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Abstract

The issues and controversies on the instability of the Mullaperiyar dam and associated geo political standoffs have aroused
public and scholarly concerns over the stability of existing and future dams in Kerala. Dams were regarded as ‘temples of
modern India’ by earlier planners. Due to proliferation of the dam projects, development dwindled down to a diminishing level
of return and then these temples were ridiculed as ‘tombs’ of modern India. Now the instability factors of the dams too are
themes of debates called ‘dam dooms’. Older dams world over too have the inherent flows like the absence of any projections of
their impact, structural strength or risk while they were conceived, executed and maintained. But in developed countries later
investigations and regulations brought the whole life cycle processes under strict surveillance and control. The processes of risk
assessment, avoidance, control or mitigation for dams in the state become an uphill task due to the conflicts in stake holdings
interests all along. Factors for the risks can be natural, physical or social. Social group include territorial, corporate, ethnic,
cultural, socio linguistic and fiscal alignments. Concerns like projects located outside the territory or jurisdiction of the
owners, owners or stakeholders living away from the risk zone but enjoying the fruits of the dam as in the case of irrigation or
hydropower, conflict in interests between upstream and downstream entities, geopolitical stake holdings of cultures and groups
etc. throw challenge and subsequently impede on the safety surveillance and stewardship of the dams. The general laxity in
safety matters prevalent in developing countries is evident in these cases too. A causal perusal into the geomorphic and
geological framework of the project site will reveal that most of the current projects are located in a row along a shear, fracture
or lineament zone which defines the mid rib of river valley systems. Most of the hydroelectric projects are located in the vicinity
of the fault zone across the river system manifested as distinct water fall or cascade. These are all structurally and or
seismically vulnerable areas. Most of the river systems carry multiple run of river projects for efficient hydroelectric power
generation. All these indicate risks and hazards. ‘Disasters occur when hazards meet vulnerability.’ Land cover and land use in
the upstream side of the dam is constantly changing by process of deforestations, large scale farming and terrain modification
with indiscriminate soil erosion or excavation. Meteorological deviations due to processes ranging from global warming to
deforestation were beyond forecast while the existing dams were designed and executed. Most of the globally documented
modes of failure like Structural failure, Differential settlement, High uplift pressures, Settlement and cracking of concrete or
embankment dams, Piping and seepage, Seepage and erosion along hydraulic structures such as outlets, Cracks in dam etc can
be avoided by proper geological and environmental scrutiny. A comprehensive sociological and demographical mapping will
help in assessing the risk and vulnerable situations. From the experience gained by the Impact assessment in several dams in
Kerala the authors propose a protocol for the identification of the risks and vulnerability for the globally accepted risk factors
and the stewardship practices to be followed in different life cycles of the dam projects.
Keywords
Dams, failure, Kerala
1. Introduction
There is no scarcity for debates on dams and projects on Kerala. The learned resentment towards the impoundment of
water started with planning of Thaneermukkam barrage in Alapuzaha District in 1968. The public environmental
awareness rolled up to resentment in 1973 when the policy makers and public aligned in diametric poles on the aptness
on the construction of a power project in Silent valley. Since then every single project is reeling under controversies of all
kinds other than dam safety. Since no major dams were constructed in last few decades there were no debates on the dam
safety until the bilateral dam safety issue was brought up by the stake holding states of Kerala and Tamil Nadu on
Mullaperiar dam and when Moolathara dam in Chittur in Palakkad broken in November 2009 (The Hindu, 2009)
Moolathara dam was a part of the Parambikulam Aliyar system a share stake hold arrangement between Tamil Nadu and
Kerala. The Mullaperiyar dam is a living example of stake holder conflict between the states. While the issue has attracted
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the attention of the technology and the politics in a national level, debates on the safety of the dams are now all over the
state. One will have to admit that the archaic mode of construction without any impact analysis and its location in the
densely populated area will keep the Mullaperiyar dam (Mathew Roy 2000) in a red alert list for sure. The Edamalyar case
which has attracted the national attention too was triggered by the structural risk factors attributed to the dam and
associated structures (The Hindu 2011).
A hazard by definition is a threat of a naturally occurring event that will have a negative effect on people or the
environment. Many natural hazards are interrelated each other such as earthquakes can cause tsunamis or drought can
lead directly to famine. A natural disaster is the outcome of a natural hazard. It leads to socioeconomical and
environmental losses. The resulting loss depends on the vulnerability of the affected domain to resist the hazard. It is well
known that ‘disasters occur when hazards meet vulnerability’ Hence a hazard will never result in a disaster in areas or
situations without any vulnerability. So bringing all predicable vulnerable elements to zero should be the objective in
Safety Management of the dams. Emergency management of dams is the response unit dealing with and avoiding risks. It
involves preparing for disaster before it occurs and supporting, and rebuilding society after the disasters. In general, it is
the continuous process by which all individuals, groups, and communities manage hazards in an effort to avoid or
ameliorate the impact of disasters resulting from the hazards. Actions taken depend on perception of risk of those
exposed. Dam failures cause flooding drastically different from natural flooding. A flood from a dam failure may arrive
before any warning or evacuation can take place. The failure of large dams results in flooding with enough energy to
damage or destroy residences and other structures (Graham W.J, 2009). Both natural and anthropogenic causes play
major roles behind failure of dams. Failure Modes Identification (FMI, Table 1) is an early step in a risk assessment and
should be standard practice for traditional standardsbased approaches to dam safety evaluation and design. Most of the
causes are either direct or indirect result of the improper assessment of the system study at the site or its environs.
Development of an investigation procedure at the preliminary and operational stages can reduce the risk factors.
The geomorphic, geological, hydrological investigations now in place focus only on the construction feasibility.
Investigation with a view of safer future has to include models of change of these factors. Current practices of soil erosion
and drainage pattern studies too do not foresee the changes. They are to be replaced with proper modelling. Land use
model has to depict changes from the day of commission of dams onwards. The FRL of the reservoir mark datum levels or
base flow levels for the streams in the upstream side of the dam once the reservoir is full. These levels are different from
the predam level of confluence points. (Babu G L et al. 2007). Studies by the authors for existing dams and their environs
have shown that there are distinct changes in the geomorphic, drainage and soil erosion parameters in the upstream and
catchment areas of the river systems before and after construction of dams (FEMA, 2001). Meteorological deviations seen
in the last decades too have made their dent on the physical systems. When the spotlight of importance is only around the
sustainability of fauna, flora and inhabitants, the inherent or induced structural sustainability of the very dam is pushed to
back benches.
2. Safety Elements of a dam
The safety of a dam has to be assessed based on an integral safety concept, which includes the following elements
(Wieland, 2009): Structural safety (elements like: geologic, hydraulic and seismic design factors and design criteria).
Safety monitoring (elements like: dam instrumentation, periodic safety assessments by dam experts, etc.). Operational
safety (elements like: reliable norms for reservoir operation under normal and extraordinary –hydrologicalconditions,
training of personnel, dam maintenance, sediment flushing, engineering backup etc.). Emergency planning (elements
like: emergency action plans, water alarm systems, evacuation plans, engineering backup etc.). A quick look into the
causative factors that develops into a catastrophe (Table 1) will reveal many areas of risks in the geologic, hydrologic and
seismic factors. (Srivastava and Babu, 2010)
3. Risk Factors
Identification of the Failure modes is the first stage of Risk Assessments. The current paper deals only with risk factors that
occur in nature around dams and areas where the risk can originate now or at any time in future.
Table 1.Common Failure modes of dams and their causes
Failure Modes
Overtopping
Debris blockage of spillway
Structural failure
Differential settlement
High uplift pressures
Settlement and cracking of concrete or embankment dams.
Piping and seepage
Seepage and erosion along hydraulic structures such as outlet
Cracks in dam
Piping of embankment material into conduit through joints or cracks
Deliberate acts of sabotage.
Design error
Sabotage
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Causes
Inadequate spillway design
Settlement of dam crest
Foundation defects
Sliding and slope instability
Uncontrolled foundation seepage
Piping and internal erosion of soil in embankment dams
Geological instability
Conduits or spillways, or leakage through animal burrows
Excess rainfall
Inadequate maintenance and upkeep.
Poor surveying
Equipment malfunction
Any other
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Risks that are evident at the time of planning or constructions can either be avoided or treated. But when the risk factors
are developing later the dam is said to be in a process of aging. Risks are on ‘progressive elaboration’ in their roles and
intensity. Identification of these risks might not be easy in the starting phase. By the time they are traceable they might
have turned to a threat level (McDonald, L.A. and C.F. Wan. 1998). Identification and mitigation come within the role and
responsibilities of the risk management team. (CEATI international, 2010)
4. Structural Safety Factors degrading with age
A dam structure which was safe at the time of construction will not maintain the same structural integrity even if the same
conditions prevail around. A life span of a dam is defined as period as long as the dam is in a safe mode. No prediction of
this span is fool proof. Slow and evolutionary factors of weakness set in over a period of time. These are especially true in
case of dams constructed during yester decades. Varied technologies of constructions prevalent time to time were not
tested for their longevity or ability to withstand the strains of chemical or weathering degradations. Again Mullaperiyar is
the best example where the construction material is largely bound by lime and the pH factors of water trend to acidic due
to the changing farm practices or industrial discharges.
Geological factors: While designing a dam safety factors like the dam break analyses on construction elements are in
place, but not much of thought are given to the geological or geotechnical factors on their long term risk factors.
Geological features are assessed now for their structural, hardness, porous and permeability, stress and strain factors. Most
of the lineaments do have alkaline or carbonate intrusives along them which are susceptible for cave formation,
dissolution and leaching. It is highly essential that lithological and structural mapping in surface and subsurface levels are
to be carried out before choosing the dam axis or location. Inundation area also has to be surveyed in detail for their
tectonic, structural, petrological and weathering aspects. The safety concerns to be taken to consideration while planning
a dam are chemical processes like swelling due to alkali aggregate reactivity, sulphate attack, leaching etc. that can occur
within the lithological units over a period of time. Periodic review of such chemical process has to be done for the rock
and the dam structure. In temperate climatic conditions weathering, leaching and latertizations are the processes
happening on the rock surfaces including the basement. Seepage of water or water with clay into the fracture planes or
major joints release the friction of these plains to trigger post monsoonal tremors in the lineament zones.
Geomorphic factors: During the design and alignment phases, geomorphic aspects considered to model are limited to the
reservoir and the catchment area as of now. The current authors have documented considerable variations the slope and
drainage configuration of the catchment areas before and after the construction of the dams in many dam projects of
Kerala. Similarly there are noticeable changes in the soil erosion in the catchment areas before and after construction of
dams (Sujin and Chacko 20051). These inferences lead to the possibility of non linear soil erosion, drainage development
and seepage changes in the catchment areas. Conversion of upland forest and prairie vegetation to agricultural land uses,
leading to an accelerated runoff and impaired soil erosion that subsequently transform the terrain to channels,
floodplains, and wetlands have been reported from other dam areas as well (Fitzpatrick et al, 2009). Since these are
weather induced processes change in the duration and rate of precipitation can lead into geotechnical surface processes
ranging from aggravated soil erosion and mud slips to landslides (Sujin, J. and Chacko 20052). While an inundation area
is planned for weather cycles of drying and wetting and variation in temperature from cold to warm have to be taken in to
account as these fluctuating features will induce in fissures in the rock bed. Seepage in the foundation and the dam body
can be set in by processes like dissolution of material, weakening of conglomerate etc (Foster, M., and Fell, R. 2002).
Seismic Factors: Seismic activities are one of the major risks on dams as on any other massive man made structure on the
face of globe. But there is a basic difference between the load bearing behaviour of buildings and bridges and that of
dams. While the buildings and bridges have to carry mainly vertical loads due to the dead load of the structures, on dams
the main load is the water load, acts in the horizontal direction. In the case of embankment dams the water load acts
normal to the impervious core or the surface facing upstream. Earthquake damage to buildings and bridges are mainly
due to the vertical shake component. Concrete and embankment dams are much better suited to carry horizontal loads
than buildings and bridges (ICOLD, 2010). One of the ways to express the severity of the earthquakes is to calculate the
return period in years. Larger the count worse is the damage. Large dams are designed to withstand an earthquake with a
return period of about 10,000 years, whereas buildings and bridges are usually designed for an earthquake with a return
period of 475 years. In order to prevent the uncontrolled rapid release of water from the reservoir of a storage dam during
a strong earthquake, the dam must be able to withstand it. The maximum strength of the earthquake that can be
withstood by the dam is referred to as the Safety Evaluation Earthquake (SEE) or the Maximum Credible Earthquake
(MCE) (ICOLD, 2010). Although the design criteria and analyses concepts used in the design of dams built before the
1990s are considered as obsolete today, the reassessment of the earthquake safety of conservatively designed dams show
that in general these dams comply with today’s design and performance criteria are safer. In many parts of the world the
earthquake safety of existing dams is reassessed based on recommendations and guidelines documented in bulletins of the
ICOLD (2000). In a tectonic frame work like south India, the river systems are associated with lineaments which are
seismically sensitive and have deep seated fault or joint systems which are or shall turn to be conduits triggering in the
‘piping’ and later dam breaks (Water portal India, 2011). There are two main systems that decide the very location of the
dam. (1) The lineament system running at an angle to the mountains which drain into the river from both sides and (2)
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multiple step faults which provide potential level difference to the run of river systems where the consecutive dams are
exploited repeatedly for generation of power. These deep seated step fault planes are possible sources of reactivation.
Fractures parallel to the main trend of the river are very deep and they transmit tremors even from remote epicenters.
Seismic episodes during or after the main monsoon period are common features these years in river systems of
Bharathapuzha, Pamba and Achankoil lineaments. Development of a reservoir can trigger a reservoir generated seismic
event called Reservoir Induced Seismicity (RIS). Possibilities of such events can be the maximum when the reservoir is full
and the fracture system has least friction due to water seepage in to the structural planes. Risk factors are exponential
when terrain is loaded with proximal reservoirs and when all of them are filled to the brim. Cracking can be caused due to
seismic actions or nonuniform foundation movements etc. (Froehlich et al. 2008) Frequencies of the local and global
incidents of seismic episodes are increasing in the state. Haiti (Wikipedia. 20103) and 2011 January Pakistan tremor
which shook a large belt from Dubai to New Delhi and are remind us callous power of destruction.
Hydrological Factors: Apart from the geotechnical factors hydro geochemical factors also can determine the longevity of
the dam and the reservoir bed. The surface water drained into the reservoir too are progressively changing its pH and
corrosion factors due to the change in farm procedures in the catchment zone like introduction of artificial fertilizers and
pesticides. Discharges from the industrial production units too have changed the composition of surface water to a greater
extend. Meteorological conditions are changing locally and globally. Recent landmarks of devastations due to flood took
the meteorologists to surprises during 2010 massive floods in Pakistan (Wikipedia 2010 (2)) and 2011 floods in Brazil
(Yahoo news 2011).
5. Risk Assessment and Risk Management
5.1 Risk defined
Risk, its assessment and management in the case of dam failures are defined and dealt differently by different agencies
and authors. It is a measure of the likelihood and severity of adverse consequences if a dam breaks. ICOLC (2000)
definitions are adopted in this paper for describing process and procedures in assessment and management (see section
5.3). The risk factors discussed here are limited to geological, hydrological and meteorological genre. ICOLD (2000)
defines Risk as the mathematical expectation of the consequences of an adverse event occurring (i.e. the product of the
probability of occurrence and the consequence) or alternatively, by the triplet of scenario, probability of occurrence and
the consequence. Risk Identification is defined as the process of determining what can go wrong, why and how. Standard
procedures of alleviation of risk factors approved by ICOLD (2000) are discussed in Section 5.2. A more detailed mode of
approach is defining the dam safety operations are classified in to application areas like:
•
Failure Modes Identification Approaches (Qualitative Approaches)
•
Index Prioritization Approaches
•
Portfolio Risk Assessment Approaches
•
Detailed Quantitative Risk Assessment Approaches
While alleviation of risk is process for an individual dam by a team working on the safety and construction departments to
characterise risk and propose methods of avoidance or mitigation, the application approach is dealt by more specialised
teams dedicated to the trade. These teams are responsible for a detailed quantitative modelling of the risks with risk
indices and portfolio risk benchmarking (Section 5.4 to 5.7) of a group of dams in an area, basin or of a type.
5.2 Alleviation of Risk factors
No dam can ever be conceived as risk free. An ethical and professional wisdom by the planners, executors and operators
alone can make the process safer and sustaining. Risk alleviation is an iterative process in the life cycles of the dams. Fig 2
gives the process flow for alleviation of Risks and Hazards for planning to operational phases. Most of the existing dams
had higher and popular priorities other than risk assessment when they were built. And ‘anticipatory, participatory
environmental management processes’ were not even heard of at those times. But the current projects on the drawing
boards have played with alternate options before settling to the favoured ones and anticipatory, participatory
environmental management processes are in place in India (Govinda R 1999).
Fig 1 represents progressive elaboration of the risk alleviation process where different risk reduction modes are
applied during the progression of the project. Fig 2 shows different risk alleviation management components and
sequence in place. Avoidance, Prevention, Mitigation etc. are experimented throughout the phases in order to design out
the risks. If construction and operation can be done with higher safety and efficiency factors by another owner or
organization transferring the project too can be option before deciding to go ahead with Residual Risks. Depending on the
risk factors insurance can be introduced for compensating in the event of a disasters. By following these steps the retained
risk matrix turns fewer and feebler. The process will start right from the proposal level, When proposals to base plan is
considered with due weight to risk factors. Similarly, when a change in the pattern or construction method is opted on any
ground, risk avoidance will be taken as the prime concern. Examples of prevention are landslides, aggravated soil erosion.
These can be alleviated by preventive or avoidance measures. Another simple example of mitigation is cement grouting of
open fissures in indentation area, dam site or outlet areas (FEMA, 2002).
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5.3 Functional hierarchy of the Risk, Assessment, Alleviation and Management Components
The Functional hierarchy of the risk alleviation, assessment and management Components (Fig 2) are:
Failure Mode Identification (FMI): is a procedure by which potential failure modes in a dam system are identified. Risk
Assessment process starts with (FMI). It is a qualitative approach at Risk Characterization Level. Though not a decision
tool FMI is standard traditional practice for traditional dam safety evaluation and design process (Association of State
Dam Safety Officials, Federal Emergency Management Agency, 2001) and generate a focus on the issues to be studied.

Fig 1. Risk treatment thought the life cycle of a dam
Standard FMs and their causes listed in Table 1. FMI will suggest possible natural or human oversight in site selection or
construction approach or execution can lead to heavy consequences. Risk Estimation is the process of quantifying the
probability and consequences components of risk. This first level of quantitative risk estimation will principally quantify
the probability and consequences components of risk. This is again a step in detailed quantitative risk assessment
approach. Risk Analysis is the use of available information to estimate the risk from hazards to individuals or populations,
property or the environment. Here the analysis done on inputs from Risk Estimate step to find the extend of risk. This
phase generally contain the following steps: Scope definition, Hazard identification, and Risk Analysis. Risk Evaluation is
the process of examining and judging the significance of risk. This phase goes concurrent to Risk Analysis. This is a step in
detailed quantitative risk assessment approach also. Risk Assessment is the processes of deciding whether existing risks are
tolerable and present risk control measures are adequate and if not, whether alternative risk control measures are
warranted or justified. Risk assessment incorporates information from the risk analysis and risk evaluation phases. Risk
Management is the systematic application of management policies, procedures and practices to the tasks of identifying,
analyzing, assessing, treating and monitoring risk. Risk Control is the implementation and enforcement of actions to
control risk, and the periodic reevaluation of the effectiveness of these actions. Avoidance, prevention and Mitigation are
steps to design out risks and Risk finance to contain the loss (Fig 1). Reassessment: Process iteration after each risk control
measures are introduced or within specific intervals.
5.4 Failure Modes Identification (FMI) Approaches
In FMI approach potential failure modes are identified for each dam. A failure mode is a sequence of system response
events, triggered by an initiating event, which could culminate in dam failure. A broad interdisciplinary team of dam
engineers, who have knowledge of historical dam failure mechanisms, would develop a list of failure modes is the basic
approach. FMI provides a more comprehensive safety evaluation of a dam and a basis for strengthening many aspects of a
dam safety (e.g. instrumented and visual monitoring, emergency preparedness planning, O&M, etc.). The FMI output
range from a simple list of failure modes, to a report listing of associated effects, consequences, compensating factors, and
risk reduction measures. FMI efforts are simple; but it has a wider acceptability as a traditional approach and integrates
the total safety program. It contributes to the quality assurance, communication of risks, identification of risk reduction
measures, and prioritization of issues. However, when compared with other approaches the area of uncertainty is wider
and subjectivity of the team will be more. Failure Modes Identification is a qualitative approach and not a decision tool
and is confined to the first level (Fig2)
5.5 Portfolio Risk Assessment (PRA) Approaches
Unlike FMI, Portfolio risk assessment (PRA) is a risk reduction program to study of a group of dams. PRA is an efficient
process involving the reconnaissance level application of the identification, estimation, and evaluation steps of dam safety
risk assessment to a group of existing dams and suggesting risk reduction measures. The products include an engineering
standards assessment and risk profile for the existing dams, and a basis for developing and costeffectively prioritizing risk
reduction measures and supporting investigations. PRA risk metric can be used to strengthen the owner’s monitoring and
surveillance program, and to provide inputs to various business processes, such as capital budgeting, legal evaluations,
loss financing, and contingency planning. PRA is a valuable and increasingly accepted approach for cost effectively
prioritizing dam safety remedial measures and further investigations for a group of dams. It provides insights that can
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better inform owners about the business and liability implications of dam ownership. PRA outcomes are not indepth final
risk analysis must be used with regard for the limitations of the approach and should be periodically updated. (Wieland
2009)

Fig 2. Functional hierarchy of the risk alleviation, assessment and management Components
5. 6 Index Prioritization (IP) Approaches
An index prioritization approach is a means of quickly ranking dams for addressing dam safety issues. The ranking is
based on an index, calculated from a combination of weights, which are assigned to capture various attributes of
identified dam safety deficiencies. The attributes and ranking procedures are usually prescribed in order to form a
common basis for ranking between dams. These approaches are best used as an initial screening of a portfolio of dams, or
a comparison to other forms of risk analysis. IP approaches are a valuable and increasingly utilized approach for
prioritizing dam safety issues and investigations, but should be calibrated and must incorporate a risk metric to be
considered riskbased. They are generally less costly to use than PRA, but are more limited in the scope of their outcomes
with no indepth risk analysis
5.7 Detailed Quantitative Risk Assessment (QRA) Approaches
A detailed quantitative risk assessment (QRA) is a valuable approach as a decision tool and comprises the steps of risk
identification, estimation, and evaluation discussed in section 5.3. The purpose of performing a detailed QRA is typically
to provide insights into the adequacy of an existing dam, or to provide justification for risk reduction measures. Detailed
QRA approaches have in depth supporting analyses and are valuable for providing insights and understanding of failure
modes and associated risks for stakeholders.
6. Dam Safety and Risk Assessment in India
Dam safety procedures and protocols were not well developed in India as in the developed countries when 84% of the
4291 major dams of the country were constructed (Wikipedia 20102). Some information on the Geology and the riverbed
rock properties were alone available while the dams were constructed. Even the basic hydrographs were not available for
the design or projection of the flood. World Commission of Dams feels that inadequate hydrological data also can cause
dam failures (Jauhari, 1999). The very concept of integrating Geology, Geomorphology, Hydro geology and Hydrology did
not exist at the time of construction of the 84% of the existing dams. This leads to the conclusions that all major existing
dams are to be reassessed for their safety through modern approaches and standards (Government of India, 2010). By
introducing a report on Dam Safety Procedures, Dam Safety Organisation of Central water Commission under the Ministry
Of Water Resources in 1986 India too started to pay attention to the world trend of dam safety. Later in 2010 Government
of India (2010) presented Dam Safety bill in Parliament and created a National Committee for Dam Safety. The committee
will be the apex level organization overseeing the dam safety in general and act as the repository of technical
documentations concerning hydrology, dam foundation, structural engineering of dam, and watersheds upstream of dam.
All new specified dams shall be investigated, designed and constructed only by the organizations empowered to do so.
New regulation is in the process of implementation.
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7. Dam Safety and Risk Assessment in Kerala
As per World Commission of Dams (WCD) Kerala has 54 dams (January, 1999) and only recently a state Dam Safety
Authority has come to existence (Government of Kerala, 2011). Most of the dams in Kerala were built when the
adversities of the dams or the risk factors were little known to the planners and builders. Located in densely populated
areas their risk factors are huge. Not much of the data bases are available for the monitoring of the systems around these
dams. There are ownership issues for smaller dams and barrages. But most of the bigger dams are government owned and
controlled by Irrigation, Tourism and Electricity departments. At the same time many dams in the lower order streams
have legal jurisdiction, ownership and operation issues with neighboring states. When the farming lost its importance in
the state irrigation dams lost their status of being ‘temples’. Water flowing through many dams is under stake holder
conflict as they are governed by bilateral or trilateral pacts between states. All these factors individually and collectively
contributed for taking the safety policy priorities away from the dams in the state (Government of Kerala, 2011).
The authors are of opinion that none of the 54 dams do not keep up the safety standards of ICOLD (2000) or any
standards globally accepted. There are many dams in different phases of the planning and approval. Although Dam break
analyses are done for them individually no detailed or integrated approaches of regional or portfolio safety analyses have
been done. The Risk characterizations do not follow any global norms or standards. Now that Dam Safety Authority is in
place and the breaking of Moolathara dam and the controversy raked up the standoff between the state governments on
the safety of the Mullaperiyar dam have added a new dimension to dam safety awareness. Most of the rivers in the state
have narrower valleys especially in the younger order of streams. So the distance between the dams of two adjoining river
systems are smaller and the impact on one will influence the other. This leads to Portfolio Risk Analyses (PRA) in intra
basin and interbasin dimensions. Deep seated fractures are interconnected and the transmission of seismic waves across
the valleys are common feature which adds significance to the inter basin PRA studies. Issues of inter basin water transfer
also justify such studies. Majority of the dams are for power generations and in order to exploit the potential level
differences they are located on the up throw side of the step faults and are susceptible for tectonically triggered or RIS
tremors. Though KSEB is monitoring the seismic activities from all major dam sites not much of studies are carried out on
these waves. In other words it is now almost impossible to know response of the individual dams to the seismic waves as
Safety Evaluation Earthquake (SEE) or the Maximum Credible Earthquake (MCE). Detailed Geological and Structural
maps are available only for the dam sites and other construction areas. Details of the Inundation and Catchment areas are
not documented for the purpose of dam construction except for the regional maps of Geological survey of India.
Hydrographs are not maintained or monitored majority of the cases.
7.1 Dam Safety Authority (DSA)
By the constitution of a Dam Safety Authority (DSA) be a positive shift in the matters of Dam safety is envisaged.
Operations of DSA can be under three management functions:
•
Risk Assessment of the existing and Dams
•
Control of Risks and management of Dam safety
•
Stewardship of dam safety
DSA should be in total command of the safety matters of all dams within the state irrespective of the ownership,
operatorship or any other stake holding of individual dams. Diligent Risk Assessment Protocols have to be drawn
separately for the existing and proposed dams by pooling the collective wisdom and expertise from all players in the field
including researchers and academics. In order to prioritise the Risk Alleviation a Rapid Risk Assessment can be done for
the existing dams. A general check list of the controls to be imposed and periodic stewardship reports are to be prepared
along with site specific attention for individual dams.
Risk Assessment (RA) of Existing Dams of the state: The authors are of the opinion that Risk Assessments of individual
dams are to be carried out for all the existing dams in the state. The methodology adopted by ICOLD (2000) or their
modifications and derivatives with proper normalization for the tropical terrain can be bench marked and standards can
be adopted as Dam Safety Regulation of the state. Smaller dams like check dams also should be brought under these
regulations. Steps like FMI, Risk estimation, Risk Analysis, Risk Evaluation, Risk Estimation form the part of RA. The risk
thus documented for the existing dams are to be mitigated on issue based priority. These operations can be completed on
a project basis.
Control of Risks and Management of Dam safety: This has to be an ongoing program of the DSA. Many activities in the
upstream and catchment side or in the vicinity of the dam can cause instabilities to the dams. Similarly there can be
natural disasters which can impair the life or health of a dam. DSA can draft scheme for avoidance of these impacts or can
take action in mitigating the impacts including fall safe steps. DSA should be empowered to take legal action on that
breach the Safety regulations.
7.2 Risk Assessment and Management routine
A Risk Assessment and Management routine has to make mandatory for the following activities.
Activities in the catchment area: The commissioning of dams leaves behind Roads, Buildings, bridges and
communication channels like phone lines that were in use during construction phase in the upstream side. Most of them
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turn to be essential for the maintenance and security purposes. Though the initial plans were to demolish them and
protect the environment, in most case they turn out be arteries of development. Though one cannot defend these actions
these are physical truth in a developing country. Activities like road making, deforestation, farming, rock mining, terrain
modification, tilling the ground etc can change the processes like soil erosion, surface water runoff, infiltration and result
in changed hydrographs and accelerated soil erosion. Any such activities in the catchment can have impact on the dam. It
should be made imperative that clearance may be obtained from Dam Safety Authority and Environmental Impact
Assessment have to be done for all major developmental activities. If industrial units are functioning in the upstream side
discharges are to be chemically examined for their pH and corrosiveness on concrete, alkaline earth, limestone banks.
Detonators are not to be allowed in the mines in the proximity of dams.
Activities in Reservoir are: The major activity that is likely to occur in reservoir area is the massive sand dredging. The
state Government is running pilot dredging activities in Aruvikara in Thiruvanthapuram district. Once proved successful
the process is supposed to be advanced to other river systems. Already there are sand scooping in most of high order
streams and rivers. The dredging activities are to be limited to the land configuration existed before the construction of
the dams such that base line of erosion does not change due to dredging. Such dredging will generate an accelerated
subsurface water flow into the reservoir by passing the hydrograph of flows. All such dredging operations are to be
preceded with Rapid Environmental Impact Assessment and Geotechnical clearance.
c. Natural Disasters: Natural disasters other than the earthquake that can impair the dam safety are floods, landslides
and mud creeps. All these eventualities can be forecasted and possible steps can be taken to avoid or reduce the risks
7.3 Dam Safety Control Centre (DSCC)
Dam Safety Control is a complex operation demanding high level expertise and quick response. For reasons of
convenience and cost effectiveness a well connected central hub of operations under DSA is recommended. There may be
trained operational staff under each owner or operator of the dam who will act as per instructions from DSA. DSCC will
monitor all operations and developments in the dam and catchment areas. A dam watch cell working 24/7 will be able
monitor weather, water level etc through remote cameras. Data from the seismographs, rain gauges and flow
measurements has to be updated.
Data Repository: DSA can generate a data repository which other stake holders of dams or public agencies can take
advantage of. The DSCC should have following information on each dam for cyclic reassessment of safety and must be
available to the authorised users without any hurdles
Historical information (Standards):
Remote sensing images showing geology and geomorphology for different periods
Remote sensing images showing forest, land cover and environmental details
Topographic and land use maps published at different times
Detailed listing of the seismological events of minor or micro levels
Meteorological data base on temperature, wind, rain, storms and floods
Regional hydrological parameter
Current detailed information (Static):
Lithological map showing weathering and cross sections
Soil map, soil moisture map
Structural map
Contour maps, river cross sections
Subsurface information obtained by drilling
Geophysical map showing seepage characters
Physical properties of rock, weathered rocks and soils
Current detailed information (Dynamic)
River water level
Hydrographs and stream flows
Ground water level
Soil erosion
Sediment transport and deposition
Seismological data
Meteorological data
Risk Assessment Reports
Risk Assessment Reports of levels
Emergency Action plans and Recommended Emergency responses
8. Stewardship of Dam Safety
The current concept of safety is security driven. The up keeping staffs are mostly security personnel and a few technical
staff with only preliminary skills for monitoring water levels or gauging the flows or rainfall. Hydrographs are not
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prepared for the inflows nor out flows are monitored expect as the production figures in hydroelectric power plants. Once
the DSA is place there should be change in the Stewardship policies and processes. Primarily, the stewardship of Dam
safety should not be confined to any single dam owner or operator. The processes include the Risk Assessment are to be
carried by skilled technical people. Dam Safety Control is put to work by Management and Surveillance teams at each
Dam site and overseen from the DSCC. There will be enforcement teams for preventing the violations.
A coordination team will be able to coordinate activities across the total profile of government, society and DSA
organization. Stewardship team has to have communication with the society and symbiotic coordination with other
operational agencies in the dam areas. Residents all along the brim of the reservoir use these water bodies for fishing,
transportation and their water needs. They are to be informed about the Dam safety. The operations of DSA are to be
visible to the public through a web site and public should have access to system through devices like toll free phones etc.
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Abstract
Education is a fundamental human right and it is essential to ensure that all are able to realize their potential. A key aim of
education is to give all citizens the necessary skills and values to improve their quality of life. To achieve this aim we shall
continue to work together to improve access to education and to increase the quality of educational facilities in an equitable
manner. The physical environment in which learning takes place has a large impact on the outcomes of education.No task is as
important as creating safe learning environment for our nation’s children. Recent events of children’ deaths due to building
collapse, fire accidents and stampede bring to light the need to be continually vigilant to ensure for safety of students and staff
in schools. The event that unfolded in the Kumbhakonam fire tragedy which took the lives of 93 children reiterate the need to
have school level emergency preparedness and response plans, schedule time in busy school day to practice drills to respond
effectively and efficiently to disaster situation.
Keywords
Disaster, education, school, fire
1. Introduction

Gajbiye A

Journal of Applied Disaster Research 1 (2014) 14 – 18

The following is a poem penned by Dr.A.P.J.Abdul Kalam former President of India in memory of the children who died in
Kumbakonam fire tragedy in Tamilnadu in a school in which 93 children died.
Oh dear little ones! Oh dear little ones!
For you, parents had glorious dreams!
And you were all immersed in your own dreams
Yet, Agni engulfed you and all of those dreams
Taking you to Almighty’s divine presence
Usually, departed old parents are buried by sons
Whereas, Kumbakonam, saw a sad scene!
Crying parents burying their little ones!!
Oh Almighty! Show your grace on those little ones
And keep them all in Thy Holiest Presence!!
Oh Almighty! Bless those parents wilting in grief
To have the strength to bear this great loss
May Thy compassion and grace pervade all souls?
And bring down the pain and wipe away the tears
Oh Almighty! Show your grace on those little ones.
Natural disasters have been visiting every part of the globe at one time or the other. The world is becoming increasingly
vulnerable to natural disasters. From earthquakes to floods and famines, mankind is even more threatened by the forces of
nature. Disasters can strike at any time, at any place. Nearly three million people worldwide may have been killed in past
20 years due to natural disasters such as landslides, earthquakes, floods, snow avalanches, cyclones etc. Ninety per cent of
the natural disasters and ninety five percent of the total disaster related deaths worldwide occur in developing countries,
in which India has the second largest share. Recognizing the need of the hour, the decade 199099 was declared as
‘International Decade for Natural Disaster Reduction’ with a main objective to focus on disaster management planning for
prevention, reduction, mitigation, preparedness and response to reduce the loss of life and property. India, a country with
diverse geographical conditions, 70 per cent of the cultivable land is prone to drought, 60 per cent of the land area is
prone to Earthquake, 12 per cent to Floods, 8 per cent to Cyclones, 85 per cent of the land area is vulnerable to number of
natural hazards and 22 States are categorized as multi hazards States. Tens of thousands of people are affected by these
natural disasters (Arya et al, 2003; IDNDR 2001)
We have seen in the recent past that country suffered impact of earthquake even where the seismicity was low as
per the seismic zoning map, as in the case of Maharashtra and droughts have occurred in the areas with highest rainfall
i.e.Cherrapunji in the North East. In spite of the best efforts by the Governments, external assistance and available
technologies and media, the 1999 Super Cyclone of Orissa and 2001 earthquake of Gujarat have inflicted untold misery
(Kapur et. al. 2005). The socioeconomic backwardness of the majority of our population, coupled with lack of skills or
for mitigating, preparing for and responding to disasters increases their vulnerability, negatively affecting their ability to
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respond and recover from periodic and intense disasters. Amongst all, the children in schools are the most vulnerable
groups during any disaster. The lessons learnt clearly bring out the fact that no State, no Government can meet the
challenges alone. The Governments’ effort have to be strengthened by communities themselves getting involved in the
emergency response system and being aware of the do’s and don’ts to be prepared for any eventuality. In the old literature
too, disaster management finds mention in Kautilya’s Arthashastra as a primary duty of the state. Disaster Management as
a post disaster activity has been well established in India especially since independence. The novelty of the new approach
lies in taking wellplanned and timely proactive measures to prevent disasters, to prepare people to cope with disasters
and to motivate them to safeguard their own lives, livelihoods and habitat. Not only in India but through out the world
the initiative is started to include the disaster management in education and it proves its importance, some of the
examples are quoted here:
Education authorities of Indonesia along with GTZ have developed materials and taught more than 33,000
school children about the causes and results of earthquakes, tsunamis and volcanic eruptions. The impact of this initiative
was demonstrated at in May 2006, when an earthquake hit the Yogjakarta region of Indonesia. Although 5,000 people lost
their lives, the figures would have been much higher had the children not learned at school what to do in the case of an
earthquake, and had they not passed this knowledge on to their parents. The families sought protection in doorframes,
under tables and under beds, and did not leave their houses until the quake was over. Such families escaped serious injury.
An example is of the young Tilly Smith, who seeing the receding water before the tsunami could remember her geography
lessons on tsunami and was able to save the lives of 100 tourists from a beach in Thailand in December 2004. (Source:
Disaster Reduction: Knowledge,Transfer, Practice, Proceedings of the 7t Forum and Disaster Reduction Day, 2006.) Partho,
a tweleve year boy from a village in Orrisa remembered the lesson learnt in the school regarding disaster preparedness at
the time of the flood, and could save hundreds of lives to by utilizing this knowledge at appropriate time (World Disaster
Report 2007). These and many more stories proved the importance of Disaster management and preparedness in terms of
prevention. Many times not being aware of the hazard may put us in the disaster situation. Culture of prevention should
be inculcated in our lifestyle to face the emergencies and to minimize the loss of life and properties.
2. Disaster prevention measures
Integrating disaster prevention with national development plan.
•
Formulating a disaster management policy for the whole Country.
•
Making the community aware, educate and their capacities built to manage disasters.
•
Involving educational institutions, corporate sectors, and nongovernmental organizations in eliciting public
participation, generating awareness amongst all concerned stakeholders.
The High Powered Committee set up by the Govt. of India in August 1999 has outlined the following proactive measures
to bring in the culture of prevention and technolegal aspects.
•
Capacity building in disaster management has to be at policy, institutional and individual level.
•
Enforcement of protection and prevention measures.
•
Proactive measures for disaster preparedness and mitigation should be administrative, financial, legislative and
technolegal.
•
Raising and recruitment of professionals to build up expertise for mitigation and management.
•
Generating a proper understanding of risk between different stakeholders, training and confidence building
among professionals and mason with appropriate development planning strategies.
•
Rehabilitation view as a long term phased activity (IGNOU 2006).
3. Disaster Preparedness
Disaster Preparedness is an effective way of lessening the impact of disasters, which occur on a small as well as large scale
it acts as an effective link between emergency response and rehabilitation. The significance of developing disaster
preparedness mechanisms and processes to neutralize and reduce the vulnerability of people and minimize loss of lives
and property. The United Nations Disaster Relief Office (1998) defines disaster preparedness as ‘measures designed to
organize and facilitate timely and effective rescue, relief and rehabilitation operations. In cases of disaster Measures of
preparedness include among others, setting up disaster relief machinery, formulation of emergency relief plans, training of
specific groups, to undertake rescue and relief, stock piling supplies and earmarking funds for relief operations’. Modern
Dictionary of Disasters defines Preparedness as, ‘the aggregate of all measures and polices taken humans before the event
occurs that allows mitigation of the impact caused by the event. Preparedness includes warning systems evacuation,
relocation, of dwellings, stores of food and water, temporary shelter, energy management strategies, disaster drills and
exercises etc. Contingency plans and responses are included in the preparedness.’ (Singh and Sharma 2005).
4. Disaster Management and Education in India
India’s vision in disaster management is to build a safer and disasterresilient country by developing a holistic, proactive,
multi disaster and technologydriven strategy for disaster management through collective efforts of all Government
Agencies and nongovernmental organizations (www.ndma.gov.in). There has been a paradigm shift in the disaster
management approach from reliefcentric/crisis management to prevention, mitigation and preparedness. Education for
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disaster management is a transdisciplinary exercise aimed at developing knowledge, skill and values at all level.
Government of India in its Tenth and Eleventh Five Year Plan document, have emphasized the need to enhance
knowledge, skill and values to reduce the impact of disasters on the education sector. Some of the recent disasters that
have affected the education sector in India are the Gujarat earthquake (2001) where 971 students and 31 teachers were
killed, 1,884 schools collapsed; Tamil Nadu Fire (2004) incident where 93 children died in a fire due to explosion of a
cooking gas cylinder; North Pakistan, Kashmir earthquake (2005) where 17,000 students died at school, and 10,000
school buildings destroyed, no one can forget the school in Leha washed out in cloud bursting with many children recently
(Anon 2005, 2006). To build in a culture of safety and resilience at all levels in the education sector, there is a need to
carry out a large number of initiatives. Prevention is better than cure, is an old saying which is very apt in the context of
disaster management. Every year colossal amount of resources is used by our Government as well as Aid agencies in relief
and rehabilitation measures. It is now becoming increasingly evident and mitigation and investment in disaster
preparedness can save thousand of lives, vital economic assets, livelihoods and reduce the cost of overall disaster relief.
Government of India, Ministry of Human Resource Development in its Tenth Five Year Plan emphasized the need for
integrating disaster management in the existing education system in India. In addition, the government of India launched
a set of nationwide disaster risk mitigation initiatives that addresses larger aspects of development in order to safeguard
the developmental gains. One of the important initiatives includes disaster management in the curriculum of school and
professional education has been recommended to the Boards. Educational Institutions can contribute towards generation
of knowledge in the area of disasters, develop expertise in specific types of disaster and impart training in different fields.

•
•
•
•
•

Disaster awareness education in educational institutions has the following advantages:
It provides contemporary and relevant information about local environment.
It prepares for participation in both pre and post disaster activities of the affected/vulnerable community on a
wider scale.
It contributes past experience with recent developments in technology to combat disaster.
It helps to develop effective domain abilities for collective work as successful disaster management efforts involve
an effective teamwork and spirit.
It promotes informed decisionmaking in the event of a disaster.

5. Five year plans and thought on disaster management education
The Tenth plan (20022007) document outlined the need for preventive planning, which is intrinsically linked to disaster
prevention. The prevention measures tend to be large due to the varied nature of disasters. Prevention along with
appropriate preparedness and mitigation measures shall prove effective. ‘The multisectoral and multihazard prevention
based approach to Disaster Management requires specific professional inputs. Professional training in disaster
management should build into the existing pedagogic research and education. Universities and professional teaching
institutions may develop specialized courses for disaster management, and disaster management should be treated as a
distinct academic and professional discipline, something that the American education system has done successfully. In
addition to separate diploma/degree courses in disaster management, the subject needs to be discussed and taught as a
specific component in professional and specialized courses like medicine, nursing, engineering, environmental sciences,
architecture, and town and country planning. The focus towards preventive disaster management and development of a
national ethos of prevention calls for an awareness generation at all levels. An appropriate component of disaster
awareness at the school level will help increase the awareness among the children and, in many cases, parents and other
family members through these children. Curriculum development with a focus towards dissemination of disaster related
information on a sustained basis, The different school boards in the country may work out middle and high schools
involvement in Disaster Management’.
The above quotation from the tenth plan document clearly indicates the importance of disaster management in
school education. The Eleventh Five Year Plan Suggests,’ The Investments in Disaster Education, Public Awareness,
Community Leadership Development, Disaster Education of Unemployed youth, physically challenged, elderly, women and
school children are essential. A large number of professionals require training and retraining for which we will have to
generate quality teachers, quality text books, quality training kits, etc. This will call for innovation in disaster education,
effective use of multimedia and selfeducation in different vernacular languages. All knowledge based institutions may be
encouraged to give priority to such initiatives. This will call for innovation in disaster education, effective use of multi
media and selfeducation in different vernacular languages. All knowledgebased institutions may be encouraged to give
priority to such initiatives.’
6. Transfer the thought into policy
It is essential to ensure that the National DM policy highlights the need for integrating disaster risk reduction into the
national curriculum and assigns the responsibility to the Ministry of Education. This ministry is responsible to:
•
Designate a disaster management focal point in the Ministry and its agencies
•
Develops department’s emergency management policy and operational plans, including guidelines for schools to
prevent and minimize emergencies and include disaster awareness training in school programs.
•
Responds to advice from NC relative to safety of school children
•
Provides onsite assistance and support for management of local issues involving parents, staff ,students and
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•
•
•
•

media during emergencies
Makes available, if required, school buildings as temporary welfare and evacuation centers in times of
emergencies
Provides staff as administrative managers of school buildings being used as welfare and evacuation centers
Coordinates with other agencies in informing people of impending disasters, especially in remote areas
Assists, where possible, in assessment of damage as we all accept that most of our potential population is
spending their most valuable time in the educational institutions National policy on Education also give the
thrust on safe and secure environment of educational institutions, not only for students but the neighborhood
community must feel the belongingness with these institutions (Parasuraman and Unnikrishnan 2000).

Educational Institutions can contribute towards generation of knowledge in the area of disasters, develop expertise in
specific types of disaster and impart training in different fields. Disaster awareness education in educational institutions
has the following advantages:
•
It provides contemporary and relevant information about local environment.
•
It prepares for participation in both pre and post disaster activities of the affected/vulnerable community on a
wider scale.
•
It contributes past experience with recent developments in technology to combat disaster.
•
It helps to develop effective domain abilities for collective work as successful disaster management efforts involve
an effective teamwork and spirit.
•
It promotes informed decisionmaking in the event of a disaster.
Most of the studies on the disaster management focused on to analyze the impact of disasters and stressed on the role of
Govt., NGO’s, Armed Forces etc. but do not speak about the education institutions were more than 35% of the population
is spending their most precious span of time in these institutions. It is a need of the hour to think study and plan properly
for total inclusion of the educational sector in the mainstreaming of the process.
7. CBSE initiatives in disaster education
In a first ever attempt by any educational institution in the country, the Central Board of Secondary Education (CBSE) has
integrated a short course on Disaster Management in the school curriculum. With nearly 85 per cent of the land area
prone to disasters it is high time the younger generation is prepared to combat disasters. Education in Disaster
Management. With more than 7300 schools affiliated to it CBSE is one of the largest institutions of its kind in the country.
The Board’s examinations are taken by over 900,000 students annually! At the school level the CBSE realizes the
importance of Disaster Management and School Safety.. Educational institutions like secondary schools have a great role
to play as schools imparts and play a very significant role in the allround development process of the learners, this is the
age where one can form, develop certain behavior patterns, attitudes, values .as well as one can realize the responsibility
towards the society. During the school education, learners can become aware and getting opportunity to understand the
intensity of social situations and problems to prevent or mitigate them so that social, psychological and economical loss
can be minimized. Disasters bring along with them heavy loss to life, property and livelihoods it is time to make disaster
management a way of lifeand an essential life skill.
8. Disaster Management Institutions in India and Higher Education
National Disaster Management Authority, Govt. of India (GOI) is the apex body for natural disaster management and
mitigation in India. For effective implementation of relief measures in the wake of natural calamities, the GOI has set up a
Standing National Crisis Management Committee under the chairmanship of Cabinet Secretary GOI. A Natural Disaster
Management Control Room has been set up at Krishi Bhavan, New Delhi. For planning for disasters and Emergency
preparedness training, Government of India has created few institutes that offer shortterm courses. The Disaster
Management Institute, Bhopal set up after the gas tragedy conducts awareness programs for NGOs and the public at large.
Universities have recently taken the initiative to introduce a few courses. For instance, IGNOU offers certificate and P.G.
Diploma course in Disaster Management, the Mahatma Gandhi University at Kottayam, Kerala was the first state
University in India to introduce a fulltime 2year MSc in Disaster Management, in 2008. The University of Pune offers a
6month certificate course. The Indian Institute of Ecology and Environment, New Delhi offers another correspondence
program in disaster mitigation in affiliation with the Sikkim Manipal University. The PRT Institute of Postgraduate
Environmental Education and Research also offers a similar course in affiliation with the Institute of Open and Distance
Education, Barkatullah Vishwavidyalaya, Bhopal. National Civil Defense College and National Fire Engineering College at
Nagpur provides skillbased training in this field. In the field of higher education institutions like IITs and IIMs and some
of the medical colleges include Disaster Management in their syllabus. Tata Institute of Social Sciences has a separate
disaster department dealing with post graduate and doctoral program. R.T.M. Nagpur University includes Disaster
Management as an elective option in Social Work Course Curriculum for Post Graduate degree. The policy making
institutions in the field of Higher Education like UGC, NAAC, AICTE, Council of Architecture, National Programme for
Earthquake Engineering Education and all the Universities imparting Distance Education Programme can initiate the
process of inclusion of disaster management as a mainstream discipline of educational programme.
Disaster Management Education in India is still in its infancy and needs to be taken out from the classroom to the
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open community and from formal education sector to the informal sector and onto the entire community..So it is time to
make disaster management a way of lifeand an essential life skill. Let us join to make disaster resilient world with the
culture of prevention and safety.as Hon’ble Kofi Annan, quoted in the Annual Report of the United Nations Organization
‘More effective prevention strategies would not only save tens of billions of dollars, but tens of thousands of lives. Funds
currently spent on intervention and relief could be devoted to enhancing equitable and sustainable development instead,
which would further reduce the risk of war and disaster. Building a culture of prevention is not easy. While the costs of
prevention have to be paid in the present, their benefits lie in a distant future. Moreover, the benefits are not tangible; they
are the disasters that did not happen’
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Abstract

Tropical cyclones (TCs) are among the most destructive weather related natural phenomena. An accurate and wellinadvance
forecast of track and intensity of the TCs is essential for disaster management purpose. In the present study numerical
experiments are conducted to simulate the track and intensity of the Orissa super cyclone (1999) using Mesoscale Model MM5
with three domains configuration (45155 km resolution). Experiments are conducted with variation in the cumulus
parameterization schemes namely Grell (Gr), BettsMiller (BM) and updated KainFritsch (KF2). The forecast tracks indicate
strong influence of cumulus parameterization schemes (CPS) on the large scale steering flow. KF2 and Gr could simulate the
track in the northwest direction which is close to the observed track estimated by India Meteorological Department (IMD). The
CPS BM and Gr underestimated the intensity. The CPS of KF2 could simulate the maximum intensity, rate of intensification
comparable to the observation also it could simulate the dynamic and thermodynamic structure of the mature cyclone. The
results suggest that it may be possible to predict track, intensity and innercore structures of devastating tropical cyclones with
the help of high grid resolution and realistic model physics configuration.
Keywords
Tropical Cyclone, Mesoscale Model, Cumulus Parameterization Schemes
1. Introduction
Tropical cyclones variously defined as hurricanes, typhoons, and cyclones regularly impact human populations and
periodically produce devastating weatherrelated natural disasters. The destructive forces of cyclonic winds, inundating
rains, and storm surge are frequently accompanied by floods, tornadoes, and landslides. The Super Cyclone of October
1999 in the Bay of Bengal (Orissa Super Cyclone hereafter OSC99) was one of the severest of the century to landfall over
east coast of India and was the most intense TC in the history of Orissa State. Orissa Super Cyclone was the case of rapid
intensified cyclone. After genesis in the Andaman sea it tracked northwestward across the Bay of Bengal and intensified as
a super cyclonic Storm. The intensification was at a greater than climatological rate. It made landfall at about 35nm
southsoutheast of Cuttack and 30 nm southeast of Bhubaneswar, India. Associated maximum surface wind was 140 knots
(72 ms1) as estimated by India Meteorological Department (IMD 2000) and lowest Central Sea Level Pressure (CSLP) was
912 hPa. As per the information received through the media, 10,000 people lost their lives due to this super cyclone. Wind
speed of 250 kmph lashed most parts of the Orissa coast and tidal waves of height 1214 meters inundated lowlying areas
along the Orissa coast. Prediction of track and intensity of such a devastating cyclones wellinadvance is necessary for
disaster management purpose. Numerical models based on well defined dynamical and physical processes provide toll for
predicting such weather phenomena.
2. Description of numerical experiments conducted
The Penn State/NCAR Fifth Generation of Mesoscale Model (MM5 version 3.7) is used to carry out the sensitivity
experiments for this study. The MM5 is a nonhydrostatic model with a terrain following sigma vertical coordinate system.
Detailed description of MM5 is given by Grell et al. (1994). The sensitivity experiments with different convective
parameterization schemes (CPS) include Grell (Grell 1993), BettsMiller (Betts and Miller 1986) and updated Kain–Fritsch
(KF2, Kain 2004) in combination with Eta Mellor–Yamada (MY, Mellor and Yamada 1982) scheme for Planetary Boundary
Layer Parameterization and Mixed Phase (MP, Reisner et al. 1998) scheme for cloud microphysics parameterization. Three
interactive nested domains at the resolution of 45 km (domain D1110x110 grid points), 15 km (domain D2154x154 grid
points) and 5 km (domain D3 226 x 202) are used. All model domains have 23 vertical unequal σ (sigma) levels with
higher resolution in the planetary boundary layer. The initial and boundary conditions for the model domains are obtained
from ECMWF 40 year’s reanalysis data (ERA40) data set. The time varying lateral boundary conditions are obtained at
every 12 h interval during the entire simulation period i.e., from 1200 UTC October 25, 1999 to 1200 UTC October 29,
1999). The model is integrated in a twoway interactive fashion. During first 24 hours only outermost domain (D1) is
active. Domain D2 is activated at 12:26101999 and D3 is activated at 12:27101999.
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3. Results and Discussion
The performance of the model is evaluated towards prediction of track and intensity of the storm. The errors in track
prediction are presented in terms of vector displacement errors compared to the observed track of the storm as reported
by India Meteorological Department (IMD report 2000). The intensity of the storm is examined in terms of Central Sea
Level Pressure (CSLP) and Maximum Wind Speed (MWS) at the surface.
3.1 Sensitivity to CPS
The plots of track, track error and intensity variation with time for sensitivity to CPS are shown in Figure 1 (ad). As per
IMD observations after initial formation in the Andaman Sea the system moved straight in northwest direction. All three
CPS gives track in northwest direction close to the observed track upto 72 hrs of integration, after which the difference in
the track forecast between the CPSs is significant. Specifically the track with BM and Gr is in northward direction after 72
hrs whereas KF2 storm moves in northwest direction up to 90 th hr of integration then it turns to the north. Overall the
track with KF2 is close to the observation with minimum track error and BM gives maximum track error among all CPS
studied here. Figure 1(cd) compares simulated and observed (IMD estimated) time variation of Central Sea Level
Pressure (hPa) and Maximum Wind Speed (ms 1) during 1200 UTC 25 October – 1200 UTC 29 October 1999. All the
experiments start from the same initial conditions and initial storm intensity matches well with the observed intensity.
Intensity variation is less sensitive for all three schemes and is comparable with the IMD estimated intensity upto 30 th hour
of integration. Then onwards KF2 overestimates the intensity. The intensity variation is same for Gr and BM which is
comparable to the IMD estimated values upto 66 hrs of integration. Then onwards both the schemes underestimate the
intensity. The minimum CSLP are 935 hPa (on 12:29101999), 951 hPa (on 00:29101999) and 886 hPa (on 12:2910
1999) with Gr, BM and KF2 respectively. Only KF2 could simulate the super cyclone (MWS > 62 ms 1) and the fast
intensification at the rate of 4.4 hPa hr1 comparable to the IMD estimated rate of 4.1 hPa hr 1 though the intensification
phase is 6 hrs prior to the observations. After reaching the maximum intensity similar to the observed storm the storm
with KF2 maintained the almost constant intensity till the land fall.
a

c

b

d

Figure 1 Model simulated tracks (a) and time series plots of track error in km (b), Central Sea Level Pressure (CSLP) in hPa (c)
and Maximum Wind Speed (MSW) in ms 1 (d) at the lowest model level for the experiments of sensitivity to different CPS along
with IMD data.

These results clearly demonstrated the profound sensitivity of cyclone’s track and intensity forecast to the variations in
cumulus parameterization schemes. To discuss some of the possible causes for these results, Figure 2 (al) represent 500
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hPa geopotential height in meters (shaded) and wind direction (vectors) for ERA40 data (ac), Gr (df), BM (gi) and KF2
(jl) each at 48, 72 and 96 hrs of integration. There were two anticyclones over land, which tend to oppose the cyclone's
northwestern motion and the cyclone was likely to move towards West Bengal. But the system intensified into a super
cyclonic storm and dominated over the anticyclone present over land and continued to move in the northwestward
direction. The intensity of the BM storm is week so the anticyclone over the land dominated to oppose the northwestward
track and the cyclone travelled towards North. Among the three CPS schemes only KF2 could simulate the intense cyclone
and thus could simulate the northwestward track.

(a) ERA 48 12:27

(d) Gr 48 12:27

(g) BM 48 12:27

(j) KF2 48 12:27

(b) ERA 72 12:28

(e) Gr 72 12:28

(h) BM 72 12:28

(k) KF2 72 12:28

(c) ERA 96 12:29

(f) Gr 96 12:29

(i) BM 96 12:29

(l) KF2 96 12:29

Figure 2 Geopotential height in meters (shaded) and wind direction (vectors) at 500 hPa for ERA40 data (ac), Gr (df), BM
(gi) and KF2 (jl) experiments in the outermost mesh (45 km) at 48 (12:27101999), 72 (12:28101999) and 96 (12:2910
1999) forecast hours

Weak vertical wind shear of the horizontal wind is one of the factors supporting the intensification. Figure 3 shows the
time series of the wind shear with three CPS. The plot shows the wind shear values averaged over an area of 2 0 x 20
around the storm centre. The wind shear is increasing for Gr and BM after 63 hrs of integration which is slightly
decreasing for KF2. During rapid intensification phase of the KF2 storm, the shear is almost constant. Throughout the
integration the wind shear is minimum for KF2 and maximum for BM which is giving the strongest and weakest storm
respectively. Figure 4(a–i) displays the rain accumulated in 3 hrs for each of the experiments during rapid intensification
stage (6086 hrs) of the observed storm along with that obtained from the TRMM satellite data for comparison. The rain
rate is comparatively less for Gr simulated storm hence the week storm. For BM simulated storm the rain rate is more after
84 hrs when the storm started intensifying. The KF2 storm which has simulated the rapid intensification phase has also
simulated the maximum rain in the core. This large amount of precipitation releases significant amount of latent heat and
this provides a positive feedback to the eyewall buoyancy and reducing pressure thus facilitates inflow and intensification
of the storm.
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Figure 3 Time series of wind shear (m/s) averaged over an area of 2 0 x 20 around the storm centre

To verify the system scale features the simulated radar reflectivity is shown in Figure 5. The development of organized
spiral cloud bands with an echo free eye in its central core is well simulated with KF2. It is clear that during the fast
intensification stage the eyewall continues to contract, the symmetric reflectivities increases, and the storm intensifies
rapidly. Kalsi and Srivastava (2006) reported the similar changes in the eye size and the radius of maximum reflectivity.
They observed the lowest radius of maximum reflectivity was 8 km at 02:29101999. The radar reflectivity indicates the
precipitation field and rainfall rate. In the case of KF2 the simulated radar reflectivity is more that 60 dBZ in the eyewall.
(a) TRMM 60 hrs
00:28

(d) Gr 60 hrs 00:28

(g) BM 60 hrs 00:28

(j) KF2 60 hrs 00:28

(b) TRMM
12:28

(e) Gr 72 hrs 12:28

(h) BM 72 hrs 12:28

(k) KF2 72 hrs 12:28

(f) Gr 84 hrs 00:29

(i) BM 84 hrs 00:29

(l) KF2 84 hrs 00:29

72

hrs

(c) TRMM 84 hrs 00:29

Figure 4 Model simulated rain per 3 hrs for three CPS during rapid intensification stage (6084 hrs) of the observed storm
along with that obtained from the TRMM for comparison
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(a) Gr 48 00:28

(b) Gr 72 12:28

(c) Gr 84 00:29

(d) BM 48 00:28

(e) BM 72 12:28

(f) BM 84 00:29

(g) KF2 48 00:28

(h) KF2 72 12:28

(i) KF2 84 00:29

Figure 5 Model simulated Radar Reflectivity (dBZ) for three CPS during rapid intensification stage (6084 hrs)

3.2 Vertical structure of the simulated cyclone
The innercore structure of TC plays a very significant role in modulating it’s intensify (Liu et al. 1999). The OSC1999
was a case of explosive deepening. Therefore it is desirable to examine vertical structures of the cyclone simulated with
each cumulus parameterization schemes in terms of kinematics and thermodynamical parameters. The zonal cross section
(across the latitude passing through the storm centre) of tangential wind speed (ms 1), vertical velocity (ms1),
temperature deviation (K) and relative humidity (%) are displayed in Figures 6 (ad) respectively at the mature stage of
the cyclone (00:29101999).
The most striking feature of tropical cyclone structure is the intense tangential wind which is shown in Figure 5
ac. Only KF2 shows the formation of eyewall structure. There is existence of the Radius of Maximum Wind (RMW)
throughout the troposphere in the eyewall with isotachs tilting outward with height. The wind maxima (> 70 ms 1) are
roughly at 900 hPa, its magnitude decreases sharply outwards. This typical eyewall structure is absent in the Gr and BM
storms. Maximum tangential wind speed is 50 ms 1 for Gr and BM where as it increases from 50 to 80 ms 1 during the fast
intensification phase of the KF2 storm.
Another important kinematic structure of the mature cyclone is its vertical velocity (w) which is shown in Figure
6b. The updrafts are shaded and downdrafts are shown with dotted contours. Updrafts with a narrow width on both the
sides of eye and subsidence between the updrafts are very well simulated in the KF2 storm particularly at 84 hrs when
storm reached its maximum intensity. Updrafts in the eyewall are sloping outward with height and maximum value of the
updraft is about 12 ms1. Maximum downdraft occurs in a narrow zone close to the inner edge of the slopping eyewall.
The maximum value of downdraft is about 6 ms 1. These features are not seen for Gr and BM simulated storms. The
maximum values of updraft and downdraft are 6 ms 1 and 1.5 ms1 respectively for Gr and 4 ms1 and 2 ms1 respectively
for BM.
To gain insight into the generation of the extremely low pressure at the centre, Figure 6c presents a vertical cross
section of temperature deviation during the fast intensification stage. A marked warm core structure from the surface to
the 100 hPa is evident in the eye for all three CPS but warming is maximum for KF2 (21 K), whereas the maximum
temperature deviation is of 6 K for Gr and of 9 K for BM. The level of the maximum temperature departure from the
surrounding is between 500300 for Gr, 400300 for Gr and 400500 hPa for KF2 at the mature stage.
Relative humidity has a substantial impact on the distribution of precipitation and convection in tropical cyclones. These
in turn influence tropical cyclone structure and intensity change. The relative humidity field for KF2 shows a moist region
associated with the eyewall and outflow jet and a dry zone related to the eye. Dry air close to the center can contribute to
cold downdrafts and weakening of storms, while large lowertropospheric relative humidity has been correlated with the
potential for rapid deepening by Kaplan and DeMaria (2003).
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(a) Gr tang. wind (ms1)

(d) Gr Vert. Vel. (ms1)

(g) Gr Temp. Dev. (K)

(j) Gr Rel. Hum. (%)

(b) BM tang. wind (ms1)

(e) BM Vert. Vel. (ms1)

(h) BM Temp. Dev. (K)

(k) BM Rel. Hum. (%)

(c) KF2 tang. wind (ms1)

(f) KF2 Ver. Vel. (ms1)

(i) KF2 Temp. Dev. (K)

(l) KF2 Rel. Hum. (%)

Figure 6 The eastwest cross section at 00:29101999 of simulated (ac) tangential wind (ms 1), (df) vertical
velocity (ms1), (gi) temperature deviation ( 0C), (jl) relative humidity (%), The horizontal axis denotes
longitude and vertical axis denotes pressure levels (1000 hPa to 100 hPa)
4. Conclusion
Numerical experiments are conducted using MM5 to simulate the track and intensity of Orissa Super Cyclone. Three
cumulus parameterization schemes namely Gr, BM and KF2 are considered here to study its impact. It is noted that the
track and intensity both are sensitive to CPS. Only KF2 could simulate the track, intensity, rapid intensification and inner
core structure of the OSC99. As verified with the best analysis and the satellite data, the model captures exceptionally
well the evolution and inner core structures of the storm in particular the explosive deepening rate (between 0000 UTC
and 1800 UTC of 28 October) of the Orissa Super Cyclone 1999 i.e. 4.4 hPa hr1 comparable to the IMD estimated rate of
4.1 hPa hr1. The simulated minimum surface pressure of 886 hPa and the strong surface wind of 79 ms1 are comparable
with India Meteorological Department (IMD) reported values of 912 hPa and 72 ms1 respectively. It is clearly seen that the
MM5 model is capable to simulated kinematic and thermodynamic structures in the core region at the mature stage which
are found to be comparable with such intense cyclone cases in other regions as reported in the theoretical and
observational studies.
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