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ABSTRACT

Extreme events are a result of a confluence between vulnerability and hazard. They pose a
risk to human lives, impact they tlaifunctioning and resilience of a society. One of
worst disasters plaguing Indand especially mountainous regions, such as Uttarakhand
are floods which have caused massive economic and social costs in the past. Disaster Risk
Management isiot a new concept; one of the key components of DRR is a forecast and
Early Warning system. Whal| at an institutional level, there is an established framework

of EWS andin the past few years, funding has also been received from-lateltal

funding institutes such as ADB and World Bank. The question remains tiaaifiood

warning system efféwe in eliciting a response from the targeted population or are there
any other factors influencing the response curve. We therefore, seek to answer this
guestion througla case study approach using household survey to conduct interviews at
three sitesKhadri Khadak Maf, Badal and Ginwala and analyze the response behavior
and pattern of the individuaidongwith analysis of the communication of the warning to

the public in the study areabBhe purpose of the study is assess the efficacy, both of the

sysem and community response.
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Early Warning System (EWS), flood, preparedness action, response, effecticenassinity
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CHAPTER I: INTRODUCTION
1.1Background

Cli mate change as defined by the I PCC is t
the mean state athe climate or in its variability, persisting for an extended period
(typically delclendsaoschanges in poeoigtaion) saow cover and cloud

cover. These changes especially those relating to extreme climatic events have the ability

to dter normal functioning of a community when a confluence between hazardous events

and vulnerable social conditions takes place thereby resulting in a disaster.

India is amongst the most disaster prone countries in the world primarily because of its
divere geographical regions and large vulnerable population. In the past few decades,
Himalayas have especially observed an increasing number of climate induced disasters
such as glacial lake outburst flood, cloudburst led flash floods, droughts and landslides
etc. Due tesuch extreme events, there has b&gnificant loss to lives, property, ecology

and massive interruptions in the economy. The Himalayan region is one of the most
affectedareasdue to such extreme climatic conditions because of its fragisystem

and massively increasing human settlements alongside its perennial streams. The fifth
assessment report published by IPCC also highlights an increasing trend of magnitude of

climateinduced hazards.

Amongst various disasterdpdd is the most vdespread catastrophic event across the

world causing economic damage of approx. US$11 million on an annual basis. (IFRC,
2008) Floods are a complex hydrmoeteorological phenomenon; it is defined by Indian

Met eor ol ogi cal D a greatr flowrodvater, egpécMly,)a bady of iiater

which rises to overflow land usually thus coverel When seasonal rain
longperi od average | evel by 110 per cent , i
based on warning levels at respective flood dasting sites in different states, Central

Water Commission (CWC) demarcates flood as per the magnitude, classifying them as
low, moderate, high and unprecedented flood. Floods can be of different hgaes
rainfall/riverine floods, flash floods, coaktioods and dam failure floods. While riverine

floods are caused by heavy rainfall over a considerable duration (days) in the catchment



leading to increased water levels, flash floods result due to sudden flooding in a small
basin in a relatively shorteduration (26 hours) but with a high discharge. This
categorization is important with respect to this study since in India the focus of
meteorological warning is restricted to forecasts of heavy raiffatitors that contribute

to flood include excessiver heavy rainfall, melting of glaciers, river overflow and
ruptured dams. However, the impacts of flood are increasing in size due to increasing
human populationlargescale deforestatioand activities in the upstream area and the
corresponding interaicn between upstreamand downstream. (IJIRSET, 2014) The
nature of flood is similar to what +s wusu
probability, almost negligible predictability and high impact events (Taleb, 2007).
Therefore, our objective ® understand whether how that risk is perceived and if the
impacts can be reduced through an Early warning system, which is elaborated in the

sections below.
1.2 Problem Statement

Uttarakhand has consistently been affected by various disasters as afrésuitagile

ecological and geological systen$ie state withessed one of the worst disasters in 2013
when it observed Oheavydé to 6very heavyod r
and causing wide spread destruction especially in thgctisof Chamoli, Bageshwar,
Uttarkashi, Rudraprayag and Pithoragarh. In addition to this, the heavy rainfall combined
with glacier melt | ed to a water rise in t
barrier to burst and release the impoundindewalong with glaciers boulders which
severely hit Kedarnath and other towns in the way. The disaster is said to have affected
over 900,000 people and have an impact on multiple sectors from agriculture/horticulture,
infrastructure, and tourism to enviment, thus severely impacting livelihoods and local
economieswith a total estimated damage of around $1.1 Billi@oU, 2013)It caused

serious disruption in basic public services such as food, availability of clean drinking

water, sanitation, educati@amd women & child care etc.

Given the recent disasters experienced by the state, expdrtt r i but e t he
vul nerability to unsci en-tise patteens, hcreasing foregh me n t

degradation, poor waste disposal mechanism, risingstaupressure and unwarranted

2



change of landscape. (NDINRao et. al, 2014The situation is worsened since there has
been arincreasing expenditure on construction of roads and buildings in theastptat

of investment intourist amenities, and that tarn has accentuated the magnitude of the
hazardsIn the current scenarithe state has becomeore susceptible to disasters since it

has been repeatedly impacted by both geological anddmyeteorological disasters.

Given the development path thaetbountry is following, it becomes crucial to focus on

di saster risk management to -pmeafredd had tthh
sustainableDRM encompasses a broader framework of management of the risks posed

by a disaster both ex antmad ex post thereby including
mitigation and pr eltranrbe uefud framawvork dabAhen tie@ & 8 )

an understanding about the contexts in which individuals live, the evolving environment
people find themselves imd the effect of that environment on their capability to sustain

their lives and livelihood. (USAID, 2011) Government agencies and International
organizations have been committed to undertake actions to reduce disaster risks & prepare
communities to facehe impacts in a strategic manner. The need for such action arises
because the severity of the hazard cannot be controlled, but the vulnerabilities and post
disaster impacts can be reduced to a certain extent. Since a hazard has the potential to
affect stakholders at all levels and have migiéictoral impacts, therefore a disaster risk
management requires peojfoentric and multsectoral approach. Such actions need to be
custom tailored particular to a region and in a local context to effectively implersient
reduction and management measures. A key and the most crucial measure for the same is

an early warning system.

As per the Disaster Management Act (2005), Uttarakhand constituted a State Disaster
Management Authority (SDMA) for taking responsibility disaster preparedness in the

state which framed its action plan only after the disaster occurred. Disaster Management
strategies have also been laid out in State Action Plan for climate change (SAPCC) of
Uttarakhand. The GoU has allocated Rs. 3.71 Bilfar disaster management in SAPCC.

In order to enhance the forecasting system, IMD as a whole is also expanding the
observational platforms, weather stations, numerical modeling softwares, computing

equipments and communication network in order to upgthddechnology which can



provide more accurate data that can yield greater smtinomic benefits. Such
modernization program is definitely the need of the hour, which is also complemented by
various other training programmes which the state disastkoréigs have taken up in
order train staff and personnel. Although the meteorological department disseminates the
relevant information regarding weather parameters i.e. rainfall and its characteristics
(intensity, frequency and magnitude etc.) to the ipublit still needs to be properly
understood whether(and how) this information reaches the desired section of population
and upon reaching if it results in appropriate course of action with regard to flood
preparation. Experience of climate and geograpithat area might also be involved in

how those people tackle flood related disasters. Therefore, this brings us to the objective

of the Study stated in the next section.
1.3 Objective of the study

The aim of the study is to assess the efficacy of they Bamining systenvis-a-vis floods
in Uttarakhandhrough a case study approatihorder to address the question, following

is the framework that we will follow:

- Understand the different source of information through which a community or
households get waed about floods

- Analyze whether the information dissemination as intended by an official warning
system resulted into desired action or response and if not, then tracing reasons for
the same

- Examine other factors which lead to preparedness measures

In the context of civil protection, this paper tries to provide a radiltmensional
evaluation by undertaking both tojown and bottorup approach togaugeif an
instructed EWS fails and when it does, how otherofactietermine whether benefits of an
EWS will be reaped, and if it differs among different geographical regibmes.starting
hypothesis is that the communication system is identical faffaltted/prone sites.



1.4 Justification of the study

There is sufficient literature to corroborate necessity @fasning system however, an
essential warning system doesndt necessar.i
or triggers desired action. According to Fakruddin (2011), even after a EWS is installed,

the system can still falter and fail to reduaulnerability among the potential beneficiaries

if there is lack of understanding among people regarding forecasting and warning
messages. The response function or I ndi vi
calamity as well as their ability to respbto an event before or during its occurrence is
crucial.

Whi | e, It I's recognized that Adi fferent we
(Drabek, 2012)in this study we try to speculate whether a single warning source can

induce different rgzonse curves.



CHAPTER Il : LITERATURE REVIEW
2.1 Definition and Components of anEarly Warning System

Early warning systems are an integral component of Disaster risk management process
and an extension of weather forecsiste it aims to provideouseholds and communities

with information on relevant variables like rainfall and temperature atcwell as
advisory informatiorso that they can assess the level of risks based on their experience
and have the option to undertake informed decisionscoiling to United Nation
International strategy for disaster reduction (UNISDR) the definition of early warning
syst em ( BEWwSe of capacitiesineeded to generate and disseminate timely and
meaningful warning information to enable individuals, ocoumities and organizations
threatened by a hazard to prepare and to act appropriately and in sufficient time to
reduce the possibility of harmorlos® It i s a relatively econo
shorter installation duration and is expected #vehleast environmental impact as
compared to other disaster reduction measures such as dams and sea dykeitedtc.
disaster risk reduction framework, EWS is considered to be stnactural mitigation
measures, in the context of climaikeis refered as a planned nestructural adaptation
initiative. Before we look at different methodology undertaken for assessment of a

warning system, let us first describe its components.

Monitoring and
Warning Service

(IMD, CWC, GSI, Civil
Authorities

Risk Knowledge

(IMD, CWC, NDMA,
Dept. of Agriculture

Dissemination and

Communication (SRDF, NRODF, IAF
(CWC, MHA, SEOC, Commu’nities, |\,IGO',S,

Media, Nodal Agencies,
Communities) SDMA, DDMA

Response Capability

Source UNISDR



There are essentially, four key elements that define &:EWk knowledge, monitoring
and warning service, dissemination & communication and lastly response capability.
(Downing, 1977; Leon et. al, 200®isk knowledge entails systematic collection and
analysis of dataising various tools such as lange mappig, hydrological models and
climate modeling in orderto identify vulnerable areas, nature of hazardsd
understanding the trend of changes in weather parameétassfirst stage is therefore

crucial for risk mapping ankdazard analysis.

This is followedby monitoring and warning services under which prediction as well as
forecasting ismade which is backed by sound scientific methodologibiEh ensures
adequate accuracy and provision of sufficient lead .tirHazard parameters are
continuously monitoredo as to ensureeliability of the system. The relevant agencies
have the responsibility to ensunecessary infrastructure and observational network is in
place since this forms the core of the EWS.

At dissemination and communication stage, it is therogagive of the concerned
department to ensure warnings reach those at risks in an understandable manner. The
dissemination network should be well established and information ch@inehtional,

state and local levet)eeds to be efficient for the same.

Finally, the response capability component requires that those at risk know how to react
which can be achieved to public awareness programmes by trained personnel in order to
reinforce the significance of warnings. Furthermargortance is also place capability

of authorities during podlisaster events to help evacuate people, guide them to safe

routes and shelters and conduct mock drills for better preparedness.

In the diagram, we have mentioned concerned authorities in India responsible for
undertiking the tasks specifie@or the purpose of this study, our focus will primarily be

on dissemination & communication and response capability components.
2.2 Evaluation of Early Warning Systems

In order to justify inestments in FFEWS and recommend poteiigirovements in the
system quite a number of studies hawsed different approachesvhich vary from



calculation of flood losses to developing performance critgiiias Plessis, 2002Ylost of

such studies arex post i.e. after the flood incident has weed. The purpose i®
appraise the gaps in information provided by such a systastablish different criterias

for its evaluation to gauge potential nodes in the information chain where performance
can be improvedStudies have undertaken either qtatlve or quantitativeapproach for
thesamehowever, the work cannot be compared since the functiare®¥s isdifferent

i.e. while majority of authors focus dorecastinglittle emphasishas been lai®dn the
response systenEWS @n be evaluated fno authenticity effectiveness and accuracy

perspective.

One of themost common approaches is calculation flfod losses.Even though risk
reduction measur es edlyguantithitivedfigures dise inforneation b y
provided by early warningystems isa public good; however it provides an estimate of
the effectiveness of the system which is an important information for donors and
policymakers.The authors who have used this approach have also at times combined
structural and nostructural neasures such as sdgkes, embankments and forecast &
warning systemn order to assess which measure is more economical and efféntiee.
such study is conducted by Mercy Cops (2010) for flood mitigation measures in Nepal.
Using a time period of 10 yeaasd discount rate of 12%, the report concluded that for
every rupee invested in DRR, a benefit of Busos will be reaped herefore, heamount

of potential damage prevented is treated as the Ibesfefhe warning systeror other
mitigation measureAuthors such as Pappenberger et. @015), Tiesberg and Weiher
(2009) and Wurster and Meissen (2014) halg@used the approach for their calculation

but only w.r.t EWS. The costs components in such paper, includes scientific component
or technical input costsas well asnstitutional costs required to trained staffd facilitate
capacity deelopment at institution level whereas calculation of benefit requires damage
frequency curves(Haimes et. al, 1996lf is unclear though, if a demarcation is made
betweercosts incurred for forecast and warning for hazards in general and specific hazard
such as flood. Ifit not separated, then costs essentially are overestimatesther
discrepancyexistsin these studies ihe assumptiothat the warning will neessarily lead

to some sort of preparedness acaoil in number of instancesfdils to take into account

all intangible costs and benefits of the warning system.

8



To argue the robustness of such analysis, Smith and Handmer (1986) remarked,
Almprovementsn an FFWRS can indeed be economically advantageous, but can also

lead to negligible additional consumer satisfacbon ( As ci ted i n Du Pl e

As discussed above, the studies attempt to evaluate the effectiveness of a warning system
from a damagassessment point of view wherein the analysis is either post an actual flood

or through model simulations and using assumption regarding fixed percentage reduction
in the O6potenti al damagesd6 therefore quant
being able to take into account the other indirect tangible and intangible costs. In order to
model the actual damages, Molinari and Handmer (2011) useslesm tree approach

which is usedo estimate the expected probability of individuals undertakingogpiate

action given the receipt and understanding of the warning and thereby calculating
reduction in actual damages once effective actions are tdkeradvantage of using such

an approach is that it integrates the behavior of individuals when arfiddfdawarning is

received and ges a more accurate estimation since actions are considered in a sequence.

Since it is difficult to gauge comprehensive benefit estimates of an Early warning system
for flood, a subjective scoring system is also employedcertain studiesThis is
incorporated undemerformance-based approach Tiesberg (2009) uses the tool
mentioned for different meteorological and geological hazards by scoring them on a scale
from O to 5 on different criterias such as frequency, sevefithe event, predictability

and lifesaving potential. For floods, a score of 5 was given for both predictability and
frequency since it indicates that it is one of the most frequent hazards amongst other
events and given the numeric models, it is a ptaldie event. According to the experts
judgments considered in the study and the geometric average calculated of individual
scores, it indicates that effectiveness of having a EWS for flood is ranked 4 i.e. benefits
availed from such a system are higlowever, such an assessment relies heavily on
cexperb judgment rather than actual potential beneficiarid@ evaluate péormance,
reliability as a function of lead timie also used as criteria in some studlasSchroter &
Ostrowski (2007), a statisticahalysis of observed and predicf@@cipitationdischarged

values was undertakan order to check for accuracy of the system and therefore, its



reliability. Thus, the advantage of this approach is that a specific division of the system

can be focused wm for improvements.

In India, performance assessment in terms of accuracy, reliability and coverage is already

undertaken by CWC for forecasting sites in different basins and states.

Another approach that can be consideregl/eduation through community satisfaction
Shrestha (2012) employed the approach to study effectiveness of combasety
warning system in Nepal taking into account dgned perspectives of the same.
Stakeholder focused interviewsind field based observationsere conducted atites
where a peopkeentric system is already in pladée.was found that a number of lives
were saved downstream because of proactive achgriscal administrationand the

communities.

Given the objectives of the studp,this research, we opt forc@mbination of community
satisfaction approach and performance based approach wherein the latter is used for
dissemination and communication elemetile former is employed for grourtduthing
purpose. It falls under the framework provided Kizysztofowcz (1983)in which a

Af | -orechstr e sponse i cooce@uslgedl as a system. This system
encompassestegration of twocomponentsforecast system that includes flood forecast

and dissemination and secondly, the response systéch couples dasion making and

action implementationTherefore, we apply both tegiown and bottorup approach to
achieve the results to our studdowever, a limitation of focusing on community
satisfaction is that, given theng return period of higimpact floods, e results and

analysis are based amainly 23 floods experienced by individuals in a community.

In the section, we will mention the methodologged and study sites chosen in
Uttarakhand.

10



CHAPTER lll: METHODOLOGY

In the initial step, threesites wee identified across different elevations in the Upper
Ganga Basin, one of the study basins of theAMMARE project. These were chosen
based on criteria of proximity to a river source and prior flooding experience. Following
this, household surveys were dowcted with a total of 81 respondentssing semi
structured interviews every site which was accompanied by key informant Interviews at
local, district and State level and documentation review of the dissemination framework
for Uttarakhand.

In the nextstep, characteristics and dissemination of warning message was armifzed
from sender6és and receiverod6s perspective.
identified which have an influence on action (or inaction) by vulnerable population to
alerss notifications in order tenhance their resilience to floodsis included assessment
ofr e s p o rbedhaviot a8 an individuaind as a member of the communithe sedbn

below will cover theapproach considered for the study and tools eyepldor he same.
3.1 CaseStudy Approach

For the purpose othis research, we have employedse study research methdde
reasonthis methodhas been used Iscausehe impacts of flooding andoverage of an
early warning system varies for different gemghical rgions. Since, it is not feasible to
cover all villages in all flood affected districts of Uttkhand, case @ly-approach
becomes relevars ithelps usstudyvarious patterns and inténkages between different
factorsandunderstand hr o u g h st choep i 6cnof nesd atudies the efficacy of

the warning system and how difference factors can play a role in altering that.
fQualitative data has the asset of providingdepth, contextand actorsensitive, and
typically narrativedriven information 6 ( Mat v eOme/ad the nfaid Dn6tgtions of
using this method is the lack of robustness of this methquawide with generalized
results.Further, the results of this study cannot be compared with that of similar research
in other countries becagisof variance in socteconomic structure and geographical

differences thag¢xists.
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3.2Tools Used in the Study
Key Informant Interviews (KIIs)

As put by M. N Mar shall (1986) , Aa key i nf.
Key Informant Interviews arene of the most frequently used tools when conducting a
research since it provides-depth information andpecific knowledge on a particular

issue for a community. The purpose of Klls is to interview individuals who have better
insight and understandiraj a community and nature of issues that it faces. It helps to get

a larger picture before delving into nuances of the problem and have to the potential to
reveal information which may be previously unknown to the researcher. For the purpose

of this, an opn ended loosely structured interview was conducted with various
individuals in order to narrow down the target population, modifying the questionnaire for
respondents and to supplement the information obtained from primary survey in terms of

consistency.

There are however some limitations to using Klls as a research tool such as possibility of
bias in responses. More often than not, it is a time intensive task especially when a face
to-face is conducted since it is dependent on time and availability ointbemant.

Furthermore, the findings attained from such interviews are not generalizable since they

reflect a particular individual s knowl edg

For the purpose of this research, individuals at different hierarchy level oargn e
warning system were interviewed so as to g
Thus, the selection ranged from key personnel involved in Disaster Mitigation and
Management at State level, district level and finally the leaders at the \édlageA total

of 5 informants were interviewed across the verticals whose responses were recorded
using audio and were partially transcribed. Informants were selected based on telephone
interaction with various individuals who on enquiry of the issuejermr@commendation

of the relevant personnel.

12



3.3Data Source

Household surveys have become a key data source to study different social phenomena
catering to specific objectives of the researcher. It helps in understanding the
characteristics of the populati being studies and allows understanding of different social
and economic factors which may affect the behavior of the individuals and community
present in the setting. It allows the researcher to delve into the nuances at a household
level which allows ér better analysis of the ongoing phenomena at a macro level. It
presents general soegzonomic condition of a geographical area and enables researcher

to understand divee perspective on an issue.
3.4Data Collection

The study usedensus survey method titain responses of the population of the three
study sites choserSites with differentelevation were chosen which were previously
affected by flood and while conducting survey it was ensured that individuals were

permanent residents of the area

In view of ethical considerations, respamis were clearly stated the purpose of the
interview and their decision to not participatenterviewsgiven their work prioritiesvas
respected. Therefore due to feasibility constraints suchs unwillingness of the

respondents and unavailability of members, a true census could not be obtained
3.5Study Area

There are four study basins under theMWWARE project: Indus, Upper Ganga, Gandaki
and Teestawvhich were chosen for the project through scoping exercise and expert
interviews In this study, sites chosen were in the Upper Ganga basin. The site map is

presented below:

13



Figure: Study Sites Map

Study Sites

s07 Gaurikund
Low Elevation Site
° Khadri Khadakmaf
Mid Elevation Site Mesooge Dhanolti 34 Ghansali 9 Chamoli \
Q Badal New TehnKhand Agastmuny Gk
. 3 . Dehradun
High Elevation Site Rudraprayag
7 7 Karnaprayag
Q Ginwala 7. Srinagar
9
Devaprayag Pauri g Dungari
RLQ.esh 3 % -
109
534
Haridwar
<aliyar Pokhra
534
e 34 Lansdowne
309 Dwarah:
Kotdwara Patti Gujru Mirai M;
109
Naiibabad F-3 Chaub
Table: Details of the Study Sites
Ward Hamlet Village
Study Site Vishnu Vihar Badal Ginwala
Tehsil Rishikesh Dhoomakot Ukhimath
District Dehradun Tehri Garhwal | Rudraprayag
Main River Song Ganges Mandakini
Elevation 484m 620m 1200 m
Sex Ratio 967 938 1203
Literacy 85.70% 76.63% 85.80%

Source Census (2011)

As can be observed from the table, all the locations ad#ferent distrcts of the states
with Ginwala having the highest elevation andadh Khadak mafsituated at a much
lower elevationin a plain regionDetails regarding demographic parameters are given in

the next section.
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3.6 Description
3.6.1 Khadri Khadak maf (Vishnu Vihar)

Khadri Khadak maf is a census towrhich by virtue of it being in the proximity of
Rishikesh had undergone rapid urbanization in the last decade. The survey was conducted
in only one ward of the village, Vishnu Vihar, which was the thadtected by floods.

There aretwo prominent social groups in the village, Buksa (Scheduled Tribe) and
Garhwali General) who spea&k common language, Garhwali, which is one of the most
common regional dialects in Uttarakhafdhe village had concrete roads cewcting all

the houses and had all the major facilities such as school, colleges and bank etc.

The members of the households survewedk either as daily wage laborers, agricultural
labour and/or cultivators. Main crops grown in the area are wWimetite rabi seasonand
Paddy(in the Kharif season). The average number of members in the householthés 6
risk perception with regard to floods was of medium magnitude in the village i.e. impacts
faced have been in terms of loss of agricultural |émek © infrastructure facilities such

as submergence of Vocational college howenelives have been laost

3.6.2 Badal

Badal is a hamleunder the Gram Panchayat of Bawani village.contrast to Khadri
Khadak maf, there seemed to be an evident diversity gntim&crops grown which
includeskidney beans, wheat, paddy, corn flour and mustardBetdal is also close to
Rishikesh, and the livelihood of the individuals in the villaggpends on the rafting
busineswing to the thriving tourism that Rishikesh is poputa. Therefore most me

of the village are eithesel-employedor daily wage workersThe average family sizand
language spokeis same as Khadri Khadak m&frther, in contrast, there is homogeneity
in caste of the population as majority of the geogre Garhwalwith no member of

minority group residing there. (Census, 2011)

The flood risk perception is low in Badal since main activity that gets affected is rafting
apartfrom loss to agricultural land ardtinking water scarcity in moosn due tolbods.
Even for rafting, as per license, the tents are removed during the monsoon season starting

mid-june onwards.
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3.6.3 Ginwala

Ginwala has highest elevation amongst the locatsetescted; a village settled right next
to Mandakini Riverand thus, was the moaffected during 2013 disastaihile most
women in the village work as agricultural labour in others farmland and cultivaters
are employed either in defense services (particularly Arself-employedor have other

private job (such as drivingypat from being traditionally involved in cultivation.

The main crops grown in Ginwala are Wheat, Paddy, Pulses and mustard. In all the three
villages, there exists some form of humaihdlife conflict which was more prominent in
Ginwala The flood risk pergaion is high in this villagevhich is primarily because of

past experiences and number of organizations (Such as Himmothan, GAIL) the village is
exposed to who conduct awareness sessions and regular meetings in the Mikkage.
village had access to inft@ucture such as HelpAge hospitptjimary and secondary
schools in Agastmuni (a town near Ginwala) apdcca roads connecting the village to

other towns.
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CHAPTER IV: RESULTS AND DISCUSSION
4.1 The Process of Warning

In this section, firstly wedok at thenformation disseminated to the individuals and then
perception of risks among individuals. There is a difference between a warning as defined
at the mitigation planning stage and what unfolds at the ground level. The warning system
is a socialprocess rather than a singlede event therefore it is important to understand
the process once a warning is disseminétéitkti, 1995) Secondly, we try to look at the
factors which influence warning decision making among individuals and communities i.e
understanding how the preparedness action or the likelihood of people undertaking a
protective action in response to notification of a possible flooding event depends not only

on the receipt of warning but various other factors.

INFORMATION PROCESSING ACTION

Receiving a
‘Warning

Understanding

the Risk Confirming Responding

Source Dralek (2012)

According to Parker et. al.,, (2008}, Peopl e rarely respond in
mechani cafredpgponsmedusnanrmaarr eshotsedmurdouse |
appropriate in which the actor processes risk communication information. Treréie

warning may not generate the expected resp
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Warning as a process as presented in the diagram above, can be demarcated into two
stages i.e. of information processing and taking preparedness action. The Chain begins
when an individual hears oeceeives the warning which can be of three tymd#Scial

(through police announcements, warning signage or SMS), unofficial (own observation,
through family or community members or via television or radio) and no warning at all. In
order to understand wh#iggers the response, it is important to distinguish the types of
warning and analyze how individuals and communities respond to each type. When in
official warning, one has to be careful since the warning might be either before the onset
of floodingee nt i . e. one which is forecasted, at
in this case study wherein the event takes place at a higher elevation (Kedarnath) and then
simultaneously miill regions are alerted and finally there are also warnings tiféer

onset of flood. (Parker et. al, 2009) As explained before, certain studies falter because of
the assumption at first stage itself. | f

indicate that the recipients receive it.

In Uttarakhand, early waimg system is in its expansion stage. The district offices do
have the siren but have a limited range of 2kwisich in itself is a major shortcoming
considering the coverage area which should be targétédrmation, however, is
broadcasted with the supp of various mediums such as television, radio and newspaper

etc. With the pace of urbanization and advancements observed in the villages visited,
different trends were witnessed with only a handful of individuals still using radio. Even
those who hadteevi si on either didndét wuse it view
individuals despite having TV access lacked theupetboxes which rendered its
functionality futile. Thus, the physical constraints or other factors can cause a gap in

receiving thecrucial information by the vulnerable population.

Once the information is received, different peoplederstand it differently i.e.tiis
possible that each individual attaches unique risk probability to the event in terms of the
magnitude and depth thatight be faced. Following this, individuals try to authenticate
and confirm the warning within the households and the community. After the warning is
confirmed, individuals make a value judgment even within a village wherein quite a

number may think that he war ning doesndt apply to the
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people absorb the information and risk knowledge once it is shared among the community
members. Community participation plays a pertinent role in this case which we will
discuss in the nexdection. Furthermore, even after confirmation, certain households may

not consider themselves atarget. As observed in Ginwala, one of the study sites, given

the distance from the main river, some individuals assumed their shops or agricultural
fields would not be affected. Therefore, it becomes crucial to personalize the context of
warnings so as to avoid Ait candét happen t
by Weinstein and Klein (1995) the authors
random but systematic biases lead people to make unreliable and inaccurate assessment as

they underestimate the probability of adverse impact given their situation.

Once people undergo the O6processéo, it i s
where they choose to undertake an appropriate action to the risk facing them. However,
even after considering them target, the response varies among individuals and
householdswhich againdependon different factors which we shatliscuss. Response

may vary from moving to a higher location, preparing an emergency bag, discussing

within community about possible plan of action or people may decide not to act at all.

In the next section we delineatiee characteristics of flood warning, in order to gauge
whether individuals are provided sufficient informatidrefore we delve into socio

economic factors which trigger differential response action.
4.2 Top-Down Approach

For the purpose analyzing content adhewarning messagea documentation review
was dom. Information on warning dissemination during the year 28 %as collected

from Disaster Mitigation and Management Centre, Dehradun.

As explained in the literature review, there are four components to an Early warning
system. Looking at how the informt#&on reaches the consumer, means focusing on
dissemination and communication pathway as established byeldaeantinstitutional
authority. To evaluate the efficacy, it is crucial to review what information is gathered
from the official/formal source of arning, whatthe perceived accuracy of the same is

and whether the information providedsufficient.
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When rainfall is expected to cross the threshold of around 70mm on any day, heavy
rainfall warning is issuetb all the district officials along with vexus other agencies such

as Irrigation department, publicrsee and railway officials etso thatthere is readiness

for disaster manageme(€CWC, 2012)

Following diagram shows the dissemination channel as established in the disaster

management framewiofor India.

Figure: Dissemination Pathway

Nodal Technical Agency Electronic and Print media (TV,
(IMD/CWC) Radio, press and etc.) for public
information
NEOC/MHA

SEOC/RC & Secretary (DM) All concerned line departments

DEOC/DDMA) All concerned line departments

SDO/SDM

BDO/Tehsildar

Source CWC (2014)

There are thremain information categories when IMD releases a wedttecast along

with a warning which includes warning type, outlook for next 48 hours and advisory.
There are four waing type Green (o0 warning), Yellow (Be awaje Orange Be
prepared) and Red (most vigil). On review tfferent weather forecasts released for

different warning types, following observations were made

Advisory: Distinct levels of warning signify diffeent magitude of rainfallin any
geographical region which can differ from village to village the IMD forecast and

warning, the awisory specifieghat char dham yatris should take necessary precanibn
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avoid vulnerable aread3Vhile the websiteconiinst he necessary dos an
document does not explicitly elaboratetba precautionary measures that should be taken

or the vulnerable areas which shouldaveided.

TE WY T T

ADVISORY ISORY
[ view of heavy to very heivy rains during next 48 hours starting from 03" afternoon/evening and
ossibility of moderate landslide Chardham Yatriedare advised to take utmost care with necessary

precautions and avoid vulnerable areas.

Affected Areas: The forecast is released at a district levedrditlan avillage level. The

problem in this case arises because even if it does rain in some of the areas mentioned
among he vulnerable areas specifiedh e popul ati on r esitdanng i n
but received the samformation, may considerittol® case of (@&v¥eal se w

when it mightnot entirely be so.

WARNING (MOSTVIGIL)
Heavyrain woul ocur a a few places epecally n tarkash, Debradun, [¢ehri \larliun
(hampawat and US Nagar districts o ttarakhand during next 48 hours starting from 5"

afternoon/evening,

Furthermorefrom discussiorwith Key personnel at Rlraprayag District Office, it was

conveyed thatvhen rainfall levels cross a threshold where likelihood of flood increases,
eventhentie warning is stild!l released as O6heav)
se. A rationale that was given for treamewas to not induce extraneous panic among

people ankeep the message content simfleus, here is a cost associated withf a |l s e 6

warningswhich the agencies try to avoid that have both positive & negative implications.

In addition, from another interview conducted with Executive Director of DMNM®@as

learnt that IMD along with other organizations is part of an {Agency Group(lAG)

wherein from timeto-time weather and disaster related information is circulated.
However, there exists v eGivgntht eevel oNtteslsGch | n
social enterprises hold in any community and the pivotal role they can potentgliyp

disseminating timely information, there should kgnchronized working between
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gover nment and NGO6s which can compl ement

already in place.

Lastly, at a local level, police authorities announce precautionarguresafor peple at

the river banks to evacuate the area during heavy monsoon deasorduring a possible
flood-like scenario, a similar alert is given i.e. there is no differentiation between a
Oprecauti onar yfloodingainode 66 adaugreiton gmepbreer e / at t he
onset. This may hinder the perception of the local populafibus, there arafew areas

of improvement whih should be incorporated for informatiorleased by relevant
authorities.

Given, the characteristics of warnirigt us now analyze the coveragevedrnings in our

three sites as presented.

Graph 1:Percentagef Individuals who receivedwaarning

Receipt of Warning (in %)
50 - 46.43
40 - 36.67
30 -
20 -
10 - 4.35
O T T 1
Khadri Khadak Badal Ginwala
maf
= Warning

The above graph represenit® percentage of individuals who received a waritiger
through official or unofficia source. As can be seen, it is highest for vélaginwala

which was exposed to highest risk because of the elevation and lowest for Badal, where
people perceived risk to be low and fadeaist impacts as compared to other locatiéms.

all three locatios, 26 out of 8lindividuals i.e.one third of the surveyed population
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responded that they received some sort of a war@my 16 out of the 26 resporse
were for instructed warnings and this was mainly the case in Ginwala. In Khadri Khadak

maf, police anouncements were mabat post the initiation of field inundation.

The classification of warning type is presented in the graph bdlere, we have
categorized for all individuals of who received the information and not just warning i.e.
even those whoidd n 6t get a owar ni ng6 didegetinfarneation he on

after the event did strike.

Graph 2: Source of Information of flooding

Source of Information (in %)
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As shown, most of the individuals became aware of flooding thraugix of theirown
observatiormnddetals provided community membedsiring the evengéither by constant

monitoring of the river level or through strong flood stench that enveloped the area.
Repetition of similar information by multiple individuals acts as a confirmation that the
threat is crethle. Thi s credi bility increases the 06co
householde nd tri ggers | east a discussion chain
where to god IOnlyatound fl7 pgruwens df village snembers first got
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notified by police announcements.h e ot her source such as ofr
signify wherein individuals actively sought informatifsom relatives or friends uphill to

gauge the risk level or they were notified from acquaintances in Police who suggested
themto take appropriate measurés interesting finding is that, even thoutiere was

strong information sharing among all tbemmunitiesj t wa s nuntl thedtlsrdata r e d 6

seemed plausible

It is evident thatnstructed mode of communication doed seem tde effective in being

the first mode of information channel and having consistent coverage in an area.
4.3 Bottom-Up Approach

Human response torisksan be expl ained by OProtection
introduced by Rogers (1983) axding to whom individuals intention to engage in
protectionist measurare influenced by four crucial perceptions that includes severity or
magni tude of t he ri sk, -efficaay iofvundedakimgérsk v ul n
reduction behavior and respensfficiency of the samdt also conjectures that rather than

actual, it is the perceived benefits and costs of undertaking protstgp®than can affect

the decisionBefore looking at the factors, it is important to understand their importance

in a general hazard and vulnerability.

Figure: Relation between Soesmonomics Factors and Community Capability

Action
Capacity
(Social)

(Community)
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Actions at a community level are determined by household characteristics at an individual
level such as age, geadand education level etand capacity related factors at a social
level like village infrastructuresocial capitaletc This gives a broad framework of
detailed description which is given belois individuals, the capacity to take effective
actions islimited whereas, a communityhich is the multitude of individuals having
close bondss essentially like an autonomous body which its own set of new capabilities,

resources and interests. (Patterson et. al, 2010)
4.5Timeline Analysis: How Early Is Early?

Before proceeding to the analysis of warning received by the community and their
response to the same. It is crucial to understand the context in which people perceived the
meaning of early. The IMD forecasts provide a lead time-dhys whereas theris

hardly any difference between early warning or mere warning to individuals, in the sense
that, often a warning is not given because of forecasts but at the onset of a flood, therefore
at times, it can preceede or immediately follow after the actualtelteis primarily
because of this reason, that respondents were asked the lead time that they would require

to ensure their safety.

Khadri Khadak Maf 1-2 Hours
Ginwala 1-2 Hours
Badal 2-3 Hours

In Badal, minimum time redred for safety was higher since the amount takgratk all

the tents in an emergency situation was stated tolleastt2 hours.
4.6 Factors Influencing Preparedness Action
Age

In different geographical areas, researchers have previously studiederdiéfer
vulnerability impact of floods on certain categories of age group that either falls below the

age group of 15 or above the age of 65 comprising of senior citizens. (Tapsell et al., 2002;
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Dao & Peduzzi, 2003 and Lee et. al. 2005) Despite havingvediamore experience and
knowledge in respect to flood, people aged 65 and above are disproportionately affected
by disasters in general since the age restricts their ability respond effectively and affects
their mobility, thus, increasing the vulneratyiliFurthermore, the assistance required post

a disaster is greater for individuals falling in older age group. (VCOSS, 2014) In contrast,
the vulnerability of children arises in the context of difficulty a household faces for

undertaking preventive meassrto protect their children.

In this case study, it was olvged that in areas where alertessage through police
announcement was broadcasted, some people
warning or di dnot seek oot bechuse of imabifity of m a d d
process the information. Respondents even shared knowlefigen incident of
psychological impact experienced by an 83 year old widow post the 2013 flood.
According to Rufat et. al (2015) old age vulnerability can be reducednbygipatory
behavior by 6expertsd who by virtue of the
other members of the community. However, no individual with the described
characteristic was identified in any of the villagks can be seen in thebla, the

distribution of vulnerable population is highest in Khadri Khadak maf.

Table: Age Distribitution of Vulnerable Population in Study Areas

Khadri Khadak

Age Category Badal Ginwala
maf

% of children

N 39 33 21
( O-140vears)
% of Senior members
11.9 12.38 22.31
(> 65 Years
Network

Studies in the past hypothesize and find evidence that social networks do serve to

integrate dynamic responses present in a system and thus help build some form of
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resilience. (Carpenter et. al, 2012) Furthermore, th@lsbonds tend to enhance during
disasters. (Drabek and Key, 1983)

Majority of the households have been residing in their respective areas since their
childhood which is more than 50 years. This indicates a strong sense of social network.
The concept of arial capital then becomes relevant in the context of disaster risk

management . As defined by OECD, soci al ca

(o)}

norms, values and understanding that faciltateeqgpe r at i on wi t hin or
During the occurrencef a disaster, potential benefit can arise out of social capital in the
form of support, mutual aid and potential for collective action. Given this context, we look

at how such network facilitate in responding to flood in different sites selected.

Table:Level of Community Participation in the Study Areas

Village ' Explanation Response Response
Participation Type
'Khadri ~ Information  Merely sharing what is Voluntary Constant monitoring
Khadak (Least) Observed of river level and
Maf kegping community

members informed

Badal Activity Members acting Instructed Removal of Camps
Specific Task together when require Gathering together

Ginwala Consultation Offering some options Voluntary Consultation amon
in case of worst case community member
scenario ard preparation 0

emergency bags

The above table is based on community participation framework by Bina Agarwal (2001)
Previous Experience

An individual 6s response to a warning is .
flood experience and whethetlexperience is recent or distant and the magnitude of the
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event. (Parker et. al.,, 2009) Even though majority of the respondents had experienced
inundation in their area and agricultural fields, very few had personally had been affected
by flooding at thei house or hadlamagecausedo their personal property prior to the
2013 floods. As per literature, past experience should be positively related with

preparedness action sinoelividuals are aware of the possiiigpacts and consequences.

However, durig thefield visit, one of the respondents aged above 50 residing in a pucca

housan Ginwala mentionethat:

fAiThe return period of the flood generally50-100 years. We have experienced few floods
in the past, but none like the one which occurred in 20¥8 have lost most of our
agricultural land post the 2013 flood. A flood of thmagnitudewould probably occur

once we have died. Even if it does hit, there is hardly anything left for us to loge now

The above statememsignifies that for certain indiduals especially who are aged and
have limitedresourcesthere is very little incentivéor them to undertake any response
measure since value attached to Igeless.In addition, according to Reynaud et. al
(2013), when individuals have priexperience, they recalculate their risk perception that

is, post an experience of highagnitude flood, individualalsotend to undervaluevents

of a lesser magnitle. Another perspective regarding the same is that, individuals who
may have been affected psptbgically in the past durindisastermay experience more

anxiety when a similar disaster strikes again. (Hussain et. al, 2011)
Investment in Housing

As per ab2-year oldrespondent from Badal Villagaho residesn a pucca house with 9

other menbersdesribes:

&onstruction of a rom here in Badal costed us Rs32acs, a brick costs Rs. 3 in
Rishikeshbut it increases to Rs. 10 due to transportation castsslight uphil trek that
is involved. We have invested a lot in our housesn if disaster gkes, if we would want

to diein our own home 6

It is often presumed th&b enhance disaster resilience people invest in housing especially

pucca houses which is constructed from bricks and cements etc. While that mayihe true,
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the surveyed villageshte r eason f or Oi nact iimBadal anch a f
Ginwala, individuad s tdseeh @ respond actively because they assume theirdtouse

be disaster resilient rather because of the investments in@urded sense of possession,

it inhibits them from undertaking proactive measufreds househol d may per
of evacuation, in terms of losing cowitrof its assets and resources, as more devastating
than the r {Zxhkau,8¥l3)hazar d. o

Capability Building

In order to assist commures and households to intiate sattion during floods, another
important factor is the presence of an external agency or organigdtiom can provide
with training to individuals through knowledge sharing on prevalent risks, possible
precautionary meases andactions to be taken during the occurrence of a disaster. A
capability building iniiative improves preparation for hazis as it aimgo maximise

readinas to respond to flood warnings, even if issued at a short notice. (Yeo, 2000)

The effect of coomunity education on household preparedness was evident in one of the
sites, Ginwala. In Ginwala village, regular monthly/fortnightly meetings are conducted by
trained personnel fromGAIL who provide advice related to all disaster eveRsople

were enguied whether they attended the meetings or were members of the organisation.
Further, if they were members, individuals were asked if they found the preparedness
advise useful. Those whattended the meetings regularly responded positivity and
informed thathey indeed found the sessions informati¥e. advised, a few of them have
even started keeping an emergency bpiggpared, which carries essential documents,
torch and fewpiece of clothing so that even if they are warned at a short notice, they
would relatively be letter equipped than other members psychologically and physically.
Thus, capacity building through an external organisation helps in transition from flood

awareness to preparedness.
Existence of Social Leaders

Apart from formal leaders, thesdso existscertain informal éaders within a community
who play an important role during extreme evemts.Vishnu Vihar ward of Khadri

Khadak maf, there exists a few informal leadeh® are either members of local council,
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long-term resident of the \ldge or a saial activist. During an emergency situation,
community members rely on these social leaders for confirmation of information and
initiate action within village since usual

response but depends ohether the all households are vacating the village or not.
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CHAPTER V: CONCLUSION

Firstly, while investment in a Flood forecasting warning system may be required, it
doesnot necessari |l y suokaprocesshvalltbe deiitent acrasy e r a g e
areas and will provide information to the targeted population uniformly. Response curve

of individuals is dependent on warning characteristi¢gerefore, it is required that alert

issueal for different magnitude for flood and different aré@scustomizedIn our case, the

coverage of instructed alerts was less than 50 per cent in all areas, which means the top
down is ineffective in reaching to tlaéfected peopleThere should be efforts to take into

account community response behavior ke institutional framework in order to

improve the performance of the EWS.

At the ground level, thereae many factors which trigger o
making decision which include age, gender, investment in housmyPast experience.
Community also plays a crucial role in shapiag individuals role througlsocial

network, community participatignexistence of social leadeend capability building
programmesPublic awareness programma®ngwith trustbuilding through external
organkation can strengthen the EWS which should be incorponatdt within the
institutional structureThere are other factors as well such as gemaer educational

status which also affect the vulnerability and response curve of the particpants. However,
EWS performance with respect to gender requires a more detailed study because of the
complexity and nuances involvedl.more indepthanalysis isalsopossible with a focus

on compensation and insurance.
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ANNEXURE I: QUESTIONNAIRE

[) INDIVIDUAL INFORMATION

Name

Village: Taluka : District :

Sex Male ( )/ Female ( )

Age or range

Mobile Number (If applicable):

Years of Education:

a) Unable to read and write

b) Can read printed Material (English/Hindi/Vernacular language)
c) Can writeHard copy

d) Canread and understand SMS

e) Can write sms

f) Other

Religion: Hindu ( )/ Muslim () / Christian ( )/ Budsh( )/ Sikh ( )/ Other ()

Traditional Occupation of the Family:

Marital Status: Married () /Unmarried ( )/ Divorced ( )/ Widow ()

Total number of household members (including the respondent):

Male: Female: Children: Adults above @55
years

Total Number of Earning Members staying in the household

Occupation of adult household members

OwnFarmlabour( )ét her 6s f &ommarrh labow U r YDther() )
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(Monthly Income or rangeExpenditure on regular things andassets over the last year +
savings or debt

How long hasyou householdbeen living here?

Type of Housing Kachcha( ) /Pucca( ) /SeBRucca( )

When was it built?

Type of Ownership: Owned/Rented/Other Building/Structure

Land Ownership (area):

Area of Agricultural Land (If occupation is own farm labour)

Crops Grown

Average Yield: Kharif Season Rabi Season

Number of Rooms inthe Housel (  )/2( ) /3( )/4( ) /5 ) [/more)

Important items in the house Lamps / Radio / TV / Cooking Gas / Cooketfvestock(bullock

and other animalg)Sewing Machine / Bicycle /Wo wheeler bike / Four Wheeleédther

Access to banks/Institutional Credit

II. Knowledge and perception about flood hazard
1. Have you ever experienced flooding in your area¥es ( )/ No( )

2. When was the last time your areavas flooded? (Tick only one)
a) Never
b) Inthe last year
¢) Inthe last 2years
d) Inthe last 5/ears
e) bondt know/ Candét Recall

3. If yes, what was the magnitude of theféect in terms of life and asset?
a) Very High
b) High
c) Low
d) Very low

4. Do you believe it is necessy to make preparations for possible future floods?
a) Yes
b) Not sure
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c) No
d I f iNooO, why not ?

Do you expecfflood(s)in coming years?
a) Yes

b) No

c) Not sure

[ll. Information related to flood protection andflood warnings.

1.

I n case of heavy to very rnaessage/ hdvd receivcd
before?

a) Yes

b) No

c) Dondt Remember

If yes, from which source? From whom? How frequent?

a) Media (TV/radio/Newspaper)

b) Indigenous Knowledge (informal Warning)

c) Gowvernment Formal Warningsiren/ police announcements)

d) Personal Observation (Noticed Unusual changes in wind direction and cloud
conditions)

e) Other

Do you think your neighbars also receive tle warning?
a) Yes

b) No

c) Not sure

Do you trust the warning received? (Have there been incidence(s) of false warnings?
Are you aware of false warning or experienced yourself in the past?)

What is your perceived accuracy of the warning?
1=100% 2=75% 3=50% 4=25% 5=0
What information do you gather from the source?

1=Timing 2=Intensity 3=Duration 4=How to Respond

How do you perceive the seriousness of the floods upon receipt of the information?
1=Not serious 2=Potentially Serious 3=Serious  4=Very Serious
What was the lead time between the receipt of warning and occurrence of the
6event 67

a) Less than tw hours
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10.

11.

12.

13.

b) Two to four hours
c) More than Four Hours
d) Knew a day or two in advance

Do you receive any advice for flood response Activity?
a) Yes
b) No

Do you think these warning are useful for your household and/or the community?
a) Yes

b) No

c) Dondét Know

Did you sharethe information received by you with other members in the
community/neighbors?

a) Yes

b) No

What actions doyou take/have takenin response to the early warning information?

a) Move to safer Locatiorkligher Ground

b) Discuss and Validate information from the aommity
¢) Discuss Things within Household

d) Wait for External Assistance

e) Do Nothing

f) Don6t Know

g) Moving possessions/livestock, protecting assets
h) Other

Who decides to take these actions? Is it an inddual or group decision i.e. who takes
the risk?

. Pleaseindicate in what situation your household/ individual reacts to the early

warning?

Whensomeone diem thecommunity

When peoplebserve somdamage irproperty

When hazardrrives in thearea

In case of panisituationonly/officials put enforcement
When theinformation iswidely spreadn community
Wheneveerarly warnings heard

Other

. Is there any community based organization for flood prevention and mitigation?

Yes
No
Have noidea
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ANNEXURE I

Field Visits

Discussion in Ginwala

Camps in Badal
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Primary School in Khadri Khadak Maf
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