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General Gujarat Institute of Disaster Management and Dr. R.K Dave, former Senior Consultant
to NDMA who trained usn preparing the State and District Disaster Management Plans.

The guidance of Mr. K. Jose Cyriac IAS (Rtd), Mr. K. Jayakumar IAS (Rtd), Mr. E.K
Bharat Bhushan IAS (Rtd), Mr. Jiji Thomson IAS (Rtd) and Mr. P.K Mohanthy IAS (Rtd) in
their capacity as ChieExecutive Officer inter alia Chief Secretary) of KSDMA deserves

special mention.
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Dr. K.B Valsalakumari IAS (Rtd), Mr. Kamala Vardhana Rao IAS, Mr. T.O Sooraj IAS,
Mr. Satyajedt Rajan IAS, Mr. E.K Majhi IAS andr. Vishwas Mehta IAS as State Relief
Commissioners ifter alia Principal Secretary, Revenue Risaster Management) provided
valuable inputs, specific guidance and all necessary support for the finalization of the plan. Mr.
Satyajeeth Rajan IAS, with his valuable experience in National Disaster Management Authority
specifically set the path of preping the State and District Disaster Management Plans in the
State

Ms. Anjana M, Assistant Commissioner (Disaster Management) has always been a source
of inspirationto the team whiclwvorked towards completing this plan.

Support of Dr. M. Baba, Dr. N.P Ufian and Dr. V.M Tiwari former Directors and Mr.
John Mathai, Dr. K.V Thomas, Dr. M. Samsuddin, Dr. C.M Harish, Dr. S. Muralidas and Dr. S.
Chattopadhyayformer Scientists of National Centre for Earth Science Studies was immense in
ensuring appropriateath and approach towards finalizing this plan.

The support, guidance and handholding WNIDP, India, particularly the Emergency
Analyst, Mr. G. Padmanabhan, was crucial in creating institutional mechanisms for disaster
management in Kerala.

At all instance, witings of Dr. Muralee Thummarukudy, Chief of Disaster Risk
Reduction, United Nations EnvironmenbBrammeand words of Padmashree Architect Sankar,
Chairman, Habitat Technology Grougereguidanceor this plan preparation.

Last, but not the least,evremember the contributions made by Dr. Vijith Hamsa, Ms.
Vrindhanath M.C, Ms. Ninu Krishnan, Mrs. Ramshina K.V, Mrs. Ponmani K.S and Mr. Siju
Thankappan former staff of SEOC, who moved on and have built their own wonderful careers.

Data for the plan wereeceived from the National Centre for Earth Science Studies, Kerala
State Remote Sensing and Environment Centre, Indian Meteorological Department, Kerala
Spatial Data Infrastructure, Department of Water Resources, Kerala State Electricity Board,
Directorde of Health Services, Ground Water Department and CENSUS India.

Team SEOC thank all individuals, civil society groups, NGOs, Departments and
institutions who are not mentioned herein, but have contributed in one way or the other towards

completing thigplan.




EXECUTIVE SUMMARY

With the moto "Towards a Safer State", the Kerala State Disaster Management Authority
has approved the State Disaster Management Plan 2016 as mandated by the Disaste
Management Act, 2005. The document is in line with the NatiDisgster Management Policy
2009, State Disaster Management Policy 2010 and the National Disaster Mandgam2016
and numerous plans and guidelines relevant to Disaster Risk Reduction as issued by the NDMA,
SDMA and various Ministries of Government of India. The plan is drafted after careful
customization of the SENDAI Framework (2036) tothe local condition®f Kerala.The plan

contains 10 chapters, they being:

Introduction: This chapter attempts to concisely present the broag@roachtowards
preparing this plan. The institutional mechanism for disaster risk reduction in Kerala is enlisted
in this chapterThe approach adopted for this plan may broadly be grouped into preparedness,

response, recovery and mitigation.

Vulnerability of Kerala: This chapter presents 39 types of known and reported hazard types in
Kerala that may turmlisastrousn the event ofdck of proper preparedness and risk reduction
plans.Attempt has also been made towards enlisting the known occurrences of various hazard
events and assesséise hazard susceptibility and vulnerability using a seuantitative
approach. A review of avalide material for assessing the climate change vulnerability and
consequent increase in the hyaneteorological hazard foot print of Kerala is also included in

the chapter.

Disaster Preparednessand Mitigation: This chapter presents the ongoipiggparednesand
mitigation projectsof KSDMA. Alternate communication systems available/being setup, disaster

databases, mock drills calendar etc. are in detail provided in this chapter.

Mainstreaming Disaster Risk Reduction:The planaffirms the need to mainstrea®PRR into
development planning in the State. Checklists and guidelines for the purpose are prepared anc

provided in this chapter and allied Annexures, for the purpose.

Responsibilities of Stakeholders:State Government, Government Departments, Institutions,
NGOs, families and individuals in Kerala has a responsibility to reduce disaster risks in the State.

This chapter enlists the basic responsibilities of stakeholders in disaster risk reduction. A virtual




cadre for disaster risk reduction in the state ésented and formalized for implementation in the

state.

Disaster Respons and Relief: This chapter deals with the response and relief procedures and
disaster reports authorized in the state.

Rehabilitation and reconstruction: This chapter contains detait$ disaster recovery strategy
to be adopted by the state. The chapter also formalizes the dispute resolution methods to bé

adopted.

Financial Arrangements: Available funds and provisions of funding for disaster risk reduction

in the statehavebeen grouped fgpreparednessapacity building, procurement of response and
communication equipment, response, relief and mitigation. The chapter also presents a critical
analysis of the utilization of funds for disaster preparedness and respons&st thgears. The
chapter also presents a method for streamlining the budgeting of State Disaster Response Fund &
per the guidelines of the T4inance Commission. The chapter ends with presenting seven broad

themes to be addressed in the next fives/€200172022) for disaster risk reduction in the State.

Plan Maintenance: This chapter provides a brief approach towards the need for training and
annualupdatingof the plan. Responsibilities of the same are formalized in this chapter.

References:This claptergives details of alteference documentssed for the preparation of this

plan
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Kerala is geographically boarded on the west by the Arabian Setharghst by the
Western Ghats. In its north is Karnataka State and to the east is Tamil Nadu State.

Feature Description
Area 38,863 km
Location Graticule 8°18'N & 12°48'N and 74°52'E & 77°22'E
Rivers 44
Forest 11,266 kM
Coastline 590 km
Population 3,33,87,677 (Census, 2011)
Male Population 1,60,21,290
Female Population 1,73,66,387
Population density 860 people/krh
Population growth rate 4.9%
Districts 14
Taluks 75
Corporations 6
Municipalities 87
Villages 1664* (including group villages)
Lok Sabha Constituencies 20
Rajya Sabha Constituencie 9
Assembly Constituencies 140

Humid equatorial tropic climatehe dominant climatic phenomena bei
the monsoons called the Solest (June to September) and the No

Climate East (October to December) monsoons, the former is more signi
than the lattewith an annual rainfall of 3104 mm mainly contributed
the Soubh West Monsoon

Kerala has a Human Development Index (HDI) of 0.79 which is tgkeht in the
country(Government of India, 2011)

1.2 . AAA £ O OEA bi Al
The Disaster Management Act, 2005 (Central Act 53 of 200%)dia in its Section 2
(d) defines dsasteraséa cat astrophe, mi s hap, cal amity @

from natural and manmade causes, or by accident or negligence, which results in substantial
loss of life ® human suffering or damage tand destruction of property, or damage to, or
degradation of environment and is of such a nature and magnitude asb®ybnd the capacity
of the community. of the affected areasé

Kerala is multihazard proneHDI being a composite index of consumption rate (proxy
to purchasing power), education and health, is an indicator of theesmmomic vulnerability




of the popuhtion. The higher the HDI, the higher is the coping capacity, but greater is the

cumulative loss potential drnthus a higher degree of risk. Thus Kerala has aehidggree of
disasterisks as compared to the rest of the country.

The Kerala State Disaster Management Pl&SDMP) is an ever evolving document
formulated under the Disaster Management Act, 2008 Act, 20095 which establishes a multi
stakeholder framework for the partnership of governmental entitiesgamaernment agencies,
private sector enterprises and individufas Disaster sk Reduction in the Stat&ection 2 (e)
of the DM Act, 20® definesDisaster Management as a continuous and integrated process
planning, organizing, coordinating and implementing measures whigh necessary or
expedient far
Prevention of danger or threat of any disaster
Mitigation or reduction of risk of any disaster or its severity or consequences
Capacitybuilding
Preparedness to deal with any disaster
Prompt response to any threatening disaesttiation or disaster
Assessing the severity or magnitude of effects of any disaster
Evacuation, rescue and relief

=4 =4 4 A4 -4 A -5 -9

Rehabilitation and reconstruction
The spirit of the DM Act 2005is in ensuring disaster risk reductiand thus KSDMP
also focus on disaster risk reduction.

1.3 6EOEIT 1

60Towards a Safer Stated by:

of

T AffirmiSsgdrRtrithene W@ BA B3 0 )t he Di saster Mame g e
Nati onal Di saster ManagementeP&leiray,a S0 &4
Managemen2ZOORulaend t he Kerala State abids & shted
Nati onal Di saster Management Plan, 2016 (

1T Recognizing that disasters wunder mine the
and that anteef freictk vree ddu cstaison approach re
financi al commi t ment towards sustainabl e
the environment ;

1T Accepting that di saster resiliencactequoi o
department s, i rgsotvietr ntmeaont ss, alnac ali vadlifans t
for preventing hazard events turning into

9 Building societal capamni thiye p rfoarro t d ingga satnar

of sustainabl e devel opment and by creatii

me
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knowl edge base of the hazards and eff-ect.i

v e

soci al , economic amndiéemweisrommentsalsteulsnae halb

1.4 o1 1 EAU

I n accordance witheSalcai 8hatld& Di23agtagr, Mdr

( KSDMAgpmr eptarKeedr 8t at e Di sast er aMaln aguebnmednsth &to

(MS) 2MO6/ 2010t/eDINOR AW BBO. The policy shall be r ¢
1.5 4EAIT A

According to Section 23 (4)a) to (f) of the DM Act, 2005, the KSDMP should deal
with:
a) The vulnerability of di fffermrmesntofpaditsa otfe rtd
b) The mealseradcoptoedn famd pmietviegpat ioon of di sas
c) The manner in which the mitigativeh opeaandr ¢

and projects
d The cabpuaiclidciyng and prepbakdness measures t
e) The roles and r &epanmd imeinlti toifed hef Goaech nme
to the measulrazssespech, edc) narmd (d) above
i The roles and responsibilities of di ffere
responding tdisapgtehrdestbsaien®on or
For the purpose of KSDMP, Disaster Risk Reduction is considered as alqyaioess
with four phasesthey being preparedness, response, recovery and mitigaitrihe plan is
structured accordingly covering the statutory requirements asedetaiSection 23 (4)

1) PREPAREDNESS This protective process embraces measures which enable
governments, communities and individuals to respond rapidly to disaster situations to
cope with them effectively. Preparedness includes the formulation of viable emergency
plans, the development of wamg systems, the maintenance of inventories and the
training of personnel. It may also embrace search and rescue measures as well as
evacuation plans for areas that may besatfrom a recurring disaster.

2) RESPONSE activities during a disaster such aarsé and rescusuch as setting up
relief camps ensuringemergency medical attentiomter-departmentakoordination
crowd managen#, information management etc.
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1.6

3)

4)

DR

. activities following
a disaster such as damage
assessmenproviding ex-gratia and
relief assistance claims, debddy
management immediate psycho
social careetc.
MITIGATION @ embraces  allp8
measures taken to reduce both t|*
effect of the hazard itself and th
vulnerable conditions to it in orde
to reduce the scale of a futur
disaser.  Therefore  mitigation

activities can be focused on th Recovery

hazard itself or the elements exposed to the threat. Examples of mitigation measures
which are hazard specific include modifying the occurrence of the hazard, e.g. water
management in drought proreeas, avoiding the hazard by permanently relocating
people away from the hazard and by strengthening structures to reduce damage when &
hazard occurs. In addition to these physical measures, mitigation should also be aimed
at reducing the physical, ecan@ and social vulnerability to threats and the underlying
causes for this wvulnerability. Mitigation thus includes retrofitting of critical
infrastructure by incorporating disaster resilient features, implementing long term
rehabilitation (infrastructurepsychasocial and livelihood), settingp and constantly
improving permanent mulpurpose relief shelters, conducting ‘lessons learned
exercises after each major calamity, revisit the disaster management plans, hazard,
vulnerability and risk assessmerdtandard operating procedures in light of new
experiences and manifestations of disasters etc.

| AEAAOEOAOC 1T &£# OEA 01 Al

According to Sendai Framework (202830), priorities of action are:
Understanding disaster risk

Strengthening disaster risk governance tananage disaster risk
Investing in disaster risk reduction for resilience

Enhancing disaster preparedness for eff e
recovery, rehabilitation and reconstruction

In line with these priorities, the objectives of KSPMre

2 C t




1) To identitfhyh h®t@ atse dvsultn@mabd ret ipfoyt etplogpal at i on

expas to such hazards
2) Td ay dowdealti nSetsaftoer Ideivsealst efro rr i sstka kreendaulcd & ro
to foll ow

nd

3) To enhance diefastée ©S¢ailki eonycewayt dfocab p scei

government | evel

4 To proactively wuwtilize print, audio, visual

5" Taconsthamthllyy ght the i mportance of disaster
devel opmefm tIthpat &l s

6) Tostrengthen dnlee gmeewat kotoédhr $ he Stateta@and |t h
functionasfftdet itveelhyni cal and scientific blac
state

7) To setiapti fihcaazlalryd peraocrvieyn war ni ng systems |an

8 Toperiodmpabhbeg and enmsiulk ed gonhneu nui pckaeteepaugoifniygs t e r
critical redundancy

9) Toperiodically improve and wupdate the Emern ge¢

Operating Procedures for ensuring structur ec

10)To strengthen community based di-gastenmen
l evel
11)To i mpl ement mitigation activities

12)To coordinate andiismpltememtehladbndg ita@atmon a

KSDMPs the guide f orstaacthedédevobpgectthieveab govfe

responsgand emiotviegati on

1.7 SATPA 1T £ OEA 01 Al

T Thpsan is applicable to the jurisdidgtiodn allhe
DM Az @5

T Thipsan will bteh raepapt! ei ncianbgl ed itsoa sd ieg a sshhmdauyads | @©\ne
affectcommunity beyond i tisr rienshpeercetnitv ec oopfi nggé nc
age, religion, cast e, race or ethnicity

T TherePparednestshekpbases of i stwidl I[i nbet hg v eprlnaend

depart memptra&lpapkdndy the respsctsiaeunodnl y d:

upon the dePactimemt 39 vd@®>=t he DM Act ,

T Th®esponse phase of t he haHamddowk | lon b ®
Manageim¥mlt umé Efler gency Oper atEtimemgerCent ISa |
Functi ons -Kdra@alSak R 002F60lh50 $ e cal amities el i gi

I g
) &
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prescrtihd®isoance Commi ssion and, tthhee SSeaatred hS

Rescue componermtasef wr éspdresegoverned as

a

194/ 2015/ DME @15 eadn®20GO ( Ms) No.-0203/520 T/
t he Stan eRdDIpaEES®RFIFmnd t hose arad amott i @ gp whv
eligible for assibBéanespeocdicae SiDdiRéati Jeedin he
KSDMPo,ar2ee itGomar k s efpoarr attheea $puprdmsessce | D@ d( ¢ n
of the DMThAoet St2a@®139.nci dent Commanders as
Chi ef Secretary and the Additional Chi ef
Different sttepardommearvdgiesnecy support to téguee®Rtyf
from t hlendcééntat €ommanders through the Stat

( SEOC)

19 Th&®coverhyawil | be govreerlmeedfmédy | aihe f or t he 5
Respons(eSDFRaFR)d prescri bed by Glbetetreame/NDd0 o8B 2
NDML da#0e&d01& and restricted onfloas stios atamacse
prescri be'dFimyantclee Ch4nthi s e oSt at e aSp emipfrioo
vide GO ( Ms) No. 108 R0EL 54 DMDEOaBMe8)Y 2015

dat eed2P3Kkor those calremintoite sa pwhriocvhed as
under , SDRE respective nodal depart ments

e
a

to earmark separate fundseftor ommhi& 3 merc pdDds €A ce

20015

1 Thei tMi gati on phase wgulidebengesveéMinteidgrtinied e s :

as | Xiedala Extraordinary Ga’¥maneabBygRR204R0.

pr esdcfrriobne t i me t @ tBexienteu thiyv et hGCeo nB S @ Mder (tShEeC

Gover nment
1.8 ! OOEIME@®UPOAPAOETI ¢ OEA bI Al
The Disaster Managememtct, 2005is related to entry 23 (Social Security and Social
Insurancelunder the ¥ Schedule of the Constitutiasf Indiaand thus State Gowvemnents have
equal obligation as the Government of Inéba implementing the provisions of th®M Act,
2005to ensurdlisaster risk reductiom the respective jurisdictionSection 23(1) of the DM
Act, 2005makes it mandatorfpr every State thave a State Disaster Management Plan (SDMP)

for every StateThe following documents form an integral part of the authority and legal
framework of this plan.

1. National Di saster Management Policy (NDMP
2. Ker al a St ate Di saster (@amManagnemamte n Ra | 9,1 1

( KSDMR, 2007)
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3. Kerala State Disaster Management Policy, 20]

1.9 01 AT AAOGAIT 1 i AT O OEI AT ET A
As per Section 23 (2) of the DM Act, the|l S

Commi ttee (SEC) having regard to the guidellin

such consultation with | ocal lhethorepiesentdat

SEGay deensHE€Hal IThreevi ew the plan once every

to it I f needed, KSMMMAT he hei melpirmesrabf oflevellop

Management Plans in the State are given belpw

T 207: Constituted Kerala State Disaster Manaf(

T 2010: Received funds from National Di sastjer
Di saster Management Pl ans

T 2010: KSDMA released Kerala State Disastler
docutmemri or to preparing the complete dis|las
have any professionali,nsZ0Whtific and techni

T 2013 June: The 8SEIC3 haed ddi gopme dl 4t he St ate Emer
(SEOC) to prepdr8tahe Disastet Banagement | P
t wo years by engaging professional s

T 2013 November: Two Me nbleag sN dtf ia dnsgDiVig\p dard & teinaire c
St ate Disaster Management Pl an at. GUOMA atf
circul ated a new template for ipmr etphae i mgr Kg had

T 2014 Mar ch: Templ ate for preparadicbyc GEDQCe g
to major nodal departments for preparatiop
for approval

T 2014 May: Professional staff for preparing
wasecrtuo t 8EHOC vide GO (RtdlatNdMay®d224041/42 01 4/ DML

T 2015 January: Draft of the KSDMP was sent| t
comment s

T 2015 January: NDMA requesSEMP fGuUi cdeolmmeed,s 2Q

T 2015 February: Comme IStDMPf Gru s e @ ig@fdidc a toi dNrD MpAf

T 2015 Mar ch: Funds for preparing the State| P
vide GO (Rt) No. 1'5\eadr/ c2h0 1250/ IDSMD dat ed 24

T 2015 September: Repl y t ovittheet N dnr5a2d/ 2P0 &aN R dw a
onveadrom National Di saster Management Aut|ho




1T 2015 October: Di strict Di saster Manageme
prepared, approved by the respective Dis
Kerala State Disarsittey iManagsmhmettobel cROILb
(Rt) No. 3104/ /-2R206KDPDMD dated 30

1 2015 December: Dr aft Kerala State Disaster

pl acing before the KSDMA after incorporati
T 20S@&pt emiKeerr al a State Disaster Management
110 ) T OOEOARFATTICAMIAAIAOOAODPT 1T OEAEI EOEAO
The DM ARdhtebdates the establishment of
Aut hority, St at e Executi ve Comneinttt e A u tahnodr |
Accordingly t hkeerGadavaemendmetnhe oker al a St ate Di
2007 Keirdaé a Extraordinary Gaz’dtatre hS.2R.0F Na.me
vide N0o.R.583/ 20981 ¢gak®d31and S. R."®MarNdh.)2 &3/1

and notified the State Disaster Management
District Disaster Management Authorities.
1101 +AOBIOMAOA S$SEOAOOAO - AT ACAT AT O ' OOET OEOU

Vide Section 3 of th&KSDMR, 2007 the authority is composed of ten (10) members,
chaired by Chief Ministeand convened by Additional Chief Secretary, Revenue and Disaster
Management. The Chief Secretaimgtér alia Chairperson of the State Executive Comnjitiee
the Chief Executive Officer of KSDMA vide Section 14 (4) of the DM Act, 200t KSDMA
has threetechnically competenhonexofficio members nominated by the Chairman of the
Authority vide Section 3 (f) and (g) of KSDMR, 200&dditional Chief Secretry, Revenue and
Disaster Management is the Head of the Department of KSDMA @&de (Rt) No.
2181/2016/DMD dated 2B83-2016 The other eyofficio members areHon 6 bl e Mi ni s
Home and Vigilance, H o n Additioral QUiefrSecseryeHomef aodr A @
Head of State Emergency Operations Cemiiead ofState Emergency Operations Centreide
Section3 (4) of KSDMR, 2007 &mendmen2016 the Member Secretary of the Authority

The first KSDMA was constituted vid&§.R.O No. 395/2007 dated" May 2007
Presentomposition 0fKSDMA is notified vide S.R.ONo. 583/2013 dated {7July 2013 The
KSDMA shall meet at leastonceinaydamm t i mes of decl aration o
Executive Officer of KSDMA shall ensure the continstatutory functioning of KSDMA.

1.102 3 O0ARPAAOOEOA #1111 EOOAA T &£ +38%-!
Established as p&ection 20 (1) oDM Act, 2005 and Section 11 (2) KEDMR 2007.
The SEC shall meeting at least once in 3 months.
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SI. No Designation Role

1 Chief Secretary Chairman

" . . Convener and Head of th
2 Additional Chief Secretary, Revenue and Disaster Managen( Department of KSDMA
3 Additional Chief Secretary, Home & Vigilance Member
4 Additional Chief Secretary, Finance Member
5 Additional Chief Secretary, Health Member

1103 ' AT ET EOOOAOEOA $APAOOI A1 O

T Department of Disaster G@arnaige maNmt. waBI-20r0&d R
0O22005Thi s department has two wings, they| b
Cel l)

1T Depart ment of Revenue was renamed as Depajt
i n 2007 as Department Mahad@Rememtue viacdhha ®Q s ¢
240/ 2010/ DMD& d &@bnedd Mih@uisst er for Roeovr et nfuoel i oo 10
Di saster Management in the State

9 DMD( RevenueGoK)er nment Secretariat, Thiruvan,
department of Kerala StateTIbe sBBD enjalnReBgneasg g in
t he Tsunami Rehabilitation Project

Functions of the administrative depament

T Administrative functions as defined in the |

T Compil e, approve and <circulate agenda for| t
Aut hority and the State Executive Committee

1 Preparsesuand hie mi nut & eofSDtMAe amale tSIEMCgs o f

T I'ssue necessarpacacedbdenideec i ci dass of at her SDN
necessary Government | evel perusal s

T Al locate and approve the wutilization of St at

1T All ocate tamel w@wpiplriox &tdro nMiotfi ¢Sa taitcen DH usmads t

1T Approve the annwvaliwaskimgtphtans omfs under

1T Allocate and approve the wutilization of Sjta
Rehabilitation

9 Decide on work distribution K&DWMAen the i nst

T Appoint officers, consultarmKKiSSOMAnd empl oyeeées
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1.104 . T AAl $ADPAOOI AT OO

At the statelevel, the government has assigned nodal responsibilities to specific
departments for coordinating disasspecific responsedde Section & of the KSDMPo, 2010
Preparedness, response, recpvand mitigation of a particular disaster will be as per the
Departmental Disaster Management Plan prepared Swtgion 39 of the DM Act, 2005f the
respective departmemtiodal departmentand the specific disasters assigned to each department
are listel in Section 5.1

Each of these departments have their own projects under plan schemes and centra
schemes which contributes to the ovegaldl of disaster risk reduction.

1.105 #OEOEO - Al ACAI ADG®OAIOT OMUAOAO

The State Executive Committee of KSDMA tise StatelLevel Crisis Management
Group for Natural Hazarddde GO (Ms) No. 68/2011/DMD dated 6&-2011 The CMG shall
meet once in 3 month&nnexure 1 provides important telephone numbers related to emergency
operations in districts.

1.106 # OEOEO - Al ACAINTAOBOT [ ®P®ABA O
The State LeveCrisis Management Groufer Anthropogenic Hazards vide @ (Rt)
No. 6410/2013/DMD dated 291-2013is:

Sl. No Designation Role
1 Additional ChiefSecretary, Homand Vigilance Chairman
2 Additional ChiefSecretary, Revenue and Disaster Manager, Member
3 State Police Chief Convener|
4 Inspector General of Police, Intelligence Member
5 Commandant General, Fire & Rescue Services Member
6 Commandant, State Disastezsponsd-orce Member
7 Head (Scientist), State Emergency Operations Centre Member
8 Director, Institute of Land and Disaster Management Member

Anthropogenic hazards that falls under the preview of this CMG includes- petro
chemical accidents, festivities related accidefmeluding stampedes), fireworks accidents,
major mass transportation (road, railway & boats) accidents, air accidents, nuclear aacdents
boat capsizing.

The State Police Chief shall be responsible for the administration relating to this CMG.
The CMG is expected to meet at least once in thneenths and the decisions shall be reported to
the State Executive Committee by @ikairpersorn the next meeting of SEQhis CMG shall
meet at least once in 3 months for which the convenertskallthe necessary initiative.




1.107 #OEOEO - Al ACATIRAOBCAQEOD T £ $EOAOOAOO ET -ETARAO
The State Level Crisis Management GroupNitigation of Disaster in Mineside G O
(Rt) No.542/14/ID dated 2605-2014 is:

Sl. No Designation Role
1 PrincipalSecretary|ndustries department Chairman
2 Secretary, Disaster Management Departn Member
3 State Police Chief or his representative Member
4 Director General of Fire & Rescue Servicq Member
5 Director, Health Services Member
6 Director, Miningand Geology Nodal Officer & Member

1108 / £AFEAA T £ +AOAT A 30A0A $EOAOOAO - AT ACAT AT O | O
Establishedride GO (Ms) No. 400/2008/DMD dated-23-2008

Convener, KSDMA ifiter alia Additional Chief Secretary Ex-officio - Head of the

1 Revenue & Disaster Managementy GO (Rt) No. Department
2167/2016/DMD dated 1032016 P

> Member SecretafyKSDMA (Ex-officio) [inter alia Head, Ex-officio - Administrative
State Emergency Operations Cehtre Head of theOffice of KSDMA

3 Section Officer 1

4 Upper Division Clerk 1

5 Office AttendaniPeon) 1

6 Accountant 1

T Address: Of fi c'd Floodor KSDRWAv,en2e Compl ex, Pupl i

Thiruvanathdapabam3d3 Keral a

1 Tel /#+#+2®:(428331345

T Emakéral asdma@gmail . com

T Website: www.sdma. kerala.gov.in

f Functioning hours: 10.00 am to 5.00 pm, 6 dlay:
Functions of the Office of KSDMA
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Established vide Section 6.8 of KSDMPo, 2010 and as provided irN#tenal
Disaster Management Guidelines National Disaster Management Information and
Communication System, 20based on direction videetter No. 0503/2013/NDMA/CBT (Pt)
dated ¥ Octaber 2013by National Disaster Management Authority determined by the State
Executive Committee and the Government vide powers vested on it under Section 69 and
Section 16 of DM Act, 2005, respectively.

Recognizing the necessity of conducting and cootiisly updating HVRA in the state,
the GolUNDP Disaster Risk Reduction Programme in collaboration with the Department of
Revenue and Disaster Management conducted a consultation workshep Ouctdber 2010.
Based on the conclusions and recommendatiortei®fnational workshop, the Department of
Revenue and Disaster Management in consultation with the Kerala State Council for Science,
Technology and Environment created the HVRA Cell as the research and technical laboratory of
KSDMA under the scientific sugovision of the Centre for Earth Science Studies (CESS) in April
2011. The Cell became fully operational in March 2012.

On 20 January 2014 the Government converted HVRA Cell as the State Emergency
Operations Centre (SEOC). The SEOC is also the researctee@mblogy laboratory of the
SDMA and directly functions under the Additional Chief Secretary, Revenue & Disaster
Management. All administrative matters related to the SEOC are made by the State Executive
Committee of KSDMA. Its dayo-day affairs are maged by Head, State Emergency
Operations Centre.

It is also the State Drought Monitoring Cell [GO (Rt) No. 7228/2012/DMD dated
24/12/2012]. It is staffed with a muddiisciplinay scientific team, presently Iembes strong,
spread over @listricts. The §OC implements a number of

research and data collection projects and is also entrt | KSDMA |

with the preparation of the State and District Disas | séc ’
Management Plans. It also manages the-®IDP project i

on Enhancing Institutional and Community Resilience] Adl. Chief Secretary, R & DM \
Disasters and Climate Change (2023817), Kerala. I

Member Secretary, KSDMA ‘

The SEOC is permitted to collect any data from & "

Government Institution in the state on a no cost basis |
(Rt) No. 3250/2011/DMD dated 29/07/2011]. The SEC ‘
presently functions in the Institute of Land abdsaster

Office of SDMA |

Implementing Agencies

Managment. A new building with fulfledged statef-the- . DDMA
art IT & Communication network for the SEOC is beir . ISLESDS

built opposite to Kanakakunnu Palace . Other Agencies




Thiruvananthapuram City. Once made operational, the building will house an intelligent decision
support system enabling the prediction & early warning of major hydr@orological hazards
and provide intelligent support for emergency operations.

SEOC isthe &state nodal office for the collection, compilation and analysis of any data
necessary foridaster risk assessment from all government departments and institutions on a no
cost .basi so

Government Ordenglevantto the creation and functions of SEOC are

GO (Rt) No. 2267/2011/DML Formation of Hazard, Vulnerability and Risk Assessment (
dated 2604-2011 (HVRA Cell) and approval of the Project Execution Plan

GO (R) No. 3250/2011/DMO State Nodal Office for th_e coIIec_tlon, compilation and analysi
any data necessary for disaster risk assessfrom all governmen

dated 2907-2011 R :

departments and institutions on a no cost basis

GO (Rt) No. 1941/2012/DMIL Revised Project Execution Plan defining the roles and functio
dated 3103-2012 HVRA Cell

GO (Rt) No. 7228/2012/DML

dated 2412-2012 Declaration as Sta Drought Monitoring Cell

GO (Rt) No. 416/2014/DMD date| Renaming of HVRA Cell as the State Emergency Operat
20-01-2014 Centre (SEOC)

GO (Rt) No. 2167/2016/DMD

dated 19032016 Streamlining the functions of SEOC

The State Emergency Operatiddentre is headed by State Relief Commissi¢8&C)
[inter alia Additional Chief Secretary, Revenue & Disaster Managejres prescribed in the
National Disaster Management GuidelinedNational Disaster Management Information and
Communication System, 2D1The SRCis asssted by officers of the SEOQ.he dayto-day
functionsof SEOCare managed bg Head (Scientitand areassisted by a trained team of
Hazard AnalystsThe administrative and financial functions of the SEOC are regulated by the
State Executive Committee through Additional Chief Secret&gyvenue and Disaster
Management as defined vidgO (Rt) No. 2167/2016/DMD dated -I8-2016 Organogram of
SEOC is agjivenhere.

In peace timestaff of SEOC isengagd in the peace time objectivesf the Centre,
while in the time of emergencies the staffengagd in the emergency time objectived the
Centre as defined in theHandbook on Disaster ManagementVolume 2 1 Emergency
Operations Centres & Emergency Support Functions Plan, Kerala, 2015

The SEOC is also the data fusion center and has high end Geographic Information
Systems and Satellite Image Processing facilities. Advanced redundant satellite based
communication networkKNational Disaster Management Services Projact) multichannel
terrestrial communications systems includingiF, GSM, 4G, 3G andbroadband internet




connectivity.Annexure 1 provides important telephone numbers related to emeigaer@ions
in the state and distrit

Thepresent staff 0SEOCis:

1 Head (Scientist) 1
2 State Project Officer 1
3 Hazard and Risk Analyst (Technical Expert) 1
4 Hazard Analysts Three in SEOC and one each in Kollam, Idukki, Ernakul 6
Thrissur, Kozhikode and Wayanad District Emergency Operations Centres
5 Field Assistant 1
1 Office Manager 1
2 Office Assistant 1
3 Office Assistant cunComputer Operator 1
4 ComputerOperator 1
5 Office Attendant 1
6 Driver 1
T Tel el Fax: -236l442049 471
T Emai | seoc.gok@gmail . com
T Website: www. di sasterl esskerala.org
f Functioning hours: 10.00 am to 5.00 pm (24
Objectives oSEOC
T Conduct and regul arly \ of
state
State E tive C itt
T Prepare the State and ‘aexecu'geomm'ee‘ s
T Conceptualize and i mpl State Relief Commissioner |y
systems (ACS, R & DM)
f Create and maintain t [ Head Scientist) | ‘bas
state L 7777777777777777777777777777 L 7777777777777
T Undertake research ptro iAimgmzt;:itairej ipeacetime&é rel
disaster risk reducti o  functons | Elw: ExtncHtone |
1 Foster research col | Senig;f tiigfnce T ext
. 2 Analyst
agenc es oL [Technical Expert]
1 Emergency Coordinati on | OficcManager | !
. . I Hazard Analysts
1 Preparation of fcarl asnull| [orc acsicant of SEOC & DEOCS
to Government of | ndia | ®Ccomputer
Operftors ’ Field Assistant ‘
SEOChas published the following: [Office pm—— |
1 Hazard Suscepti biarnaomcs sM.

W a |

er




from http://disasterl esskerala.org/ maps/

2 Handbooks on Di saster Managemenfaranac e anidalr

http://disasterlesskerala.org/ handbooks/
3 18 detailed investigation reportsar e aadfdrceud ialr
http://disasterl erssfkerrtad/a. org/ investigation

2

4 Scientific researchhtouppuitdi saet aclcessk dd &1 d r @m
5 Calamity memorandlat ape/ Adiceasti &dleedsloenr al a. or g/ «
6 Disaster Manamge maote RAsialplsd / di emst e rnhaensasgkeemean ta . o

pl ans/
7 I nforBabcbhbores ar entapcdd dilslastferdmsskeral a. or
8 I mportant Government dnderd/ di 8 a atcerelgassdld er af
pl ans/
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The Institute of Land and Disaster Management (ILD&1)he administrative training
institute of Land Reveue Department. The M houses the Disaster Management Centre. This
Centre was created as directed by National Institute of Disaster Management for imparting
training to stakeholders in Disaster Managenwiié GO (M3 No. 24/2007/DMD dated 2Q1-

2007. This Centre is delegatedith the responsibility of conducting routine trainings to
stakeholder depaments in Disaster Management.

The DM faculty curently has the following staff:

1 Assistant Professs 2

T Address: Di saster Management Centre, I nstit
of Revenue and Disaster Managemern695BBB Nag
T Tel /#+#+%2B4(F7i123 65559
T Webswww.l denr al a. i n
T Functioningmduwr $:. 000.pM 6 days a week
Functions of the Disaster Managemeentre
f Training and capacity building of wvarious
T Offsite training and capacity building of
1 Prepar &ttiammaofd Operating Procedur-ebeadloca
emergencies and festivities)
T Maintenance adidsapkerpmafiagd¥EéEnt adepahnhemnea
St ate

ut
ar
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Vide GO (Ms) No. 368/2016/RD dated -26-2016the State Government has allotted 5
acres of land to National Disaster Response FdMBPRF) in Thiruvankulam Village,
Kanayannur Taluk oErnakulam District This land is for establishintpe Regional Response
Centre (RRC) for NDRF. The™Battalion of NDRF is based in Arakkonam, Tamil Nadu and
this causes a delay of at least 8 hoursatailing the services of the Force in Kerala. RiRC
will house a team of NDRF Keralafor reducing the response timalstantially.Presently, the
premises of the Civil Defense Institute, Thrissur houses a team of NDRF (47 men) and functions
as the RRQ@intil permanent facilities are established in the land allatt&anakulam

1.10.12 3 OAOA $2EA00W0 & AGORA A
Established aper GO (Ms)No. 262/2012/Home dated 110-2012 and GO (Rt) .
2421/2013/Home dated 318-2013
T The SDRF is stationed at Pandi kkad, Mal dpp
T The total strdRgthhsoff orbfe cabveadrseft h®e Ade
Ho ma sMe mber to THKHSDeMAber s foofraredepl| oyed i n
Thiruvanant hapur am, Er narkair qaang afhr it Bilreal riP o &
members of the force are trained by Natijon
T Addr@smmanRRRt Kordampbau , Pamadiaplpadam M
1 Emaiclmdt sraf. pol @keral a. gov. in
T Te+9D4@i132783,3¥983397
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Established videGO (Ms) 214/2011/DMD dated 6®6-2011 in Viyoor Village of
Thrissur. The Institute has one training faculty appointed W@&® (Rt) No.1857/2016/DMD
dated 0203-2016.

The Institute presently houses the Regional Response Cainfational Disaster
Response Force (NDRF). The NDRF is engaged in providing trainimgrious stakeholder
departments and functions with ttnaining faculty ofthe Institute.

1.10.14 $EOOOEAO $EOAOOAO - AT ACAT AT O ' OOET OEOEAO
Established as p&ection 25 oDM Act, 2005and Section 14 of KSDMR, 200Vide
Kerala Extraordinary Gazet®R.O No. 264/2016 dated March 2016.
T The DDMA is a seven mBPmberi bod¢geChhaa trteedd bhyy d t
District Panchayath President

T The administrative matteed oel abgdthe NhgulL
section of the district collectorates
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DM

T I'n Thiruvananthapur am, Pat hdahamsbapp arMawl
Kozhi kode tama &minenfurExecutive Officer of
Management

T I'n Kol l am, Kottayam, l dukki, FCahli & leadt i Way
Of fi cer oAfddDDMA niads District Magistrate (A

9 The first DDMASWRsOfRNomed77Vsa@@i0O8miar e2l0 @
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Vide Ltr. No. 24121/K1/2014/DMD dated 225-2014all District Disaster Manageamt
Authorities were directed to create District Emergency Operations C¢DEEXC) with 24 X 7

staff of Revenue, Police (with Police VHF access) and Fire & Rescue Services. This was

reiterated vide Ltr. No. 29426/K1/2015/DMD dated 626-2015 and Ltr. No.
26378/K1/2016/DMD dated 065-2016 The State Executive Committee, in its meeting held on
29" January 2015 approved tBSFP, 201%ide which necessary minimum requirements for the

creation of the DEOCs were formalizekhe DEOCs functions in a 100%fioor area in close

proximity to the Office of the District Collector in the respective collectorates.

Presently, DEOCs are functional in all Districts in 8tate.Telephone numbers of the

DEOCs are given below:

Thiruvananthapuran +91 (0) 471 2730045| deputycollectordmtvpm@gmail.co
Kollam +91 (0) 474 2794004 dmdkollam@gmail.com
Pathanamthitta | +91 (0) 468 2322515 dmpta03@gmail.com
Alappuzha +91 (0) 477 2238630 ddmaalp@gmail.com
Kottayam +91 (0) 481 2562201 dmdktm@gmail.com
Idukki +91 (0) 486 2232242 e6clerk@gmail.com
Ernakulam +91 (0) 4841 2423513 ddmaekm@gmail.com
Thrissur +91 (0) 487 2362424 tsrcoll.ker@nic.in
Palakkad +91 (0) 491 2512607 pkd-colt. msg@kerala.gov.in
Malappuram +91 (0)4831 2736320 mlipmdmd@gmail.com
Kozhikode +91 (0) 495 2371002 dmcellkozhikode @gmail.com
Wayanad +91 (0) 4936 204151 deocwyd@gmail.com
Kannur +91 (0) 497 2713266 dcknr.ker@nic.in
Kasargode +91 (0) 499 4257700 kascoll.ker@nic.in

The DEOCs ofWayanad, Ernakulam and Idukki are linked to SEOC vide VSAT

terminalsfunded under the National Disaster Management Services Project of NBMa4
DEOCs are equipped with VHF network.
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Kerala has 75 Talukslaluk Control Rooms are opéi@nalized during the monsoon
season or based on the need as determined by the DEOC or BE®OTaluk Control Roos
functions in the Taluk Office; 63 Taluk Offices are equipped with VHF Radio Network

11017 6 E1 1| ACA |/ AEEAA

All Village Officers ofthe Statehavefixed Closed UseGroupmobile phone numbers
provided by the Government. In addition, most village offices are equipped with internet
facilities. Based on the hazard susceptibility, 259 villages have been selected augipped
with VHF Radio Network.
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Hazard, vulnerability and riskssessment is the combined process of quantifying the

spatietemporal return probabilities of various hazards

the expected degree of damage that a given eleme
set of elementatrisk is exposed to and the expect
monetary losses when a given areexposed to hazard
within a given period of time. A disaster is when t
threat of a hazard become reality, and impactg
vulnerable society (Figure 2).

In the context of HVRA, the terms hazar

vulnerability and risk has specific definitions, th§ s Eco@ ik 0t 01 | ORGA GBHD

being:

1 Hazard (H): is the probability of occurrence of a potentially damaging phenomenon within a
specified pend of time, within a given area

1 Vulnerability (V): the degree of loss to a given element or set of eleraerisk resulting
from the occurrence of matural phenomenon of a given magnitude. Usually expressed on a
scale from (Qno damage) to 1 (total damage)

1 Elements at risk (E) means the population, properties, economic activities, including public
services, etc. at risk in a given area

1 Risk (R): theactual exposure of something of human value to a hazard, ofteessed in
monetaryvalue/time

The universally accepted method for conducting HVRA follows the guiding formula:

R=H*V* Amount
where, Amount is the monetamalue of theelement(skatrisk.

This is pictorially illustrated in Figure 3. All this is easily said than done. There are
complexities involved in all stages of this calculation, starting from hazard quantification (for
example, how to calculate the return probabitifyepidemics, road accidents, lightning strikes
etc.) to assigning a specific monetaalue to social elements at risk (for example, an ancestral
temple, a tomb, a pregnant woman, etc.). All the three components of HVRA have spatial and

temporal dimensios and the results if to be useful for administrators have to be spatially explicit




and thus have to be maps generated in a Geographic Information Systems (GIS) environment
that provides integrated spatial analysis capabilities.

The primary objective of wertaking a HVRA is to anticipate the potential hazards and

[oX

possible mitigation measures to help save lives, protect property, assets, reduce damage an
facilitate a speedy recovery. The HVRA helps the policy makers, administrators and the
community to ma& risk based choices to address vulnerabilities, mitigate hazards, and prepare
for response to and recovery from hazard events. Further, in areas identified as potential hazard
hotspots through HVRA, early warning systems that incorporate instrumentedonmgni
devices, higkend numerical predictive models and communication devices may be developed
and deployed such that sufficient time may be made available to authorities for evacuation and
implementing contingency measures in the eve of an impendirgjetisa

Risk, until recent times was considered as a burden. It is a burden when considered as a
possibility of loss. But risk is a motivation for the pursuit of improven{@&hte World Bank,
2013) Risk assessment alone will not ensure a disastfe society. The World Bartkas

identified five key insights in the process of risk management which includes:

1. Taking on risks is necessary to pursue oppo
mawel | be the worst option of all/l
2. To confront ri sk successfull wndihtadi $ espoase

when crises occmatatrmod prndeaeqtriavtee,d syisstke manajlge

3.l dentifying risksofifss naontd eonbosutgahc:| etsh et o rraidsek
identified, pri oroiutgihz epdr i avradk ea dadnrde spsuebd itch ajlct
4. For risks beyond the mé¢ame,of i shkdimandgaiment
action and responsibility at di fferent

internat inaornal commu

5. Government s have a <critical rol e I n manag |

environment ifoor arhdar eds paccrisi bi lcitt ys upamadr tjc h

vul nerabl e peopl e
Thus it is reiterated that HVRA alone will not ensure a safe society, but it is the first
step towards ensuring a disaster sensitive development plan which can ensure coouifiated p

and private action for disaster risk reduction.




The concept of vulnerability expresses the mdiltnensionality of disasters by focusing
attention on the totality of relationships in a given social situation which constitute a condition
that, in comimation with environmental forces, produces a disg&ankoff et al., 2004)

The scope othis chapteiis limited to the assessment of hazards and vulnerabilities of
Keralato major disasters in a heuristic mann&fulnerability is assessed in taluk level with
respect to populatiodensity. Vulnerability assessment is restricted to population vulnerability to
landslides, floods (riverine), drought, lightning and major industrial hazBwither, number of
public buildingsJength of roads (PWD and Panchayath), length of railway lines, length of other
communication lines etc. that may be exposethdjor hazardous phenomena are also assessed.
The methodology used is simple, replicable and repeatable year after year symhghmettic
relative assessment is possilffer example, lbod prone area is overlaid upon the population
density map of the Taluk and corresponding to the density of population the probable number of
people corresponding to the flood prone area in the taith respect to gpulation density is
calculated. Exposure of infrastructure is also assessed in a similar manner. No attempt has bee
made at this time to quantify the Risk in terms of Amount or Exposure in terms of vulnerability
curves as such standardisations are ybetufficially made for the country.

Hazard Probability = 0.5

Equalhazard
& Risk (Car)
different element-at-risk 0.5*0.5* §=Rs. 2/50 years
& A
£
o different vulnerability .
& Risk (Bus)
different amonnt 0.5%0.1* 10 = Rs. 0.5/50 years
- Different Rislk
. ez Hezard Equalhazard
\ &
N El " N E " equal element at risk Risk (House 1)
o riek & risk & 0.5%0.5*% 10 = Rs. 2.5/50 years

House 1 1 m/ House 2 9qlmlthm‘abilit:v
D no different amonnt Risk (House 2)
1] "ja=10 I |a=5 - 0.5%0.1% 10 = Rs. 1.25/30 years

v=05 v=05 | Different Risk

SECOPAADT OEAT OADOAOAT OAOEGAT 7 AD ®EIOE ArAn Aadi ACET 1
It is also worthy to note here thatdetailed Hazard, Vulnerability and Risk Assessment
is being undertaken under thational Cyclone Risk Mitigation Project and if the methodology
developed deems suitable to the State, Risk Assessment will be undertakenomitige years
utilizing this methodology

>
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Keralastate is frequently ravaged by the disastrous consequennesmefous hazards
and hence it is a multiazard prone Stat®&latural hazardsre part of the natural evolutionary
system of the earth which turned into O0haza
it. The human system itself was subjected to significant transformations over its history. These
transformations and theinks to the natural system have served as templates of the dynamics of
naturally triggered hazards and therefore, of disagtdcantaraAyala, 2002)Thi s &6t e mp |
di sastersdé6 is particularly apparent i n the
years, there has occurred a rapid s@donomic transformation from an agrarian society to a
highly urbanized consumerist society. Patatte this societal transformation, the population
pressure along the coastline forced the then marginalized sections of the community to migrate
from the coastal belt to the relatively inhospitable terrain of the Western @Gbetsge and
Chatopadhyay, 2001)A study conducted on migration suggested that in the past 80 years the
coastal plains recorded @opulation growth of 306%whereas the highlands, foot hills and
uplands together experienced a growth of 134R%ir et al., 1997) This population with a
density of ~819 people/kn{Census of India, 20013 more or less widely distributed across all
geomorphiainits of the state, exposing them to multiple hazards.

Kerala is prone to high incidence of lightning, especially during the months of April,
May, October and November. Apart from floods the mountain regions of the state experience
several landslides dung the monsoon season. It is known that a total of 65 fatal landslides
occurred between 1961 and 2009 causing the death of 257 individiaisakose, 201Q)
Between 1871and 2000, the state experienced 12 moderate drought years. The 570 km long
coast line of Kerala is prone to erosion, monsoon storm surges and sea level rise. Land
subsidence due to tunnel erosion or soil piping which is a slow hazard, is recently noticed to be
affecting the hilly areas in the state. This often goes unnoticed and is a hazard with potential of
causing landslides, infrastructural damages and crop loss covering vast areakigh taad
regions of the state

The high densy of population of 86(eople/kn® (2011 Census), narrow roads, high
density of road network, density of coastal population and the general higher standard of living
of the public as compared to the rest of the country are factors that increase the vulnerability of
the populatia to disasters.

KSDMP identifies thirty nine (39) phenomena with potential to cause disasters
requiring L2 attention that the state is susceptible to and they are grongedtwo categories
based on the major triggering factors, they being Naturallyg€&ried Hazards (Natural Hazards)
and Anthropogenically Triggered Hazards (Anthropogenic Hazards). Not all of these hazards
turn into disasters that are 6ébeyond the co

at
st

p i



1 Flood (Riverine, Urban and Flash Floods)
2 Landslides (includes debris flowsck fall, rock avalanche
rock slide, landslips and mud sl)ps

3 Drought

4 Coastal hazards (High waves, Storm surffediakadal,
Tsunami, Salt Water Intrusio@oastal erosign

5 Wind (Cyclone, Gustnados, Gusty winds)

6 Lightning

7 Earthquakes

8 NaturalHazards Human epidemics

9 Plant disease epidemics and pest attack on crops

10 Avian epidemics

11 Animal epidemics

12 Pest attack of human habitations

13 ForestFire

14 Meteorite/asteroid impacts

15 Soil Piping

16 Heat wave/sunburn/sunstroke

17 Natural background radiation

1 Stampedes

2 Fire cracker accidents

3 Petrochemical transportation accidents

3 Industrial accidents

4 Dam break

5 Dam spillway operation related floo&saccidents

6 Oil spill

7 Road accidents involving civilian transport vehicles

8 Human induced forest fire

9 Humaranimal conflicts

10 Fire accidents in buildings and market places

11 Anthropogenic Hazards Boatcapsizing

12 Accidental drowning

13 Building collapse

14 Hooch accident

15 Air accidents

16 Rail accidents

17 Terrorism, riots and Naxalite attacks

18 Nuclear and radiological accidents

19 Space debris impacts

20 Biological accidents

21 Occupationahnd recreationarea relatetiazards

22 Accidentsn Armed Forces premises

23 Di sasters outside St gaffecting Kesatiteni ni st r at




These events may occur in isolation or in tandem or as cascading events. For example,

flood may cause many factories on its banks to be inundated which may release toxic substances

into rivers and contaminate flood plains
23 . AOOOAUAMIAA 601 1 A OORDIOE AU O

Natural hazard susceptibility of Kerala was carried out usiaghastiand data driven
methodswith inputs from multiple sourcesSusceptibility of the state to floods (riverine),
landslides, lightning, coastal hazards, drought earthquakes and cyclones were assessed. A mult
hazard susceptibility map was also produdétlage wise landslide, flood, drought, lightning
and earthquake susceptible areage been identifiednd the same have been mapped, tabulated
and circulated to district administration vide HSAK, 2014.

Anthropogenic hazards namely festival related hazawdceptibility and major

industrial hazard susceptibilityave ber assessednd susceptibility maps have been prepared
and incorporated intthe district disaster management plans for response planning
231 &I T T1TAO

Floods are the most common of natural hazdhat affect people, infrastructure and
natural environmenin Kerala. Riverine flooding is a recurring event consequent to heavy or
continuous rainfall exceeding the absorptive capacity of soil and flpacds of streams and
rivers. This causes a water course to overflow its banks onto flood plains; which by definition is
a relatively flat land adjacent to a natural water course, composed primarily of unconsolidated
depositional material derived from sediments transportedhdyediated stream and subjected to
periodic flooding. FI ood pl ai ns ar e t her e
developmental activities in them exceed an acceptable level. Frequency of inundation depends
essentially on rainfall, channel slope atéele height of the banks, materials that make up stream

banks and landuse in flood plain. Reclamation and settlement in floodplain areas is a major cause

of flood damage in Kerala. In order to evaluate flood hazard, one has to know where floodplains
are, how often and how long the flood plain is covered by water and at what time of the year
flooding can be expected. Gathering hydrologic data directly from rivers and streams for many
years is useful in determining the statistical frequency of flood eVeumtss a time consuming

effort. In the absence of stream gauging records for all the rivers in Kerala that too at close
intervals, a direct measurement is not possible. Since flood plains can be mapped, the boundar
of this unit is commonly used in flooditigation programmes to identify the areas where risk of
flooding is significant. Hazard assessments are then based on remote sensing, damage repor
and field observation8Based on théandorm and process, the flood plains or the flood prone
areas, arenapped on 1:50,000 scale using IRS P6 satellite images. There are several indicators
of floodplain that are easily picked up from the satellite data. Smooth textured areas on either of

f
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major streams with high reflectance are often flood plains. The peesémseandering streams,
terraces, minor interspersed water bodies etc. indicate low lying areas subjected to inundation. In
addition, some of the data generated while evaluating natural resources like landform, slope of
the land, type of soils, hydrologinformation especially disposition of streams and changes in
groundwater levels are also used in evaluating flood proneness. Changing nature of the flood
plains both natural and manmade, loss of vegetation in upper catchments and paachicses

that pomote runoff are also taken into consideration while assessing flood proneness.

The outputs generated shows that 5642.68dmarea which is 14.52% of the total area
of the state is prone to floods. In Alappuzha district more than 50% percentage a$ area
identified as flood prone. These are mostly confined to the Kuttanad region that host seasonally,
waterlogged flat lands with anastomosing waterways connected to Vembanad lake. The Kole
lands of Thrissur district, the coastal tracts of Ernakulam andpdaitam districts and the
western part of Kottgam district flanking Vembanadake are other major areas prone to floods.
Even though Wayanad district is located in an elevated plateau region flood prone areas are
noted in the broad flat bottom valleys affebd plains adjacent to MananthavadivBr. Idukki
district is the least flood prone area in Kerala owing to the rugged topography and absence of flat
bottom valleys.

It is known that &ourth century flood severely damaged areas along the Periyar and
people living there had to escape to safer locations, abandoning their homes and livelihoods.
Available descriptions state that the flood in 1341 AD resulted in splitting of the left bo&nch
the river into two just before Aluva. The flood silted the right branch (known as River Changala)
and the natural harbor at the mouth of the river, and resulted in the creation of a new harbor at
Kochi. An Island was formed during the flood, presenthmed Puthtvaipu. Causality or
damage reports relatedtteese floods are not available.

99000880 SN.. B3MIdImdrlmss ¢B). K 1886 0, dadaflmias 0.
Photos of 1924 floods from Munnar




1924 Flood level mrking at Puthiyakavu temple, Paravoor, Ernakulam

The worst known flood event in Kerala in the last M@@rs occurred when Periyar
River breeched its banks in 1924. Many districts of the present day Kerala were deeply
stbmerged in water by this floddom Thrissurto Alappuzha and even parts of Idukkultiple
major landslides were triggered in Karintialai probably due to toe erosion which irreparably
damaged the then Munnar road. Present day road from Ernakulam to Munnar was constructeg
after this incident through an alternate alignment.

Frequency and magnitude of floods in the state seems to beeoriséh Factors
contributing to the increase in magnitude of floods are reclamation of wetlands and water bodies,
increase in impermeable builp area, increase madswith impervious surfacesleforestation
in the upper catchments etc. Population pressand flood plain occupancy has resulted in
exposureof life and property to floods.Urban flooding is also very common in most of the
urban centres of the State. Lack of separate storm water and sewerage water drains aggravate t
situation. Flashfloods are common in the hilly tracts of Kerala. Most often flash floods are
triggered by the occurrence of Debris Flows (landslides) during intense rainfall conditions.

Population of27 taluks of Kerala is highly vulnerable tiverine floods Thesetaluks
are also thosehaving the highest population density too. Peermedu, ldukki, Devikulam and
Vellarikundu taluksare the least vulnerable to floodinthe rest of the 45 taluks ammoderately
vulnerable The major cities that frequently experience urbanding are Thiruvanghapuram,

Kochi and Kozhikode. Encroachment of river banks and infilling of paddy lands and wetlands
are the major cause of increase in the vulnerability to floBden during summer most of the
urban cities are getting floodeligure4 shows the flood susceptibility map of Kerakgure 5
shows &luks of Kerala rankeds pervulnerability to floods Details of flood vulnerability
analysis are providegsAnnexure 2.

Susceptible area Km 5624
Susceptible areaeaas % of Statebd 14.5

Major flood incident in the last 20 years 2013
Estimated damage in the floods of 2013 899 crores*
Human fatality 145*

*As per Memorandum to Government of Indionsoon calamity loses (1st June to 31st July 20 Rvised after
the visit ofthe IMCT (2023 July 2013)
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The highlands of Kerala experience several types of landslides, of which debris flows
are the most common. They are called o6Urul
pattern of this phenomenon is tisaift and sudden downslope movement of highly water
saturated overburden containing a varied assemblage of debris material ranging in size from soi
particles to boulders, desyiag and carrying with it evetling that is lying in its path. The west
facing Western Ghats scarps that runs the entire extent of the mountain system is the most prong
physiographic unit for landslidgghampi et al., 1995 These scarp faces are characterized by
thin soil (regolith) cover modified hedy by anthropogenic activityHighlands of the region
experience an annual average rainfall as high as 500 cm from the\8esthNorthEast and
PreMonsoon showers. Aeview of ancient documents, investigation reports and newspaper
reports indicates a lesser rate of slope instability in the past; 29 major landslide events that
occurred in the recent pastere identified through the reviewThe processes leading to
landdides were accelerated by anthropogenic disturbances such as deforestation since the earl
18" century, terracing and obstruction of ephemeral streams and cultivation of crops lacking
capability to add root cohesion in steep slopes. The events have bexwendestructive given
the increasing vulnerability of population and propékyriakose et al., 2009Majority of mass
movements have occurred in hill slopes >20° along the Western Ghats scarps, the only exceptior
being the coastal cliffStudies caducted in the state indicateat prolonged and intense rainfall
or more particularly a combination of the two and the resultant persistence and variations of pore
pressuras the most important trigger of landsliddhe initiation of most of the landsles vas
in typical hollows generally having degraded natural vegetaltias known that ontinuous and
high intensity rainfall of about 4 hrs may cause a steep rise in the
perched water table up to critical levels in regolith filled bed rg
depressionand the persistence of this level for ~10 hrs may
to shalow landslides in the catchme(Kuriakose et al., 2008)
All except 1 of the 14 districts in the state are prone to landsli
Wayanad and Kozhikode districts areompe to deep seategs
landslides while Idukki and Kottayam are prone to shall
landslides. A very recent study indicates that the additic
cohesion provided by vegetation roots in soil is an impor
contributor to slope stability in the scarp faces leé ¥Western
Ghats of KeralgKuriakose, 2010Q) :

It is also noted that gully forming landslides have be
triggered in evergreen forest areashie StateOn 14" October, f,
2012 in Puthusherry West Village of Palakkad district a majewes

D

|




landslide covering 2.65 Kmoccurred in the forest areadjoining the CoimbatorPalakkad
railway line

Between 1961 an@016 a total of 295 valuable lives were lost inr8&jor landslide
events. The most severe, in terms of fatalities, was the Amboori landslide (Thiruvananthapuram)
of 9" November 2001 that resulted in 38 casualtRepulation of 1Galuks of Keralas highly
vulnerable to landslidesn terms of population density25 taluks come under moderately
vulnerable category and 14 come under least vulnerdikgory Figure 6 shows the flood
susceptibility map of Kerala arieigure 7 showstaluks of Kerah rankedas per vulnerability to
floods.Details of landslide vulnerability analysis are provided as Annexure 3.

Susceptible area Km 5607.4

Suscepti bl e area a 14.4

Debris flow at Amboorj Thiruvananthapuram on 10

Major landslide in the last 20 years November 2001

Human fatality 38
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The State of Kerala experiences seasonal drought conditions every year during the

summer month$KSCSTE, 2007)Even in the years of normal rainfall, summer water scarcity

problems are severe in the midland and highland regions. With the implementationnaber nu

of irrigation projects, the idea of drought in Kerala slowly shifted to unirrigated paddy, and

upland crops. The water scarcity in summer

is mainly reflected in dry rivers ang

lowering of water table. This adverse
affects the rural and urban dringirwater
supply.

In the period 1881 to 2000, Keral
experienced 66 drought years. It is notic
that aridity index of different parts of th
state has increased which is an indication
increase irthe frequency of drought years. \ 5

The changes in the landcamwater Meenachil River 1983 Drought
management practices affected the fresh water availability during summer months. Although the
deviation in the annual rainfall received in Kerala, in any year from the long term average is very
small, there is considerable variation in the rairdadiilability during the different seasons.
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COASTAL ANDHRA PRADESH, RAYALASEEMA, SOUTH INTERIOR KARNATAKA,

About 95% of annual rainfall is confined to ¢, KERALA TAMI. NADL AND PONDICHERRY

six-month monsoon period between June and Novem DROUGHT OUILOSK

leaving theremaining six months as practically dry. Tt o v
trend analysis on rainfall data over the last 100 ye' o
reveals that there is significant (99%) decreasing tren
most of the regions of Kerala especially in the month ,,
January, July and Novembg@Mair et al., 2014)Figure8 =
shows the drought susceptibility of Keral@rought ™
classification was done based the criteria followed by ™
Indian  Meteorological  Department (IMD) for b
meteoological drought classification. Standardized .,
precipitation indexground water deviation from 5 year
mean,MODIS-NDVI and presence of perennial water sournes given village wasonsidered

in a heuristic model for the preparationtioé map

N
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Anathodu Reservoir, August 2012

The map indicates that in a given season, if the rainfall deficit is
T >10%he area demarcatesd aas s«x\ypemrad edrconghtdrwinlkli

T >26%he area dwmderdaadtegdtaaavit| lexperiencing dri nkli

T >50%he area d&dmdgthatagmd sdsart experiencing drin
In the recent past, until 2012, the state had not experienced severe meteorological,
agricultural and hydrological drought. A 29% deficit in the monsoorose@kine to December)
in 2012 lead to agridtural and hydrological droughwhich peaked during the period August
2012 to May 2013For the first time, Kerala was mapped as mild to moderately arid by Indian
Meteorological Department in December 20R#gor to this, official declaration of drought had
happened in March 2010 and December 2003. In 2010, 17 taluks of the state were declared a
drought affected while in 2003, 7 districts, 7 taluks and 119 villages were declared as drought
hit. Other known meteotogical drought years were 1983, 1986, 1987, 1992, 1997, 1998, 2002
and 2004.Figure 6 shows the village wise vulnerability to drought of the state. Table below




shows the number villages that are prone to drought, in the State with and without perennial
waterbodies.

Number of villages without WB Number of villages

District Severe | Moderate Drought Severe | Moderate | Drought
Kasargod 0 21 0 0 64 0
Kannur 0 32 0 0 97 0
Kozhikode 0 24 3 0 86 4
Wayanad 19 1 0 13 16 0
Malappuram 0 49 0 4 82 0
Palakkad 0 42 0 14 101 0
Thrissur 0 77 7 1 161 8
Ernakulam 0 32 0 16 77 0
Alappuzha 11 3 0 64 13 0
Kottayam 10 22 0 25 37 0
Idukki 10 5 0 38 11 0
Pathanamthitta 19 1 0 47 1 0
Kollam 34 0 0 69 0 0
Thiruvananthapuram 39 4 0 59 11 0
Total 142 313 10 350 757 12

WB: Water Bodies

Based on the analysis, it is evident that more than 50% of the land area of the state is
moderately to severely drought susceptible. Drought is principally drinking water shortage.
Water usage characteristics of Kerdted505 00 | it er s/ head) , and t
economy including majority of the electricity production is significantly depended on the South
West Monsoon rainfall increases the vulnerability of the State to drought, particularly
hydrological droubt.

. 0,
Susceptible area 4 | Severe drought: 2.5%

% area of T Moderate drought: 63. 8%

¢ T SI'ight drought: 23%

otal area
T No drought: 10. 7%
Drought 201213; The State Government had to officially declare drought i
14 districts. An amount of 132. 3

Major droughtin the

from 2012 to 2014 for tackling the consequences of this drought directly fro
last 20 years

National/State Disaster Response Fund. Indirect costs of the drought sp
remain unacounted.
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Natural forest fires are reported in Kerala. It is usually the dry and moist deciduous
forests of the state which experience forest firam 2009 to 2014, 18,170 hectares of forest
land were destroyed by recurring forest fires ie gtate.Over 500 ha of forest in Idukki
(Nadukani) experienced forest fire in April 201dost of the forest fires occur in the months
from March to May.

he
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In Kerala, research on lightning has been conducted for over a decade by the National
Centre for Earth Science Studies (CESShidry of Earth Sciences, Governmaitindia. The
NCESS maintains a regularly updated Geographic Information Systems based database of
lighting felt reports which is collected from newspaper reports or compensdims submitted
by the affected to the Department of Revenue, Govt. of Kerala. It is known from studies that
Cumul oni mbus (Cb) <c¢louds produce Il ightning.
formation especially during the months of Agvley and OctobeNovemberMurali Das, 2007,
Vishnu et al., 2010)

Figure 9shows the village wise frequency of fatal/injury causing lightning events/year.
It is evident thathe mid land of Kerala is significdgtprone to lightning. The higands have
the least of incidence and the frequency and distribution in the low lands falls between the other
two. A simple explanatory statistics derived from this database of 17 years shows that there has
been on an average 71 deaths and 112 injuriesodightning every yearfFigure 10 shows that
between January 2010 and May 2014, there have been 110 fatalities due to lightning in Kerala. It
was noted that most of the demised and the injured due to lightning were bread earning members
of relatively poo families, and often were women.

Figure 1L shows the district wise distribution of lightning incidents from which it is
evident that lightning fatalities is the highest in Malappuram district, highest number of lightning
hit injuries are reported from Trivananthapuram district and the highest number of lightning
events are reported from Kannustdict. It is as well apparent that no district of the state is
devoid of lightning fatalities or injuries.

Property damage due to lighting is also very highhe state. Sample data from the
BSNL on lightning affected telephone connections for a small period in 2002 shows that the
losses were as high as abo@0 million and the total number of subscribers affected were
~18000(Murali Das, 2007)Lightning hits burning down several coconut palms and rubber trees
are quite common in the state, but are nengported or compensated for and hence goes
excluded from the database. This implies that the cumulative revenue loss due to lightning may
run to a tune of seral million rupees every year.

It may be noted that lightning hits on 10 or 20 eestp standften devastate the
economic stability of the affected farmer. Unlike elsewhere in the country, majority of the cash
crop farmers of Kerala have very small land holdings (~0.7 acre) due to high population density
and consequent land fragmentation, andrtkele livelihood may be the earnings from these
cash crops. Thus, unlike other states, the high population density, high frequency of lightning
and high vegetation density supplements each other in causing more frequent lightning fatalities,
injuries andproperty loss in the state.
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Annexure 3 shows taluk wise details of lighting hits that has caused damage to life
and/or property from 1967 to 2003.
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The 590 km coast of Kerala is one of the most densely populated land areas in the
country. This coastline is exposed h@h waves, storm surges 0 Kkaaldlaa 6 and T
These natural phenomena in turn results in rampant coastal erosion sequeott beech loss.

Kalla kadalis a Malayalam word having literal meaning of 'sea thigiich is used to
represent g@henomenon that occurs during the-prensoon seascand monsoon breakdong
Kerala coast, which was adopted by UNESCO to refer to msspiag into coast because of
swells generated by storms generated near Antardtiga. phenomenon occurs mostly during
premonsoon season ansbmetimes during post monsoon aodntinues for a few days
inundatinglow lying coastsDuring high tides the waer level can reacB-4 m above Maximum
Water Level (MWL)

The OFact s heet JioKerals INationall Assessmert lofaShayatire
Changed publ i shed by ntiaré&orests, Govis af NYGACEEM eEal.,v i r o
2011)s hows that a major stretch oStatiskce ofddzad s (
prone coasthie of the state is given belo®alt water intrusion during the summer seagoa to
rampant ground water exploitation and tidal effects also affects the coastal community

Coastal erosion results in the loss of life and property of the coastal fisher population
who are one of the most downtrodden communities of the state. Ore b#t apparent losses
of property is the damages that come about to the dwelling spaces of the fisher population. Every
year hundreds of houses are damaged due to the furry of thieigge®. 12shows district wise
erosion/accretionr@racteristics of Kea coast.

L O ¢




Department of Irrigation has identified Poow4ehinjam, KovalamValiathura,
Perunnathuruthu to Neendakara, Kayamkulam, Ambalappuzha, Thumboli, Chellanam, Cochin
Harbour, Azikkode, Kozhipram, Chavakkad, Ponnani, Kadalundi, Elathur, Tikkodiadylur
Puthiyappa Angadi, Neelaswaram and Manjeswaram, spread along the nine coastal districts of
Kerala as erosion prone.

High Erosion prone coast Low Erosion prone coast Storm Surge/Tsunami prone area
2155km |  36.6% 97 km | 16.4% 263.7 kmi | 0.7%
I ndi an Ocean Tsunami on 26 Dec

Major flood incident in the

last 20 years sea _wat.er -tentler5 nigm _uipnl and:1.F
mi |l |l ion; Dwell-Lig38fits damage
Human fatality 171
Of the nine tchhraystadéi g sKkasanasgod, Kannut,
Thrissur, Ernakul am, Al appuzha, Kol l am and | Tl
coastline of Thiruvanant hapuram district | s
Thiruvanant haipuar amf eotasd | bpeer osi on. About 31
Kerala has seawalls, riprap revetments, grojyn
coasts. The other districts that ar earhtiigfhilcyi| apl
means are Kollam and Ernakul am. Coast al er o|si
coastal fisher population who are one of thle
the most apparent | ossaets odme ralpeutt yt o st he ed wde
fisher population. Everyggdadubuhdr ¢ dhe Tohiter h g U
Tsunami of 2004 exposed the weakness of Ker al
resilienceapakln cpps emgygsment of the fund rel elas
Fund (SDRF)Fiinmmntclee Cb3nmi ssi on period indicate
the SDRF are mainly clust e$bteadl\velrongyetahle ddpaes
district administrations of Kerala are forcled
|l oss to the exchequer. Tables below shows tlhe
2002 td¢&igadsBhomwd t he populyatofont hveul mea satball i ar
Annexure 2 gives details ofstwulmneralgiel iatnyd dffs u
Year wise details of total land area eroded due to coastal erosion (in ha)
District Year Total
02-03 | 03-04 | 04-05 | 0506 | 0607 | 07-08 | 08-09 | 09-10 | 10-11 | 11-12
Kollam 035 | 04 | 154 | 0.18 0.2 0 015 | 0.1 | 057 | 0.12 | 3.61
Alappuzha | 0.3 | 21.22| 0.3 0.1 015 | 0.13 | 0.1 | 0.01 0 0 22.31

Trissur 23.49| 12.31 | 21.09 | 44.26 | 43.93 | 58.53 | 36.24 | 48.03 | 68.6 | 13.28 | 369.76

Malappuram | 550 | 5.90 | 3.90 [ 5.90 5.90 550 | 550 | 590 [ 590 | 6.30 | 56.22

Kozhikode 3 2.8 3.4 3.2 3.1 2.9 2.3 2.7 2.4 2.9 28.7

Kasargod 1.13 | 0.95 1.1 1.03 0.88 095 | 152 | 1.33 | 151 | 235 | 12.75

Total 33.7 | 43.58 | 31.33 | 54.67 | 54.16 | 68.01 | 45.81 | 58.07 | 78.98 | 24.95 | 493.3




Year wise details of totalnumber of people affected due to coastal erosion

District el Total
02-03 | 03-04 | 0405 | 0506 | 06-07 | 07-08 | 0809 | 09-10 | 10-11 | 11-12

Trivandrum 29 35 2456 29 524 194 52 579 133 213 4244

Kollam 201 240 2500 | 545 401 0 402 425 508 608 5830

Alappuzha | 205 | 13517 199 236 1267 150 201 202 252 190 | 16419

Trissur 1731 | 14019 | 1571 | 1416| 2693 | 1110 | 2753 | 1140 | 647 79 27159

Malappuram| 1500 | 1500 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 15000

Kozhikode 120 130 350 120 130 140 110 130 150 130 1510

Kasargod 74 852 89 66 48 41 54 88 162 103 1577

Total 4057 | 30725 | 12597 | 4932 | 7278 | 3637 | 5204 | 4169 | 3490 | 2862 | 78951

Year wise details of area of agriculturalcrop area affecteddue to coastal erosion (in ha)

District Year Total
02-03 | 03-04 | 04-05 | 0506 | 06-07 | 07-08 | 08-09 | 09-10 | 1011 | 11-12

Kollam 0 0 0 0 0 0 0 0 0 237 237
Alappuzha 1.2 170.3| 1.2 0 0.2 0.7 0.7 1 0 25 | 177.8
Malappuram | 2.56 274 | 390 [ 250 | 391 | 3.00 | 264 | 2.76 | 3.29 | 3.02 | 30.33
Kozhikode 1.6 1.9 1.3 1.6 0.9 1.3 1 1.8 1.2 1.8 14.4
Kasargod 155 0 125 0 0 45 0 150 48 0 523
Total 160.35| 174.9 | 131.4 | 4.102 | 5.01 50 4.34 | 155.6 | 52.49 | 244.3 | 982.5
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India has been divided into 4 seismic zones namely zone Il, zone lll, zone IV and zone
V according to the maximum intensity of earthquake expected. The state haschesad in the
earthquake Zone lll, where the maximum expected magnitude is 6.5.

Though the state of Kerala had experienced several occurrences of earthquakes since th
historic times, the events that occurred during the pastcbatiry were well docuented,
because of the availability of seismic records. The historical as well as receritqp0Oseverd
compiled from various sourcesecord the occurrence of approximately 60 earthquakes
(KSCSTE, 2007) An analysis of the seismicitgnap indicates that most of theell-defined
earthquakes have definite spatial association with some of the known faults/lineaments, which is
in line with the seismicity of Peninsular shield, where the latter is confined mostly-éxigtieg
structures/mobile belts.

A large number of micro earthgkes or mild tremors have been recorded many parts of
the State. It is well known that almost all these micemnors have spatial association with
lineaments in the vicinity of many river channels

Precipitation data and the occurrence of micro earthguateowed a close
correspondence however, this correlation could not be established with scieattAmty
Figure 14shows the lineaments and earthquake eventsattgatregistered in the earthquake
catalogue oKerala.Details of taluk wise earthquakeents will are given in Annexure 3.

4]




Major earthquakén the last 20 years | Erattupetta Earthquake, 5M,"1RDecember2000

No major fatality or damage has been reported due to earthquakes in Kerala in the recent past
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Wind speed is high along tremast of Kerala, often exceeding 50 km/hr. This causes
significant damage to life and
property in the state.Although ? S i 2 . Gustnado at Poruvazhi, Kollam, 2016
cyclones have not occurred in t %
state, Gustnados are recurrent. Wal
sprouts have been reported fro
various coastal areas of the state [ :

"Gustnadoes" typically i
appear as a swirl of dust or debr
along the "gust front" of a
thunderstorm. They are not direct
linked with rotation in the§§
thunderstorm itself and can form
considerable distance away from ez N 3
parent storm. There is no condation funnel or other visible connection to the cloud base.
Gustnadoes account for a large number of the weakest tornado reports each year. Their localize

impact and damaging effects have allowed them to be counted as tornadoes but most are

probably not"true" tornadoes. The strong, straight line winds that can follow behind the
gustnadoes are likely to cause more damage than the gustnadoes themselves. Gustnadoes are
visible on Doppler radar. Meteorologists do not forecast gustnadoes, but can issue Se
Thunderstorm Warnings for the gust fronts of stronger storms that are detectable on Doppler
radar(IMD FAQ).

Cyclones have not affected Kerala in the recent past. However, historical records
indicate that high velocity wind due to localized cyclonicconvetive systems have caused
damage to life and property in the coastal areas of the Stadable below shows a list of such
localized cyclonic or convective systems thas caused substantial damage to property.

Aishily & Panchayat
Sl. No. Year of (P)/Municipality (M) Block District Latitude | Longitude
occurrence
1 Dec1908 | Punnayur (P) Chavakkad | Thrissur 10.65 75.99
2 Nov-1919 | Muzhappilangad (P) Edakkad Kannur 11.79 75.46
3 Nov-1925 | Vadakara (M) Kozhikkode 11.6 75.61
4 May-1932 | Parappanangadi) Tirurangadi | Malappuram| 11.04 75.87
5 Nov-1935 | Eriyad (P) Kodungalloor| Thrissur 10.2 76.17
6 Nov-1940 | Punnayurkulam (P) Chavakkad | Thrissur 10.67 76
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7 May-1941 | Elavally (P) Mullassery | Thrissur 10.56 76.1
8 May-1941 | Kadappuram (P) Chavakkad | Thrissur 10.56 76.04
9 May-1962 | Pullur-Periya (P) Kanhangad | Kasaragod 12.41 75.13
10 Dec19%4 | Ponnani (M) Malappuram| 10.78 75.94
11 Dec1972 | Atholi (P) Balusseri Kozhikkode | 11.41 75.76
12 Nov-1977 | Kalpakancheri (P) Tanur Malappuram| 10.94 75.98
13 Nov-1978 | Meppayur (P) Melady Kozhikkode | 11.55 75.71
14 Nov-1978 | Vadakkekkara (P) Paravoor Ernakulam 10.17 76.2
15 Nov-1984 | Ulliyeri (P) Balusseri Kozhikkode | 11.42 75.76
16 Nov-1992 | Aryadu (P) Aryadu Alappuzha 9.54 76.36
17 Dec2000 | Panmana (P) Chavara Kollam 9 76.53
18 Dec2000 | Chenkal (P) Parasala Trivandrum 8.36 77.1
19 Oct2014 | ThrikkunnapuzhdP) Harippad Alappuzha 9.285 76.396
20 Jun2016 | Poruvazhi (P) Sasthamkottg Kollam 9.0882 76.651
21 Juk2016 | Marayur (P) Devikulam Idukki 10.2770| 77.16138
Major single event in the last 20 years | Gustnado at Poruvazhi, Kollam on-06-2016
5 houses totally damaged, 44 houses partially damaged, 10 ha vegetation damage and 150 trees
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Soi l pi ping or At un n esubsuefacetannetsmge toiswbsutfasee 1
soil erosion. They may lie very close to the ground surface or extend several meters below
ground. Once initiated they become cumulative with time, the conduits expand due to subsurface
erosion leading to roof collapsnd subsidence features on surface. Since it happens in the
underground, in many cases the phenomenon goes unnoticed. The cavities or pipes develope
below the ground grow with respect to time and affect large extents of land in the form of
subsidence theby making it not suitable for cultivation. Occasionally the subsurface flow of
water can result in conduits (pipes) through relatively insoluble clastic deposits. The piping
results in caving and collapse of surficial conduits. This is an important prioct®e head ward
extension of gullies. During the last decade many
piping incidences were reportedoifn different
places in Keralaln 2005,National Centre for Earth
Science Studiethe then Centre for Earth Scienc
Studied has investigatedandsubsidence in the =
Chattivayal locality of Thirumeni village, Kannu
Kerala. It was found out to be due to soil pipi
process. This was the first major incidence repo
by NCESS on soil pipingAt that time it was
thought that it may be an isolated ihence. But
subsequently such incidences were reported frum
many places in Kannur, Kozhikode and Idukki. After investigating the incidences reported from

-

Soil Piping
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places like Chattivayal (Taliparamba taluk, Kannur district), Palakkayam (Mannarkkad taluk,
Palakkad ditrict), Pasukkadavu (Vadakara taluk, Kozhikode district), Padinjareathara and
Kunnamangalam Vayal (Vythiri taluk, Wayanad district), Venniyani mala (Todupuzha taluk,
Idukki district) Perngasseri , Tattekkani and Karuppilangad (Thodupuzha Taluk, Idukiatyis
Udayagiri (Udumanchola taluk, Idukki) it was confirmed this process needs detailed studies.
Figure 15shows the soil piping affected areas in Kerala.

2310 ( Oi AT APEAAI EAO

The Directorate of Health Services identifiskalaria, Dengue, Chikungunya, AES/
Japanese encephalitiseptospirosis, Hepatitid, Typhoid, ADD, Cholera, HIN1 andepatitis
B as communicable diseases that has the potential of being an epidetinécpast, Kerala state
was mainly endemic for malaria and lymphatic filariasis. Malaria was prevalent in the hills and
foothills of the state whereas lymphatic filariasis was predominant in the coastal belt. There is a
noticeableupsurge of vector borneiral diseases since 1996. Japanese encephalitis (JE) first
appeared in the state in Kuttanadu area in Alapuzha. Climate and geographical factors are
suitable in Kerala for vector breeding. Large plantations of rubber, cocoa, pineapple, bamboo,
areca nuetc. are seen throughout Kerala. Latex collection cups in rubber estates, hanging hollow
cocoa fruits, pineapple leaf axils, cut bamboo stumps and fallen areca nut leaves are rich
breeding sources. Elimination of these breeding sources in estates reqamesus efforts. The
presenceof a wide range of rodent and nontrodent reservoir hosts along with a favorable
environment makes most parts of Keraldnewable to leptospirosidHS, 2016) Incidence of
diphtheriahas been reported in 2016 from the northern districts of Kerala.

The recent inflow of about 25 lakhs domestic migrant workers from other states of India
in Kerala has changed the health and sanitation concerns in th& b&peor living conditions
and poorer sanitation facilities in the largely unhygienic places where these workersay
play host to sudden upsurge of communicable diseBsssases not known in the recent past in
Kerala have started to be reported from the State particularly amount migrant labozeis,
cases ofVisceral leishmaniasis (V) known as o6éKala Azaré were
labourers in Thrissur distt.

Figure B shows the fatalities due to communicable diseases in Kerala.
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Indian Meteorological Department issued heave warning on 2D4-2016 in the
State. This is the first time that suclvarning was issued in the State. Temperature of Palakkad
district was 6C above normal touching a record high of 4C.9Even maritime districts such as
Alappuzha and Kozhikode experienced increase of more ti@aove long period average on
27" April. Temperaturén 2016 was 2 to 3 degree Celshigher than normah all districts in
the State. Several sunburn incidents were reported from various parts of the State in 2016. Event
of sunstroke deaths were also reported by media, however, Directoraltif Services has not
confirmed whether these deaths were as a result of sunstroke. Instances of sunburn deaths ha
been reported in the years of 2007, 2009 and 2010 from Palakkad.

2312 01 AT O AEOAAOA APEAAI EAO AT A PAOGOO
The geeclimatic conditions of the ate favour the spread of plant diseases and pests.
Diseases and pests that attack major crops in Kerala are given below.

RICE
Blast Stem borer
Brown leaf spot Gall midge
Narrow brown leaf spot Rice Bug
Sheath blight Leaf roller
Sheathrot Brown plant
Stack burn Case worm
Bacterial blight Swarming
Grassy stunt Caterpillar
Ragged stunt Rice hispa
Rice thrips
Whorl maggot
Mealy bug
COCONUT
Bud rot Eriophoyidmite
Leaf rot Rihnoceros beetle
Root (wilt) disease Red palmWeevil
Stem bleeding Black headed caterpiller
Grey blight Cockchafer beetle
Thanjavore wilt Coried bug
Mealy bug
BANANA
Bunchy top Pseudo stem borer
Banana wilt (Panama disease) Rhizome weevil
Sigatoka leaf spot Nematodes
Kokkan
TAPIOCA

Cassava mosaic Tapioca scale

e



Abnormal leaf fall
Powdery mildew
Pink disease
Corynespora leaf disease
Bark rot

Anthracnose Dieback

Bud rot
Mahali or Koleroga
Foot rot (Anaberoga)
Yellow leaf

Phytophthora foot rot
Fungalinfection

Rhizome rot
Leaf spot
Bacterial Wilt

Vascular streak die back
Black pod

2313 ' 1T Ei Al

Mealy bug
Mites

RUBBER
Scale insect
Mealy bug
Cockchafer Grub
Bark feeding caterpillar

CASHEW
Tea mosquito
Stem & root borer

ARECANUT
Spindle bug
Mites
Inforescence caterpillar
Root bug
PEPPER
Pollu beetle
Leaf gall thrips

Soft scale

Nematodes

GINGER
Shoot borer

COCOA

APEAAI EAO

More than a dozen zoonotic diseases are actively prevalent in Kidodddole ones are
Anthrax (reported in July 2006 frooothattukulam, Ernakulam district), Brucellosis (reported
in 2010 from Wayanad), duck viral enteritis (reported in May 2013 from Manakkodi, Thrissur
district), leptospirosis, Rickettsial infections, rabies, Arboviral diseases etc.
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The st at e 6growmg Kuttanad pegiohdnyCentral Kerala reported incidents
of Avian Flue(H5N1). The avian influenza was confirmed following lab tests at the National
Institute of High Security Animal Diseases, Bhopal. Kuttanad, spread over three districts, has a
duck population of 6 lakhs. Though the epidemic, first reported among domesttcypn
Alappuzha and Kottayam districts, had been contained, it was again reported at the government
run turkey farm in Kollam last week. Experts confirmed that the birds had died of HS5N1 at the
Kollam farm. The wetlands and wilderness areas of thee Séaa¢ among the preferred
destinations of migratory birds. The possibility of outbreak of the epidemic among wild birds,
especially waterfowls, cannot be ruled oGtose to 2 lakh migratory birds, particularly long
distance migratory birds, visit KeralAround 100 species arrive by September every year and
stay till April.

2315 0AOO AOOAAE 1T &£ EOI AT EAAEOAOQEITO

Heavy infestation of Giant African snail (Achatina fulica) has been reported from
Alappuzha Ernakulamand Pathanamthitta districts and pockets in Mainanthapuranm 2014
and 2016 A. fulica became an invasive species in Kerala because of the few predators,
hermaphroditic (having both male and female reproductive organs) nature, high rate of
reproduction, hibernation capabilitgnd generalist feedingature.

Giant African snail is known to attack more than 500 plant species, including
vegetables, coconut, cocoa, papaya, banana, arecanut, coffee, and even rubber. Though there h
been nothing so far to suggest that the snail could be a disease tterfact that it is a vector
of the nematode Angiostrongylus contonensis causing Eosinophilic meningitis in humans is a
cause for concern. In Kerala, an infestation of snails was first reported from Palakkad in the
1970s. The adult snails grow up to 20 icnkength and 250 gm in weight.

Another widely known menace to houses in the state is the Mupli Bettle wlaghlast
detritus eating Darkling beetl&@hey are mainly found in the rubber plantations of the state and
are considered a major nuisance, to the point of infestations rendering some buildings
uninhabitable. While these beetles do not deliberately attack people, they produce a defensive
odoriferous phenolic secretion when provoked that causes skin bligtésds Thost commonly
triggered by accidentally squeezing a beetle. They invade homes and other buildings in very
large numbers, estimates ranging up to 4.5 million individuals in a single building. They will
then enter the dormant stagremasse creatingoeehivelike masses under the roof.

as
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Many residents in Kerala have reported seeing fireball
the sky after 10:30 pm on %7February 2015 The fireball
appeared with a noise in many parts of Kerala, includ
Ernakulam, Thssur, Palakkad, Thiruvananthapuram, Kolla, ;
Kozhikode, Malappuram and Kannur. Some even reported
people felt minor earthquake in many parts of Ernakul {88
including Fort Kochi, Vypin, Willington Island and Kolencher

Suspected remains of meteorite

The analyticalreport from Geological Survey of Indiandicated recovered from Kolenchery, Emakulam
that the fragments' chemical composition consist of nickel and iront asestill not conclusive
whether the fireballs seen in the sky are hwmade space debris or maar explosion of
meteorite/asteroid.

2317 . AOAAAECOT OT A OAAEAOQET I
Background radiation is emitted from both natural and humade radioactive
chemicals (radionuclides). Humans are continuously irradiated by sources outside and inside
their bodies. Outside sources include space radiation arebtt@al radiation. Inside sources
include the radionuclides that enter our bodies in the food and water people ingest and the air
they breathe. Whatever its origin, radiatio
The coastal belt of Karunagpally, Kerala, India, is known for high background
radiation (HBR) from thoriurtontaining monazite sand. In coastal panchayats, median outdoor
radidion levels are more than 4 mGyMilli Gray) and, in certain locations on tleeast, it is as
high as 70mGyly. The radioactivity inKerala increases from Kay&wuam Lake to Ashtamudi
Lake, with a peak radioactivity around Chavara. Radioactive areas are easily identifiable by the
presence of black monazite sand, rather than the white nonradioactive sarttrdsk 2002
study by geneticists from University of Cambridgleng Chavara coaglentified 22 mutations
in the mitochondrial DNA sequences of families living in Rigldiation area, where as a control
population observed for the study, living in theamg white sand aredad only one mutation
The control samples were taken mainly from four lake islands off Mukkad, and partly from the
white sand seashore of Saktikulamkd#Farster et al., 2002Figure 17 shows the locations in
Kerala with significant natural radioactivity.
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Most of the temples,hurches and fewunosquesn Keralaorganize annual prayers as
festivals. These festivals attract huge crowds even at village lewdlthus have potential for
occurrence ostampedes Sabarimala pilgrimage, Attukal Ponkala and ThrissusrBm are a few
among the majoreligious gatherings in Kerala. Apart from the religious worships, many of the
festivals organize entertainment programmes, free food distribution and pyrotechnic works. Thus
the venues of religious festivals become the loci for worship, entertainmenbuentess
attracting people from various religious backgrounds. The Temple festivals in Kerala also
engage elephants for colorfotocessions and other ritualsvo major stampedes have occurred
in the state in the past, they beidgman stampede at hilltapear Pampa at Sabarimala in 1999
which killed 52 pilgrims and stampede on Makarajyothl day at Sabarimala in 2011 WhICh killed
102 pilgrims. s =

Two major crowd &
related disaster eventss
happened in Kerala in thg
recent pastthey being, the=%s8
human stampede in 99 b

near Pamba at Sabarima
caused the death of 5
pilgrims and the death of
102 pilgrims at Pullumed
on Makarajyothi day in
2011. The stampede at theakarajyothi viev point took the lives of pilgrims from Tamil Nadu,
Karnatakaand Andhra PradesMajor religious festivals in Keralaith potential for stampedes
are givenin Figure B.
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Pyrotechnic displays are colorful attractions of many festival events. The attractive
displays can be lethal if adequate precautionary measures are not taken. Fire and explosion at
pyrotechnic production units and display points at festivals may develspuase of accidents
during mass gatherings. Carelessness, negligence and ignorance from the part of organizer and
firework handler can cause fatal accidents. Many casualties have been reported in Kerala related
to firework accidents at religious mass g@athgs. lllegal storage, manufacturing, usage,




unauthorized display agents, ignorance of safety measuraeseeécthe main causes in previous
disastersList of major firecracker explosions in Kerala are given below:

Year Location Fatality
1952 | Sabarimala 68
1978 | Thrissur Pooram 8
1984 | Kandasamkadavu Church, Thrissur 20
1987 | Jagannatha Temple, Thalassery 27
1988 | Veloor Kootanmooli Temple, Thrissur 20
1988 | Thrippunithura, Ernakulam 10
1989 | Kandasamkadavu Church, Thrissur 12
1990 | MalanadaPeruviruthy TempleKollam 26
1997 | Chiyaram firecracker unit, Thrissur 6
1998 | Palakkad Kanjikode firecracker unit 13
1999 | Alur Chamundikavu, Palakkad 8
2006 | Thrissur Pooram 7
2011 | Firecracker unit, Shoranur, Palakkad 13
2013 | Panniyamkurshi, Palakkad 7
2016 | Kottaram Bhagavathy Temple, Maradu, Ernaku 1
2016 | Puttingal Devi TemplgKollam 109
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Almost entire diesel, petrol and aviation turbine fuel and 45% of the LPG consumed in
the state are transported through roddsst inflammable of the fuel transported is LPG.a
bullet tanker, the LPG is transported as liquid under high pressure. @ierdat release, it
quickly vaporizes into highly combustible gas which can catch fire or explod&ing it
difficult to contain.Most gas leaks and explosions are caused by damage to the valves that
control the flow offuel from the transportation veh&lThe heavily populated areas along the
sides of the National Highway in Kerala enhance the vulnerability factor.

Towards the end of 2009, an accident involving a LPG tanker at Karunagapally in
Kollam claimed the lives of 12 people. In 2012, 20 pedpst their lives when a LPG tanker
overturned at Chala in Kannur. In the firstm@®nth period of 2014, around 20 accidents
involving tankers happened in Keraldost of the accidents are reported from Malappuram,
Kannur and Kozhikode districts due to theduent transport of petchemicals from Mangalore
to Kochi. Another hotspot of tanker accidents is the National Highway between Kayamkulam
(Alappuzha district) and Karunagapally (Kollam district).

244 Y1 AOOOOEAT AAAEAAT 00O

There are 42 Major Accident HazaidAH) Units in Kerala(Annexure 4) Most of the
known accidents, though minor, are reported from Ernakulam district which has the highest
density of industrial units in the staérnakulam districts the most vulnerable with 3058nk
exposed to industriahccidents followed by Thrissur District. It is noteworthy that Thrissur




district itself has no MAH units as per the data from the Boilers and the Factories Department.
But, any chemical disaster in the MAH units in Ernakulam district especially, bdrdeng
units with Thrissur district, can affect an area of 2R08 in the district.
There wa toxic release of Cyclohex@entadiene in 1985 in Kochi which affected more
than 200 persons. In 2004, a toluene fire was reported from a toluene factomyakulam
district On 24" October 2014, Ammonia leaked from an ice factory near Mattanchery,
Ernakulam district Most of the industrial accidents apgimarily due to lack of periodical
maintenance of tanks storing gas and the pipelines attacheddw 2™ May 2016, anmonia
gasleakagefrom a barge at Champakara was spottedr Thaikkudam Vyttila, Ernakulam
district The gas was being taken from Willingdon Island to the factory of Fertilizers and
Chemicals Travancore Limited at Eloor via canal. Daege had 96 tanof ammonia. Public
within 1 km radius of the leak was evated as a precautionary measure #redleakage was
later containedFigure 19shows themajor industrial hazard susceptibility map of Kerala
Besides, a number of small and lasgale industries are also established in the state which also
has the potential to cause a chemical disaster. It is reported that Ernakulam district possess th
maximum MAH units in the State and the possibility of occurrence of hazards is to be
considerd. Annexure5 shows thesulnerability statistics of Kerala to industrial accidents.
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Kerala has 58 dams listed in the Water Resaurcdormation System of India.
However, this list daegnot include Mullaperiyar darfrrom Figure 14t is evident that there is a
higher spatial frequency aieismic activity in Kottayaridukki region because of the presence
of several lineaments and bed roftésures that transed¢hese districts. These twaistricts
suffered three earthquakes in the recent history, viz. the 1988 Nedumkandam (4.5 M), the 2000
Erattupetta (5.0 M) and the 2001 Erattupetta (4.5 M) events and the districts experience severa
micro-tremors (events less than 2.5 in magnitutfe2011, between 26July and 28 November
over 22 minor tremors were reported from the immediate surroundings of thd ldese. events
often generate a great deal of public anxiety, especially when the disastrous consequences O
earthquakes such as thoseSikkim, Wenchuan (China), Bam, Lattur etc. are all fresh in the
minds ofthe people particularly in the minds of people living downstream of Mullaperiyar dam
The Mullaperiyar Dam is a masonryagity dam on the Periyar Rivdkt.is located 881
m (2,890 ft) above mean sea level, on the Cardamom Hills of the Western Ghats in Thekkady,
Idukki district. It was constructed between 1887 and 189%hyJohn Pennycuickor Madras
PresidencyPublic is concerned of a dam break scenario given the age of Mullaperiyar dam, the
material and technology that has been used for its construction and the possibility of reduced
structural integritythat may haveoccurred over the last one centufigure 20 showsthe
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maximum dam break flood inundation prone area map between Mullaperiyar dam and Idukki
reservoir, Idukki district.

Shutter gate operation related floods are common in Kerala. In recent times, the most
significant event involving mechanical failure ofuster gates was of" August 2012 when
some of the gates d?azhashi Barrage in Kanntailed to open, causing the flood waters to
overflow the barrage for 20 hours. There was no damage to life or the dam structure, but minor
property and crop loss occad. The most feared shutter gate operation in Kerala is when the
shutter gates of Cheruthoni Dam of the Idukki Group of Reservoirs are opegatat. was first
released from thislam on October 22, 1981 when the water level was 2,400.99 feet and the
second time the dam was opened was on November 16, 1992 when the water level was 2,402.3
feet The water level reached the brim of shutter operation 8hSztember 2013. The origih
riverbeddownstream this dam hagen encroached upon and hence damage to property will be
inevitable in the event of shutter gate operation.

On 17" September 2007 the penstock pipe carrying water from Ponmudi reservoir to
Panniyar power house in Iduktdistrict burst.Seven persons were killed and anentmissngin
the accident
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Drowning is the second biggest accident killer in Kerala, next to road accidents.
According to National Crime Records Bureau about 15.2% of unnaturalsdeaterala are due
to drowning.More than 1,500 people die per year in drowning, whicthéshighestin India.
Fewnotableevents are:
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Oil spills have been reported from various parts of the coastal area of Kerala. Irt the las
decade, oil spills have been reported from the Cochin Harbor, Ernakulam in the years 1992, 1993
and 2003. Oil spills can also occur during pethemical transportation accidents through road
and rail.A tanker carrying Aviation Turbine Fuel from Koclu Karipur overturned near Jyothi
Theatre on the TantRarappanangadi road in the early morning oi0@Q2016. The tanker had
about 20,000 liters of fuel of which #)&f it spill on to Canolly Canal which also caught fire.
The cannal being narrow and berdd by residential buildings, the oil spill could not be
contained. The presence of 18 ports and numerous boats carrying fuel increases the probability
of oil spill in water sources.
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It is noted that human induced forest fireskiarala are increasing, primarily due to
population pressure along the boundaries of protected areas and reservedCeees360 ha of

forest in Wayanad experienced forest fire in March 20h#&h was later found to be caused by
human intervention.
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Radiological exposure incidents have not been reported Kremralain the last at least
50 years. Radiation is used for medical purposes such as Teletherapy, Brachytherapy, Cath Lal
Computed Tomography, Radiography and FluroscoplerStateMedical College and tertiary
care hospitals in the stabses radioactive materials fearioustreatments. Instruments used for
research purposes warious science and technology intuitions also have radiation emitting
materials However, the March 2010 accident at Mayapuri Scrap Market, New Delhi was an eye
opener to agencies involved in radioaetsafety regulations in the country. An AECL Gamma
cell 220 research irradiator owned by Delhi University since 1968, but unused since 1985, was
sold at auction to a scrap metal dealer in Mayapuri on February 26, 2010. The orphan source
arrived at a scrapard in Mayapuri during March, where it was dismantled by workers unaware
of the hazardous nature of the device. The Cedfalsource was cut into eleven pieces. The
smallest of the fragments was taken by the scrap metal dealer who kept it in his vdatieo an
fragments were moved to a nearby shop, while the remaining eight remained in the scrap yard
Eight people were hospitalized as a result of radiation exposure, where one later died.

This incident points to the hazard potential of otherwise-ramardois radiation
sources such as X ray units, CT scanners, PET scanner, Gamma Chambers, Auto Radiograph)
Gas Chromatograph Units, Atomic Absorption Spectrophotometer, Microwave digestion system,
CHNS Analyzer and Cyclotrones.
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Consuming illicit liquor is prevalent amongst the rural community of the State. One of

the major hoochragedies in Kerala wais 1981 when 34 people died atirialur in Kollam

District after consuming hooch. Another trdgeoccurred in the year 1982 \éypin, Ernakulam

which killed 77 people, blinded 63 and crippled 25major tragedy was in the year 20@0

Kalluvathukkal in Kollam districin which around 32 peopléied The latest was in 2010 in

which 26 people died inVaniyambalam, Kuttippuram, and Perasanrair Malappuram.

Accidents related to transportation of ethanol and methanol has occurred in Kerala. As recently

as on 7082016 a methanol carrying tanker met with an accident near Vengara, Malappuram

district.

A A
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Kerala has eight National Highwsiywhich run for about 1523.954 kend 77 State
highways vihich have a length of 3435.717 kiRoad traffic in Kerala has been on a rise at a rate
of 10 to 11% per year whiléé carrying capacity of the roads has not increased accordingly due
to shotage in availability of land. As pevailable data, the total number of accidents registered
in Keralain 2015 was 39,014. In 2013 and 2014, around 35,215 and 36,282 accidents were
reported in the state. As many as 4,196 people lost their lives in accidents in 2015, while 4,049
perished in 2014. The data till Janu@B16has revealed that as many 420 pedpét their lives
in around 3,688 accidentkerala is the third highest in the countryterms of road accidents.
Expertspoint out that unscientific road building and ineffective traffic control system in the state
has kept the number soarinthe Pubic Works Department has identified 216 black spAts.
joint assessment by the three departments for the Kerala Road Safety Authority has found that
the maximum number of accideptone stretches, called black spots, is in Alappuzha and
Ernakulam districtsWhile there are 34 black spots in Alappuzha, 33 of them are in Ernakulam.
Places which have a history of at least three major accidents in a year have cdaméhen
category of black spotdlajor accidents are those in which thergdnbeen at least twiatalities.
Figure 21 shows the major black spots of Kerala.
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The most common humaanimal conflict in Kerala istray dog attacksnake bites and
wild elephant attack in farms. Snake bite deaths are not uncommon in thA séat study by
theKerala Forest Research Institute, Thrisswealed that 45 species of crops, including paddy,
coconut palm, plantains, areca nut, coffee, oil palm, pepper, jackfruit trees and mango trees were
targeted by wild animals. Crops were mostlydeal by elephants, gaur, sambar, wild boar,

bonnet macaque, common langur, blaciped hare angeafowl, the study pointed out.
Elephants caused the most damage in Thrissuradidurring the last three yea®6 incidents of

A




wild elephants coming into odlict with humans in Thrissur district during the last three years.
The other crop raiders included wild boar, porcupine, Malabar giant squirrel and peafowl.
Elephants damaged 1,990 plantains, 307 arecanut, 90 coconut trees and 225 rubber trees and
othercrops. The encounters occurred in the immediate fringe afélas forest and up to 100 m
from the forest boundary, according to the research findindpile the wild boar mostly fed on
coconuts, plantains and tubers, porcupines settled for coconuts alBloegiebarked the basal
portion of the coconut trees in large numbers in Vellikulangara Forest Range.
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Fires are perhaps the most frequent disaster in urban Ragad. urbanization in Kerala
is also increasig the probability of fire accidents in market places and high raise buildings.
Urban issues like high population, overcrowding, unregulated commercial activities are
frequently responsible for urban fires. Fire has emerged as critical issue in UrbandPtarento
rising frequency of Fire accidents, leading to huge losses of life & property. Fires can occur with
the same ferocity in residential buildings, slums and squatter settlements, public places like
auditoria, cinema halls, shopping malls, LPG-dgwvns/petrol pumps, industries, chemical
handling units, etc. As recently as on"1Movember 2015, fire gutted 10 stwip the Chalai
Market ThriuvananthapuramSpecialized fire engine of the International Airport had to be
employed to subside the infernA. huge blaze broke out near Kallai river bank at Murjyad
Kozhikodearound 4 am 020-03-2016 Two saw mills wee completely gutted in the firdhree
shops were gutted in a fire that broke out in a shopping complex at Edavanna in Malappuram on
14-07-2016 The fire that broke out around 1.8t was doused after threeurlong effort
Respondingorces experienced significant difficulty in ensuring prompt and efficient
response primarily due to the gregation of odooking public.In urban areas fire riskan arise
from the following sources:
f Large number of closely built old timber framed
T Hi gh se buil dingsfwghhi nhgatiaqubtei €srand sl ums
T Commer ci al activities
f Smal | , medi um and hazardous industries in subur
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