for the
mitigation of radiation emergencies accomplished through the first responder deployment and real time analysis using
software model and GPS system. Finally, enhancing the capabilities of the system required administrative controls and
protective guidelines were suggested. Sequential steps of the study methodologies were divided by the following way:

3.1 Background Radiation Survey- Gamma

The natural radioactivity in the environment comes from the primordial radio-nuclides which are present in the earth’s
crust, cosmic radiation and manmade radio-nuclides. To find out the radiation events, it becomes necessary to assess the
background radiation level in the area. The gross alpha/beta counting and gamma mapping have been performed in Delhi
for a span of two years. The purpose of such measurement was to provide adequate information concerning to the
background radiation level in the particular area and to develop a radiation mapping of Delhi area.

The background gamma radiation levels have been measured using a gas filled GM tube detector, commonly known as
environmental radiation monitor. This instrument was kept on the ground with sensor at a height of 1 meter for a period
of 5 minutes. Three readings were taken for each location to determine the background radiation level. The study reveals
that the background gamma level varies from 4 uR/hr to 17 uR/hr with an average of 9.6 uR/hr. All the measured values
were found to be well below the permissible level of 50 uR/hr. The residual readings are tabulated to map the gamma
activity in the area. Sample data are given below.

Table 4: Gamma Radiation Level in Air at Selected Locations

Ser No Place/Location Gamma Exposure
(uR/hr)

01 Palam area 12

02 Chanakya Puri 9

03 Old delhi 10

04 Dwaraka 11
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3.2 Air Activity Monitoring - a and 8
Gross Alpha/Beta activities were determined using filter paper method. The samples should be collected in a Glass fiber
Filter paper of recommended size with a high volume air sampling pump. Sample collection time should be 10 minutes
and flow rate should be 500lpm. The samples were analyzed using a Gross Alpha counter and Gross Beta counter.

The gross a and B activity in air has been determined at various identified locations (20 numbers) of Delhi area. The
o activity was found to be ranging from 0.25 Bg/m? to 0.82 Bq/m? and the B activity were 0.16 Bq/m? to 0.48 Bq/m?. The
average values of a and B were 0.54 Bq/m?® and 0.29 Bq/m?® respectively. These levels resembles to the natural
background levels reported by international agencies. The values were also added to the background data base with
location tag. Sample reading were given in the table below.

Table 5: Radioactivity in air using filter paper method

Ser. No Location/Zone Activity (Bq/m?®)

Gross Alpha Gross Beta

1 Palam area 0.40 = 0.01
2 Chanakya Puri 0.76 = 0.02 0.47+ 0.01
3 Old delhi 0.47 = 0.02 0.26% 0.02
4 Dwaraka 0.60 = 0.01 0.23+ 0.02

3.3 Case study & Simulation

For the purpose of the case study the data obtained from Mayapuri Accident., New Delhi 2010 and Goiania Orphaned
Source Event, Brazil 1987 is used for a terrorist event simulation. The simulation studies are performed at Sarojini Nagar
Market (Terrorist Bomb blast site in 2006), in South West Delhi area.

Table 6: District Wise Population, Density Data of Delhi, 2011

Sl District / q Density

No. State fetaipepulaton (per sq. Km)
1 North 883418 14973

2 South 2733752 10935

3 East 1707725 26683

4 West 2531583 19625

5 New Delhi 133713 3820

6 Central 578671 23147

7 South-West 2292363 5445

Case I: The radiological event in the study is simulated for Co -60 with source strength of 20Ci (equivalent to Mayapuri
Source). The reported event caused by a radioactive material originated from a Gamma Chamber belonging to an
academic institution. The Co — 60 seized from Mayapuri area was from the Gammacell 220 Research Irradiator, originated
from CANADIAN IRRADIATION CENTER in 1969. The said source has completed its 8 half life by the time it was
recovered during the accident, the source strength being 18.61 Ci. Authorities recovered eight sources at the original
shop, two at a nearby shop, and one from the dealer's wallet. The consequence of this accident was reported as 1 fatality
and 7 injuries with a widespread contamination requiring an exhaustive clean up action. As per the DAE reports and
Supplier data the initial activity of the source was over 3978 Ci (4000Ci aprox.).

Source terms Meteorological Parameters

Source Material : Co-60 Wind Speed : 10m/s

Source Term 120 Ci Wind Direction :270°W

Airborne Fraction : 1.000 Atmospheric Stability

Respirable Fraction :0.200 Solar Information : Sun high in the sky

Respirable Release Fraction :0.200 Stability Class : C — Slightly unstable

The simulation is performed using General Plume dispersion method for particulate matter dispersion. The Total Effective
Dose Equivalent contour plot is placed in Fig.1.

Case II:The radiological event in the study is simulated for Cs — 137 with source strength of 1300Ci (Goiania orphaned
source event, 1987). The accident scenario of Goiania, Brazil 1987 was related to the radiotherapy unit of a private
medical facility. The 50 TBq (1350Ci) **Cs tele-therapy unit was left abandoned in the partially demolished building.
After two years some local people dismantled the source from its housing and removed it for scrap metal value. The
ruptured cesium chloride source, which is highly soluble and readily dispersible was spread over parts of the city by
contact contamination and resuspension.

Source terms Meteorological Parameters

Source Material : Cs- 137 Wind Speed : 10m/s

Source Term : 1300 Ci Wind Direction 1 270°W

Airborne Fraction : 1.000 Atmospheric Stability

Respirable Fraction : 0.200 Solar Information : Sun high in the sky

Explosive Charge :101b Stability Class : C - Slightly unstable
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The simulation is performed using General Explosion method for particulate matter dispersion. The Total Effective Dose
Equivalent contour plot is placed in Fig.2.
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The simulation output for Dose conversion and ground deposition for both the cases in tabulated form is given below. The
analysis shows that an RDD attack will have both blast casualties and contaminated (radiological) casualties. The blast
effects of such an attack scenario depend mainly on the explosive charge used in the device. The contamination level
depends on various parameters like type of the source material, particle diameter, metrological parameters and explosive
charge/means of dispersion. The study reveals that the ground deposition of the radioactive materials in both the cases
reached upto a distance of 1km with 4kg explosive charge, which can be a cause for widespread contamination requiring
mass mobilisation of clean up and medical assistance after the attack.

Table 7: Dose Conversion Data - Total Effective Dose Equivalent (TEDE)

Case I Case II
DISTANCE TEDE GROUND SURFACE TEDE GROUND SURFACE
km (rem) DEPOSITION (rem) DEPOSITION
(uCi/m2) (uCi/m2)
0.030 2.7E-02 5.8E4+02 2.6E-01 3.8E+04
0.100 6.8E-03 1.3E+02 6.5E-02 8.6E+03
0.200 2.4E-03 4.6E+01 2.4E-02 3.0E+03
0.300 1.3E-03 2.3E4+01 1.2E-02 1.5E+03
0.400 8.1E-04 1.5E+01 7.8E-03 9.5E+02
0.500 5.7E-04 1.0E+01 5.5E-03 6.5E+02
0.700 3.3E-04 5.6E+00 3.1E-03 3.6E+02
1.000 1.8E-04 2.9E4+00 1.7E-03 1.9E+02
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4. Early Waning and Monitoring Network

Detection is the vital in obtaining the real time information about any suspicious increase in the background radiation
level. A dedicated radiation monitoring network supplemented with the database of background radiation level of each
location becomes the deciding factor for executing mitigation procedures and emergency response planning at the attack
zone.

The concept is designed based on a remotely controlled two —tier detection and monitoring network. The strategy
followed includes early detection and warning system, confirmation and reporting system. The configuration of the
proposed network is as follows.

a) First Tier detection consist of a wide area gamma monitor and continuous air monitor (a and ). The Gamma
monitors functions based on the GM (Geiger Muller) tube principle. The Continuous Air monitor consists of an End
window type pan cake probe for B and Mylar Scintillator based PMT method for & counting. One complete unit having
both type of detectors will be considered as a single node.

b) The Second Tier consists of a Mobile Detection Laboratory Units containing gamma spectrometry units and Gross
alpha and beta counting stations with human intervention for confirmatory purpose.

c) Each detection nodes should be networked with the Emergency Control Center (ECC). The real time data should
be recorded and analyzed at ECC.

d) A dedicated continuous monitoring system should be installed for buildings of strategic importance and public
transportation systems by means of high volume air samplers and area gamma monitors at the entry and exit point and
air-conditioning ducts.

5. Emergency Management

In order to attain an effective and timely control over radiological emergencies arising out of terrorism events, an
integrated planning and multi- level co-ordination of all the stake holders is required for an early detection and response
on ground. The effective mitigation of radiological emergencies depends on the action taken by First Responders at scene.
The initial response activities include; Rescue & Medical activities, controlling the spread of contamination, establishment
of protective action guideline, Command Control and Coordination, Site remediation and Clean up measures. These
functions/activities may be overlapping and to be performed simultaneously with a dedicated team work. Prior to
commencement of response measures report the accident to existing national/state Emergency Management Agency
(NDMA) as soon as possible.

The following steps are to be followed at the earliest possible time by the first responders. These steps are given as
guidelines for trained responders only. The exposure pathways and means of contamination after an attack is given below;

Table 8: Exposure Distribution over phases

Exposure Immediate

Direct Plume

Inhalation Plume material

Absorption through wounds
Contamination of skin and clothes

Radiological
Release Event

Ground Shine (deposition)

Inhalation of re-suspended material

The first responders equipped with personal dosimeter, portable dose rate meter with beta and gamma capability, personal
protective equipment, full body over garments, SCBA/full face piece respirators, decontamination solution and water. The
action sequence should be as follows,

a) Rescue & Medical operation: The evacuation and treatment of casualties should be given highest priority. The
main concerns for first responders to a radiological contaminated site are:

> The casualties must be handled based on the Medical Triage. Early triage and stabilization will help in the
medical management of radiological event and reducing the deterministic effects.

> The sequence of action includes the immediate removal of contaminated clothing, decontamination of skin and
wounds, transferring to the nearest medical facilities.

> Casualty transfer can be done with isolated casualty bag. The casualty bag should be marked with Triage Tag for

easy medical attention and isolated treatment in the hospitals. This may also help in controlling the spread of
contamination to other public. This Tag system also helps to keep the accountability on the casualties.

> In case of traumatic injuries the casualties need not be decontaminated prior to administration of lifesaving or
other significant medical procedures, nor should evacuation or transport to medical facilities be delayed.

> Care must still be taken to minimize the spread of contamination. Decontamination (DECON) will be done once
casualties are medically stabilized.

b) Monitoring and Hazard Control: When responding to such emergencies as a First Responder, the accuracy of
the radiation measurement is not as critical as verifying whether radiation is present or not. Even if the initial reading is
not precise, possibly make a quick determination of where the high and low radiation areas are, and determine which
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areas are most contaminated. The main charter of duties include the Continuous monitoring of radiation levels, cordoning
off the contaminated area, decontamination of the personnel and equipment, planning and implementation of hazard
control procedures like work planning, evacuation etc. The details are;

> Source Searching: The source searching is the First stage of Contamination Control and Recovery operations.
The main responsibilities of the search team are, Isolate the area. Assess the contamination level in the area. Locate the
debris, and identify the source

> Search Techniques: Depending on the accident criteria, radioactive sources may be scattered over a large area.
A systematic search over a large area must be conducted until accountability of all source material is completed. Search
techniques followed include;

> Visual Search: The effects of RDD will normally be accompanied with explosion, visual fumes, smokes coming
from the burning parts due to the high explosive part associated in it. This particular kind of search is meant to mark the
unusual metallic objects and debris fall area in the particular attack case.

> Instrument Search: The team uses radiation monitoring equipments for the searching purpose. This will help to
locate accurately the radioactive isotope in the emergency zone. The devices used for this type of searching include
Telescopic Gama radiation monitor (TELETECTOR), Field Gamma Spectrometers, and Contamination Monitors etc. This
type of instrument search is conducted in a highly contaminated area after the initial hours of accident. This will help to
assess the contamination levels at the accident zone.

c) Access Control: The contaminated area must be cordoned off from the reach of general public. The cordoning
distance must be based on the exposure limit values for alpha, beta and gamma radiations. The cordoning depends on the
metrological parameters also. The frequent wind shifts can alter the radii of cordoning.

> If the radiation levels exceed 0.1mR/h or 1Bg/cm? for beta/gamma and 0.1Bq/cm? for alpha the accident
location must be cordoned off to avoid public involvement. Establish a Contamination Control Line (CCL) by marking and
separating the contamination hazard zone.

> Establish a Hot Line (HL) for high contamination area if the background radiation level crosses 2mR/hr or
1000Bq/cm? for beta/gamma and 100Bq/cm? for alpha the area must be considered as contaminated. Establish a
Contamination Control Station (CCS) to exercise a proper contamination control strategy for personnel entering in to HL.
> After establishing the CCL, HL and CCS, a team should be deputed to collect the ground and air samples from
the contaminated area. These samples should be analyzed using recommended monitors to assess the level of ground and
air contamination.

> A periodic monitoring of the parameters such as weather conditions, wind speed, wind direction and localized
radiations levels around the cordoning must be carried out in every 60 minutes.

CONTAM) N

ATIO
Dl""“f’hro " 1Bq/; NEROLLINE ;
WIND DIRECTION ey (B, ¥

HOT LINE
(B, v]2m r/hr

£
L
Accident E
Zone i
g
=
&

|:tJ(:I1(:|0(}Eq;‘cm2 /

. CONTAMINATED AREA

Fig 3: Cordoning Details

d) Risk Reduction: The mitigation strategies on ground are to be planned and executed on a time-bound scale to
reduce the long term radiation exposure and related effects on health and environment. The basic principle for reducing
the effects from such an accident is divided in to three.

> Prevent serious deterministic health effects. The level of effective dose must be reduced below the threshold for
deterministic effects. Measures have to be taken to reduce the effective doses below 10 mSv or less.

> Intervention should be justified in the sense that the protective measure should do more good than harm.

> Levels at which an intervention is introduced and levels at which it is later withdrawn should be optimized. After

an intervention is applied (e.g., evacuation or sheltering of a population), there needs to be optimization of the action to
determine the scale and duration.
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The evacuation of the buildings in the contaminated area must be undertaken based on the radiation level and
meteorological parameters. The maximum evacuation must be carried out in the downwind side. If this is not possible
public must be informed to stay inside a protective shelters. The specific procedures to be followed for such conditions are
given below:

Table 9: Protection Action guideline phase wise — Time Scale

Protective Measures Early Intermediate

Evacuation, Sheltering

Control of Access to Public

Administration of Prophylactic

Personal Decontamination
Decontamination of Land
Relocation

Food & Drinking Water Controls
Release of personal property
Rehabilitation of the victims

Radiation release event occurs

6. Post Disaster Management

Special program must be undertaken for the mental and social rehabilitation of affected individuals. The Post Traumatic
Stress Disorder (PTSD) has to be treated with affective awareness techniques. Following factors must be complied to meet
with the rehab.

1) Reduce physiological activities — encourage rest, sleep, normalization of eat/sleep/work cycles

2) Provide food and shelter in a safe environment

3) Facilitate communication with family, friends, and community

4) Make them literate in the radiological safety.

5) Decrease exposure to reminders of the traumatic event, advise decreasing watching/listening to media coverage

of overly traumatic images.

7. Conclusion

Any amount of Control measure cannot eliminate the risk of any accident and the same principle applies for the
radioactive material too. However, such measures help to minimize the risk/aftermath of such incidents. Since universally
the stocks of radiological material exist, therefore, the risk persists too. To reduce these risks, some stringent control
measures have to be implemented for the possession and use of radioactive sources either industrial or medical.
International laws/agencies should be promulgated to keep the radioactive access under check. The sources available for
industrial, medical and commercial purposes should be accounted for and strength of such sources should be recorded.
Frequent inspection should be carried out for all high activity sources deployed at various installations, like irradiation
sources in research centers, medical instruments and food processing units. There should be adequate security
deployment at the radioactive waste disposal site and spent fuel complexes.

The simulation of different dispersion scenarios have to be formulated for various metrological and occupancy conditions.
The Geographic Information System (GIS) application in-line with a continuous Environment Radiation Monitoring
stations have to be implemented for potent countervalue targets. The continuous monitoring of natural background level
in the environment, water, air and consumables is the simplest way to get early warning of any type of radiological
releases. The fire and rescue services, police forces and identified medical installations have to be given adequate training
for radiological protection and handling of emergencies of radiological nature.

8. Recommendations

> Environmental Monitoring is the only method which can help to find out the increase in the background level
radioactivity. The back ground radiation level for prime cities has to be recorded and a database should be prepared. This
may include the background gamma radiation level in air, soil, food and ground water. The residual activity must be
sampled and added to the database. The sampling must be conducted for alpha, beta and gamma activity. The work can
be outsourced to academic institutions.

> The routine sampling result must be analysed with the background data base. Any suspicious increase from the
background activity will help to warn any type of radiation leak. A separate mobile radiation-monitoring unit must be
provided at identified locations. Moreover there must be a national level monitoring network to collect these data and to
provide information on a national scale.

> Major hospitals must be equipped with facilities to treat radiologically contaminated casualties. Radionuclide
specific prophylaxis measures must be made available at major hospitals along with medical response teams for treatment.
> A nationwide awareness program must be conducted through educational institutions, work centers, offices,

hospitals etc. All the police, fire services and other emergency response agencies must be trained in handling radioactive
accidents. They should be provided with proper protective and monitoring materials.
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> A dedicated team must be formed to respond to the radiation accidents and such team should be located in
prime locations. These teams must be provided with adequate protective and monitoring Kit.

> Measures to be taken for accountability and tracking of all radioactive sources deployed for civil applications
prior to the constitution of AERB.
> The radioactive waste management in health care sectors and academic institution should be strengthened by

periodic monitoring and adapting structured and safe methods for handling, storage and disposal in order to prevent
threats of radiological attacks.
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Introduction
Still life is on the Earth, after uncountable disasters. And we are always in search of better options for life saving tools and
skills; because the demands are continuously changing in the developmental scenario of the world. When initiating disaster
resilience to grow up in Kerala, we were thinking about a management framework for communities, it influenced to wait until
Asian tsunami 2004. And it is being as the milestone for DRR in Kerala also, the logics were not enough to empower the
communities at their own resources and development or it tried to put them forcefully energizing into a DRR. The communities
were not able to accept and utilize the community based programs designed for, struggled at its initials figuring out the
resilience building inclusive of the responsibility sharing pattern and literacy in DM. The channeling of development and
information management mechanism when manufacturing miracles in the survival nature against the time; to level the
knowledge and know- how -uniformity at different levels of requirements at local levels were not started to move in a risk
reduction theme. And still advancement of movements for the stability of life situations instead of succumb them need to be put
under examinations, because there where exactly we lost our resilience capability towards disasters in the transition between
the major emotions to survive or to succumb. After 2004 Asian tsunami, several changes were happened in Kerala, most
attractive achievement is the community mind set developed to support the government by sharing the response towards the
disastrous situations and its aftermaths. Sometimes the uncertainty about poverty was harder than a tsunami regarding the
varied economical vulnerabilities of some communities. The elasticity of a mixed economy sounding state like Kerala towards
hazards, the resilience is all about stabilizing its own economy, sometimes an additional or alternative income generation is
prime than of building up the DRR/DM literacy in place are not negligible. The foundation of searches for an adequate
intervention in livelihood alternation was triggered by these uncertainties. As a result almost of the affected coastal
communities were strengthened to DRR at their various components. The Asian tsunami of 2004- being as the milestone which
drastically changed the total traditional/ communal set up with gender approaches and acceptance of alternative livelihood
options in Kerala coastal. At the same time its wind never showered its ideal benefits to the other vulnerable- high risk areas of
Kerala against holistically its non- addressed variety of natural hazards along with its socio- economic vulnerability. The
integrated approach of DM became inadequate to feel the community to its own realities and circumstances. Everything runs in
a practical way of practice of years, and we don’t have a periodic check measure mechanism to ensure its adequacies against
time and development.

Focus: to find out the potentials and challenges of DRR in Kerala coastal and rural developmental context
Observations: 1) Impactful advancement of women in developmental activities and in resilience building in rural, coastal
Kerala 2) Gaps and failures of DRR at various social and economic backgrounds of rural, coastal Kerala 3) Spaces and
potentials of PRI in building up resilience through institutionalization of DRR programmes at local level
Methodology: A) Non- structured interviews with persons under 3 Categories.
1) NGO persons working in DRR 2) The PRI Board members who have experience in DRR 3) Beneficiary
individuals and common public

B) Analysis of informations with experts

Major points of discussions and suggestions

Vulnerability heads on the scenario of Kerala

Experiments in Alternative livelihood options and resource management supports at local level
Potentials and possibilities of MNREGS- employees to contribute impacts to DRR setting up at local place
Positive signs of women advancement and acceptance in communities

Ownership shared implementation projects

Recommendations and guidelines for HRV assessment methods for local PRI to do their own

YVVVYVYVVYYVY

Disastrous vulnerabilities and challenges against DRR in Kerala
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The coastal tapering narrow strip of India, Kerala stands for more proud specialties regarding its geography, geology, and
climatology which are severely grabbing the state into their own risks and calamities also. Because of that exactly, when
addressing the natural and man-made calamities of Kerala, still we are unfortunately not in a position to enable to
implement a system or procedure which prioritized to consider the above mentioned centricities. The hilly/high ranges
getting victimized every year by landslides, the low lying areas get flooded during Mon -soons, most of the interiors are
vulnerable for droughts and unexpected seismic lethal possibilities all over the state are risking the normal life of the
whole vulnerable population of Kerala. Here is the clear line of marginalization positioned. Such kinds of lands are
occupied by economically marginalized also with social marginalization criteria among major expressed reasons. The
social vulnerabilities due to economic and marginalization also remarks that the people are belonging to such
geographical areas. The DRR programmes were conducted and implemented had priority criteria in locational
vulnerabilities, which were exclusive of other location specific hazards and their impacts; even within the same political
boundaries the concentrations, were set under them as on which areas the most are vulnerably exposed to risks.

The loss of income generation while attending such knowledge creation programmes holds back the men group
who are dominant group in generating supportive income to the family. That tends the common women group to attend
such meetings. There also the search of an additional financial development space was a factor. The gender
discrimination and customs of caste and creed was a challenge which is slowly getting wash away; because of the cause-
effective advancement of women for financial independence and finding out a source of additional income generation to
support the family from their own surrounding and resources. Lack of acceptance of public to DM advocacies and
developmental advocacy is still a barrier; a governing system which can afford the remedies or prevention against
emerging threats is to be implementing at local level with peoples participation. In this regard the PRI is not much
exposed to implement adequate measures to DRR. The lack of ownership approaches to programmes installed and at the
same time the unemployment prevalence and unawareness at rural/ remote Kerala challenges DRR.

Gender equity and advancement of women in DRR processing

The remarks of a terminologically marginalized group for vulnerability- women; became the major power of advancement
in setting up the resilience at local level their role is imperative in the root fixing of DRR in Kerala. It also dissects
solutions so far indicating the economical empowerment of vulnerable Kerala regions with DM literacy and practical
capabilities. As an analytical overview on the difference between the circumstances before and after the implementation
of DRR it is crystal clear that the advancement of women for the search of survival and additional income generation skills
flourished DM among them as representing the community for men. The basic needs which had re-built the customs and
traditional restrictions against the leadership of women in community are good signs of development at grass root level.
The transition of function the home kitchen to steering the economic balancing of the community through the
developmental programmes of government focused on women empowerment as Ayalkkootam, and later Kudumbasree. A
number of prominent social welfare societies/ organizations had played their role meaningfully in the initiatives of DRR
and virtually gradually successfully mainstreamed women calibers into the process of development at bottom level. Small
scale industries are getting track in most devastated coastal Panchayath of Kerala, Alappadu of Kollam district. The
fishermen community women getting well exposures in rural entrepreneur development as they running tailoring centers,
food processing units etc. They could recover the past failures of accessibility of market the products and curios items are
designing by the local natural resources from coconut tree parts etc. And when connecting the disclosed power until then,
in culturing disaster resilience was about both their social and economic set ups the advancement can be depicted as
revolutionary with examples of Ernakulam and Kollam districts which bearing historic wounds of a disaster.

The coastal community of Kerala also very reserved for its customs and traditions. The family management is
their responsibility and supporting the earning members of the family also, those are always the men. And the marketing
of caught fishes were up to the women group. By these differences of field of interactions, the communication was at
different extensions of poles. The other locations also this same is the situation. Men are going out for work and women
are concentrated their jobs almost at their intimate surroundings. This could help the evolution of identifying, bringing
out and resolve the issues within the area with women, and lacking these activities to reach most of the men belonging to
that area; and exactly this mainstreamed potentials and advantages of women being major involved group in DRR.

Resilience building and power support of PRI and developmental programs

Potential DRR programmes on women empowerment in Kerala. Most of the NGO’s were worked hard in DRR
programmes across Kerala coastal Panchayaths. Followed by the basic awareness creation and community based disaster
risk reduction measures, it found that such programmes cannot engage people for DRR throughout an year, because those
were all not aim at financial support to those who act, they are all forced to find a stable income, and it was much better
idea to introduce small scale industries/rural entrepreneur development programs at place to control the economic
cycling out of seasonal establishment. The advancement of women to build resilience at various sectors in rural Kerala
with power support of PRI could revitalize the community which reached almost up to devastation followed by 2004
tsunami in the rehabilitation reconstruction time in Ernakulam, Alappuzha and Kollam districts. By the concentration at
Panchayath level programmes it could brought an enhancement of DM at places by several government projects
implemented through the potentials of NGO’s. The programmes designs were introduced by UNDP; through which they
have conducted several programmes. Due to the short term tenure allotted to complete the project, in some places the
NGO'’s forced to stay there itself to achieve the actual results of DRR. And they had taken almost seven years at the same
place; and as a result they could reach the meaningfulness of empowerment and resilience. The theme of task forces and

A.P Pradeepkumar; E-J. Behr, ET. Illiyas and E. Shaji 2014 Proc. 2nd Disaster, Risk and Vulnerability Conference 2014 (DRVC2014) 24-26 April 2014 Dept of
Geology, Uni Kerala, Trivandrum, India pp40-42 ISBN 9788192344928 41



the leadership developed through this then selected them up to control the steering wheel of the PRI; is a typical example
from Ernakulam. The PRI in identifying, discussing the issues and seeking for solutions which setting trends in
implementing adequate infrastructural and non structural measures seen as the most supportive sign boards to DRR at
local level with women and un skilled individuals. Current status of DRR in Kerala, raising demands for more suitable
education and refreshments of DRR and traditional practices/knowledge are need to be discovered from local level
through PRI to plant a disaster proofing development strategy; and to find out the applicable spots to link them to
embrace innovations and technologies to improve sustainability.

The experimental spaces of MNREGS providing to environmental protection activities and watershed
management programmes despite of ‘100 days employment’, the programmes can be established with its own local
human resources is a challenge at local governing level. During the previous years at several Panchayath, they didn’t have
better ideas about utilizing the funds with the Panchayaths own human resources. But the vagueness become melting
when they started to identify issues emerging over, and are able to shoot the troubles with accuracy. Still the demand
remains unfilled as it lacks proper guiding and guidelines which found as the major underlined problem ; and also there is
no clarity about whoever can help into this considering all the legal complexities is a challenge. And how about use the
people recognized as NREGS employees based on their physical abilities to train them to skilled workers who can support
the PRI as a force throughout the year. They will be able to act in both the structural and non structural components of
DRR and developmental programmes in peace time as well as in emergencies.

Knowledge management/ information sharing technologies and technology literacy in rural Kerala. The challenges of
Knowledge management mechanism in DRR at local level the issue which had put struggles over the complete reachability
of the community was about the partial absence of men in the case of they do not have much better social gathering and
activities out of their occupational environment at place as to discuss the vulnerabilities of them. The Kudumbasree, and
MNREGS like ones helping women as similar to their social gathering, there a knowledge management system runs
through it. While they are able to convey this to home a track to converse between community and service providers
opens through women. In general at local level a portion of women are active in such programmes; though the problem
is how to get involved the middle class people into it as they do not participating in such social activities directly. The
above mentioned unavailability of job opportunities and conventional job specialties draw back affects some systems
implemented as for DRR. The prime examples are task forces and EWS. The information’s and information (EWS) systems
are installed in coastal areas, unfortunately they are almost abandoned. The reasons are two:- one is the lack of adequate
knowledge in its maintenance and alternative uses and second the lack of clarity in its ownership sharing and
maintenance responsibility both at technical and financial aspects. This also raising the necessaries of empowering women
in technical aspects, especially in the background of they are literates and familiar with mobile phone operations
regardless of ages.

Sustainability of programmes and creating ownership sharing with community. For the further inspirations and
project implementations there are potential programmes installed by the state government itself inclusive of micro
financing and rural entrepreneurship development for ‘prevention of hazards’. Kerala Water Supply and Sanitation
Agencies Jalanidhi Project which is one of the major draught management programmes along with ground water recharge
suitable for the location specialties, also lime lighted for an outstanding example for PRI and common public participation
and ownership sharing with financial, social and physical cooperation along with Government. When defining structural
and non structural DRR measures setting up; as there is no involvement of money, the acceptance of community declines,
which stands for more impactful and need based interventions. To meet this demand, the local government bodies need
more attention to them to help locate the issues and find adequate remedies. About the involvement of women in
developmental activates and major implementation projects including government ones in Kerala, which directly
demanding peoples participation and ownership sharing. One of the accountable achievement of this project is the
thorough awareness creation on the vulnerability and its remedial measures among the common public is getting high and
incredible through they are conversing directly to the service providers about their circumstances gradually. And it can be
further recommend for HRV assessment of local PRI with their own and then to reach the stage of implementing remedies
on their solution seeking. Other hand it is the only way to address the basic vulnerabilities can be handling within the
political boundaries by the power supervision of PRI, which needs to be an institutionalized way of functioning inclusive
of government and common public.

Conclusion

The demand and the service need to be reached at the same focus, and then only the culturing of need based programmes
and sector wise rectification of vulnerabilities and risks will take place at applicable mode of action. At the local level
practice of it can attain the 100% coverage by implementation of ownership sharing projects. Though, what was the
driven factor of participation of women in DRR as economic resilience building which is the same threatening the
participation and impacts of other gender component and economic classes from DRR activities. The women
empowerment and initiatives for economic balancing are categorized under this. And the real challenges are here as the
participation of the community may be contract to small portion of women population and a few geographical high risk
areas. The waiting for the windows to be widely open at all primary local communication are the gaps to resilience. The
institutionalized operation mechanism with the responsibility sharing of government, PRI and the common public is the
only remedial practical strategy for resilience building.
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Abstract

Disasters are harbingers of human fatalities and crippling economic loss, the effects of which can be stymied, only by effective
plans based on analyzing and evaluating risks, as well as planning and implementing risk reduction and mitigation action
plans. Vulnerability is the susceptibility of being harmed, which can be due to natural or man-made factors. Hazard
mitigation efforts for facing vulnerabilities are having effective disaster management plans, enacted mock drills, which become
the core strength in a situation of chaos. A Plan-Do-Check-Act cycle, approach & emphasis can only meet the challenges in the
Disaster Management knowledge domain improvement. Effectiveness of a disaster management plan has a straight correlation
in ensuring coordination between various elements in the area of Infrastructure, Information availability, Logistics, Human
resources for risk mitigation, field operations, finance mobilization, communication, governmental agencies etc. In disaster
management, “successful response” term has no validity, but the aptness can be only attributed as, having an ability to enact,
a more effective response with agility and quickness. Diversity in understanding the vulnerability and the gravity of risk issues
by various agencies involved in mitigation processes, also pose a challenge to effectiveness of planned strategic approaches to
hazards. The various systems in the society are independent in role play but in times of disasters they have a hybrid role to
infuse robustness in lacking infrastructure systems, by sourcing from their core competencies, a helping hand for a common
social cause. Utilization of technology of the various sectors, during chaos phases of a disaster, by coordinating and building up
the disaster management grid, can help in boosting the core strengths of chain of dependencies of various links of disaster
mitigation. Exposure of various agencies, to each other’s strengths and capabilities to foster cross sector collaborations in the
various sectors of society, industry, academia and government can only chalk out effective and tangible results in integrating
effective disaster management plans. Estimating in advance the critical factors in play, quantitative estimates of urgently
needed goods, prior agreements of support connectivity of various sectors would be handy in response situations of disaster
management. Division of roles, work flow modules, command center clarity, information management and networks
developments are needed in logistics flow during disaster mitigation plan implementation. The purpose of this paper is to
explore the benefits, challenges & risks in cross-sector collaborations and opportunities in disaster management scenarios. It is
also is an effort to analyze; the major critical success factors needed in the disaster plans based on an extensive literature
review. Attempt is also made to find the possibility of establishing the Disaster Management partnerships within the
framework of corporate social responsibility (CSR).

Key words
Disaster Management, coordination, CSR, cross sector collaborations

1. Background : Disasters and Vulnerability

Etymology says that the word disaster is derived from Middle French désastre and from Old Italian disastro, and from the
Greek pejorative dus meaning bad & star from Latin astrum, from Greek astron. The root of the word disaster ("bad star"
in Greek) comes from an astrological sense of a calamity blamed on an unfavorable position of a planet. In earlier days
natural catastrophes were attributed to the wrath of unknown powers of planets, stars, divine interventions etc.. The word
vulnerability origin is from early 17th century: from the Latin term vulnerabilis; from Latin vulnerare 'to wound'; from
vulnus 'wound’. In the new world disaster is used as synonyms to calamity, catastrophe, and cataclysm all referring refer
to adverse happenings usually occurring suddenly and unexpectedly with loss. History of mankind is woven with many
events of disasters since time immemorial. Earlier it was always the natural forces that caused disasters. But with
industrial revolution and as man stepped into new frontiers of technology, the cause of disasters is not limited to only
natural causes but by manmade causes too.

Disaster may be caused by negligence, ignorance, bad judgment, bad decisions of man or by natural forces, viz.
hurricane, flood, earthquakes, soil erosion etc. Disasters are now categorized into sudden or unexpected natural disasters
like earthquakes, floods, avalanches etc, and sudden or unexpected human caused disasters like chemical disasters,
explosions, accidents etc. and slow onset or long lasting disasters like famines, epidemics, desertification etc and slow
onset or long lasting human made disasters like long wars, displacements, national and international disputes etc.
(Beristain 1999, Van WassenHove 2006, Maon, Lindgreen & Vanhamme 2009). With science and technology, the research
& understandings of all types of disasters and their causes all have grown leaps and bounds. The root causes of disasters
were probed by all scientific tools and today the domain of knowledge is vast and growing fast day by day too. Still every
now and then, somewhere a disaster strikes. The vulnerability to disasters, the hazards and risks involved makes this
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domain of knowledge to probe and assess the limitations in disaster mitigation steps. Every now and then new steps are
planned and documented every passing hour the world over by various agencies and governments to tackle disasters.

2. Disaster mitigation steps

Disaster mitigation and disaster management knowledge domains have emerged as vital scientific pursuits to reduce the
threats; harm posed by disasters and alleviates the suffering that disasters can cause to their victims. The growing impact
of natural disasters has triggered a need to enhance the understanding of human and social vulnerability to disasters
(Pielke et. al, 2005; Cutter, 2003; Peacock et. al, 1997; Alexander, 1997) and to improve both the quality of data and
management of information that guides the humanitarian response following disasters (Cross, 1997). Now the significant
task of planners involved in emergency disaster management is identifying vulnerabilities and planning for effective
disaster management collaborations to  satisfy the vital need of minimizing loss both human and economic. The
"vulnerability" perspective in disasters, which is rapidly emerging as a dominant view in the field, identifies the sources of
vulnerability are multiple and quite diverse. Some of the most important factors that affect vulnerability in modern world
include increased population density, population growth and distribution, social diversity.

Congestion, limited escape routes, dense infrastructure, and poverty add to the vulnerability matrix. Decision
makers have to develop and implement policy that moves from a reactive response to a more proactive approach focusing
on emergency preparedness (Jayachandran, 2011). These and other questions have now become the central focus for
scholars and emergency planning. Disasters wipe out economic gains and development. Natural disasters have profound
social, economic, and environmental impacts (Benson and Clay, 2000, NRC, 1999; Morduch, 1994; Sapir, 1993).
Scientific and statistical tools are used to plan disaster management studies. Modeling population vulnerability and risk in
natural disasters and post-disaster assessments of surviving populations enable governments and humanitarian
organizations to make rapid, informed decisions under conditions of great uncertainty (McEntire, 2001; Kunreuther,
2002). The advantage of using modeling before or immediately after a disaster is that it can help to target and guide post-
disaster activities, including surveys, to obtain higher quality data for subsequent analysis and decision making. The
research literature in the area of disaster management is on a rapid surge.

2.1 Disaster Management Planning

One of the most challenging steps for planner in disaster management is defining the design criteria which should be used
to anticipate a system’s response during a natural disaster, because the situation at that time is characterized by a high
degree of variability and uncertainty, unlike the normal situation. Design load input from a natural disaster is difficult to
predict and select properly. An examination or research illustrates vulnerability scales to natural disasters and man-
made disasters and the colossal loss they inflict on mankind and economies. Every year 500 disasters affect around 200
million people and kill 75.000 people (van Wassenhove, 2006). It is estimated that both natural and man-made disasters
will increase five-fold over the next 50 years. This forecast implies the disaster relief operations market will expand
(Thomas & Kopczak, 2005).

The research into literature on disaster management planning highlights , various facets that have emerged as
critical aspects like logistics, planning coordination, use of varied agencies, funds paucity etc. etc. According to Kovacs and
Spens (2007), logistics have always been an important factor in humanitarian aid operations, for they account for 80
percent of disaster relief operations. These logistic efforts have to be carried out under special circumstances, in an
environment with destabilized infrastructures and security issues (Overstreet, Hall, Hanna, & Rainer, 2011). Therefore,
humanitarian logistics during disasters have different characteristics than business logistics (Kovacs & Spens, 2007;
Oloruntoba & Gray, 2006). The main aim of humanitarian logistics is to ease suffering of vulnerable people and to
respond in a speedy manner to save lives. To reach this goal as effective as possible, the logistical efforts of both military
and non-military organizations need to be aligned (Fernandez & Suthikarnnarunai, 2011). In order to mitigate the impact
of a natural disaster, an effective and efficient logistics preparation and response is needed (Tatham & Houghton, 2011).
The response will increasingly require collaboration and specialization of tasks between humanitarian organizations, as
well as increased collaboration with the military, governments and private business" (van Wassenhove, 2006, p. 483). The
difference in origin, cultural and political nature of the actors poses potential problems in collaboration (van Wassenhove,
2006). The coordination of local and regional actors, suppliers and many various aid agencies can be extremely
challenging (Kovécs & Spens, 2007). Humanitarian supply chains tend to be inefficient due to lack of inter-organizational
planning (Chandraprakaikul, 2011). When providing relief for the same disaster, it is important to look at where and how
to separate their logistics-related tasks (Fernandez & Suthikarnnarunai, 2011). Movements of relief workers in the early
stage of the response were restricted and therefore valuable time was lost (Bhattacharjee & Lossio, 2011).

2.2 Present Disaster Management Challenges

The Emergency situations demand fast decision-making and reliable communication with emergency personnel and
rescuers. Despite having experienced and equipped to handle disasters, new challenges are found cropping up during
many natural and industrial emergency situations.

In disaster management, “successful response” term has no validity, but the aptness can be only attributed as,
having an ability to enact, a more effective response with agility and quickness. On analysis, every disaster points out the
shortcomings or the things to be improved during next such occurrence. Disaster response systems seems adequate in
small-scale disasters when hazard matrix is low and a limited agencies are involved in mitigation, but in the case of
major incidents, there are gaps in the coordination and execution part of disaster management plans. Disaster
management coordination poses significant challenges as it represents many unrelated groups and agencies with different
aims of existence. These require a great deal of coordination between agencies, most of which may be having little
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exposure and co relationship to each other in the past. When the disaster management paradigm of various near and far
away experiences are analyzed, it is found that we need to evaluate the major issues which precipitate in the disaster
management exercises. It can be seen that, most of these issues bloom during emergency and wither out after it. These
issues are to be addressed to make the emergency management exercise effective to meet all challenges. Some of the
major issue that has come up while analyzing the disaster mitigation steps is:

. Lack of clarity in defining the goal, scope & magnitude of assistance, during a disaster by various agencies
involved in it.

. Lack of technical and domain knowledge of the involved personnel in dealing with the chemical contingency.

. Lack of accident or disaster reporting formats and methodology & rushing in to the incident site without
adequate briefing or caution of situation

. Lack of clarity in defining and listing the expected roles and responsibilities and pre-agreeing on it by the various
stakeholders in disaster management.

. Lack of meaningful correlations and collaborations between the various governmental semi-governmental &
private agencies to work in unison based on a pre-decided code of conduct.

. Lack of clarity in agreement to the financial practices of disaster management expenses.

. Lack of coordination of logistics mobilization and deployment in risk mitigation, relief and rescue work

. Lack of coordination in sharing of the best practices and knowledge domains by the various agencies involved in
pre & post disaster scenarios.

. Lack of establishment of an effective command tree, structure & system of a meaningful command and
leadership structure.

. Lack in correlated working relationship and meaningful partnerships in deterrence of risk evaluation & risks
handling, leading to slowness in response coordination

. Issues of facing wrath of public or community which demodulates for a coordinated response

. Lack of community capacity building, training and awareness buildup

. Lack of coordinated private resource & expertise mobilization for emergency management

. Lack of resources to contain the damage to environment in chemical disasters.

. Lack of dedicated communication networks to mobilize a network during disaster.

. Lack of industrial & chemical emergencies inflicted injuries treatment knowledge, in general doctors available
during disasters & absence of networked knowledge database to assess and ascertain treatment & containment measures.
. Lack of community radio or channel collaborations to stop spread of rumor.

. Lack of management experts to synchronize the various disaster management activities.

3. Chemical Disaster Management in India

Disasters wipe out the economic gains made by nations. Manmade disasters are more intriguing since they are
engineering challenges of contains energy from going out of control to disruption mode energy. Industrialization has
made mankind prone to manmade disasters too. As chemical and petrochemical facilities sized up with growth to built
large capacity manufacturing plants, chemical storages and chemical transit vehicles to accommodate huge steps of
growth, the risk associated also has magnified significantly. Disasters like Bhopal tragedy has changed the way the world
looks at threats from Chemical disasters With rapid growth in populace around the chemical and petrochemical industries,
gradually enveloping them to be specifically in canopy of densely populated areas the Frequency and severity of chemical
disasters has magnified in last few years. There are over 1724 Major Accident Hazards (MAH) units across the country.
India’s earlier policy on disaster management was focusing on relief and rehabilitation efforts. The new policy approach
of government is aiming on a holistic management of disasters, incorporating pre-disaster issues of prevention,
mitigation, and preparedness, as well as post-disaster issues of response, recovery, and reconstruction.

In India various Ministries, institutions are involved in chemical disaster management. At the national level
National Disaster Management Authority, Ministry of Environment and Forest, Ministry of Home Affairs, Ministry of
Labour & Employment, Ministry of Agriculture, Ministry of Petroleum, Ministry of Industry, etc. are involved with the
process. At the State level - State Disaster Management Authority, Department of Factories & Boilers, Pollution Control
Board, Department of Health, Police, Fire, Industry & Commerce, etc. are directly responsible for industrial accident
related issues. As multiple sections are involved in execution of DM plan the need to work out better and effective
institutional mechanism, coordination and strategies for ensuring synergy in the various activities of different Ministries
and organization is absolutely necessary. A strategic framework is needed especially towards capacity building and
integration with holistic environmental risk management within the framework of a multi-hazard risk reduction strategy.
Disaster Management gained legal and institutional mechanism set up by the Environmental Protection Act (EPA), 1986,
shall be dovetailed with the Disaster Management Act (DM Act), 2005.Total prevention of natural disasters is inevitable
and methodology to cope with such disasters are to live with some level of impending risk scenarios. But analysis of most
chemical disasters indicates a total prevention of chemical disasters is possible. Cooperation, Convergence of institutional
mechanisms for chemical disaster with the holistic disaster management framework is essential for achieving the goal of
total prevention of chemical crisis or disasters. Based under the ambit of EPA 1986, Crisis Groups were formed at
National, State, District and Local levels whereas under the DM Act, 2005 Disaster Management Authorities has been set-

up.
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3.1 Disaster management plans refinement by PDCA

Countries differ in culture, value systems, legal and regulatory requirements, community infrastructure and response
capabilities and resources. However, it is recognized that national governments and the chief executive officers of
industries have a fundamental role in promoting and supporting these local efforts. Industry associations also have an
important part to play in encouraging industry participation.

In India too after the Bhopal tragedy, the government, the industry and the awareness created on chemical disasters has
formulated many statutory enactments and hence most of the hazardous units have disaster mitigation plans within
purview of their handled chemicals and their chemical transportation needs. The disaster mitigation plans, onsite and
offsite emergency plans are now defined and documented by the industry. Mock drills are also conducted as per
requirements of statutes.

Disaster Management Scheme can be expressed as a cycle of Evaluation of all potential risk scenarios -> Formulation
of disaster management plan -> Enactment of the plan during mock drills->Audit of the shortcomings -> Refinement of
the plan -> State of preparedness-> Unexpected occurrence of a disaster-> Execution of disaster management plan ->
review of the success of plan-> Refinement of plan.

Some of the disaster mitigation plans have never been enacted due to non-occurrence of disasters in the areas.
Complacency also creeps in with good safety records which make the effectiveness of disaster management plans low
during actual incidents. Hence mock drills are play a vital part in refining the disaster management plan. Every disaster
management plan is made with a scenario kept in focus based on one or multiples variables of risk. But the vulnerability
matrix of disaster is changing in its shape so fast that some new limitations can be observed during enactment of the plan.
Hence the success of disaster mitigation plan can be assessed after the effectiveness of response and mitigation plan, in
an actual disaster occurrence. Till then adding steps to address all plausible vulnerability matrix occurrences can refine
the plan. The lacunae of the plan are exposed during the enactment, which needs to be acted on for correction in plan.
Hence a Plan-Do-Check-Act (PDCA) cycle based analysis of the disaster management plan ensures constant refinement
and improvisation in effectiveness of the mitigation plan.

3.2 Role of Government and Policy in Disaster Management

National Level
Agency

]

v
State Level

Agency
State Public Utility
Departments Public Secfor Académia | Privaté Sector Agencies
Companies Research Companies

Fig.1 Various stakeholders in the disaster management plans

In the fig. 1 the various stakeholders in the disaster management plans is listed. The various sectors role-play has to merge
into an effective synchronized and harmonic relationship for effective execution of a disaster management plan. On an
analysis of the variance in core competencies of stakeholders, it can be seen that there are divergence in core mottos of
different stakeholders which can result in diverting the focus in diverse directions. Government has the most important
role-play in making effective collaborations amongst various agencies and stakeholders in face of a disaster. Due to varied
reasons of existence and different aims of organizations the government has to mediate the role of leadership during crisis
to minimize economic and human loss. Ahrens and Rudolph (2006) describe the interdependence between institutional
failure and susceptibility to disaster. They assert that accountability; popular participation, predictability, and
transparency of the administration are key factors in the promotion of sustainable development and disaster reduction.

This “new understanding of disaster also called into question earlier, ill-conceived ideas of “normality” and
“abnormality” that pervaded much thinking about disaster. Disaster often used to be seen as an abnormality or an
aberration from a linear path of progress rather than perhaps a chronic condition as much caused by development as
impinging on it. Wisner et al (2004: 20) therefore argued that the phenomenon of disaster should be placed in the
mainstream of policy and practice.

During disasters however, it is not sufficient to focus only on the capacities of the disaster affected groups and
communities themselves. The role of the public sector and of public policies is crucial in attempts to prevent, mitigate, and
respond to disasters. Regardless of whatever aid can be offered, the responsibility to help people in need resides squarely
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with their own government. It is here that an analysis of the government institutions, the political culture and the
functioning of the public sector can provide insight into the history of a disaster and the disaster response.

4. Building up an Effective Disaster Management plan

Based on the variables of risks involved, the multiplicity of agencies with different structures involved, the different fields
of expertise required, the quantum of logistics involved, the management expertise and technical know-how involved in a
major disaster, it mandates that the government agency dealing with disaster management to step in at time of disaster to
buildup the correlations and collaborations between various stakeholders involved. Such an effective and timely
involvement in the response structure of a disaster management plan would only help to bring down the casualty rate and
economic loss in the case of manmade disasters especially involving chemical disasters. Based on the analysis of various
disaster management scenarios shortcomings in industry in the past the following suggestions are also put forward as
steps to built-up an effective disaster management plan.

4.1 Community Awareness & Capacity building exercise

Disasters take their toll on the community where it effects. Hence the community should be made aware of probable
disaster scenarios and should be trained constantly to face any disastrous occurrences. This knowledge transfer will help
in reduction of casualties during disasters and will help reinforce community resilience to disasters. Training and effort to
increase awareness levels of community to disasters lurking them should be a part of the community awareness exercises.
This helps building up communities with more resilience to disasters, which can help in a positive way in rescue and relief
missions during disaster. Community awareness built-up will also enable casualties caused by ignorance during disasters.

4.2 Net based mandatory Disaster management website accessed by only stakeholders

The possibilities of information networks and technology development in connectivity without geographical limitations
should be used. A dedicated web-site for area wise stakeholders vulnerable to disasters can be developed and assessed by
stakeholders only, by administrative control of access. It should contain methods of mitigation of chemicals; properties of
chemicals, personal protective equipments required, risk area assessment, etc and should be able to address all issues
needed to be known by stakeholders during disasters. With help of such a website the disaster management role-play by
experts from other facility, also, can have an effective role and contribution in understanding the risks involved. Such a
knowledge domain can encapsulate the best practices in effective disaster mitigation.

4.3 Dedicated Disaster Management frequency with dedicated wireless /mobile sets to all stakeholders
Communication is vital in face of any disaster. Normal networks of communication become loaded while dealing with
disasters due to rise in communication and also because of rumors too. Hence a wireless/mobile set based dedicated
frequency is required in a perimeter of a district or a cluster of districts as the case seems fit, so that all the disaster
management experts, stakeholders can be alerted and coordinated immediately. Various establishments with the
communication flow in the dedicated frequency can aware of the disaster already leashed in their area and can help in
the disaster mitigation by pooling in their Disaster Management experts, resources, and logistics for the social cause.

4.4 Statutory Disaster Management Manager designate in stakeholders establishment

Every MAH units, establishments handling or storing hazardous chemicals or departments with potential of origin of
disaster should have a designated Disaster Management manager and a team of experts from various faculties, to pool in
for disaster mitigation, rescue and relief works in their organization as well as others during disasters. This will help
mitigate shortage of manpower and expertise in handling disaster management plans at time of occurrence.

4.5 Role-play defining in exigencies of various stakeholders

At times of disasters it is seen that many agencies from statutory, organizations, government and semi government
organizations rush to the situation only to find that coordination and defined role-play is absent. This causes avoidable
coordination and command issues amongst various agencies and industries. For example law-enforcing agencies won’t be
ready to take and follow opinion of an industry expert handling chemical emergency. Protocol issue develops when many
statutory departments work in coordination with each other based on their command structure and their role-play in the
new management paradigm is not clearly defined. Hence the role-play of agencies in disaster management should be
clearly defined in the website as proposed above and agreed to in prior for effectiveness of written procedures.

4.6 Disaster Management Experts directory on web as well as in print

As disasters strike at the least expected time, a scramble for expert at time of disasters to work as disaster management
coordinators is difficult. Hence a directory with the name, location, designation, land & mobile number of designated
experts and team members is to be prepared and should be made available in print and on web ,so that at time of difficult
situations, the services of the expert can be summoned in short notice..

4.7 Technical data base development and up-dating on website by academia, research institutions

Academic research into physical and chemical properties of substances, risks, hazards, safety measures, mitigation and
prevention steps in case of spillage, environmental data, disasters database, root cause analysis etc. needs to be
researched, updated and shared in the website dedicated for disaster management. Close interaction with the academia,
research institutions, industry etc in updating the latest developments in the field can be of help in prevention steps.
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4.8 Medical fraternity to be made aware of Disaster Management type injuries

Many a times the normal hospitals lack in the expertise to handle chemical disaster victims as their expertise and
experience in the injuries caused by chemical spills, burns damages etc is minimal. This causes delay in the effective and
timely response in meting treatment to victims by the suitable antidotes, medicines etc. Medical fraternity should be
trained in the industrial medicine, treatment for injuries that can be caused by chemical disasters. Hospitals in the
industrial vicinity should have disaster management awareness and training modules for it’s personnel.

4.9 Disaster Management capacity built up for treatment in hospitals

At time of disaster management hospital resources gets squeezed for want of personnel, expertise, medicines and utilities.
Hence disaster management capacity built up focus based on hospital and clinics will be resourceful during handling of
disasters and relief work.

4.10 Private companies’ logistics use in Disaster Management scenarios.

At time of disasters resources mobilization becomes a critical criteria. As private industry has grown resourceful in certain
sectors than government departments the use of private sector resources like cranes, buses by the disaster management
team for effective mitigation would increase the speed and quality of rescue services and can reduce impact of disasters.
Private sector can help in improving the relief operations by contributing technology, logistics in their possession along
with their experts in different fields like logistics handling etc.

4.11 Private-public partnerships and participation in Disaster Management activities

With the growth of big industrial houses and groups in the country it would be resourceful if the private sector resources
can be mopped under public-private —partnerships in face of disaster management scenarios. This will strengthen the
fundamentals of the disaster management capabilities and also open doors to a large store of resources and expertise. The
work related partnerships should be worked out during planning to encode those dormant resources into disaster
management.

4.12 Fund mapping for Disaster Management in CSR activities of companies

Many of the public and private companies are now willing and ready to do CSR activities in fields of environment, energy
etc. If the CSR activities of the companies are also made mandatory to allocate resources for DM activities, the fund
paucity in the cash paucity disaster management scenario can be alleviated. It also becomes the social responsibility of the
companies to ensure that business practices are safe and do not cause disastrous circumstances and it mandates that firms
allocate an amount to Disaster management activities too like the insurance part which most of the firms take for
safeguarding their business.

4.13 Tax rebates on Disaster Management funds to built up infrastructure

In a competitive environment of business as margins are meager the funding for risks and budgetary allocations for
disaster management and safety, at times takes a backseat. Considering the huge economic loss in case of disasters, the
government can think of tax rebates on funds allocated for disaster management capacity built up.

4.14 Tie up with media to help not spread rumors

At times of disasters the news that spreads fast is rumors caused by inaccurate official account of news regarding the
disaster. This leads to people resorting to misguided doings. A disaster management communication protocol is necessary
to be developed and pact with media streams like mobile, visual, print, net portals is required to give correct and accurate
news and information regarding the news on disasters. This enables in lessening the panic and havoc situations in
aftermath of disaster are also helpful in proper disaster relief.

4.15 Set up infrastructure and designate to pass correct info to avoid panic

We live in a world of breaking news. It is seen that at times of disasters the persons on the reporting media on the front
does not get the officially designate disaster management spokesperson which leads to varied accounts of the disasters.
This also led to unpleasant and sometimes difficult situation .Even in mock drills the person exist but is difficult to be
located. A disaster management color coded vest based information personnel should be mandated as part of disaster
management to perform the function, which would be a relief to the people awaiting news from the disaster scenario.

4.16 Disaster Management —Law enforcers networking to barricading to clear roads

Police, Para military forces, law enforcers in industry are to be mandated clearly on requirements during disaster
management. They are to clear roads for emergency vehicles, ambulances and vehicles that are required in disaster
management. However most of the times the public rush to places of disaster for firsthand account leads to crowd
management difficulties Probable casualties can be increased as people may not be aware of the inherent vulnerability
into which they have moved in. This requires a clear mandated approach in schemes as at times the visit by politicians and
others to spots puts the disaster management machinery task and gear out of order.

4.17 Satellite launch for Disaster Management communication and GRPS purposes
Now a day’s macro approaches to problems of scale of disasters makes the scenario of opportunities clear during relief and
rescue work. In a world lurked with disasters it would be required that exclusive DM satellites are launched for
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monitoring, coordinating disasters on large and small scale. Coordination of GRPS enabled disaster management teams
connected with satellite phones would all become need of the days as the complexity in situations increases.

4.18 Mandate GRPS for hazardous chemical transfer

All hazardous goods chemical transport on road by vehicles in quantities, which can cause disaster scenarios, should be in
vehicles with GPRS facilities. This will enable effective monitoring of hazardous chemical movement. Also satellite
tracking can be enabled for safety of these consignments.

4.19 Building special lanes for Chemicals Movement
In areas where new infrastructure build up is in progress, chemical movement infrastructure should be planned. Along
with it transport by waterways etc needs to be focused based on disaster potential mapping of chemical transport.

4.20 Centralized Governmental agency with more executive powers.

The Disaster management centralized agency should be made to be developed as an agency or department with additional
powers during the time of disasters. Pre disaster role of the department should be, the job of training, collecting database
of resources, building resilience in community and industry etc. Like the Election commission in India, which develops
more power by the purview of law during election time, national disaster management agencies should be empowered
with more statutory administrative control powers to use the varied stakeholders resources and expertise at time of
disaster management. This will help them to be effective at times of disaster.

ACADEMIA /
RESEARCH

5. Conclusion

When a disaster strikes, it is already too late to develop solutions. The better prepared we are the more effective the
response would be. It is necessary to plan and ensure coordination and cooperation between different elements involved
in the disaster management plan. Inter- agency collaborations when success fully established, provides all stakeholders
with mutual benefit such as best practices knowledge, resource sharing and transfer of expertise. Disasters are events
when there should be close coordination of various governmental and non-governmental bodies, departments, public and
private sectors etc. Bringing all of them together at times of disasters need organizational arrangement under a powerful
departmental set up on National and state level, , which should be activated at time, only when disasters are officially
declared. The disaster management agency should be attending to mundane activities of risk mitigation, capacity &
resilience building, till the stipulated role of it precipitates, like the Election commission which surfaces during elections
with special powers and roles. Such an organizational and statutory setup given to Disaster management parent body will
be help function the role of effective coordination of various stakeholders in the face of a disaster.
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For decades, policy planners, regulators and disaster contingency planners in India have engaged with the industry
stakeholders to arrive at an equitable model for establishment of a national stockpile of oil spill response resources.
Establishing inventories is a complex governance issue. While on the one hand, responsibility for clean-up vests with the
polluter and expending taxpayers’ money for establishing inventories could lead to un-internalized externalities, on the other
hand, even the bare minimum stipulation in the national plan for the industry has perpetually been contested, possibly guided
by a view that oil spill response inventories are public goods. This paper examines the State vis-a-vis stakeholder debate for
establishing inventories of response equipment, reviews policy elements and facilitating provisions under national law fostering
private oil spill response organisations (OSRO) in select countries, and argues on the unsuitability of direct response action by
government agencies such as Coast Guards while making a case for private OSRO.

Key words
Disaster preparedness, environmental governance, externalities, tiered approach, OSRO

Introduction
Risks are an incidental problem of modernization which must be either eliminated, or denied, or reinterpreted (Beck
1992, pp. 25-27). With an estimated population of 1.26 billion people (populationofindia.info, n.d.) and economy
growing at 5% annually, India has a phenomenal demand for energy. 76% of the demand for crude oil is met through
import (MoPNG 2010), by tank vessels, which presently stands at 3.86 million barrels per day (Business Standard 2014).
Another million tons of crude transiting from the Persian Gulf to North America, Europe and Asia, passes near or through
the coastal waters of India. Besides, numerous exploration and production activities abound in the offshore development
areas (Project Review and Monitoring Committee for Oil Spill Management 2003) bringing in nearly 0.5 million barrels of
crude per day through tank vessels and pipelines (Business Standard 2014). Any of the tank vessels, offshore oil platforms
and associated pipelines is a potential candidate for an oil spill disaster.

According to data maintained by the Indian Coast Guard (ICG), over the past three decades, more than 80 oil
spills have been recorded in Indian waters (ICG 2012). Two of the largest spills occurred in the same year, 1993. The m.v.
Maersk Navigator spilled 40,000 tons of crude off Nicobar Islands in the South Andaman Sea and a riser pipe ruptured in
Bombay High North releasing 6,000 tons of crude oil into the Arabian Sea (ICG 2010). More recently, in July 2010, close
on the heels of the Deep Water Horizon in the Gulf of Mexico which spewed an estimated 4.9 billion barrels of oil in the
United States’ waters (NOAA 2010), the m.v. MSC Chitra leaked about 700 tons of bunkers in Mumbai harbor (ICG 2011).
The consequent impact on the beaches and mangroves in Mumbai and its neighbouring districts earned the sustained
focus of national media until the cleanup operations were completed. Response was immediate and effective yet, the
incident triggered a review of the tiered preparedness and possible need for enhanced industry participation in developing
oil spill response resources.

The state versus stakeholder debate

Environment protection is high on the people’s agenda in the twenty-first century (Bell & McGillivray 2008, pp. 3-4) and
contemporary society expects the State to work in close coordination with the local bodies, civil society, voluntary
organizations and corporate bodies to address the risk (Second Administrative Reforms Commission 2006, pp. 5-7).
States, including India, are therefore committed to the cause by being party to several United Nations’ (UN) led
international strategies, frameworks, and treaties such as the Yokohama Strategy (UN 1994), Integrated Strategy for
Disaster Reduction (UN 2004), Hyogo Framework (UN 2005) and the Law of the Sea Convention (UN 1982).

The Law of the Sea Convention, or UNCLOS for short, devotes an entire part viz., Part XII to marine environment
protection. Article 192 makes it obligatory for States parties to protect and preserve their marine environment. Article 194
prescribes the measures that may be adopted by States and recommends “jointness of approach” in dealing with marine
oil spill response. Article 199 envisages joint development of Contingency Plans by States to deal with oil spills. At the
very least, these articles under the Part XII acknowledge the fact that States may not be able to independently establish
stockpiles for major oil spill disasters. (UN 1982)

In countries that rely on a publicly funded response system to impose the cost of preparing for a response and
the costs expended in excess of a polluters’ limit of liability on taxpayers as opposed to consumers, oil consumers would
benefit (American Petroleum Institute 1994), on account of the un-internalized costs of the oil industry. Article 6 of the
International Maritime Organisation (IMO) Qil pollution Preparedness, Response and Cooperation (OPRC) Convention,
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1990 rightly envisages close cooperation between industry and national administration in the establishment of a minimum
level of pre-positioned oil spill combating equipment, commensurate with the risk involved. Resolution 5 of the
Convention urges the IMO and the United Nations Environment Program (UNEP) to approach the oil and shipping
industries for particular cooperation in the developing countries in establishing equipment stockpiles on a regional or sub-
regional basis, in addition to those already established. (IMO 1990)

In a tiered approach, as envisaged by the IMO, first response capability is expected to be maintained by the
facility operator, on premises, and pooling of local, regional, national and international resources provide for scaling-up
operations (IMO 1995). The local, regional and national inventories could be either established by private parties,
typically by the oil majors or OSRO, or the State, or both (IPIECA 2007). India’s National Oil Spill Disaster Contingency
Plan (NOSDCP) adopts this three tier concept (ICG 2006).

As per the NOSDCP, oil handling facilities are expected to undertake risk assessment and maintain capability to
respond to an oil spill in their jurisdiction. The national plan is silent on the capacity required to be established by the
stakeholders to qualify as a tier-1 resource whereas it places a specific expectation of 10,000 ton response capability on
the Coast Guard (ICG, 2006). At the 5" annual NOSDCP preparedness and review meeting on September 6, 2002,
however, it was clarified that tier-1 preparedness expected of oil agencies constitutes a capability to respond to 100-700
tons (ICG 2002) taking a cue from the IMO Manual on Contingency Planning which states that 700 tons is usually cited as
the upper limit of tier-1 (IMO 1995). However, as the IMO Manual specifies, it would be the circumstances of the spill and
surrounding environment that will determine the actual level of response. Nevertheless, despite responsibility for clean-up
vesting with the polluter (M.C. Mehta & Another v. Union of India & Ors (1987) 1 SCC 395, Indian Council for Enviro Legal
Action & Ors v Union of India (1996) 2 SCC 212, and M.C Mehta Vs Kamal Nath & Ors (2000) SCC 313), and expending
taxpayers’ money for establishing inventories could lead to un-internalized externalities, interpretation of tier-1 resources
stipulated by the national plan has perpetually been contested by the industry, possibly guided by a view that oil spill
response inventories are public goods. The industry’s reluctance is evident from the review of the prepositioned equipment
with the individual facility operators in India listed in the NOSDCP (ICG 2006) which did not reveal its desired correlation
with the quantum of risk of oil spill identified for the facility.

Given these circumstances, the State, or rather its policy makers have a choice of tools with which to achieve a

particular objective — law, fiscal policy, education, research, and voluntary solutions (Bell & McGillivray 2008, p. 12).
Sjafjell (2010) recalls that the corporate social responsibility movement advocates for corporate responsibility for those
affected by a corporation’s actions which includes the employees, other (external) workers, the local communities, as also
the environment and argues that global environmental (and social) challenges are not being dealt with adequately and
that externalities are not truly internalized since the corporations currently do not make sufficient contribution. This
possibly explains the fate of an initiative by the Ministry of Petroleum and Natural Gas (MoPNG), Government of India in
1998. The MoPNG had then nominated the Oil Industry Safety Directorate (OISD) as the central coordinating agency for
setting up oil spill response centers in India by the Ministry’s Offshore Coordination Committee and decided that while all
oil companies will provide tier-1 facilities in their areas of operation, the Oil and Natural Gas Commission, Indian Oil
Corporation, and Reliance Petrochemicals would together establish tier-2 and tier-3 facilities at certain locations, in their
capacity as a leader company (OISD 1998). It appears that pertinent issues relating to cost sharing and management of
centres by the oil companies that were to be mutually discussed and agreed upon were never resolved. This may possibly
be attributed to non-uniform risk potential of stakeholders and consequent lack of clarity of their level of involvement in
setting up the centres. The time frame and project execution details and responsibilities were also not specific.
The international petroleum industry apparently recognizes its responsibility of facilitating proper and adequate response
to oil spills. The International Petroleum Industry Environmental Conservation Association (IPIECA) carries out oil spill
preparedness and response programs in close cooperation with the IMO. The Oil Companies International Maritime
Forum (OCIMF) makes its professional expertise available to government and inter-governmental bodies. Indian Oil and
Reliance Industries are amongst its members though. (US Department of Defense 2003)

Identifying key elements fostering private OSRO

Methodology

The study to identify the key elements that foster private OSRO was based on a careful examination of secondary sources
consisting of inter alia national legislation and regulation, national and regional oil spill contingency plans, information
gleaned from official websites, papers in peer-reviewed journals, and proceedings of international conferences on oil spills
and corroborated through interactions with leading private OSROs and policy planners, regulators, and contingency
planners at national and international forums. Nine countries were selected to constitute the sample for the study after
due consideration — China and United States (being two largest consumers), Japan and Republic of Korea (being two
largest receivers in the IMO International Oil Pollution Compensation Funds), Brazil (leading State in IBSA with large-
scale offshore production), Australia and Canada (being world leaders in transportation safety), Norway (being a world
leader in offshore safety standards), and the United Kingdom (by virtue of being traditional seat of maritime law and
practice).

Findings

At least two different prescriptive, quantitative approaches prevail for determination of response capacity. Korea has
defined its National Response Capability as 20,000 tons and sub-allocated responsibilities to the Korea National Marine
Police Authority (KNMPA), Korea Marine Pollution Response Corporation (KMPRC), and the oil industry (Lee Bong-Gil
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2001). The US has defined an Oil Spill Response Organisation (OSRO) classification matrix consisting of protective boom
length, skimming capacity, and temporary storage capacity for maximum most probable discharge, and worst case
discharge corresponding to each tier of capability (US Coast Guard 2001). Australia specifies 21,000 tons as its planning
dimension and quantifies tier-1 limit as 10 tons, tier-2 1,000 tons, and anything above as tier-3 (Australia Maritime Safety
Authority, n.d.). Canada is possibly unique in specifying a four-tier framework with tier-1 limit as 150 tons, tier-2 1,000
tons, tier-3 2,500 tons, and tier-4 10,000 tons (Turner et al 2010, p. 131). The remaining States in the sample were found
to have broadly reiterated the qualitative framework suggested in the IMO Guidelines.

Mlustrations varied as to the way the tier-2 or tier-3 capability was established, or provided for. An OSRO could
develop entirely as an initiative of the oil industry. In Australia, the Australia Marine Oil Spill Center (AMOSC), a not-for-
profit initiative of the Australian oil industry, was formed in 1991 as a wholly owned subsidiary of the Australian Institute
of Petroleum (Australia Maritime Safety Authority, n. d.). The Center is financed by nine participating oil companies and
other subscriber companies. The Petroleum Association of Japan Oil Spill Response (PAJ-OSR) stores and lands oil spill
response equipment for those who are in need free of charge, in order to minimize the damage from tanker accident oil
spills (PAJ-OSR, n.d.). PAJ-OSR is an initiative of the Petroleum Association of Japan (PAJ), a trade association
comprising of eighteen oil companies engaged in refining and marketing of oil in Japan. PAJ-OSR has established bases
equipped with oil spill response equipment in six locations in Japan and five locations overseas where oil spill response
training is also provided. Brazil emerged as an example of a developing State, where the oil industry has established a
network of tier-3 resource centres, known as Environmental Defence Centres (CDA), strategically located throughout the
country for national response and international support across South America. (IPIECA 2007)

Alternatively, national legislation specifically mandated pre-contractual arrangements for clean-up in China,
United States, and Canada. Further, a regime for registration of such private OSROs existed either as standalone
legislation, as in the Republic of Korea, or in conjunction with the requirement of pre-contractual arrangements as in the
case of Canada and the United States. Of its defined National Response Capability target of 20,000 tons, Korea has
assigned 5,000 tons each to the KMPRC and the individual private companies (Lee Bong-Gil 2001). The KMPRC comprises
of ninety-seven member companies and has its legal basis in the Law of Marine Pollution Prevention, 1997. About twenty-
three contractors are registered under a separate, registration regime established for cleanup businesses. On the West
Coast of Canada, the certified response organization is Burrard Clean Operations, also known as Western Canada Marine
Response Corporation (Canada Shipping Act 2001). The United States has over one hundred thirty private, profit and non-
profit OSROs funded by the oil industry, essentially facilitated by compelling liabilities against the industry under its Oil
Pollution Act 1990 (OPA 90) (US Department of Defense 2003). Under OPA 90, tankers within US waters are required to
have pre-contracted resources sufficient to deal with a number of spill scenarios including maximum most probable
discharge and worst case discharge i.e., loss of entire cargo (United States, 1990). The OSROs are classified into different
tiers of capability based on a specified classification matrix (US Coast Guard 2001). The United States actively facilitates
private OSROs by laying down standards and certifying them based on periodical verification. China implemented on 1st
March 2010 the requirement of pre-contract with an approved Chinese OSRO under Article 33 of the Regulation of the
People’s Republic of China on the Prevention and Control of Marine Pollution from Ships, constituted pursuant to its
Marine Environment Protection Law (MEPL). (UK P&I Club 2010)

The oil industry may develop mutual access agreements for oil spill response resources. The AMOSC administers
the oil industry’s mutual aid arrangements to provide for equipment and personnel to respond to major oil spill. Though
AMSA purchases its equipment under National Plan Funds, a master service contract between the AMSA and AMOSC
supplements the Federal, State and Northern Territory Government response resources located throughout Australia.
Thus, designated oil spill response resources of individual companies are made available to other companies and the
Australian National Plan under contract agreements that are administered by the AMOSC (Australia Maritime Safety
Authority, n. d.). A mutual access agreement for tier-1 resources exists between operators in the Gulf of Kutchch (BORL
2011) and seven other locations in India (OISD 2012).

Governments may provide a subsidy to private OSROs in furtherance of national interests. The Ministry of
Economy, Trade and Industry (METI), Government of Japan provides a subsidy to the POSCO program. (US Department
of Defense 2003). Responsibility for clean-up lay invariably with the industry or private contractor but never with the
Government. In the United Kingdom, responsibility for pollution response and salvage vests with the Maritime and
Coastguard Agency (MCA) while responsibility for cleanup lies with the Contractors who may use Coastguard equipment
or hire MCA tugs (Maritime and Coast Guard Agency, n. d.). Though, as a policy, States will not engage in direct oil spill
response action since responsibility for clean-up vests with the polluter in the event of a spill, States nevertheless
maintained capability to act as first responder. In the United Kingdom, the Government maintains strategic overview for
oil spill management and minimum essential resources for first response (Maritime and Coast Guard Agency, n. d.). In the
United States, the National Response Team (NRT) comprising members of fifteen Federal agencies with EPA as chairman
and the USCG as vice-chairman and thirteen Regional Response teams have planning, policy and coordination role and do
not respond directly to incidents. USCG strike teams located on all three sea boards provide for specialized equipment and
personnel as backup to resources from private sector (United States Coast Guard, n. d.). The USCG strategy is, “Make the
polluter act, we will fill the gap”. In the Republic of Korea and Norway, the government maintains significant capability
for spill response, almost at par with industry.

While delegating clean-up responsibility to OSROs engaged on behalf of the polluter, government response
agencies such as Coast Guards may be provided access to emergency funds to facilitate expeditious first response. Funds
to the tune of £100,000 are available with UK MCA for oil spill response (Maritime and Coast Guard Agency, n. d.). An Oil
Spill Liability Trust Fund (OSLTF) has been created in the United States post Exxon Valdez by levying a one-time cess on
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oil for a fixed period of time. This $1 billion fund is managed by the USCG. The USCG On-scene Commander (OSC) has
direct access to this open fund and can draw up to $25,000 for urgent and essential expenditure during oil spill response
operation, subject to re-imbursement on settlement of claim. (US Dept. of Defense 2003)

Directing response versus direct response action: debating the role of government agencies

Direct response action by government agencies, such as Coast Guards is best avoided on several counts, unless the
situation so warrants. Firstly, expending taxpayers’ money for establishing inventories and spill response without adequate
industry participation would lead to un-internalized externalities. Besides, when it comes to claims for pollution damage,
the IMO International Oil Pollution Compensation (IOPC) Fund 1992, to which India is a party, at its session in October
2013, decided that Government’s should be standing last in queue (SLQ) for compensation despite stiff opposition by
France and India. Compensation claims made on the IOPC Fund in respect of efforts by government agencies in Japan and
France have suffered as a consequence of the SLQ policy. State relying on private OSRO would not be adversely affected
by the SLQ policy. (IOPC Funds 2013)

Maintenance and utilization of oil spill response capability by coastguard agencies other than that required for
first response is a cost ineffective proposition. Typical capitation charges in respect of ‘high value’ naval and coastguard
assets as approved by the Ministry of Defence (MoD 1992; MoD 2009) are comparatively higher than the rates levied by
the industry (SCOPIC 2014) for utilization of assets of matching capability. The rejection of high compensation claims in
respect of French warships and naval aircraft deployed for responding to the m.v. Erica spill were fiercely debated by the
French government with the IOPC Funds (IOPC Funds 2013) just as the owners’ Protection and Indemnity Club strongly
contested the compensation claims of the Indian Coast Guard during the arbitration of the m.v. Maritime Wisdom. A
private OSROs closer cooperation with the insurers will lend the advantage of assured cost recovery and easier settlement
of claims against any damages.

Oil spill response capability is not restricted to mere stocking of equipment as trained manpower is required to
deploy the equipment. Qualified experts would be required in various fields including biology, chemistry, and logistics
management to deal with incident command and response coordination of large scale oil spills. Response to large spills
calls for sub-contracting of jobs and labor at extremely short notice. These would clearly be inhibited by the regulations
(Financial Regulations, n. d.) and the delegated financial powers (MoD 2010). It is also important that recovered oil is
properly disposed off. About six hundred tons of oil recovered from m.v. MSC Chitra remained in the premises of the
Jawaharlal Nehru Port Trust for want of Customs clearances. Similar was the case at Chennai in an earlier spill. All such
tasks are best left to an OSRO. Appropriate experts and unskilled labour can be flexibly hired by private OSROs, at short
notice if need be. OSRO China has cross trained its oil sludge collection and tank cleaning manpower to act as initial
responders (OSRO China, n. d.). Socially responsible government agencies, however, may be bound to appoint staff on
permanent basis despite occasional utility.

Effective public relations are an integral part of any oil spill response operation. The fact that naval and

coastguard agencies usually function under the administrative control of the government could place inherent limitations
on their media engagement. Moreover, if a government agency were to directly engage in oil spill response, its actions
may be the subject of greater media attention and public scrutiny than a private agency engaged in the same task. On the
contrary, if a government agency was to oversee and direct the response it could possibly stay clear of any unnecessary
controversy that may arise in the media.
While there is a strong case for directing response as opposed to direct response action by government agency, the
provisions of section 356J of the Merchant Shipping Act (1958) appear to have been inherently contradicted by the 2002
amendment to the Allocation of Business Rules (1961). The Merchant Shipping Act empowers issuance of directions to
the owner, agent, master, or charterer or operator of a ship or offshore installation to minimize the pollution already
caused or prevent the pollution threatened to be caused whereas, the Allocation of Business Rules requires the Coast
Guard to act as the combat agency in the maritime zones of India.

Conclusions and recommendations

To conclude, only three of the nine States studied had instituted OSRO by law whereas, in the remaining six States, the oil
industry had established stockpiles of their own volition. However, regardless of privately established inventories, States
did maintain a minimum of first response capability. Norway and the Republic of Korea proved exceptions to the norm in
maintaining inventories at par with the industry. If Norway and the Republic of Korea were to be regarded as lying at one
end of a spectrum, the United States and United Kingdom could be regarded as falling at the opposite end with their
abundance of OSRO tier-3 inventories and purely first strike equipment held by State agencies, and thereby having
achieved an exemplary internalization of the externalities arising out of the maritime transportation and offshore
exploration and production of crude oil.

As suggested by Sjafjell (2010), the way forward to achieve true internalization appears to lie with changes to
corporate law but, as Sjafjell admits, opposition from powerful economic forces is likely to remain the greatest challenge.
Undoubtedly, a cooperative approach between the oil and shipping industries is the key to the establishment and
sustenance of an effective response framework involving private OSRO. At the same time, it would be the government’s
role to establish the legal and organizational framework for this relationship. The Indian oil industry is yet to demonstrate
the inclination to set up an OSRO, seen in 1999. There is also no evidence of the IMO, or the UNEP, having approached
the oil and shipping industries in the South-Asian region for particular cooperation in establishing equipment stockpiles
on a regional or sub-regional basis in keeping with the obligation of these international organisations under the OPRC
Convention. Meanwhile, a couple of venture capitalists such as Alphamers (Mr. DC Sekhar, 2014, pers. comm., 21 March)
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and representatives of oil spill response equipment manufacturers e,g., Mantec Consultants (Brara & Perry 2012) have
been exploring the market and expressing their keenness to government departments to establish OSRO. Positive response
of the private enterprise augurs equally well for all stakeholders. A favorable political climate is an important factor in the
progression of key policy decisions. In the course of reviewing the preparedness of ports to deal with oil spills post m.v.
MSC Chitra incident, the Ministry of Shipping, Government of India has considered outsourcing of all future clean-up
operations to global agencies with expertise in the area. (Business Standard 2010)

In a favorable political climate, legislation enabling private OSRO would eventually follow. All vessels destined
to an Indian port could be required to have a valid contractual arrangement in place with a certified oil spill response
organization prior to arrival in Indian waters. The requirement could be incorporated in the Merchant Shipping Act, 1958.
Once national law is in place, the NOSDCP will require an amendment to delineate responsibilities afresh. The
government, or its designated agency, would have to initiate the amendment and additionally, facilitate early
establishment of OSRO by way of close cooperation, and development and implementation of certification and annual
verification procedures for the private, certified OSROs.

Major oil spill incidents do act as catalysts for ushering-in reforms. The Deepwater Horizon, Exxon Valdez, Erica,
and Prestige are classic examples. Yet, any change is likely to be affected by inertia. The protracted process of law making
could pose a challenge to early adoption of new legislation. Moreover, while private enterprise may have come forward to
explore the market for private OSRO in India, the same is not true of the oil industry and ports. Acquisition of oil spill
response capabilities involves significant costs and the equipment listing in the NOSDCP does not portray the willingness
to incur these costs. The anticipated huge capital costs for setting up a tier-3 OSRO, such as OSRL, could possibly be an
issue of concern. There would also be recurring annual costs. The issue of funding for sustenance of such an OSRO would
need greater deliberations amongst all stakeholders. Lastly, any increase in costs on account subscription to OSRO is very
likely to meet with stiff resistance from the domestic shipping industry.
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Vulnerability Coference Abstract

India often faces natural calamities like earth quakes, landslides, floods, cyclones and drought occurring fairly frequently in
different parts of the country. At times, the same area is subjected to one or more of these disasters situation in successive
seasons or years. While not all natural calamities can be predicted and prevented, a state of preparedness and ability to
respond quickly to a natural calamity can considerably mitigate loss of life and property and the human suffering and restore
normalcy at the earliest. Hence it is important for a detailed study and analysis of each disaster. Against this background, this
paper reviews the different possible causes behind the Uttarakhand Disaster of 15-17™ June 2013 in detail. Uttarakhand
district lies on the southern slope of the Himalayan range. The climate and vegetation vary greatly with elevation, from
glaciers at the highest elevations to subtropical forests at the lower elevations. The district, in general, is prone to different
disasters and the order of severity of damage are; earthquakes, excessive rains and cloud bursts, landslides, floods, forest fires
and hailstorms. However, there have been numerous debates and controversies ever since the flash floods hit the state of
Uttarakhand in June 2013. This has been one of the worst Himalayan tragedies in recent years in which the actual number of
people buried or perished is not known as thousands are still missing. The entire Rambara, a large part of Gaurikund and
many villages of Mandakini valley were also fully wiped out. Government sources have reported large number of deaths
including missing of over ~5000 people in the wake of the devastating flooding. The death toll of 5,748 tops India's previous
record worst monsoon flood death toll of 4892 set in July 1968 in Rajasthan and Gujarat provinces. The fact remains the
same that the torrential rains triggered a massive landslide that hit Uttarakhand's Hindu shrine in Kedarnath, which lies just
a short distance from the snout of two mountain glaciers. From 15 to 17 June 2013, the Indian state of Uttarakhand and
adjoining area received heavy rainfall, which was about 375% more than the benchmark rainfall during a normal monsoon.
This might have caused the melting of Chorabari Glacier at the height of 3800 metres, and eruption of the Mandakini River
which led to heavy floods near Gobindghat, Kedar Dome, Rudraprayag district, Uttarakhand, Himachal Pradesh and Western
Nepal, and acute rainfall in other nearby regions of Delhi, Haryana, Uttar Pradesh and some adjoining areas. It has been
reported that the complete destruction of Mandakini River in Kedarnath on 16™ and 17" June 2013 which resulted in large
number of casualties especially among the floating population of pilgrims could have been avoided, if some regulations was in
place to counter the mushrooming of different types of dwelling places in Kedarnath. In this context, it is important to
understand torrential rain induced geodynamic processes of flash flood resulting rock falls and debris flow, Chorabari lake
collapse and deposition of glacial material. This paper review the different scientific studies that have emerged during the last
six months emphasizing Meteorological, Geological, Anthropogenic and other causes that lead to this catastrophic disaster.

Introduction

Natural disasters are events of the Nature which cause sudden disruptions to the normal life of the community. It
eventually cause damage to the lives and property to such an extent that normal social and economic mechanism that are
locally available to the community become inadequate to restore normalcy. About 80% of India’s land often faces natural
disasters like earthquakes, landslides, floods, cyclones, drought, lightening, avalanche, summer dust storms, hail storms
forest fires, coastal erosion etc. India ranks 4™ in the list of countries that were most hit by natural disasters in the year
2006. A large number of man-made disasters such as biological (pest attack, epidemics etc.); industrial and technological;
environmental (air, water and land pollution); fire, road and railway accidents etc, are also cause severe setbacks to the
community. More than 50 million people are affected by disasters annually in the country, and on an average over one
million houses are damaged each year. “Natural disasters continue to strike and increase in magnitude, complexity,
frequency and economic impact. Whilst the natural phenomena causing disasters are in most cases beyond human
control, vulnerability is generally a result of human activity. Therefore, the community must recognize and strengthen
traditional methods and explore new ways to live with such risk, and take urgent actions to prevent as well as to reduce
the effects of such disasters. The capacities to do so are available” (Anon, 1994). Considering the increasing causality
figures in the natural disasters, the United Nations launched the International Decade of Natural Disaster Reduction
(IDNDR) during 1990 to 2000 to reduce through concerted international action on the loss of life, property damage, social
and economic disruption which helped in creating awareness and initiative across the world. It is true that geographical
and meteorological conditions are mainly responsible for the occurrence of frequent disasters resulting huge loss of life
and property, it cannot be denied that the factors like inadequacy of warning communication systems, lack of
preparedness and workable disaster management plans (CEE, 2004). There are many proven records in India (frequent
cyclones in the coastal tracts of Andhra Pradesh, Orissa Super Cyclone, Bhuj Earthquake in Gujarat and occurrence of
Tsunami in the west and east coasts of India) and Bangladesh (Floods and Cyclones) after undertaking disaster
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prevention and mitigation measures, the effects of disaster have come down drastically. The Government of India
realizing the importance of addressing disaster management more holistically have ended up with ‘The Disaster
Management Act, 2005’. Although it is impossible to fully recoup the damage caused by these disasters, it was possible to
minimize the potential risks by developing early = warning strategies, mobilise resources including communication,
telemedicine services, food and supplies and to help in rehabilitation and post disaster reconstruction.

Geographical set up

The Himalayas are among the youngest mountain ranges on the planet and consist mostly of uplifted sedimentary and
metamorphic rocks. The name Himalayas is derived from the Sanskrit word ‘Hima’ meaning snow and ‘Laya’ meaning
dwelling which literally means “abode of snow”. Tectonically the Himalaya comprises of four separable major litho-
stratigraphical units — Siwalik, Lesser, Central Crystalline and Tethyan Group. These groups are separated from each other
by a major tectonic contact — Main Boundary Fault (MBF), Main Central Thrust (MCT) and Thethyan Thrust and these
thrust contacts are traceable all along the Himalayan belt. The Himalayan range crosses 5 Nations namely, Bhutan, India,
Nepal, China and Pakistan (Dubey, et al 2013). The first three nations are having the autonomy over the most of the
ranges. The Himalayas was lifted by the collision between Indian Tectonic Plate and Eurasian Plate. According to the
modern theory of Plate Tectonics, their formation is a result of a continental orogeny along the convergent boundary
between the Indo-Australian Plate and the Eurasian Plate. About 70 million years ago, the north-moving Indo-Australian
Plate was moving at about 15 cm per year. 50 million years ago, this fast moving Indo-Australian plate had completely
closed the Tethys Ocean. Since both plates were composed of low density continental crust, they were thrust faulted and
folded into mountain ranges rather than sub ducting into the mantle along an ocean-trench. An often-cited fact used to
illustrate this process is that the summit of Mount Everest is made of marine limestone from this ancient ocean. It is
estimated that around 10 million years from now, the Indo-Australian plate will travel 1500 km into Asia as it is still
moving at the speed of 67mm annually. The tectonic movements of these plates also results in the rising of the Himalayas
by 5 mm per year, making these mountain ranges geologically active. These deep seated tectonic activities in Himalayas
have made it very unstable and fragile, resulting to increase susceptibility towards natural hazards. The movement of the
Indian plate into the Asian plate, further, makes this region prone to natural hazards like earthquakes and landslides, soil
erosion, forest fires, flash floods, snow avalanches etc. The Siwalik is mainly consists of sedimentary rocks, Lesser
Himalaya consists of sedimentary, meta-sedimentary and low grade metamorphic rocks, Central Crystallines are mainly
consist of high grade metamorphic, while the Tethyans are sedimentaries (Wadia, 1976). By the tectonic set up it appear
that the Himalayan rocks have subjected to several phases of tectonic movements, resulting local faults, folds and thrusts.
Due to several phases of tectonic movements, the incidence of landslides and mass wastings are higher in number than
any other part of the country (Joshi, et al 1998). The good example of this can be taken from the recent floods occurred
in the month of June 2013 in Uttarakhand (Nair, 2013). Against this background, it has been disappointing to note the
management of Uttarakhand disaster of 15-17th of June, 2013.

Uttarakhand state

The Uttarakhand is a Himalayan State, located between Himachal Pradesh of India and Nepal; with Tibet lying to its
north. The entire state of Uttarakhand is a hilly terrain, incorporating the Tethys, Higher, Lesser and Sub Himalayan part
along with the Great Indo-Gangetic plain falling in the Hardwar and Udham Singh Nagar districts. It covers an area of
about 53,500 sq km. The state is composed of 13 districts grouped in to two division called Garhwal and Kumaon.
Garhwal division includes seven districts; Chamoli, Dehradun, Hardwar, Pauri Garhwal, Rudraprayag, Tehri and
Uttarkashi whereas Kumaon division includes six districts; Almora, Bageshwar, Champawat, Nainital, Pithoragarh and
Udham Singh Nagar (Fig.1). The state, in general, is prone to different disasters such as earthquakes, excessive rains and
cloud bursts, landslides, floods, forest fires and hailstorms. The seismic risk in the state is considered to be high. Four of
the 13 districts of the state (Pithoragarh, Chamoli, Bageshwar and Rudraprayag) fall completely in Zone V of the seismic
risk map of India (representing damage risk of = IX on MSK scale) while five other distrcits (Uttarkashi, Tehri Garhwal,
Pauri, Almora and Champawat)fall partially in Zone V and partially in Zone IV (damage risk of VIII on MSK scale) and the
rest (Dehradun, Haridwar, Nainital and Udham Singh Nagar) fall totally in Zone IV (Fig.2). In the recent past the state
has experienced two major earthquakes (Uttarkashi, 1991 and Chamoli, 1999). The non-occurrence of a major earthquake
(M > 8 on the Richter scale) in the region in the last more than 200 years enhances seismic risk in the region. The flash
floods resulted from the heavy torrential rainfall between 15" and 17" June 2013 has been one of the worst Himalayan
tragedies in recent years in which the actual number of people buried or perished is not known as thousands are still
missing (Uniyal, 2013). The entire Rambara, a large part of Gaurikund and many villages of Mandakini valley were also
fully wiped out (Dobhal, et al 2013). As reported by media, a total no. of 28 persons including two children and three fire
fighters were killed and others went missing after being washed away by flash floods in Uttarkashi and Chamoli districts.
Hundreds were left homeless. A dozen bridges were washed away and debris from landslips blocked most roads including
national highways leading to Gangotri, Yamunotri, Badrinath, Kedarnath and Hemkunt Sahib. The Bhagirathi soared
above the danger level in Uttarkashi and the Ganga was just short of the danger mark at Haridwar. An alert was sounded
in areas along the Ganga and its tributaries. The Gangotri fire station was destroyed and a fire tender and some private
vehicles were washed away. The administration evacuated 200 families from the area and lodged them in government
buildings. Tents were erected for people stranded in inaccessible areas. Several kilometres of the Gangotri highway and
Gangotri hanging bridge were washed away (Nair, 2013). The present review summarises the Meteorological, Geological,
Anthropogenic and other causes that lead to this catastrophic disaster.
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Fig.2 Map showing epicentres of earthquakes in Uttarakhand.
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Meteorological causes
The IMD report shows (Table 1.) the breakup of the rainfall in the state of Uttarakhand on 15" -18" July 2013.

Table 1: District-wise Precipitation level in Uttarakhand State (Source: IMD, Issued on 14/06/13)

Districts Rainfall on Rainfall on Rainfall on Rainfall on

15/06/13 (mm) 16/06/13 (mm) 17/06/13 (mm) 18/06,/13 (mm)

Actual Predicted Actual Predicted Actual Predicted Actual Predicted

Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
Almora 5 10 09 15 10 50 : 35
Bageshwar : 20 16 20 70 : 50
Chamoli ) 20 08 25 10 75 ) 55
Champawat ) 10 10 10 22 20 : 15
Dehradun 22 15 37 10 : 30 : 70
Garhwal Tehri 12 10 17 10 : 30 : 70
Hardwar 11 05 22 05 : 20 : 40
Nainital ) 10 18 10 17 15 : 25
Pithoragarh : 20 09 20 12 75 : 55
Rudraprayag 09 05 09 05 - 25 : 40
Udham Singh : 05 : 05 : 30 - 25

Nagar

Uttarkashi 13 20 21 10 50 : 80

The Himalayan region in the said week was supposed to recieve a heavy to very heavy range of rainfall (wikipedia).
Although, there were some reports that, it was a cloud burst, but latest report issued by government says it was not a
cloud burst, since there was no rainfall such as seen during the cloud burst. (Dobhal, 2013). The cumulative rain fall till
01.06.2013 showed 3.15% increase from normal rain distributed to all districts (Table 2).

Table 2: Cumulative R/F till 1* June, 2013 (Source: http://cm.uk.gov.in/pages/display/1179)

MET. SUBDIVISIONS Cumulative R/F till , since 01.06.13

UTTARAKHAND ACTUAL NORMAL DEP (%)
ALMORA 625.0 498.3 25
BAGESHWAR 1031.3 498.3 107
CHAMOLI 1234.5 482.6 156
CHAMPAWAT 971.0 771.3 26
DEHRADUN 1764.4 1053.8 67
GARHWAL PAURI 533.9 700.8 -24
GARHWAL TEHRI 688.2 611.6 13
HARDWAR 917.7 526.2 74
NAINITAL 1337.2 830.9 61
PITHORAGARH 1025.7 991.5 3
RUDRAPRAYAG 1119.5 953.9 17
UDHAM SINGH NAGAR 789.1 632.7 25
UTTARKASHI 1066.3 624.2 71
SUBDIVISION RAINFALL 1018.4 703.8 45

The Tropical Rainfall Measuring Mission (TRMM) data shows heavy rainfall in the area of Uttarakhand (about 500 mm)
in the week of 11" June 2013 (Fig 3). The enormous amount of rainfall or precipitation that may include thunder storms
and hail storms, which does not last for more than few minutes or couple of hours is basically known as cloud burst.

The cloud burst is capable of creating flood conditions. The rainfall is usually termed as cloud burst if the rainfall
measured is more than 100 mm per hour. Usually, in the Indian subcontinent, the cloudburst occurs when the pregnant
monsoon cloud drift towards the Northern parts from the Bay of Bengal or the Arabian Sea, across the plains and over the
Himalayan belt. The ascending clouds that are laden with moisture tend to become heavy after a certain point and hence
produce violent and heavy rainfall in a short period of time. The cloud burst mostly occurs in the hilly areas and not the
plains. The reason behind this is the orographic lifting of moisture laden unstable air that takes place in the area that has
the potential energy necessary for cloudburst in the hilly terrain. The image of 17™ June 2013, released by NASA’s space
satellite shows us the cloud formation over the northern parts of India, which are more prominent over Himalayan region
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(Fig. 4). The state of Uttarakhand received enormous amount of rainfall on 16" and 17" of June 2013, which in turn led
to the catastrophe that took away many lives in no time. All the 13 districts in Uttarakhand have been affected by the
floods of which four districts were the worst affected ones (Uttarkashi, Rudraprayag, Chamoli and Pithoragarh).
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Fig. 3: Rainfall Fig Distribution Map of Uttarakhand as on 16™ June to 19" June 2013.

Geological cause
Landslides were also a cause for the disaster. The term 'landslide' includes all varieties of mass movements of hill slopes
and can be defined as the downward and outward movement of slope forming materials composed of rocks, soils,
artificial fills or combination of all these materials along surfaces of separation by falling, sliding and flowing, either
slowly or quickly from one place to another (Kato, 2011).

Fig. 4: Satellite imagery showing the cloud cover over Uttarakhand on 16 June 2013 (NASA)
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Although the landslides are primarily associated with mountainous terrains, these can also occur in areas where an
activity such as surface excavations for highways, buildings and open pit mines takes place. Many factors contribute to
slides, including geology, gravity, weather, groundwater, wave action and human actions. Although landslides usually
occur on steep slopes, they also can occur in areas of low relief. Underwater landslides usually involve areas of low relief
and small slope gradients in lakes and reservoirs or in offshore marine settings. Typically, a landslide occurs when several
of these factors converge. Some of the Natural causes are mainly (i) Gravity (ii) Geological (iii) Heavy and prolonged
rainfall and (iv) Earthquakes (Nair, 2013).. When earthquakes occur on areas with steep slopes, many times the soil slips
causing landslides. Furthermore, debris flows caused by earthquakes can also trigger mass movement of soil.

Flood/flash flood/glacial lake outburst flood (GLOF)

Flash floods are known to occur in the hilly terrain in India. Flash floods are described as rapid and sudden flooding of
low lying areas (Fig. 5). The main causes of flash floods can be heavy rain associated with thunderstorms, cloud bursts,
hurricane, severe tropical storms or melt water from ice or snow. Flash flood occurs when rain falls rapidly on saturated
soil or dry soil that has poor absorption ability. The runoff collects in gullies and streams, which join to form larger
volumes of the water body and often forms into a fast flowing water front along with debris. It mostly occurs in normally
dry areas that have received heavy rainfall recently. It may be seen anywhere downstream from the source of the
precipitation, at times it can be seen even many km away from the source. Flash flooding can also be caused by extensive
precipitation released by storms as well as the sudden thawing effect of ice dams (Wikipedia). A flash flood is an event
that occurs within six hours following the end of the causative event that result in life and property loss. It usually evolves
rapidly and the steep and sloppy terrains are more prone to it. Flash floods do not last longer; in fact it rarely lasts more
than 12 hours. This event, like flash floods, results in loss of life and property. Same as the flash floods, the hilly terrain
are prone to the floods, but it can also occur in the plains, especially the low lying areas and areas closer to the sea.
Usually floods last longer than flash floods, it is often seen that these lasts for more than 24 hours (Nair, 2013)..

Glacial lakes

As the country emerges from the devastation caused by the cloudburst and flood in the Uttarakhand Himalayas,
geographers have sounded a grim warning that can be perceived as a ticking natural time bomb. There have been found
to be 200 such lakes in the Himalayan region which can burst anytime. Now if a cloudburst and the resultant floods can
cause so much of destruction to have turned the pilgrimage towns of the region into 'ghost towns', imagine the destruction
that would be caused by all the water from the 200 lakes hurtling down at a incredible speed and force down the rugged
Himalayan slopes.

HOW FLASH FLOODS OCCUR

(.D Heavy rain falls onto
waterlogged ground

Rainfall cannot soak in

\ g0 runs down into river
e

@ River rizses dramatically =
and bursts its banks,
flooding valley floor

Fig.5 Occurrence of Flash Floods (Source: BBC News)

The International Centre for Integrated Mountain Development in Nepal in its periodic studies has pointed out the rapid
building up of glacial lakes in the region. As a result of global warming, melting of glaciers has increased and this has led
to the formation of the glacial lakes. The mountains weakened by landslides holding the lakes are a frightening prospect.
It has been reported that there are nearly 8,000 glacial lakes in the Hindukush-Himalaya area and excessive snowfall or
rainfall or storms can cause these lakes to overflow, giving rise to flash floods in the region (Nepal Disaster Report 2011).
According to the National Disaster Management Authority (NDMA) guidelines, the IMD was expected to install by
September, 2009 Doppler Radars to forecast sudden floods, but even today not even 5 such radars have been put up in
geologically and geographically sensitive areas like Uttarakhand.
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Anthropogenic causes

Uttarakhand’s geography is very dynamic, vast and 90% of the area is mountainous region. Deforestation, land grazing,
illegal development on the soft bed of rock leads to disasters when a flash flood hit the area. Experts are of view that
while tampering with the Himalayan slopes, one need to be extra careful as these are the slopes, which have evolved by
exogenic and endogenic processes and hence are dangerously balanced, which makes them more vulnerable to disasters.
The Uttarakhand floods have seen such a disaster, ranging from multiple landslides, run offs, to buildings on the low lying
areas being pulled down by the floods, damaged roads, etc. The satellite pictures of the recent disaster shows that the
river Mandakini changed its route in many places and also geographically many tributaries were developed affecting
many places that otherwise should not have been affected (Nair, 2013).  The experts further add that environmental
degradation and glacial melt down is for this massive destruction. The release of 17.6 cusecs of water further added to
the disaster. Of late the glaciers of Mandakini Valley have been melting down at a faster speed. The evidence can be
traced by noting the U shaped valley and moraines up to Rambara. In the recent past the Valley of Mandakini has faced
climatic changes to an extent that has affected the glaciers in the valley (Mehta, 2012) Adding to the melting glaciers the
huge infrastructural growth has further led to the environmental degradation in the region. The antecedent rainfall
saturated the region and exceeded the limit on 16™ and 17 June, which triggered multiple landslides and flash floods in
the Mandakini Valley. Although the Chaurabari Glacier is seasonal in nature but the heavy rainfall and snow cover in the
area increased the water level that made the lake over flow due to saturation of the moraines, hence, increasing the
volume of the streams in the region, making them broader and therefore submerging the low lying areas in the valley. The
picture below shows the increased size of the streams and generation of many other streams due to heavy downwards
flow of water and debris, which destroyed the Kedarnath region of Uttarakhand. The image illustrates that the stream in
the background of Kedarnath was narrow prior to the flash floods. Due to heavy flow of water the riverine widened up.
Some signs of mobilization of the lateral moraine over the catchment of the Companion Glacier are noticeable. This took
down the debris to hit the settlement coming in its way destroying Kedarnath. A new stream can also be seen in the
satellite imagery (Fig. 6). The occurrence of many streams has fresh sediments in its bed now due to the flash floods
(Nair, 2013).

It can be seen that a very high gradient of glacier has snout, steep to moderate slope in the areas of moraine
deposits and moderate to gentle slopes in the Kedarnath valley followed by the increasing gradient from very steep
towards Gaurikund. Due to high gradient slope the velocity of debris was really fast from Kedarnath to Gaurikund and
Rambara. This in turn led to the colossal damage to infrastructure, lives and property in the areas lying near the
downstream. There was a large devastation of property near Kedarnath Dham and surrounding areas. The roads and
buildings are heavily damaged due to multiple landslides. Maximum damages can be seen in the areas of Kedarnath,
Guriaya, Lenchuri, Hhindurpani, Rambara, Gaurikund and downstream areas up to Rudraprayag. Although there have
been no damages in glaciers Chaurabari and Companion but the middle moraine debris has been washed out due to
overflowing single stream. Initially it was being believed that Vasuki Tal may have been responsible in the colossal
damage but the satellite imagery confirms that Vasuki Tal did not play any role in devastation.

Vainba) Tast

Fig. 6: Streams in Kedaranath before and after the disaster (NRSA).
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A combination of factors such as degraded forest cover, change of moderate debris-laden slopes into near vertical slopes
during road widening and illegal building construction without keeping in view the safety and lacking adequate and
appropriate engineering measures made the slopes vulnerable to the onslaught of torrential rainfall in the region.

In the urban clusters the obstructed natural drainage was responsible for slope destabilization and diversion of
the debris-laden water into the settlements. Approximately two-thirds of the landslides in the Alaknanda Valley were
accelerated by anthropogenic intervention, mostly by the removal of slope toes for the purpose of road construction.
There is no denial that the existing roads in Uttarakhand are unable to cope with the increase in traffic. According to an
estimate, during the pilgrim season nearly 200,000-300,000 vehicles barrage between Rishikesh and Badrinath; similar is
the case on the Gangotri route, which is heavy for the soft rock bed like that in the state of Uttarakhand. In addition,
innumerable hydel projects which have increased in the river valleys require wider roads for the transportation of heavy
machinery. Additionally, since the creation of Uttrakhand, a noteworthy increase in the built up areas in the Alakananda
Valley has been seen particularly, in the areas around Srinagar, Devprayag, Rudraprayag, Karnprayag, Nandprayag and
Joshimath. Unfortunately, knowing the fact that India is situated on an active tectonic plate, the government has yet to
do much to safeguard its population from natural hazards. Diggings down mountains to construct roads also have added
to this massacre. The roads and building are being built in this area without understanding the geology of the region. The
blasting often moves the rocks and makes the area vulnerable to hazards (Nair, 2013).

Other causes

The disaster in Uttarakhand has many reasons. The rumours are rife that this could be the case of Cloud seeding done by
China. The other belief is that this is due to shifting of Dhari Devi temple from its actual site to the other venue (Down To
Earth, July, 2013). And yet another belief that due to human intervention the environment has degraded to an extent that
it can’t be replenished. Where some believes it was due to heavy rainfall, the other says it was due to environmental
causes and some want to blame it on the geology of the region?

The government needs to wake up to the call of environment and find out the best possible plan for the
rehabilitation of the highly vulnerable region of Uttarakhand. The need of the planned and sustainable development
rather than just increase in economic growth of the region must be the main priority now (Panda, 2014).. Since the
vulnerable area only faces a disaster when it is exploited, now it’s the time that we must not further damage the
environment of the area and by undergoing proper scientific and geological studies in this area, rebuild a better and safer
environment to live in. The government now has a greater role to play, since this disaster was only due to one major
reason that the “Ecologically Sensitive Areas” are overburdened with a lot of establishments of poor quality and improper
planning. Now it is high time for the Government of India to think for a proper “Land Use Plan” for the entire Himalayan
region on a watershed basis.

Acknowledgement: The first author thanks the Director, National Institute of Disaster Management, New Delhi for
providing an Internship for conducting this study.
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Abstract
The Mahatma Gandhi University (MGU) in Kerala is one of the premier institution for ‘Higher Education and Learning’ in
India. It was institutionalized on 2nd October 1983 to commemorate Mahatma Gandhi on his 115th birth anniversary, by
Government of Kerala. Amongst one of the Department Schools from MGU the ‘School of Environmental Sciences’ stands
unique and vital for interdisciplinary subjects, that had been established in the year 1995. Owing to the regular academic
course program i.e., ‘Master of Science in Disaster Management (established in the year 2006)’ later changed as ‘Master of
Science in Environment Science and Disaster Management (from the year 2010) pioneers in Master of sciences that have been
ever established in Indian Universities. The status and credential only pertains to Mahatma Gandhi University, Kerala, India.
The School of Environmental Sciences from the MGU is been pacing the best forward in Disaster Management program to the
students with deferential strengths to study and analyze the sciences of occurring varied disasters in day to day life through
field real studies, empower unique tools and techniques to study and strings upped with scientific, social, economic and
humanitarian aspects of manmade and natural disasters arising. The program link with industries and government and non
government organizations. Currently the academia of Mahatma Gandhi University in disaster management having a notable
contribution at all fields of disaster management spectrum. The websites of the school are http://www.sesmgu.org/ and
http://mgu.ac.in/index.php?option=com_content&view=article&id=286&Itemid=503

Key words
Mahathama Gandhi University, Disaster management, Training, NGO

Introduction

Disasters, whether natural or man-made, have had adverse effects on human beings ever since the dawn of our
existence. The number of people affected by disasters rose from 147 million per year to 211 million per year during the
period of 1991-2000. Natural disasters are unpredictable, destructive and often deadly (World Bank, 2006). The increase
in the natural and anthropogenic disasters in India, is posing a serious threat to the country and the citizens
developmental efforts. Hence now there is a growing importance of the disaster management in higher education and
research. The importance of Disaster Management in developmental initiatives has been recognized and the activities in
the area have been invigorated by the initiatives and influx of funds by the Government of India. This has lead to the
mainstreaming of disaster risk reduction in the planning process, which in turn ensures that Disaster Management gains
its due importance in the process of development planning through its incorporation for the first time in the Tenth Five
Year Plan.

The Mahatma Gandhi University in Kerala stands foremost among the developing universities of India for
various aspects. The School of Environmental Sciences is one of the premier centers in India offering academic and
research programs in environmental science and disaster management. The School can be an ideal venue for
interdisciplinary research along with human resource development with field practice as it interlinks environmental
science, disaster management and sustainable development themes. The curriculum is carefully designed with an
objective of developing human resources in all the field of emergency management with sufficient training in disaster
mitigation and relief.

As the part of the curriculum the students must undergo a group project and individual project at third and
fourth semester respectively, in final semester they had to undergo internship in any of the reputed institutes in the
district, state or national level. Detailed group projects already conducted flood risk reduction management, Industrial
cluster modeling in chemical disasters, a site specific account of physical and social vulnerability to debris flow and
multipronged community risk and disaster management, traditional knowledge in disaster risk reduction etc. Students
accomplish their projects works at esteemed research institutes in the field of emergency management of our nation
such as National Institute of Disaster Management (NIDM)’, ‘National Disaster Response Force (NDRF), Indian National
Centre for Ocean Information Services (INCOIS), Atomic Energy Regulatory Board (AERB), Indian Institute of Tropical
Meteorology (IITM) etc.. The notable internships carried recently under Kerala State Disaster management Authority,
Institute of Land and Disaster Management (ILDM), Hazard Vulnerability Risk Assessment (HVRA) cell and District
Disaster Management Authorities (DDMA) in Kerala state.
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For revamping the disaster education at University level by collating and incorporating expert suggestions in the above
said area, the school of environmental sciences conducted a ‘Three day National Conference’ - ‘Disaster Risk Vulnerability
Conference (DRVC) on March 12-14, 2011. The conference brought together specialists, practitioners, academicians,
students and the public to a common platform, where theoreticians and practitioners with diverse backgrounds, unified
under their concern for 'Disaster Management' present their research, debate on the issues, and discuss the challenges,
opportunities and areas of mutual cooperation. School also conducts dynamic research in the field of disaster
management.

A good percentage of students got placement in various organizations and institutes as interns as well as other
posts immediately after the completion the course. Number of students actively presented their works at several national
and international workshops related to disaster management. Few students carrying out their Doctoral research in foreign
countries, owing the merit with notable International Fellowships. The School has also established linkages with various
R&D departments and NGOs of the country.

The Non Governmental Organization ‘Charitable Society for Humanitarian Assistance and Emergency Response
Training (C-HAERT)’ an initiative of the Disaster Management students and alumni of the school is an added account.
This Nongovernmental organization was registered (07/06/2011) under the “Travancore — Cochin Literacy”, and
‘Charitable Society Registration Act 1955’ with register number (K201/2011). This nongovernmental organization acts as
a nodal agency for the training of professionals in the disaster management field especially in the humanitarian accepts.
The C-HAERT develops and maintains a structured platform to facilitate publishing, collaborative education, training and
research in the current and emerging fields of Disaster Management spectrum, human resource development one of the
key issues dealing in the field of disaster management, humanitarian aid and participation in relief, rehabilitation and
reconstruction activities of disaster affected community are the key objectives of this non profit organization.

The school of environmental sciences has established good network of academic collaboration with many
national and international organizations, institutions and industries, which help in interdisciplinary research, training,
consultancy programmes and exchange of information, faculty and students. The publications thus produced stand as
testimony of such collaborative works. The school is getting financial and technical support from various national and
international agencies like KSCSTE, DoECC, UGC, DST, MoES, MoEE, ISRO, WWE UNDP and some western universities
such as University of Kuopio (Finland), and ITC (Netherlands), Brown University (USA), California Institute of
Technology, 1ISc, KFRI, CESS for operating projects, establishing infrastructural facilities and to carryout research in
various disciplines of environmental science and disaster management. It has also received the prestigious Obama Singh
Knowledge Initiative grants too recently.
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Abstract
This study deals with the hazard assessment along the coasts of Car-Nicobar Island in the Andaman Sea of India, which was
affected by the 26 December 2004 tsunami generated due to the Sumatra earthquake (M 9.3). The epicenter was 163km away
from the Great Nicobar islands and it was strongly felt in the Andaman group of island including Car-Nicobar. The tsunami
has been simulated using the Tunami-N2 numerical modeling using the corresponding focal parameters. The simulated
tsunami run-up heights at the coasts were extracted and the extent of the inundation has been derived using the Shuttle Radar
Topographic Mission (SRTM) topographic data. Further, Remote Sensing and Geographic Information System (GIS)
techniques were used to identify and assess the Tsunami hazard. The Enhanced Thematic Mapper (ETM+) onboard Landsat-7
and Linear Imaging Self-scanning Sensor (LISS)-III onboard Indian Remote Sensing (IRS)-P6 satellite data are used to assess
the changes in the vegetation and shorelines during the pre and post tsunami. The analysis result reveals that the estimated
tsunami run-up height along the coast was in the range of 5-10m and 65% of the total vegetation has been completely
changed due to the tsunami.

Key words
Tsunami hazard assessment, Vegetation change, Shoreline changes, N2 Modeling

Introduction

India has a coastline of around 7,500 km and rational development of coastal areas, which form the habitat of over 25%
of the country’s population, living within 60 km of the shore line (Rao, 2008). A variety of natural hazards regularly
threaten this coastal zone. Severe meteorological events such as hurricanes, tropical cyclones, etc... are particularly harsh
on coastal areas. Tsunamis, whose destructive force is characterized by potentially devastating flood inundation, are
uniquely coastal events resulting from offshore earthquakes, landslides, or volcanic activity. Intensive development in the
coastal zone not only places more people and property at risk to coastal hazards, but it also degrades the natural
environment, interfering with nature's ability to protect the human environment from severe hazard events (NOAA,
2013). The main purpose of RS and GIS platform mainly is to promote the use of satellite information to monitor
geological, hydrological and climatic conditions to facilitate planning, mitigation and rapid response in the event of
natural disasters (Maccann, 2011 and Thomas, 2007). Remote-sensing techniques and GIS tools are frequently used in
applications for disaster management in pre- and post-disaster activities (Saravanan, 2009). Pre-disaster applications are
associated with mitigation and preparedness efforts. Mitigation refers to activities that reduce the vulnerability of societies
to the impacts of a disaster, while preparedness refers to activities that facilitate preparation for responding to a disaster
when it occurs (Mansourian, 2005)

Study area

Car Nicobar is the northernmost island of the Nicobar group of islands with an area around 127 sq km, which in turn are
the southern part of the Indian union territory of the Andaman and Nicobar Islands (Fig:1). The area south to the Ten-
degree channel comes under Car Nicobar headquarter. The geographical extent of Car Nicobar Island from 92.68° to
92.87° E longitude and 9.07° to 9.27° N latitude. It is a fertile island covered with cluster of coconut palms and
enchanting beaches with a roaring sea all around. In the census of 2001 its population was declared to be about 29,145.
The population of Car Nicobar is more than the half of the total Nicobar population.

Materials and methods

Topographic data. For modeling coastal inundation, topography of the entire coastline of the country is required at
1:5000 scales with contours at intervals of 0.5 m for a stretch of at least 1 km to 3 km from the coastline in general and
for 10-25 km at selected areas near coastal water bodies (e.g. estuaries, backwaters). The National Remote Sensing Centre
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has completed the mapping of topography for 3,300 sq. Km out of about 15,000 sq Km area with airborne LIDAR and
Digital Camera data in conjunction with GPS control survey. CARTOSAT - 1 data is being used for generating Digital
elevation model (DEM) of the coastal region. LANDSAT ETM+ (18-02-2001) and LISS III data (14-01-2005) are the
satellite imageries and ArcGIS Desktop 10, ERDAS Imagine 9.1 are the software’s used for the present study.
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Fig: 1 Location Map of the Study Area. Fig: 2 Methodology involved in preparing hazard map

Tsunami N2 modeling. The use of Numerical modeling to determine the potential run-ups and inundation from a local or
distant tsunami is recognized as useful and important tool, since data from past tsunamis are usually insufficient to plan
future disaster mitigation and management plans (Imamura2006). Tsunami N2 model is a tsunami numerical simulation
program with the linear theory in deep seize and with the shallow water theory in shallow sea and on land with constant
grid length in the whole region and is authored by Fumihiko Imamura in Tahoku University, Japan.

Tsunami hazard assessment. The detailed methodological flow chart for Tsunami hazard assessment is given in Fig: 2

Zmax has been extracted from N2 Tsunami model and topographic map has (Elevation) been extracted from SRTM Data.
This is an example of holistic approach, here the surge height at the coast will inundate up to the elevation equal to surge
level (Mahendra, 2011).The Zmax vale at the coastal grid has been extracted and the extent of the tsunami vulnerable
area has been extracted up to the elevation contour equal to the Zmax. Otherwise the coastal topography greater than or
equal to the nearest Zmax is considered as the safe area (Usha, 2009). The value of Zmx can be <=0. If it satisfies the
following condition, then the area is Safe area or the area is safe, if the condition is not satisfied, then the area can be
considered as Hazard area. This condition has been used to generate the tsunami hazard maps along the Car Nicobar
coast.

Vegetation change map. Landsat ETM+ and LISS III images covering the Car Nicobar Island acquired during 2001
(representing pre tsunami) and 2005 (representing post tsunami) respectively were used for to estimate the vegetation
changes. After applying all the necessary pre-processing corrections NDVI has been calculated, NDVI composite image
were further classified into vegetated and non-vegetated areas and transferred to shape files in GIS environment. After
complete the process of calculation then get the vegetation map of B.T (area of vegetation before tsunami) and A.T (area
of vegetation after tsunami). The changes were assessed based on the criteria BT-At <0 is damaged and BT-AT =0 is not
damaged. The vegetation change maps were prepared based on the above criteria. The methodological flow chart is given
in fig: 3.

Results and discussion

The maximum run-up heights estimated from Tsunami-N2 Model is given in Fig: 4. In this map there are different
classification is given based on the wave height in meter. The map displaced meter wave height as blue color, 3 meter as
light blue color, 6 meter as light yellow color, 9 meter as yellow color and wave height 10.2 meter as red in color. The
hazard map of Car-Nicobar Island is given in Fig 5. These map shows that 2004 tsunami affected areas. In this map there
were mainly two classifications is given, one is safe zone and other one is un-safe zone. The map displays safe zone as
green color and un-safe zone as red color.
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The costal low lying areas which are vulnerable to coastal inundation due to the tsunami in the Car-Nicobar have been
given in the above figure. A total 127 Sq.km which constitutes 36.7Sq.km is unsafe zone and remaining 90.3 Sq.km is safe
zone. And it is observed that 29% of the total geographic area of Car Nicobar recorded as tsunami hazard zone. Tsunami
Hazard zones are represented here are unsafe and prone to be inundated during tsunami.

Vegetation change pre and post tsunami.The map shows (Fig: 6) that the vegetation changes in hazard area (pre and
post tsunami). In this map there were mainly three classifications is given, vegetation area, non-vegetation area and other
area. The map is displaced vegetation area as green color, non-vegetation area as red color and other area as light white
color.

Table 1. Change in vegetation areas (2001-2005)
YEAR | VEGETATION (Sq.km) | NON-VEGETATION (Sq.km)

2001 | 36.5 0.2

2005 | 12.3 24.4
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Car Nicobar island.

Conclusions

The techniques and the data used in the current study feasible in understanding the hazard assessment of 2004 tsunami.
The current approach is able to provide an overview on the tsunami hazard and generate the maps in minimum possible
time based on the tsunami numerical model. Further efforts were made to decipher the changes in vegetation and
shoreline using the multi-temporal satellite data. The maps produced in current study helps in understanding the coastal
vulnerability due to tsunami and thereby aid in disaster management plans for the Car Niccobar Island. The present study
has been carried out based in the data availability and the study could have been improved by using the high resolution
topography and multi-temporal satellite data.
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Abstract
In Earth System Science (ESS), a cliff is a significant vertical, or near vertical, rock exposure. Cliffs are formed as
erosion landforms due to the processes of erosion and weathering that produce them. Cliffs are common on coasts, in
mountainous areas, escarpments along rivers and around closed water bodies. They are usually formed by rock that is
resistant to erosion and weathering. Their steepness causes them to be so narrow in plan that they make up only a
very small area compared with the areas of the plateaus, hills, or mountains that they separate from the ocean.
Nevertheless, sea cliffs are ubiquitous, occurring along nearly 80% of the ocean coasts of the earth and at all latitudes.
Rock formations of varyingage, fromPre-Cambrian to Holocene, outcrop on the world’scoastlines, but most cliffs have
been shaped during Pleistocene and Holocene times, mainly the past 9,000 years, when the sea has stood at or close to
its present level.Some cliffs have been produced by uplift ofthe land margin as the result of faulting; othersfollow fault
lines, but are partly or wholly the outcome of differential erosion, where faulting has placed weak rock formations (ex:
laterite) alongside resistant rocks. A steep cliff coast produced by faulting, where the sea ward slope coincides with the
plane of the fault, along which the land has been raised, is termed a fault coast: a tectonic feature known as a fault
scarp. Some coasts were initiated as fault coasts, but have been cut back by marine erosion and now stand landward of
the fault. Now these cliff under goes erosion, slumping and sliding; and are common phenomenon seen on permeable
cliff shorelines of the world and Indian coasts of this are of no exception. These cliff shorelines and their adjoining
beaches are one such area, which needs attention. However, very little studies are available on the proper
documentation of these permeable cliffs and their vulnerability for appropriately utilizing them for coastal protection
and developmental activities. The present study documents the cliff shorelines and their vulnerability between
Kanniyakumari and Mangalore in the south west coast of India with the effective utilization of Remote Sensing Data in
conjunction with GPS and GIS. The geomorphological mapping revealed that 82.25 km cliff shoreline is available
between Kanniyakumari and Mangalore. These cliffs has been further classified into very stable, moderately stable,
stable, unstable & very unstable depending on their vulnerability (tectonic activities, geotechnical properties,
weathering processes, climatic factors and human interference). “Cliff Shoreline Map” for the Vettur — Varkala — Edava
region has been prepared in detail for its effective use in the Geological Park which is being envisaged at Varkala. The
results derived for the entire 700 km coastline from this study may be of help for CZMA, SDMA as well as other
agencies of both State/ Central Governments and Non-Governmental, interested in the coastal protection and other
different developmental activities in the coastal zone of Kannyakumari-Mangalore sector in the south-west coast of
India.

Key words
Coastal Landslides, Geomorphology, Stability, Landuse Control Plans, Stability
Introduction
In Earth System Science, a cliff is a significant vertical, or near vertical rock exposure. Cliffs are formed as erosion
landforms due to the processes of erosion and weathering and are common on coasts, in mountainous areas,
escarpments and along rivers. They are usually formed by rock, soft and hard, resistant to erosion and weathering.
Sedimentary rocks are most likely to form sandstone, limestone, chalk, and dolomite where as Igneous rocks, such
as granite and basalt also often form cliffs. Laterite Coastal Cliffs are also common in many parts of the world.
Steep rocky coast rising almost vertically above sea water is called Coastal Cliff. The steepness of true vertical cliffs
depends on variations of lithology, geological structure, relative rate of sub-aerial weathering, erosion of cliff face
and marine erosion of cliff base (Singh, 2008). These not only border ocean coast but also lakes and other smaller
water bodies. Coastal cliffs are ubiquitous, occurring along nearly 80% of the ocean coasts of the earth and at all
latitudes (Emery and Kuhn, 1982; Bird, 1969 & 2000).

The Indian coastline is about 7517 km, of which 5423 km along the mainland and 2094 km along the
Andaman-Nicobar, and Lakshadweep Islands. The coastline comprises of headlands, promontories, rocky-cliff
shores, sandy spits, barrier beaches, open beaches, embayment, estuaries, inlets, bays, marshy land and offshore
islands. The Indian mainland consists of nearly 43% sandy beaches, 11% rocky-cliff coast, 36% mud flats and 10%
marshy coast (Kumar et al., 2006). Shoreline fluctuation along the Indian coast is seasonal, largely depending on
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South West and North East Monsoons. Some of the beaches regain their original profiles by March/April. Fifty per
cent of the beaches that do not regain their original shape over an annual cycle undergo net erosion. At present,
about 23% of shoreline along the Indian main land is affected by erosion resulting loss of life and property of the
people, who dwell, in some parts of all these coastal states. Government of India and the respective state
governments may take necessary protective measures in all these areas, however, more detailed micro-level studies
are necessary to find short/long term solutions to coastal cliff erosion and related problems.

Cliff erosion/sliding and slumping (coastal landslides) are common phenomenon seen on cliffed
coastlines of the world and Indian coasts are of no exception. These cliffed coastlines and their adjoining beaches
are such areas, largely inhabited by people who depend up on fishing as their livelihood measure. These areas also
attract large number of domestic and foreign tourists. South West coast of India is highly privileged by these
unique natural beauty and geographical setting. Even though large number of studies related to coastal erosion is
available in India, very little attempts are made on coastal landslides. Hence documentation on coastal cliffs, their
characteristics and vulnerability to coastal landslides needs to be attempted in detail. Isolated studies on the Cliff
slumping of the permeable cliffed shorelines (Nair, 2005 & 2008), distribution of coastal cliffs in Kerala (Kumar, et
al 2009), delineation of coastal cliff, their characteristics and their vulnerability between Kanyakumari and
Mangalore (Nair and Ramachandran, 2010, 2011 & 2012), confining to the South West Coast of India, however,
studies on other parts of Indian coast is lacking.

State of art

International. Research studies of this nature have earned international importance as they bestow light on
management and sustainable development of this type of coastal sensitive ecosystem, resource sharing, bettering
quality of life of the people and meeting the needs of the present and future generations. Coastal cliffs are steep
slopes that border ocean coast, lakes and other small water bodies. Although most of Coastal Cliffs are nearly
vertical and composed of bedrock, there is a wide range of cliff types, depending on material, morphology, and
relief. Material variations within or among coastal cliffs often are reflected in morphologic variations. On global
and regional scales, coastal morphology often correlates closely with tectonic setting (Inman and Nordstrom,
1971). Nevertheless, coastal cliffs are ubiquitous, occurring along nearly 80% of the ocean coasts of the earth and
at all latitudes (Emery and Kuhn, 1982). Large number of studies on coastal landslides/slumping has been
reported world over (Cambers, 1976; McGreal, 1979; Buckler and Winters, 1983; Sunamura, 1983; Suwardi and
Rosengren, 1983; Tanaka et al. 1993; Isobe, 1994; Moon and Healy, 1994; Mimura et al 1996; Lee, 1997;
Hutchison et al. 1998; Mitas and Mitasova, 1998; Wilson and Lorang, 1999;Woodroffe, 2002; Hall et al. 2000a,
2000b; Lee and Jones, 2004, Hampton and Griggs, 2004, Greenwood and Orford, 2007).

The cliffs that rise from the back of shore platforms are commonly called wave-cut cliffs, but, as with any
sub-aerial escarpment, mass wasting is the dominant process of cliff retreat (Johnson, 1972; Bloom, 2003). If the
marine erosion at the base of cliff is much faster than the sub-aerial weathering of cliff face and crest, overhanging
cliff with steep vertical face is formed, on the other hand, if sub-aerial processes dominate over marine processes
the verticality of cliff disappears and the cliff loses its true cliff character (Singh, 2008). Climate has been an
important influence on the weathering of coastal rock outcrops, which results from physical, chemical and
biological processes, related partly to sub-aerial conditions and partly to the presence or proximity of the sea. Rock
debris falls to the cliff base as talus, which must be consumed or removed by wave action if cliff recession is to
continue (Bird, 2008). Cliff retreat produces a mesa, which is a table topped plateau bordered on all sides by cliffs
(Strahler and Strahler, 2009).

Extensive reaches of eroding bluffs occur only along the inland shores of estuaries, such as the Calvert
Cliffs of Chesapeake Bay (Wilcox et al. 1998; Ward et al. 1989). Tectonic uplift along the coasts of California and
Oregon has preserved older, degraded wave-cut platforms (uplifted or emergent marine terraces) with their
abandoned sea cliffs, at present elevations of up to several hundred meters above sea level (Bradley and Griggs,
1976). There are high cliffs around the British Isles, as well as in northern France, southeastern Australia, and
eastern Canada (Kelley et al. 1989; Kelley and Dickson, 2000). The majority of cliffs along today’s coastlines are
relatively young geologic features, having formed after the most recent ice age—the Wisconsinan stage of the
Pleistocene epoch—or during earlier Pleistocene transgressions (Minard, 1971). These global events were imposed
on a variety of regional geologic frameworks and processes, resulting in a substantial diversity of cliffed coastlines.
Coastal cliffs carved into glacial till or alluvium typically consist of relatively weak gravelly, sandy, and muddy
sediment that is particularly susceptible to erosion. As the ice retreated across the Maine coast about 14,000 years
ago, the ocean flooded the coastal lowlands, mantling them with glacial-marine mud (Dorion et al. 2001). Later,
the land rebounded upward, and relative sea level fell locally to a low-stand about 60 m below present. Relative
sea level has risen since then, with consequent erosion of sea cliffs, as a result of land stability and eustatically
rising ocean waters (Barnhardt et al. 1997). Marine erosion at the toe of the coastal slope erodes bedrock, removes
fallen debris, steepens the coastal slope and produces instability that results in persistent recession (Bray and
Hooke, 1997). Cliff factors (geology, hydrology and profile geometry) govern the sensitivity of the cliff to the
perturbations at its toe. Self regulation by negative feedback is possible because recession may yield sediments that
support, protect or load the toe. Hard rock coasts erode very slowly due to the constraining factors of material
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Fig.1: Map of the study area Fig.2 Cliffed Shoreline between Edava and Kadakkavur

strength and rock mechanics. They should remain essentially stable as sea-level rises. By contrast, soft-rock cliffs
are subjected to additional weakening by weathering and degradation by mass movements; these processes are
likely to operate more rapidly in the wetter and warmer climate.

National. During the last three decades, many scientists in India have been extensively studying on the coastal
process on the west coast and east coast and in the last two decades researchers are utilising Remote Sensing
coupled with GIS technology on the different aspects on coastal environment (Nayak & Sahai, 1985; Nair &
Sankar, 1995; Bhat, 1995; Subrahmanya, 1992; Jayappa, 1996, Swamy et al. 2012) However, little attempts have
been made to understand the coastal cliff's behavior and their sliding/slumping. Many uncertainties are
highlighted in this review as serious obstacles to reliable prediction of future cliff recession. Cliffs in energetic open
coasts environments with longer active profiles are shown to be more sensitive than those in more sheltered
locations. Higher cliffs are more resilient against sea-level rise providing that their sediments are sufficiently coarse
to remain stable on the active profile. The coastal areas of the southern part of the Indian peninsula are composed
of either Precambrian crystalline and/or Tertiary formations with recent and sub recent sedimentary formations.
Lateritic formations cover parts of shore north of Ponnani and south of Kollam. Bedrock outcrops can be seen all
along the coast for short distances, between north of Kozhikode and Poovar, near Thiruvananthapuram (Nair &
Ramachandran, 2010, 2011 & 2012). Shoreline erosion of Kerala coast is going on since centuries, causing loss of
land (Moni, 1976). Cliff slumping of permeable cliffed shorelines of Varkala cliff in the southern part of Kerala has
been examined and a Landuse Control Plan (LCP) has been developed for stabilization of the cliff (Nair, 2002,
2003, 2005; Nair et al. 2006; Nair, 2008 & 2009). Hence coastal protection is a must in these affected beaches
where remedial measures like construction of walls, groins of different length and spacing is necessary (Kumar et
al. 2009). At places where natural sand is not sufficient, beach sand nourishment is required. Sand dunes act as
barrier only for normal stones, tides and waves. Suitable stabilization measures by fencing and plantation of
vegetation should be under taken to hold the sand which will otherwise migrate. The main causes of coastal
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erosion in west coast of India may be due to (i) onslaught of the monsoon, (i) geological factors, (iii) sea level
rise, (iv) level of backshore, (v) occurrence of Mud banks (mostly restricted to Kerala Coast), (vi) lack of littoral
supply, (vii) uncontrolled river outlets and (viii) lateritic cliff erosion. For example, there is laterite cliff erosion in
certain areas north of Tellichery and south of Quilon (the constant wave attack undermines the base of the cliff,
the slope becomes unstable and finally a sliding type of failure occurs). The problem of incoming incident surface
water waves normally incident against a vertical cliff was examined by Chakkrabarti and Sahoo (1997). Assuming
there is no reflection of these waves, a source or sink type behaviour at the shoreline was introduced, to account
for the fact that the wave amplitude remains finite at the origin.

Methodology

The present study area covered between Kanniyakumari (latitude 8° 03" 00', longitude 77° 34 00") and Udiyavara
near Mangalore ( latitude12°® 45 00’, longitude 74° 52° 00), a total coastline of about 700 km in the south west
coast of India (Fig.1). Geomorphological mapping of the cliffed shoreline and their vulnerability for
sliding/slumping has been carried out through extensive field surveys and effectively utilizing satellite remote
sensing data in conjunction with GPS and Arc GIS. Survey of India Topographical Maps on 1:25,000 scale, along
with IRS LISS III imageries and Google Images has been used for the preparation of ‘Cliffed Shoreline Map” of the
area covered by each of the Topographic Maps. Cliffed Shoreline areas covered 19 Topographic Maps and prepared
an “Atlas of Cliffed Shoreline between Kanniyakumari and Managalore”. Classification on the Stability of these
Coastal Cliffs have been arrived by documenting data on 13 parameters; tectonic activity, earthquake frequency,
geotechnical properties, weathering processes including physical/mechanical, chemical and biological; climate
factors like temperature, pressure, rain, wind, waves and tides along with human interference.

Results and discussion

Mapping of the Coastal Cliffs along with Coastal Geomorphology revealed a large number morphological units
including Stacks, Beaches, Coastal Land, Streams (perennial and non-perennial), Rivers, Shoreline, Inlets, cliffs
(permeable and impermeable) etc between Kanniyakumari and Mangalore. The results have been summarized
into 34 permeable shoreline maps and 19 impermeable (cliffed) shoreline maps. Cliffed Shoreline between Edava
and Kadakkavur (Fig.2) and Cliffed Shoreline between Tellicherry and Rayarangoth (Fig.3) as selected results for
this publication. The mapping revealed a cumulative length of 82.25 km cliffed shoreline present between
Kanniyakumari and Mangalore (Table 1). The stability of Cliffed shoreline have been classified into Very stable,
Moderately stable, Stable, Unstable & Very unstable (Table. 2). Also the Varkala Cliff has been examined in detail
on its slumping behaviour. Coastal cliffs can be unstable due to the combined effect of several factors; (i) erosion
of the foot of the cliff caused by wave action and storm surge and (ii) sliding or weathering of the slope due to geo-
technical instability. The erosion of the foot of the cliff normally initiates geo-technical instability, but the
sliding/collapse can be of different nature depending on the geo-technical conditions of the slope. The upper
regions of the cliff break unevenly with very large boulders sitting right from the surf zone to the high water and
the storm elevated levels. These Cliffed Shoreline has been classified into Very stable, Moderately stable, Stable,
Unstable & Very unstable as given in the map on Classification of Shoreline stability between K’kumari & Kollam,
SW coast of India (Fig.4) is listed below:

VERY STABLE : Free from tectonic forces, climatic factors including waves and tides — Climatic factors have less
influence which results in — No Weathering — less impact of geotechnical properties due to less influence of waves
and tides — least human influence.

MODERATELY STABLE : Minor tectonic activity can cause minor imbalance on cliffs — Due to varying climatic
conditions weathering process can have moderate effect — Geotechnical properties may be moderately influenced
due to minor fractured and joints — No such human disturbances.

STABLE: Less tectonic activity and moderate tremors makes the rock fractures and faults react with chemical
weathering - High temperature leads to expansion of rocks - Climatic factors are moderately influenced -
Geotechnical properties have less impact - Waves and tides action is moderate - Moderate human influence.
UNSTABLE : Unstable cliffs tend to break down due to tectonic activity - Geotechnical properties influence is high
due to unstable cliff - Possibility of considerable chemical action at water level on limestone and related rocks -
High influence of climatic factors results in weathering of rocks - Tidal influence is high along the surface of cliff
and the planes of weakness - Human activities are more.

VERY UNSTABLE : Regions with high tectonic activity and very high tremors leads to male the rock disintegrated
due to its instability - Permeable cliff with high porosity makes it very unstable - Climatic factors are very actively
influenced which leads to very high impact of weathering - Geotechnical properties influence is very high - Waves
and tides impact is very high - Human activities are also very high.
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Table 1: Cliffed Shorelines — Kanyakumari to Mangalore

Sl. No. | Latitude Longitude Coastal Area Cliff (Km)
1 8°03'00” — 8°05°00” 77°34°00”- 77°30°00” Kaniyakumari, ~ Kanniyakumari - |,
Kovalam
2 | 8%08007- 8°0900" | 77°19'00” — 77°18'00” Tamarakulam, Periyakattuturai, 45
Ganapatipuram,Kolachel
01150y 019y o1 By 0 B Kodimurai, Kurumpana,
3 811°00” - 8°12°00” | 77°15°00” - 77°13°00 . 4.5
Midalam, Tangapalam
Manjatappu, Pozhiyur, Puvar,
4 8°21°30” — 8°22'30” | 77°01°00” - 77°00°00” Adimalatura, Chovvara,, Vizhinjam | 3 o5
5 8°2230" —  8°23'30” | 76°59°00” — 76°58'30” Kochuvell, Valiatura, Vazhamuttam |,
Vizhinjam
6 8°4030" —  8%45'00” | 76°4500 — 76°41'30” Kadakkavur, Vakkam, Kizhvettur, 10
Tiruvampadi, Edavai
7 11°09°30” 11°10°00” 76°48'30" 76°49°00” Kadalundi,  Beypore,  Nagaram, | ,
Kozhikode
Kappad, Tuvappara,
8 11°26’30” — 11°28°00” | 75°40°30” — 75°37°30” Mannamancalam, 8
Vellarakad, Vimangalam, Kadalur
9 11°28'30” — 11°30°00” | 75°37°30” — 75°37°00” Mudadi, Tikkodi, Trikottur 4
10 11°42°00” — 11°45'00” | 75°32'00"— 75°28'45” Rayarangoth, Uralungal, Madakkara | ¢ o
Mahe, Tiruvangad, Tellicherry
Padannapalam, Aramkottam,
11 11°54'30' - 11°55°00” | 75°18'00"- 75°1830” Minkunnu 2
Azhkkal, Mattul North
12 (i) 11°45°00” — 11°47°00” | 75°28'45” — 75°27°00” Tellicherry, Chettamkunnu, | g
Dharmadam
(if) 11°48'30” - 11°51'30” | 75°26°00” — 75°22'30” Kizhunna, Kadatayi, Marakkarakandi | 9
13 11°51°30” — 11°52°00” | 75°22’30"- 75°21°00” Ayikkara, Barnnasseri, Cannanore 4
Payambalam
Mattul, Vadikkal, @ Mattambram,
Chuttad
001°20” — 1900071 5” 012'20” _ 7071 9°0()”
14 12°01°30” — 12°00'15 75°13'30” — 75°12°00 Fzhimala, Taikadapuram, | 4
Trikkaripur South
15 12023'30"- 12°25'00” 75°02°00” — 75°01°30” Totti, Bekal, Kappil, Chattankai 4.5
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Table 2: Classification on the Stability of Coastal Cliffs

CHARACTERISTICS VERY STABLE g/fFOADB%EATELY STABLE UNSTABLE VERY UNSTABLE
TECTONIC ACTIVITY -NIL- RELATIVELY LESS LESS MODERATE HIGH
EARTHQUAKE LESS RELATIVELY LESS MODERATE HIGH VERY HIGH
GEOTECHNICAL PROPERTIES LESS MODERATE HIGH HIGH VERY HIGH
WEATHERING PHYSICAL/ VERY HIGH
PROCESS MECHANICAL NO IMPACT LESS IMPACT MODERATE HIGH IMPACT IMPACT
CHEMICAL -NIL- LESS IMPACT LESS IMPACT i\l/\[/[%][)\il}rATELY HIGH IMPACT
BIOLOGICAL -NIL- LESS IMPACT LESS IMPACT XA%]/)\EBFATELY HIGH IMPACT
gklclj\flfgll;lg TEMPERATURE LESS RELATIVELY LESS MODERATE HIGH VERY HIGH
PRESSURE LESS LESS MODERATE MODERATE HIGH
RAIN LESS LESS IMPACT MODERATE HIGH VERY HIGH
WINDS -NIL- LESS LESS MODERATE HIGH
WAVES LESS IMPACT LESS IMPACT MODERATE HIGH VERY HIGH
gzsri) LESS IMPACT LESS IMPACT MODERATE HIGH VERY HIGH
HUMAN INTERFERENCE NO IMPACT LESS IMPACT MODERATE HIGH VERY HIGH

(Source: Nair & Ramachandran, 2010)

Varkala cliffed shoreline

Cliff erosion and slumping is a common phenomenon seen on the permeable cliffed shoreline of Varkala, located in
the sea coast of Papanasam, about 43 km north-west of Thiruvananthapuram, Kerala State, in the south-west coast
of India. The erosional status briefly states that the upper regions of the cliff breaks unevenly with very large
boulders sitting right from the surf zone to the high water and the storm elevated levels, highlighting the
disastrous risk involved in life and property of the people. Cliffed shoreline Map of Edava - Kadakkavur (Fig.2)
covers this famous Varkala beach, backed by seven km long Varkala Cliff with a gap of less than 25 m in the
middle subjected to different forces like waves, winds and rains during south-west and north-east monsoons (Nair,
2005). This is a geological type cliff section for the Warkalli beds, belonging to the Tertiary sediments in Kerala.
This cliff sequence with Laterite of about 35 to 40 ft on the top followed by Sand, Sandy clays or Lithomarge of 58
ft, Alum of clays 25 ft, Lignite beds and sand of 7 to 15 ft in the cliff toe, totaling to about 120 to 138 ft (40 to 50
m) in height (King, 1882). Field and laboratory studies revealed that the laterities of the Varkala Cliff is very hard
and porous (Nair 2005). The soils in the southern cliff are in a loose state than that of northern cliff as they have
lower values of dry densities. It has also been found that the na<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>