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As a rope is the
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mountain climbing,
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00d event rescue.
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Abstract

India endures numerous o00d events every year due to its tropical monsoon climate. River
deltaregions a ected by these disaster events are often heavily populated and experience
considerable damage and loss of life through drowning. The life jacket currently in use

by rstresponders in India negatively impacts performance with unsatisfactory levels

of protection, comfort and stowage. In addition, these products present tand usability
challenges and lack cultural sensitivity to end-users.

This research project addresses the suitability of this life jacket to respond e ciently
in an emergency by using a practice-led prototyping investigation to develop a
speci ¢ ood rescue product thatis re ective of the context of use and responsive
to the cultural context of India. The outcome of this creative practice research is a
slot n slide panel life jacket inspired by the traditional Indian sari. This conceptual
design accommodates a diverse range of body anthropometry in a one-size- ts-all
solution, achieved by an innovative inter-panel strapping system with integrated
side adjustments. This concept provides new and perceivable bene ts, including
improvements in utility for rst responders, single product deployment, e cient
stowage and provisioning with easier donning and do ng, broad size
accommodation, and a single adjustment strap, improving usability for end-users.
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Impacts of Covid - 19

The multiple lockdowns in New Zealand due to the COVID pandemic in 2020 and
2021 a ected my PhD timeline in the following ways:

1. Losing access to studio space

As a practice-based study, access to studio and design labs on the university
campus was necessary for me to advance this research project. Prototyping
and testing of life jacket concepts was postponed due to a series of university
lockdowns, reducing access to facilities, with multiple contingencies up-ended.

2. Sourcing materials

Creating mock-ups and prototypes of life jackets requires a substantial amount of
textile materials: fabrics, sewing thread, foam, fasteners, Velcro, cords, webbing,
and buckles. Sourcing these materials during the COVID pandemic was di cult and
delayed progress. Suppliers were unable to deliver materials due to stock shortages
or an inability to ship. Costs of materials and transport dramatically increased.

3. Aquatic spaces for life jackets testing.

The testing of life jacket concepts required access to managed aquatic
environments. Although approvals and access were negotiated and gained, the
consequent e ects of Covid-19 closed access for my study for a signi cant period.
Later due to lack of sta nga ected by Covid, pool access was further reduced.

I made every attempt to advance my study during lockdown, but it nevertheless
had a signi cantimpact.



Preface

There was no electricity, and it was raining heavily with thunder and lightning.
We were terri ed with water all around us! Some of the villagers ran to the
roofs of schools and concrete buildings, and some of them climbed trees and

electric poles. For three days, we neither had water to drink nor food to eat!

Personal communication with a ood victim in the
Runi village of Gujarat state, India, August 5, 2018

Every year, my hometown in India is greeted by tropical rains and cyclones due to its proximity to the eastern
coast of the Bay of Bengal. | remember clearly when | was eight years old, in the month of July, the nearby
Krishna River was severely ooded with incessant rainwater. The ood water entered our house up to knee
level, and we had to shift all the household belongings to the upper level. We survived with what we had

in the house for several days and could not get milk, rice, or other supplies. There was no electricity either.
We could barely sleep at night as we feared the poisonous snakes in the water. The cleaning process after
the ood water receded was a nightmare. All sorts of debris, including rubbish, metal, concrete, and animal
carcasses, were brought into our house by the oodwater. The risk of being a ected by successive ood
events improved after moving to an urban location. Nevertheless, many people in my hometown still face
the harsh consequences of oods every year.

| have travelled to many places in India that have been impacted by ood events. | have listened to the
accounts of ooda ected victims in person and developed a genuine interest in the ood event disasters
experienced by the people of India. During one of my visits to the Indian state of Gujarat, | met a seventy-
year-old man who was the sole survivor of a family of seventeen. He was living with his extended family at
a ood response shelter arranged by the local authorities. | could feel the helplessness and desperation
from his recount of the loss of his family. Sitting beside him, looking at the ruins left in his village | was
overwhelmed and speechless and did not know how to convey my condolences and sympathy to him.

During my Master s in the United Kingdom, | had the opportunity to work on three live projects for autistic children,
female prisoners, and Syrian refugees, respectively. | experienced a sense of ful Iment while working on the project
for Syrian Refugees. | enjoyed the opportunity to focus on a global issue and humanitarian problem and be able to
use design to help the plight of Syrian refugees. That was a signi cant turning point shifting my design focus to uplift
the lives of people in need. At that time, some ideas | was interested in for my doctoral studies project were related

to transformable clothing for refugees, life jackets for disaster events, and adaptive clothing for stroke patients. The
decision to design life jackets for people a ected by ood events wasin uenced by my personal lived experience.
Through my travels in Asia, | met people living in coastal areas of Cambodia and Myanmar who like India are
seasonally a ected by ood events and with similar experiences: loss of family members to drowning, no access clean
drinking water, inundation by disease transmitting water born pests, and the dangers of ood debris.

| cannot forget their plight and the desperation re ected in their eyes. | dedicate the outcome of my
practice-based research into ood event life jacket design, to all the millions of people a ected by oodsin
India and worldwide and to the brave rescuers who risk their lives in  ood rescue activities.




Chapter 1: Introduction

1.1 The Frequent Event

Among all the natural disaster events happening worldwide, oods are the most frequent category.
A recent report by the United Nations O ce for Disaster Risk Reduction (UNDRR) and the Centre
for Research on the Epidemiology of Disasters (CRED) reveals that, on average, 5,233 people die
annually due to oods (CRED & UNDRR, 2021). Additionally, 8.6 million people are a ected by

oods annually every year in the 21st century (Yaghmaei, 2019).

In India, emergency responders, military personnel,

national and international humanitarian agencies
volunteers are deployed to rescue and evacuate
people during ood events. Life jackets and
personal otation devices, which are developed
generally for military and marine environments,
are appropriated when required for ood events
in India. Design developments in related product
areas for emergency needs, such as lifebuoys,
life-rafts, mobile communication devices,
generators, temporary shelters, water puri ers etc.,
have increased over the last decade. However, little
design research has been done into life jackets for
ood rescue in India. Consequently, there is a need
for life jackets that are functionally appropriate,
culturally acceptable, economically viable, and
easily deployable by the Indian government
disaster management authorities during ood
events.

This research reviews and analyses the
appropriateness of current life jackets for
deploymentin ood events in India and develops
a life jacket speci cfor ood rescue events.

This life jacket allows the wearer to feel more
comfortable and safer and is improved in terms of
usability and performance for primary and secondary
users of this product (those being rescued and the
emergency responders).

Literature published on the types of ood rescue
operations performed by the Indian emergency
responders and the rescue equipment deployed by
them, including life jackets, is limited. Hence, visual
analysis of photographs of Indian ood events
obtained from o cial websites of the Indian disaster
management authorities was undertaken to provide
a contextual understanding of the environment and
conditions in which a ood life jacket would have

to perform. Observations were made to identify

the primary users of life jackets in ood events,
rescue activities performed by Indian emergency
responders and relief workers, and the types of life
jackets deployed by them.




Most life jackets deployed by emergency responders in India are
inherently buoyant types manufactured with Nylon or Polyester
fabric as the outer layer, closed-cell polyethylene foam on the
inside and ashlight or whistle accessories to aid with signalling
for help. The closed-cell polyethylene foam is essentially a

plastic packaging foam able to withstand impact and non-water
absorption. The foam blocks inside the life jackets are bulky and
primarily focused on aiding otation. A bulky life jacket may restrict
the wearer s movements in water and become arduous for wearers
assisting others in distress. Some common functional features

of the life jacket are culturally inappropriate to the context and
conditions of the subcontinent of India. One of them is a crotch
strap which is meant to stop a life jacket from riding up on the
wearer, however the crotch strap does not t over the traditional
clothing worn in India, such as a womens Sari or a mens Dhoti.

Floodwater rescue, also referred to as swift water emergency
rescue (Graham & K nneth, 2014), is associated with multiple
hazards such as ood water exposure, contact with blood and
body uids, injuries from sharp jagged debris and so forth. New
designs for life jackets that ful | the collective needs of emergency
respondersand ood a ected people are needed.

In any given ood, responsive rescue operations are vital in reducing
the loss of lives and for safeguarding property. This study expands the
understanding of the needs of ood victims involved in water rescue,
and the challenges faced by emergency responders involved in ood
rescue in India, both in relation to life jacket design. This research

uses a practice-based design investigation to generate knowledge

and understanding of this speci c life jacket context and application.
Primary research identi ed the currently used life jackets when used
by rstresponders negatively impacted their abilities to perform

with satisfactory levels of protection, comfortand e cient stowage.

In addition, these life jackets presented tand usability challenges,
signi cantly with the ease of donning and do ng for end-users, due to
sizing limits and the products proportions. Secondary research provided
a broad contextual understanding and reviewed existing innovative
design concepts relevant to the context of study.

A set of design criteria based on the primary and secondary
research was developed across the study to inform the progression
and assessment of design concepts. An iterative series of

physical prototyping was undertaken including evaluation in a
controlled swimming pool environment. The outcome of this
research is a conceptual life jacket inspired by the traditional
wrap-around clothing of India. This slot n slide panel life jacket,
has been developed to accommodate a diverse range of body
anthropometry in a one-size- ts-all solution, through an innovative
inter-panel strapping system and integrated side adjustments.



1.2 Objectives and Research Questions

The objective of this practiced based research project was to design an appropriate ood
rescue life jacket in response to Indias context and conditions of ood events, and the regional
authorities frontline response.

Objectives:

1. To gain an understanding of the context and response to ood eventsin
India with a particular focus on the role of the life jacket.

2. To assess the suitability of current life jackets deployed in ood rescue
events.
To propose and test life jacket designs that would improve performance
capabilities of the rescue e orts for rescuers as well as victims of ooding.

Research Questions:

The overarching research question for this research by creative practice was:

This question was supported by the following secondary research questions:

1. What challenges and issues are faced by ood a ected people and
emergency respondersin ood events?

2. What are the activities performed by emergency responders during ood
rescue operations in India?

3. What types of life jackets are currently used by emergency responders in
Indian ood rescue operations, and what is their opinion of these products?

4. What life jacket improvements can be proposed for ood rescue in India?

5. What are the emergency responders ideals for a future life jacket design with
regards to its optimal function, usability and aesthetic properties?



Chapter 2: Methodology & Process

The research methodology uses a mixed-methods approach, understanding and synthesizing salient
information from secondary data and literature, and subsequently building knowledge, understanding and
innovation through creative practice.

Approaches such as visual analysis of published images provided valuable insights from the eld of disaster
management, informing a range of areas of knowledge development including: contextual understanding,
roles played by various actors withina ood event, identi cation of life jacket types and usage, and the
implications of dress. Focus groups and interviews undertaken during eld research in India, provided a
direct connection with lead end users, and were key in the development of innovative insights and validation
of processes and procedures of Indian ood event response. Design activities included: iterative drawing and
sampling, dryland user trials, prototyping, computer aided design development, and aquatic trials across a
range of prototypes which provided rich user experience and usability insights.

2.1 The Double Diamond

The Double Diamond design process provided the framework for the study. This process was developed by
the Design Council UK (2005) to help designers and non-designers across the globe tackle social, economic
and environmental problems . The process provides a four-stage model that designers and non-designers
use to guide and challenge design problems. The four stages of the Double Diamond model are: Stage 1 -
Discover, Stage 2 - De ne, Stage 3 - Develop, and Stage 4 - Deliver.

Stage 1 - Discover explores the challenge with a broad research perspective examining literature and

secondary data in the early stage and initial rudimentary concepts.

Stage 2 - De ne, involves data generation through eld work and its analysis informing the development of

preliminary design criteria.

Stage 3 - Develop, builds the creative investigation involving ideation, sketching, prototyping, iterating and

testing.

Stage 4 - Deliver is focused on re ning the solution based on the feedback from testing and delivering the
nal product concept.

Phase DISCOVER DEFINE DEVELOP

Activity Secondary Research Field Study Ideation Development

DESIGN
PRINCIPLES

User-centred
. Reflective practice
. lterate, Iterate

/

Exploring |
Crossover

Preliminary
Design
Criteria

Literature
Review

Visual
Research

User Journey Mapping
FocusGroups
Questionnaires

Data
Analysis
Prototype Refinements
Dryland Trials 2 and 3
Aquatic Trials
Final Product

Preliminary
concepts &
Review

N

Problem/ Unstructured Modified Product/
Objective Research Findings Design Solution
Criteria

Figure 2.1: Double Diamond process translated for this study



Stage 1 - Discover

To achieve the objectives of this study, a literature
review was carried out to review published material
on Indian ood rescue operations, and to identify
relevant life jackets and or novel life jacket concepts
and innovations. Secondary research provided
appropriate image resources for visual analysis of
Indian ood events which provided a contextual

understanding of the ood environment and
identi ed the various stakeholders involved in a

ood rescue situation. Preliminary design criteria
were established based on the knowledge generated
from the literature review and visual analysis. This
initial knowledge base was used as a stimulus to
generate rst concepts.

79

LITERATURE REVIEW
Context of Indian floods
Flood rescue environment

NOVEL CONCEPTS REVIEW
Disaster response concepts
Aquatic rescue concepts

Life jackets review

VISUAL RESEARCH
Identifying stakeholders
Observations on life jacket
usage in Indian floods

USABILITY CONSIDERATIONS
Cultural clothing in India
Anthropometry of Indian population

Stage 2-De ne

In this stage, research was informed by eld work

in India which produced primary research material

with emergency responders. Three focus groups

and sixty questionnaires were completed with ood

rescue personnel to generate primary information

about the challenges faced by rescuers during
oods. Issues with current life jacket designs

PRELIMINARY CONCEPTS
Design criteria generation
Concept development
Evaluation and reflection

Figure 2.2: Stage 1 - Discover

and suggestions for an ideal life jacket that can
be deployed in Indian ood events were elicited.
Based on analysis of this data, and the previous
information from literature review and visual

research, amodi ed design criteria for designing life
jackets speci c to the context, conditions and user
needs in India was drafted.

JOURNEY MAPPING
Identify activities performed
by emergency responders in
fﬁ))od rescue events

FOCUS GROUPS
3 teams
Qualitative data

QUESTIONNAIRE
60 participants
Quantitative data

ANALYSIS OF EXISTING
LIFE JACKETS
Wear-trial on participants
Usability testing

g Crtera | Suberiteria Interpreed Need

COMFORT

{0 wearer's ams, lmbs,head and neck.

HITTING Approprinte to. Indian | The e jacket accommodates a boad range
Anthropology of Indian anthropomety fom S females
ales.

EASE OF DONN | Culturally sppropeate [ The e jacket requies lie or no. user
&DOFF inst

SAFETY. Reliabiliy

HANDLING & | Vohume
ORlG

MODIFIED DESIGN CRITERIA
Comfort, Fitting, Ease of donning,
Safety, Performance, Handling &
Storage

Figure 2.3: Stage 2 - De ne



Stage 3 - Develop

Concepts were generated and reviewed based on
the modi ed design criteria. The selected concept
for development was inspired by the traditional
wrap-around clothing in India, the sari and the
Dhoti, a crossover style life jacket with sliding front
panels that accommodated a large range

CONCEPT GENERATION CROSSOVER STYLE
Screening and Reflection Selected concept for further
design development

of body anthropometry in a single size. A further,
seven crossover style life jacket prototypes were
developed and tested in a dryland (non-aquatic)
environment to improve comfort, t, usability, and
reduce bulkiness. Favoured features from these
prototype trials were incorporated into the nal
design in the following stage.

EXPLORING CROSS-OVER STYLE
Seven crossover style variations

DRYLAND TRIAL
3 Existing life jacket designs
7 Crossover style variations
Comfort, Ease of donning, Fit
& Adjustability evaluation

Stage 4 - Deliver

The focus on design practice at this stage of
development produced a design feature that
enabled size range accommodation, through
an inter-panel strapping system with integrated
side adjustment. Human factors such as torso
simulations across 5th percentile female to 95th

PROTOTYPE REFINEMENTS
Donning Metho
Inter-panel Strapping System
Integrated Side Adjusment

DRYLAND TRIAL
Comfort, Ease of donning, Fit
& Adjustability evaluation

Figure 2.4: Stage 3 - Develop

percentile male was used in the development of this
key single strap one-size- ts-all feature. An iterative
andre ective design process was followed, to
develop the nal design through further wear-trials
and tting tests, followed by testing and evaluation
in a controlled swimming pool environment.

The nal design was speci ed.

AQUATIC TRIAL
Flotation and Self-righting
evaluation

7

SIMULATION IN CLO3D &

PHYSICAL MODELLING
Fit Trials on Indian
Anthropometric Sizes

FINAL AQUATIC TRIAL FINAL DESIGN
Swimming and Rescue Features and benefits
performance evaluation Manufacturing specifications

Figure 2.5: Stage 4 - Deliver



2.2 Ethical Processes

In Stage 2 - De ne,a eld study conducted in
India involved the participation of emergency
responders in contributing primary data on life
jacket usage in Indian ood events. In Stage 3 -
Develop and Stage 4 - Deliver, dryland trials, and
aquatic trials involved participants who trialled
life jackets that resulted from the design process.
The participants provided qualitative feedback on
parameters related to the life jacket prototypes,
such as t, comfort and performance and
informed the re nement and subsequent design
development.

2.3 Structure of Exegesis

Ethics applications relating to each stage were

all approved by the Massey University Human
Ethics Committee. All participants were willing to
participate in the project, and informed consent
forms for each activity were provided prior. The
Ethics application details for each of the activities
mentioned above along with their approval status
is documented in Appendix A.

The following chapters in the exegesis bring together content generated across the Double Diamond
process. Subsequent chapters discuss the research outcomes and draw conclusions with regards to

contributions and further design research directions.

Chapter 3: Flood Event Landscape of India

This chapter summarizes the context and conditions of ood events in India. It identi es the major types of
oods and their causes, and how ood rescue is undertaken in India and by whom.

Chapter 4: Life Jackets and India

This chapter reviews salient secondary information related to the research project and crosses a range

of topics including, types of life jackets, standards required, and those life jackets speci c to the Indian
disaster event management. It provides contextual insights through a visual analysis approach of images
from ood events in India. In addition, it presents information on dress conventions in India that impacts on
the performance of life jackets. Finally, it provides insights and precedents from the eld of disaster design

related to ood events.

Chapter 5: Indian Field Research and Product Trial

This chapter presents primary research undertaken in India with Emergency Responders. Three locations
were chosen from varied geographical locations, population densities, climatic zones, and having had
experience with major ood events in the past. These locations included Ghaziabad in the North, Vijayawada
in the Central, and Arakkonam in the South of India. Focus groups, journey mapped the process and
procedures undertaken during a ood event, and along with a separate questionnaire study, identi ed
challenges faced, opinions and aspects of the ideal ood event life jacket. The research approach used
conventional focus groups and interviews to validate and adjust insights from secondary research with

lead users and experts from the eld of ood disaster response. A preferred existing life jacket model was
reviewed in a dryland trial that provided experiential insights into a conceptual design for a life jacket that

caters for the needs of responders in the Indian subcontinent.

Chapter 6: Design and Development

This chapter provides documentation of the creative practice undertaken in the development of the Flood
Event Life Jacket. The design content was tested and developed against modi ed design criteria starting
from idea and concept generation and development through to prototyping trials and user testing on

dryland and in aquatic environments.



Chapter 3: The Flood Event

Landscape of India

3.1 The Human Scale of Flood Events

Over the last two decades, oods have a ected nearly 300 million people in
India, causing more than 28,596 deaths (Guha-Sapir et al, n.d.) resulting in
1,400 to 1,500 deaths in oods every year (see Figure 3.1). The sudden peak
in the mortality graph below represents the 6,453 people who died in the
Uttarakhand ash oods in 2013 caused by a sudden cloudburst.
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Figure 3.1: Mortalities caused by oods in India (2002-2021)

The number of people a ected by oods each yearin India uctuates with a
reduction in the period from 2008-2014 and an upsurge from 2015 to 2018
(see Figure 3.2). On average, 15 to 20 million people are a ected by oodsin
India in any 5-year span.
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Figure 3.2 Number of people a ected by oods in India (2002 - 2021)
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The major types of oods in India are: Coastal ooding (rise in sea levels caused by extreme weather and
high tides), Riverine ooding (over ow of ariver onto inland areas caused by intense rainfall), and Urban

ash ooding ( ooding of urban areas caused when the ground cannot absorb the water from heavy and
sudden rainfall) (NDMA, 2008, p.1).

Riverine ooding is the most critical climate-
related hazard in India. Heavy monsoon rainfall,
inadequate capacity of rivers to carry the high

ood discharge, inadequate drainage to carry

away the rainwater quickly to streams/rivers are
the main causes of oods in India

Natural Disaster Management Authority of India (NDMA, 2016).

River delta regions in India that experience incidents of severe oods are often heavily populated and
experience considerable damage and loss of life through drowning (NDMA, 2008). Responsive rescue
operations are vital in reducing the loss of lives and safeguarding property.

3.2 Flood Rescue in India

The NDMA de nes search-and-rescue as the rst and vital stage of a ood scenario, followed by immediate
relief and rehabilitation (NDMA, 2005, pg.2). Search-and-rescue involves evacuating people trapped in
locations surrounded by oodwater and relocating them to safer zones. In India, armed forces personnel and
civil protection servicemen such as police and remen are generally deployed by the government authorities
in the case of a major or severe level ooding (NDMA, 2010, pg.34). Of these, the National Disaster
Response Force (NDRF), a subdivision of the Indian armed forces was formed for the purpose of specialist
response to threatening disaster situations, performs essential search-and-rescue operations during oods
each year (NDRF, n.d.). Local community members also undertake immediate search-and-rescue activities
when outside help takes longer to arrive. Although disaster management in India has organised policies
and structured programmes, the high mortality rate due to oods indicates the ine ectiveness of rescue
operationsand ood risk management policies. The sheer population living close by the river and coastal
ood locations is a major contributing factor to the high mortality rate (Mandych, 2009). Limited numbers of
emergency responders can be quickly overwhelmed in major ood events in highly populated areas (Briones
etal, 2019).

Search-and-rescue activities are performed in harsh and unfamiliar environments during ood rescue and
evacuation and are associated with multiple hazards such as ood water exposure, contact with blood/body
uids and injuries from sharp jagged debris (Graham & K nneth, 2014; pg.487). Houses and streets are lled
with water (see Figure 3.3) that consists of all kinds of debris and obstacles such as concrete, metal, fences

and trees which can cause damage to property and human lives.



Figure 3.3: A family is rescued by NDRF team froma ooded
residential area (Source: Xinhua, 2015).

Emergency responders may not be familiar with the situations as they do not have the opportunity to

train in ood areas with vehicles owing in stagnant water and swift water ways. Working in swift water is

more dangerous and challenging than in stagnant water because of the speed of the moving water which

damages impacts from debris and increases di  culty in performing rescue activities. The risk of harm to
ood victims and rescuers alike, is very high in swift water (Ray, 2014; Szpilman et al., 2012).

Sometimes emergency responders work in dark and dangerous conditions without torches or handheld
lamps (see Figure 3.4). Handling rescue equipment like ropes, torches, and lamps can be complex when
assisting people to evacuate ooded houses. Often there may not be enough life jackets to distribute and no
poles to measure/test water depth. Rescue activities can take hours or even days to complete. In such cases,
having no access to clean drinking water can lead to the dehydration of emergency responders and ood

a ected people (George & Brons, 2014).

Figure 3.4: An elderly woman is carried to safety from her ooded house at night (Source: Spokesperson Navy, 2015)
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Distribution and e ectiveness of life jackets represent a key tool in frontline search and rescue operations.
Before departing ona o0o0d rescue operation, emergency responders are required to wear personal
protective equipment, including a personal otation device (life jacket), thermal protection, helmet, gloves,
and foot protection (Ray, 2014). NDRF personnel in India wear a half or full-sleeved T-shirt and shorts
underneath a life jacket (see Figure 3.5) while performing ood rescue activities. The T-shirt and shorts,
made of a breathable mesh nylon fabric, are accompanied by waterproof footwear. Other rst responders
suchas re ghters, police, and military personnel work in their service uniforms, while non-governmental
organisations (NGO), volunteers and civilians wear everyday clothing: shirts, t-shirts, pants, raincoats etc.
Although this type of clothing does not protect the rescuers from the many dangers that they are exposed
toin ood events, this type of clothing is chosen for its comfort, ventilation and quick-dry nature in response
to the scorching and humid tropical weather in most parts of India.

Figure 3.5: NDRF personnel wear T-shirts and shorts made of a breathable mesh
nylon fabric during ood rescue operations (Source: Santosh Kumar/ Hindustan
Times via Getty Images).

Emergency personnel perform several types of activities during a ood rescue event. Activities such as

rowing boats, assisting people to evacuate ooded houses and getting into life-rafts or boats, and rescuing
people who are drowning are performed in aquatic environments. Rescue activities that are performed on
land include carrying the disabled, assisting the elderly, supporting pregnant women and children to safer

locations, cleaning debris, and distributing aid.
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Figure 3.6: Emergency responders carrying an elderly woman
on a chair while wearing life jackets with collar (Source: Kiran

Manjunath/AFP via Getty Images, 2017).

Current life jackets designs do not
consider how they negatively impact

on the wearer s performance during
various rescue activities. In Figure 3.6,
two emergency responders are carrying
an older woman on a chair. The life
jackets donned by them have a bulky
collar restricting their vision to the sides.
The foam on the front obstructs the
hand s reach to the opposite side. Similar
obstruction can happen whilst in rowing
boats, where responders sit side-ways on
the edge of a boat and need to reach on
the opposite side for the oar.

An arduous task that responders repeatedly perform during ood rescue is lifting people onto a boat. In
Figure 3.7, military personnel are seen lifting an older man into the boat by holding him under the upper
arm while another person is assisting from behind. The life jackets worn by the military personnel, with a
length up to his upper thigh, blocks the waist exion movement by creating a fold in between the waist
and thigh, and creates contact with the back when bending forward. The proposed life jacket design should
accommodate the action of lifting a person by holding them under the arms.

Figure 3.7: An army personnel lifting a ood victim into a boat.

(Source: PTI Photo, 2018).
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An improperly tted life jacket has a high chance to make the wearer slip through the life jacket or the life
jacket to rise onto the wearer s face. A woman dressed in a Sari or a man wearing a dhoti cannot fasten the
crotch strap over their inner clothing. This puts the wearer at a risk of slipping out of the life jacket when
being held and pulled up.

Current life jackets designs are worn like a vest by entering hands through the armholes and then secured
on the front using a zipper, hook n Loops or buckles. Indian populations, although aware of western wearing
styles of fasteners can nd it puzzling to wear a life jacket and tit, appropriately to their body. In Figure 3.8,
an old woman can be seen wearing a life jacket over a sari that improperly ts her size, whilst an infant is
seen wearing an adult size life jacket.

Figure 3.8: People rescued from ooda ected areas in India wear improperly tted life
jackets (Source: Biju Boro/ AFP Photo, 2017).

3.3 Summary

There is limited published information on the types of search-and-rescue operations performed by the
Indian emergency responders and the rescue equipment used in their ood rescue operations. Emergency
responders include professionally trained personnel from military, police and civil defence organisations,
along with civilian volunteers involved a ected by the disaster event. Search-and-rescue activities are
performed in dangerous and challenging environments commonly associated with multiple hazards.

Life jackets used by emergency responders and deployed for the mitigation of ood events, often have
perfunctory functionality and low levels of usability. Fit and adjustment of life jacketsisa ected by clothing
archetypes worn in India. This makes securing a life jacket particularly di  cult for women.

Floodsa ect 15 to 20 million people on average every year in India. These signi cant gures evidence the
sustained and regular cycle of ood events in India, the vulnerable heavily populated river delta areas, and
the need for preparedness by national and regional governments in response. The high mortality rates
from predictable annual ood events can be seen to indicate ine ectiveness in disaster event management
and operations which support an argument for developing ood event response equipment speci c to the
challenge, and not appropriated from some other source or purpose.
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Chapter 4. Life Jackets & India

4.1 Personal Flotation Devices, Life Jackets and Buoyancy Aids

The European standard relating to personal clear (ISO, 2006). Life jackets and buoyancy aids are
otation devices (PFD) classi es all PFDs into categorised into further classes based on the level
two types (ISO 12402-5:2006): life jackets and of support provided by the PFD, types of buoyancy,

buoyancy aids. It de nes a life jacket as a device activation methods for in atable devices, and
that will protect the airway of an unconscious PFDs with added survival equipment like whistles,
person, regardless of the sea conditions, whereas re ectors, locating beacon, cell phone pocket and
a buoyancy aid will only provide support to a hydration pouch.

conscious person who swims to keep the airway

Life jackets are used as life-saving mechanisms in marine and river environments. Life jackets provide strategic
buoyancy to enable otation and correct body position for survival in water (Brooks, 2014).

They do not necessarily enable other activities or improve swimming performance. Even with a life jacket,
survivalina ood eventisa ected by other injuries, hypothermia, dehydration, water ingression to nasal

and mouth passages, and injuries causing blood loss or unconsciousness (Jonkman, 2014).

The critical di erence between a life jacket and buoyancy aid is that a life jacket will provide adequate
buoyancy to a persons chest, and more importantly raise the head above the water so that the airway has
an acceptable freeboard. Whereas, if a person wearing a buoyancy aid becomes exhausted or unconscious,
they will slump forward, the airway will become submerged, and they will drown. Typically, a life jacket has
a collar around the neck lled with foam which raises the wearer s head above the water so that the airway
has an acceptable freeboard. Buoyancy aids tend to have no collar and have non-restrictive neckline and
armholes, which allow for a greater range of motion for the head and arms.

Examples of a life jacket and buoyancy aid are shown in Figures 4.1 and 4.2 respectively.

Figure 4.1: Example of a life jacket Figure 4.2: Example of a buoyancy aid
(Source: Hutchwilco, 2022) (Source: Hutchwilco, 2022)
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The Indian Standard (1S-6685) for life jackets, which incorporates the requirements under the International
Maritime Organization (IMO) resolutions and Safety of Life At Sea (SOLAS) regulations, de nes a life

jacket as a safety device for all persons whose occupation or recreation is connected with water (Bureau of
Indian Standards, 2009). The IS-6685 does not incorporate the term personal otation devices (PFD) in its
speci cation, and no further classi cation is provided on the types of life jackets. The Indian Standard (IS-
6685) recommends a minimum buoyancy of 100 Newton for an adult life jacket and 60N for a childrens

life jacket. To maintain uniformity with the terminology in the life jacket standard of India, the term life
jackets will be used here on in, to de ne the above mentioned two types of PFD s, describing them with or
without a collar where necessary to identify their expected level of performance and di erentiation of types
commonly used in India.

Leading brands in the manufacturing of life jackets include Onyx, Stohlquist, Astral, O Neil, Mustang, NRS
and Coleman in the USA, Survitec, CrewSaver, Musto and Palm Equipment in the UK; Baltic and Lalizas in
Europe; Menance, Jarvis Walker, Burke Marine, Torpedo7, Hutchwilco and BLA in Australia and New Zealand.
In India, local manufacturers and suppliers such as India National Safety Solution, SHM group, Galvanisers
India, Majestic Marine and Engineering, and Mahima Industries prevail. No notable speci c Indian designs of
life jackets are found in published literature or e-commerce websites.

4.2 Life Jackets Deployed in Indian Flood Events

The life jackets most deployed by military personnel and National Disaster Response Force (NDRF) teams

in India were reviewed for this study. These are inherently buoyant types made with closed cell polyvinyl
chloride or polyethylene foam, jacketed in nylon and or polyester fabrics. The foam is impervious to water
and with the jacketing material, can withstand physical impacts. Life jackets, both with and without a collar,
are used in India. Examples of life jackets deployed in India during rescue activities are shown in Figures 4.3
and 4.4 (see Figures 3.6 and 3.8 for the life jackets being in use in Indian ood events).

Figure 4.3: Markwel life jacket with collar Figure 4.4: Galvenisers life jacket without collar
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4.3 Visual Research Developing Contextual Understanding

Secondary visual research using photographs of ve major Indian ood events that occurred during 2012-2020, was
analysed to understand the ood disaster context in India and to re ne the objectives and aims for this research.
Information on the human impact of Indian ood events that occurred during this time was obtained from the
Emergency Events Database (EM-DAT). The twenty ood events with the highest mortality rate and number of people
a ected were rst selected. Multiple events were screened in this group from states or zones to identify those with the
highest rates of ood a ected regions. Five o0od events were chosen in this way from varying geographical locations,

multiple states/ zones of India with dissimilar population types. The chosen ve ood events and their details are
presented in Table 4.1.

Table 4.1: List of Indian Floods from 2012-2019 chosen for Visual Research
(Source: Guha-Sapir. D, Below. R, Hoyois. Ph - EM-DAT: The CRED/OFDA International Disaster
Database www.emdat.be Universitd Catholique de Louvain Brussels Belgium)

Kerala Floods Heavy Rainfall, Broken
2018 Flash Flood dam / burst bank. 504 23,220,000
Landslides

Assam, Gujarat,

Uttar Pradesh o Monsoon Rain,
and West Bengal Riverine Flood Inundation of oodplain 1,343 25,755,000
Floods
2016- 2017
South Indian Heavy rainfall, poorly
Floods Urban Flood planned urbanisation 325 1,801,000
2015
Floods Riverine Flood )I/an dslides ’ 298 275,000
2014
North Indi N
O::|Ooréslan Flash Flood Torrential rains, Clouds 6,054 504,473

2013




=

De ned the roles of various participants ina ood rescue activity,

2. ldenti ed the rescue equipment currently deployed and analyse their
appropriateness for Indian sub-continent,

3. Highlighted the challenges faced by emergency responders during rescue
activities,

4. Understood the lifestyle of ood a ected people in rural and urban areas.

The Visual Research Diary used in this project has been scanned electronically and presented in Appendix B.
A digitally coded sample of the visual research diary is displayed in Figures 4.5 and 4.6.

Scenario:
Indian army pulling a boat through flood
waters with rescue people in the boat.

Equipment:
Lifejackets (Type I), Metal-boat (Gemini marine
Boats),

Problems:
1. People wear rain coats, but not rescue person-
nel

2. Rescue personnel get wet in rains. Their hands
are not free to carry umbrellas.

Attributes: Bulky, Heavy,

Not in use position, Not one for one,
Raining

Figure 4.5: Digitally coded sample 1 of the visual research diary
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A Scenario: People rescued from flooded
houses and taken to relief camps.

N Equipment: Life-rafts, Human power,
Lifejackets (Type-II), Lifebuoy
Buckets

Problems:

1. Elderly, disabled and kids are to be
lifted by rescue personnel to get
into boats.

2. Life rafts can’t come to the entrance
of the house. Walking through flood
- waters is unavoidable to get into
Credits: Defence Ministry of India, 2018. Kerala, India. life raft or boat
www.ptinews.com/ptigallery

3. People are bringing some basic needs
with them. how much stuff can
each carry

8 4. What are the important stuff they
= carry with them?

5. How do they protect their mobile

phone?

Attributes:
Lift weight (people), Protection for
belongings, Pulling/Pushing boat

Credits: ANI, Asia News International, 2018. Kerala. www.aninews.in

Idea: Tasks:

1. A mobile phone protector 1. Lift people and place in
with a rechargable light. the boat.

2. A rain coat with a safe 2. Walk through flood
pocket for storing mobile waters.
phone and some important
documents.

Figure 4.6: Digitally coded sample 2 of the visual research diary
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4.3.1 Findings From Visual Research

This visual research approach enabled the classi cation of ood event participants, stakeholders and

a ected others. It aided the identi cation of the various activities performed during the search-and-rescue
phase and in trying to understand the challenges faced by emergency responders and a ected people
during ood events, consequently providing insights to innovation. It provided an understanding of the
environmental context in which ood event rescues happen.

There were two types of participants used in this study, based on their roles and needsina ood rescue
activity.

1. The rstgroup were the emergency responders which included military rescue-teams,
re ghters, aid-distributors, and volunteers of relief-aid organizations. The role of the
emergency responders is to locate and evacuate people, and to distribute emergency aid
to people located in ooded areas.
2. The second group were the a ected people who are inhabitants of the ooda ected
area. The de nition given on Emergency Events Database (EM-DAT) website for people
a ected is: People requiring immediate assistance during a period of emergency, i.e.
requiring basic survival needs such as food, water, shelter, sanitation and immediate
medical assistance . Flood a ected people may need assistance in evacuating their
ooded houses, relocating to safer locations with their family members and belongings,
while having to pass through ood waters.

Although the roles of emergency responders and a ected people were di erent, at times they are

interchangeable. When deployed ina ood rescue operation, emergency responders are at some risk of

loss of life and hence, they need to make sure of one s own safety also. Similarly, when support is delayed or

unavailable from emergency responders, local community s take-up roles as zero-responders to rescue other
ood a ected people (Briones et al., 2019). A detailed classi cation of the participants in an Indian ood

event is shown in Figure 4.7.

Figure 4.7: Classi cation of ood participants/ stakeholders
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