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RESUMEN (en espaiiol)

La herramienta para la métrica de desastres desarrollada y denominada “indice YEW de
gravedad de desastres” permite cuantificar, predecir y estudiar varios tipos de desastres
naturales, incluidos los relacionados con el clima, de forma simultdnea y continua,
enfatizando los enfoques de vulnerabilidad y exposicién incluidos en la definicion de
desastre, el impacto sobre las poblaciones humanas, la salvaguarda de vidas y los medios de
vida, mediante la inversion en riesgos informados para la reduccidn del riesgo de desastres.

El riesgo informado que proporciona el indice y calculado en funcién de las métricas de
desastres sera beneficioso para entidades e instituciones a nivel mundial, desde paises
vulnerables a desastres relacionados con el clima hasta modelos de riesgo de catastrofes en
Seguros y reaseguros paramétricos y en la gestion de transferencia de riesgos.

Se incluyd el indice global de percepcién de corrupcion en la gobernanza de un pais para
estimar con mayor precisién la verdadera escala del desastre. La métrica de desastres se
probd en 3 fases, principalmente retrospectivamente a lo largo del tiempo, en tiempo real y
casi en tiempo real para la preparacion, la reduccién de riesgos y la respuesta. Se realizaron
estudios de viabilidad y se encontrd que eran significativos, antes de probarlo en las 3 fases
mencionadas anteriormente. Como conclusién, las métricas de desastres analizadas sobre
preparacion, reduccion de riesgos y respuesta pudieron calcular y proyectar la poblacion
humana impactando vidas y medios de vida en funcion de la magnitud o las intensidades
documentado en un desastre.
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RESUMEN (en Inglés)

The Disaster Metrics tool developed, titled ‘The YEW Disaster Severity Index’ was able to
quantify, predict and test various natural disasters, including those climate related,
simultaneously and continuously, underpinning the vulnerability and exposure of a disaster
definition, impacting human population, thus saving lives and livelihood by investing in
informed risk, on disaster risk reduction. The Risk Informed calculated based on the Disaster
Metrics, will be beneficial to various stakeholders globally, from countries vulnerable to
climate related disasters to catastrophe risk modelling in parametric insurance and
reinsurance, risk transfer management. Global Corruption Perception Index in governance
of a country was included to more accurately estimate the true scale of the Disaster. The
Disaster Metrics was tested in 3 phases, mainly retrospectively across timeline, real-time
and near-real-time for preparedness, risk reduction and response. Feasibility studies were
done and found to be significant, prior to testing it in the above mentioned 3 phases. As a
conclusion, the Disaster Metrics analysed on preparedness, risk reduction and response was
able to calculate and project the human population impacting lives and livelihood based on
magnitude or intensities recorded on a disaster.
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1. INTRODUCTION

Background and Significant of Studies with Literature Review

The Ring of Fire!, a horseshoe shape string of the worlds’ most active volcanic and
seismic activities is at the Atlantic and Pacific Oceans, also the basins location path of
the hurricane and typhoon alley?*#, are home to more than 50% of the world population
in 2019°.2016, 2019 and 2020 recorded as the top three hottest temperature in decades,
due to El Nifio extreme warm climate, despite the cooling La Nina effect at the end of
2020, confirmed by World Meteorological Organization (WMO),® as of January 14,

2021.

Increase in Ocean heat surface linked to hurricane such as Hurricane Harvey was also
proven by Trenberth, K. E. et al., 20187. 2019 was also the record setting ocean
warming®° and also global land warming®in human history since 1880 and has recorded
a series of significant climate abnormalities and events, such as in hurricane, cyclone,

and typhoon.

The Hurricane Season 2019 in the Atlantic Ocean’, above average activities were
recorded; mainly 18 storms and 6 hurricanes, with record setting Hurricane Dorian at
the Bahamas. As for the Indian Ocean Cyclone Season 2019°, 8 storms and a total of 6
cyclones, 3 of them sustained maximum winds of more than 185km/hour were recorded
for the first time at the North Indian Ocean. Above average activities of 16 storms and
13 cyclones were also recorded at the South Indian Ocean. Tropical Cyclone Idai, was
one of the deadliest and costliest cyclones ever recorded in the Southwest Indian Ocean,
with a maximum sustained wind of 205km/hr. The 2019 Western North Pacific Ocean
Typhoon Season’ also recorded above average activities with 25 storms and 14
typhoons.
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Climate related global warming due to the increase in surface sea temperature, causing
significantly increased in intensities of Tropical Cyclones globally over the past four
decades was recently published in May 2020 at the Journal of Proceedings of the
National Academy of Sciences by Kossin J.P., et al'’, from the National Oceanic
Atmospheric Administration and the University of Wisconsin-Madison Cooperative
Institute for Meteorological Satellite Studies. This was evidenced with Typhoon
Hagibis in 2019°, the most rapidly intensified typhoon ever recorded in the Pacific
Ocean with a maximum sustained wind of 260 km/hr. The current season of May 2020
Tropical Cyclone Amphan'! intensified into 185km/hr within 24 hours prior to reaching

the shore of West of Bengal, India, and border to Bangladesh.

This is major concern in climate related disasters, especially measuring or quantifying
the estimation population impact at the affected area. Most of the tsunami, volcanic,
seismic, hurricane and typhoon are measured in real-time magnitude or intensities of it;
such as Volcanic Explosive Index'?, Richter Scale'3, Japan Meteorological Agency
(JMA) Seismic Intensities Scale or Shindo Scale!, Modified Mercalli Intensities
Scale's, Peak Ground Velocity'®, Peak Ground Acceleration'®, Beaufort Scale!'” and
Saffir-Simpson Hurricane Wind Scale.'®!” The Richter Scale'® measures the magnitude
of the seismic activity in terms of energy exert on ground using log algorithm. Peak
Ground Velocity!® and Peak Ground Acceleration'® are both use in earthquake
engineering, in measuring the ground motion intensities at a particular point, mainly for
seismic risk assessment and building code. Peak Ground Velocity'® measures the speed
of ground shaking at a point of the ground, whereas Peak Ground Acceleration'®
measures the change in velocity at a particular point. Modified Mercalli Intensities
Scale!> measures the effect of an earthquake using individual perceived shake

intensities in the aspect of people response, building structure and natural environment.
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Beaufort Scale!” measures the intensities of wind velocity especially in typhoon,
cyclone, and maritime purposes. The Saffir-Simpson Hurricane Wind Scale!'®!"”
measures the maximum sustained 1 min wind speed intensities for hurricane

classification, mainly use in the Western Hemisphere.

Recognizing the needs to measure the climate related disaster and its’ population impact,
a few disaster index or scale such as Medical Severity Index?’, Fatality Based Natural
Disaster Scale?!, to Munich Reinsurance (MunichRE; Munich Germany)?*> damage or
loss were formulated, underpinned the impact of a disaster definition. John Hopkins
University (Baltimore, Maryland USA) and the International Federation of Red Cross
and Red Crescent (Geneva, Switzerland)?>} have both claimed that there is no single

measurement that is able to capture the full scope of a disaster.

At present, no existing frameworks or tools are able to integrate the aspect of
humanitarian population impact needs’***, in measuring and quantifying various
climate related disasters at the same time, simultaneously and continuously,
retrospectively across timeline, real-time and near-real-time. The World Risk Index?’
analyzed the risk of climate related disaster such as earthquakes, cyclones, floods,
droughts, and sea level rise globally, from the aspects of exposure, susceptibility,
coping capacity and adaptive capacity, updated annually. Whereas the Assessment
Capacities Project (ACAPS) INFORM Global Crisis Severity Index?® measures the
severity of humanitarian access to the sudden onset crisis globally such as Novel
Coronavirus 2019 pandemic, complex emergencies armed conflict, and also climate
related disaster, updated daily. Bayram JD, et al.?’ have proposed a quantitative
assessment tool using the concept of SPHERE (Geneva, Switzerland) Minimum
Standards?®; which is the core standards for humanitarian assistance provided to the

affected people in disasters. However, the climate related natural disasters data
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indicators were used to construct the tool for complex emergencies namely the Public
Health Impact Severity Scale. Bayram JD, et al.?’ have also evaluated the De Boer's
Disaster Severity Scale (DSS) of 13 points and 7 parameters scale applied to 144
earthquakes retrospectively, from 2003 to 2013 using database from the National
Oceanic Atmospheric Administration (NOAA)*® and US Geological Survey®'. The
study?® was aimed to examine the reliability of De Boer's DSS scale application on
earthquake events. However, the result concluded that it failed to hold statistically
dataset of the earthquake events. Arcos Gonzalez P, et al. 3 have also applied the Jan
De Boer’s Disaster Severity Score in the case of Spain to quantify the consequences of
man-made and climate related disasters. However, the results*? were not generalizable
to climate related disaster. The Severity Scoring Model of Complex Emergencies Tool
by Eriksson et al.>3 was developed by using a holistic concept of human needs based on
the Marlow Hierarchy of Needs.’* Nevertheless, the tool®3 has not been tested on any

sample size of complex emergencies, be it retrospective or real-time.

However, none of these measures, predict or estimate in real-time its’ humanitarian
population impact, based on the magnitude and intensities of a disaster and on the needs’
to response?***36 preparedness or risk reduction.?*34-3¢ Key indicators of climate
related disasters that are being taken into consideration includes vulnerability and
exposure impacting lives and livelihood*’such as search and rescue in accessibility to
the impact site,?* population density’” and its’ topography.*® Other indicators includes
population basic physiological needs** such as food security,* critical facilities such as
public infrastructure,®-¢ healthcare capacity,*’ socio-determinants of health,*' socio-
economic impacting livelihood*>*} and factoring the corruption perception index** to

get a true scale estimation of the disaster impact. This posed a challenge in catastrophe

risk reduction in preparedness and response, mainly from the aspect of disaster
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medicine, public health, various stakeholders from civil-military, governmental and
international organization, reinsurance,*® disaster risk informed*®!%® and risk transfer

47-49

management'?®!%! such as in parametric insurance;*’**° mainly in decision and policy

makers.

The new Disaster Metrics tool titled ‘The YEW Disaster Severity Index (DSI)*%>? was
developed with the aim to estimate the humanitarian population impact using a
quantitative method, by integrating magnitude and intensities of a climate related
natural disaster. It underpinned the UNISDR disaster definition of the ability to cope
within local capacity,®-® with median score of 3 for vulnerability and exposure
indicators, median score percentage 100% and Medium YEW DSI total scoring, as
baseline®. Therefore, scoring more than baseline coping capacity indicate external
assistance or response needed.>>3¢ Search and Rescue (SAR) effort can be based on
indicators scoring such as Impact time®"7? as the first 72 golden hours for victim
survival, topography?® as the islands are submerged underwater including airports, and
Accessibility to the Impact Site,?* whereby only seaplane or military helicopter are able

to land at the island.

The new Disaster Metrics tool ‘The Yew Disaster Severity Index’ was presented at the
2017 World Congress of Disaster and Emergency Medicine® as conference proceeding
paper, with the sample size of 30 various climate disasters tested retrospectively. The
full paper of the new Disaster Metrics tool has been reviewed, verified, and published
on 2" January 2019 at the Cambridge Core Journal of Prehospital and Disaster

Medicine.>?

Retrospective data on climate related disasters were easily available, especially on
disaster databases such as Reliefweb>? and CRED-EMDAT?*. However, the reliability

of the data needs triangulation with various sources of secondary data.30-31.33-54
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Therefore, most of the climate related disaster analysis on various disaster scale, such
as Disaster Severity Scale (DSS),”° Hurricane Hazard Intensity® and Hurricane
Intensity Index>> were based on retrospective disaster data. The De Boer's Disaster
Severity Scale (DSS)?° of 13 points and 7 parameters scale was tested by Bayram JD,
et al. ? and Gonzalez P, et al.’? retrospectively using climate related natural disaster
data. Hurricane Hazard Intensity and Hurricane Intensity Index was developed by
Kantha, L.(2006)> in the challenge to replace Saffir Simpson Hurricane Wind
Scale.'®"Hurricane Hazard Intensity and Hurricane Intensity Index were both tested
retrospectively®® with hurricane data in 2005; mainly Hurricane Wilma, Rita, Katrina,

and Andrew.

Retrospective data of various climate related natural hazards globally from 1900 to
2016>* was used in the construction of the disaster metrics upper and lower limit score
of the vulnerable and exposure indicators. It was considered reliable, the best available,
easily accessible, and feasible data after triangulation with various sources. 331333 The
upper limit score of an indicator, on the Disaster Metrics>® was constructed based on
the highest vulnerability or exposure data retrospectively. The same with a lower limit
on the Disaster Metrics>® indicator, constructed based on the lowest vulnerability or

exposure data retrospectively.

Number of deaths, an exposure indicator in the Disaster Metrics,>® was defined by the
CRED-EMDAT?>* which include person confirmed dead, missing, or presumed death.
Indirect deaths from disease or epidemics occurred after the emergency phase of the
disaster was excluded from the official deaths count. The lower limit scoring was based
on CRED-EMDAT?>* criteria of a disaster, at least 10 or more killed. A search was done
on CRED-EMDAT?>* database retrospectively from 1900 to 2016 for climate related

natural disaster, excluding biological disaster. 2,000, 000 deaths were recorded for
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Floods in China on 1959, hence the upper limit for the number of deaths indicator on

the Disaster Metrics>® was set at > 1,000 000.

Corruption Perception Index,** classified as one of the vulnerability indicators on the
Disaster Metrics.”® This Index* measures the level of perceived public sector
corruption globally in each countries governance, with world-wide ranking updated
annually using retrospective data collected prior to that. Transparency International**
defined the score ranking into 0 (most corrupted) to 100 (very clean), which indicate
the lower score as higher vulnerability to corruption and vice versa. Ranking score of a
country with less than 50, indicates serious corruption problem. The Corruption
Perception Index(Governance) * score ranking of 0 to 100, has been adjusted into 5
categories, to fit into the Disaster Metrics>® based on vulnerability. The 5 categories
were mainly: 0-20, >20-40,>40-60,>60-80, >80-100. The vulnerability indicator of the
Corruption Perception Index** upper limit was set at 0-20, as 0 was defined by
Transparency International** as most corrupt, and lower limit was set at >80-100, as

100 was considered clean.

Retrospective data’??153%% was used as an evidence-based framework, in the
construction of the Disaster Metrics.® All the indicators in the development of the
Disaster Metrics>® were evidence-based, some were adapted from UN reports*®#!
SPHERE Minimum Standards?®® and Food Agriculture Organization for food
security’in practice and guidelines. A number of indicators were updated annually, to
stay relevant with the latest situation in the Disaster Metrics,>® such as the Gridded
Population Density of the World3” from NASA Socioeconomic Data and Applications
Centre (SEDAC), World Bank Data>® on new country classification by income for the
indicator on type of country economy, and Corruption Perception Index Ranking by

Transparency International.* The use of retrospective data in the Disaster Metrics,
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computing and comparing it simultaneously at any point of a specific disaster timeline,

is also the first step towards testing it in real-time and near real time.

Across timeline, retrospective disaster data is a feasible and reliable source with
evidence-based triangulation, in formulating the disaster metrics. >° It acts as a manual
machine learning database for big data and can be stored online, such as in dropbox>’
or google cloud.’® However, the speed and reliability of real-time satellite data from
disaster and meteorological centres globally,'!*? data from Internet of Technology®®
such as Artificial Intelligence Algorithm Disaster Rescue Robots,>*62:6465Unmanned
Aerial Vehicles (UAVs) or drones,®® google satellite map®' and mobile applications are
fast and real-time evidence based, compared to internet searched for situation reports,
on Reliefweb®?® or CRED-EMDAT>* database, as there is a delay timeline and gaps in

data reporting.

The usage of this emerging technology in real-time data, such as Unmanned Aerial
Vehicles (UAVSs) or drone®® and Artificial Intelligence Mobile Rescue Robots>%-62:64:65
in disaster response and relief operations have been deployed globally since September
11, 2001 Twin Tower Attack. 246> The drones®® have multiple usage and potential,
such as in natural disaster response and relief operations,®®%%70 insurance claim
response and risk assessment, ¢7-¢>-7%reconnaissance and high -resolution mapping of the
entire impact site,®%>7% temporary communication relay infrastructure,®-’° search and

rescue and logistical
support.66:69.70

According to Greenwood F et al. (2020)%*, Unmanned Aerial Vehicles (UAVSs) or
drones flew into the hurricanes in real-time to assess and capture the damage impacted

by 2017 Hurricane Harvey and Irma. Prior to that, Dr Robin Murphy®%from the Center
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for Robot-Assisted Search and Rescue (CRASAR)%? has recorded various government
approved global drones deployments for disaster response and recovery from 2005-
2018; 2% mainly 2005 Hurricane Katrina and Wilma in USA, 2009 L’aquila
Earthquake in Italy and Typhoon Morakot in Taiwan, 2010 Earthquake in Haiti, 2011
Earthquake in Christchurch, New Zealand and Earthquake in Tohoku, Japan, 2011
Floods in Thailand, 2012 Earthquake in Finale Emilia, Italy, 2013 Typhoon Haiyan in
Philippines, Earthquake Lushan, China, as well as Floods in Boulder Colorado, USA.
Drones deployment in 2014 includes SR530 Mudslides Response and Recovery in USA,
Floods in Serbia, Bosnia-Herzegovina, Landslides Collbran, USA and Earthquake in
Yunnan, China. Rotorcraft UAVs was also deployed to Hurricane Harvey, Irma and

Maria, on 2017 and the Kilauea Volcano Lower East Rift zone event on 2018.

Various type of drones®”-**7%are also being use for insurance claim response in damage
and risk assessment. By flying small airborne drones with fitted 3 Dimensions mapping
sensors® 7% such as Light Detection and Ranging (LiDAR)’"7?over the disaster
impacted area of post hurricane, or floods, the insurance claim assessor, emergency
medical team or risk engineers are able to identify properties or critical infrastructure
that has been damaged or flooded. Those drones®®’° are able to reconnaissance
extensively the entire area of viewing angle image that are not possible with manned
aircraft and mapped it in critical real-time high resolution. Thus, enabling a full picture
in inspection of structural damage assessment®®’? for critical facilities and buildings, as
well as identifying the real risk mitigation. This will reduce the risk'®* and unnecessary
danger exposed by the Emergency Medical Teams (EMT), disaster response actors,

claim adjustor and risk engineer.

Hurricane Michael 2018 landfall in Florida and Georgia, United States has left over 2.6

million people without electricity and communication connectivity at the affected
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area.”® Recognizing the needs in connectivity, the AT&T deployed their creation of the
extreme weather drone called ‘The Flying (COW) Communication on Wing’* to
Mexico Beach, Florida and hovered at 200 feet above the ground area, served as a
temporary communication relay structure. The Flying COW* carries a small battery
cell and antenna to connect via tethering physically between the drones and the ground
area in providing highly secured data connectivity. It uses satellite to transport text
messages, calls and data were transported via satellite. The Flying COW’* drone was
also deployed to Puerto Rico’ after the landfall of Hurricane Maria 2017, with Federal

Aviation Authority approval.

Heavy lift drones, such as Lockheed Martin K-MAX Unmanned Aircraft System’® can
be used for logistical support®®-7%7¢ in the area of inaccessible topography via manned
vehicle or aircraft during a disaster, in transporting essential lifesaving equipment and
items; such as medicine, food and water. It can also be used as a Drone Ambulance’®”’

in transporting Emergency Medical Team personnel and rescue survivors from the

disaster impact site to a safer area.

Smaller drones fitted with high resolution camera are excellent in locating missing
people. Recently, The Royal Malaysian Police deployed drones fitted with high
resolution thermal imaging’® to the low visibility dense forest in Malaysia, in a search

and rescue mission.”’

Looking at the exponential usage and potential development in this sector, the US
Congress Committee in Transportation and Infrastructure and the Federal Aviation
Authority (FAA)®*! have also discussed and raised the concerns in integrating the
drone real-time data technology safely into the national airspace in mitigating collisions

80-82 ;

prior to flying approval in the airspace. The challenge and concerns include public
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privacy, autonomy, national and global safety, and integration it in disaster response

and relief operations system, as well as national airspace.

Real-time satellite disaster data can also be obtained from google satellite map,°!
meteorological and disaster centre globally. It can be easily downloaded via mobile
applications using Internet of Technology.®® Google Satellite Map LLC®' can be
downloaded and easily accessible via mobile application, updating the current disaster
area of the impact site live. Most of the Meteorological and Disaster Centres real-time
satellite data are easily accessible and available to the public via mobile applications
such as from The Philippine Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA),%* Meteorology, Climatology, and Geophysical Agency of
Indonesia (BKMG), 85 National Oceanic and Atmospheric Authority (NOAA)*° of
The United States, India Meteorological Department Satellite,®® China Meteorological
Department,®” Japan Meteorological Agency (JMA) Satellite®® and Korea

Meteorological Administration Satellite.®

However, there are some real-time disaster satellite application that are not accessible
to the general public such as DisasterAWARE® by Pacific Disaster Centre.’!
According to the Pacific Disaster Center,”! the DisasterAWARE® application
accessibility are solely for emergency responder, to prevent traffic congestion to the

satellite application during a disaster.

It is important to test the Disaster Metrics>® humanitarian population impact in real-time
and near real —time and in integrating it into practice and guidelines, based on real-time
magnitude intensities. The new Internet of Technology®® from Disaster Center Satellite
and mobile applications were integrated and tested on the data collection of the real-
time and near real-time feasibility study, mainly in Hurricane Lane Hawaii, USA3%°!

and Cyclone Bulbul, Bangladesh.”?** Real-time satellite data from the internet websites
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and mobile applications were collected from India Meteorological Department,®® Storm
Prediction Centre by National Oceanic Atmospheric Administration/National Weather
Service,* Pacific Disaster Centre’' and Bangladesh Department of Meteorological.®*
%4 This is to estimate and predict the humanitarian population impact efficiently and
timely response and relief operations. It can also be used as a guide key performance
indicator in benchmarking the response, monitoring, evaluation, and future risk
reduction. The Disaster Metrics®® was developed as a continuity metrics rather than just
a snapshot projection of the disaster humanitarian impact, with its’ utility mainly on
prediction estimation, impact analysis, monitoring or evaluation of response

interventions.

Feasibility studies were done retrospectively from the year of 2006 to 2019 on sample
size of 100 climate disasters mainly on earthquake, typhoon, tropical cyclone, or
hurricane applied to the Disaster Metrics,>® prior to testing it in real-time and also near
real-time on preparedness and response. Testing in real-time preparedness and response
were also done on a few predicted hurricane and cyclone and found to be the similar to

the real-time local government and relevant international authorities’ response.

Hurricane Lane Hawaii’*®! predictions of its’ impact were plotted on the Disaster
Metrics>, as 6.1 High YEW DSI? and submitted to the Pacific Disaster Centre®!, 72
hours prior to the landfall. The actual landfall scored a Moderate YEW DSI*° of 5.9.
Cyclone Bulbul Bangladesh?>** was also tested a few hours prior to the landfall and
scored a High YEW DSI’? of 6.8 on its’ predicted impact. The predicted impact analysis
result was sent to the Deputy Secretary of Bangladesh Ministry of Disaster Management
and Relief®* via email for referencing in preparedness, response and also evaluation

benchmarking.
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Future Risk Reduction in preparedness, recovery interventions or policies guidelines
could be based on the evidence-based results of indicators scoring more than baseline
coping capacity”’, High in Risk Informed*° such as Healthcare Capacity®® indicator by
the Bangladesh Ministry of Health and Family Welfare®>, Main source of Economy>°
indicator by Ministry of Agriculture®® and Ministry of Environment, Forests and
Climate Change®’ especially in Sundarbans Delta, Public infrastructure (critical
infrastructure)® indicator by the Bangladesh Ministry of Civil Aviation and Tourism?8,

Port Authority, as well as schools by the Ministry of Education. *°

The result of the feasibility study indicates the significance of the research in climate
related natural disaster tested retrospectively, real-time response and near real-time
preparedness application of disaster metrics>® tool into practice, as an early warning
prediction system’!9>119 future risk reduction, risk transfer management!%!°! and risk

102

financing '’ in response to a disaster or catastrophe.

With the feasibility results on the disaster metrics>?, further research on this tool could
be used as an evidence-based indicator on humanitarian population impact, for
transparency in guidelines and practice, based on magnitude and intensities recorded.
Peak Ground Velocity and Peak Ground Acceleration indicators'®, use in earthquake
engineering to measure the earthquake ground shake intensities. Both are used in
disaster risk assessment® and risk informed*®'%, especially in building code for critical
facilities such as hospital and population affected. These indicators'® are also use in

102

Disaster Risk Financing!?? and Disaster Risk Transfer'®'%! such as in Parametric

Disaster Insurance.*’

The Peak Ground Velocity (PGV)'®and also Modified Mercalli Intensities Scale'’, both

used as a benchmark guide in parametric earthquake insurance*’, whereby Jumpstart
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Insurance using Lloyd’s capacity linked parametric earthquake product payment to an

agreed set of criteria, based on U.S. Geological Survey earthquake measurements.

Saffir-Simpson Hurricane Wind Scale'®!° was also used as one of the hazard parameters
for the Caribbean Catastrophe Risk Insurance Facility of Hurricane Parametric
Insurance*’*® coverage using System for Probabilistic Hazard Evaluation and Risk
Assessment (SPHERA) Model*® for pay-outs within 7-14 days of the Tropical Cyclone,
as pre-agreed criteria in the premium policy purchased. The immediate pay-outs*7484
lump sum amount to individual policyholders or government agencies, based on the ex-
ante pre-agreed triggered criteria of the magnitude the event, will significantly speed
up the immediate needs in disaster response, thus reducing the aftermath impact loss in
disaster risk financing*”'%2. According to the National Association of Insurance
Commissioners in 2019%, this parametric disaster insurance payment effectiveness is

equivalent to 3.5times of the delayed fund payment in donor aid.

Parametric Disaster Insurance*’ is in response to UN Sendai Framework for Action!%

2015-2030 in Disaster Risk Reduction, target (c¢) to reduce direct economic loss in
relation to global gross domestic product (GDP) by 2030. Globally, the gap within
uninsured and insured'® in countries vulnerable to natural disaster is more than 50%,
especially in the developing countries.!® This will impact the economic development,
in terms of gross domestic product (GDP)'* bringing the affected countries into long-
term economic loss, impacting human security and development. The Economic Losses,
Poverty and Disasters report'% released on 2018 by United Nations Office for Disaster
Risk Reduction (UNISDR) and Centre for Research on the Epidemiology of Disasters
(CRED) showed that the economic loss has increased 2.5 times, although the mortality
rate due to natural hazards has decreased for the past twenty years. Recognizing the

importance of this matter, The United Nations Office for Disaster Risk Reduction
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(UNISDR) has calls for Risk-Informed Investment Globally'*® | such as parametric

47

insurance,*’ as a security blanket to mitigate the long-term economic impact of

countries vulnerable to climate related natural disasters. 103-104

The calls for risk informed investment!®® was almost identical with the 2019 Cyclone
Bulbul, Bangladesh preparedness, that scored a High YEW DSI® of 6.8 in risk
informed for preparedness on the Disaster Metrics®® feasibility study. Moreover, prior
to the landfall of the Cyclone Bulbul at Sundarban Delta,’>**1%* more than 2 million
people managed to be safely evacuated to the cyclone shelter, compared to 1991
Cyclone Bob!® in Bangladesh, with more than a quarter million deaths. The 1990s was
also designated by the UN General Assembly as the International Decade of National
Disaster Reduction (IDNDR).!® This showed a significant improvement on the
Bangladesh Disaster Management System Cyclone Preparedness Programme!'? and the
population at the affected areas, in terms of Disaster Risk Reduction prior to the cyclone

landfall at the local community and district level.!04!1
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RESEARCH QUESTION:

How to analyze in real-time the human impact of climate related and natural disaster?

AIMS:

To be used as an indicator for various stakeholders such as Public Health, Emergency
and Disaster Team, catastrophic bond investors, parametric insurance, international,
governmental and civil-military, in disaster response, risk reduction, risk transfer

management, as well as preparedness.

2. OBJECTIVES:

1) To develop a new quantitative Disaster Metrics tool underpinned the
‘disaster’ definition in measuring the climate related natural disasters, at any
point of a disaster continuously, simultaneously, and retrospectively across
timeline.

1) To test the new Disaster Metrics tool on real-time or near real time climate
related disaster impacting humanitarian response, based on magnitude or
intensities recorded.

1i1) To predict the humanitarian impact of climate related disaster on
preparedness, risk reduction and response, using the new Disaster Metrics

tool.

HYPOTHESIS:

There is a correlation between near real-time or real-time humanitarian impacts
calculated in the Disaster Metrics and its’ governmental response or preparedness,

based on magnitude and intensities recorded.
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NULL HYPOTHESIS:

There is no correlation between near-real time or real-time humanitarian impacts
calculated in the Disaster Metrics and its’ governmental response or preparedness,

based on magnitude and intensities recorded.

METHOD:

Quantitative method will be used in the study of the new Disaster Metrics Tool titled

‘The YEW Disaster Severity Index’.

METHODOLOGY:

The Disaster Metrics basically will be analyzed on 3 phases, mainly retrospectively,
real-time response and near real-time impact on preparedness, risk reduction and
response. Feasibility study was done prior to testing the Disaster Metrics in real-time

or near real-time, as mentioned in background significant of studies.
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3. DISCUSSION OF THE RESULTS

The new quantitative Disaster Metrics tool was constructed taking into consideration
vulnerability and exposure indicators as well as multi-hazard, impacting human lives
and livelihoods, underpinned the disaster definition of the ability to cope within local
capacity, as baseline. To factor the true scale of a disaster estimation, Global Corruption
Perception Index of governance by Transparency International,** updated annually was
included in one of the vulnerability indicators. The approached provides a clearer
picture in bringing gaps'?*!?7 from policy makers and practice of evidence-based lesson
learned among decision making stakeholders, with the inclusion of the affected
community. The Disaster Metrics transformed the disaster definition based on UNISDR

Disaster terminology3>-3

into a mathematical measurement with baseline scoring of
more than 3 or 100%, or Medium DSI, as the inability to cope within local capacity,

thus needing outside assistance, tested in phases.

The Disaster Metrics was tested in 3 phases; mainly retrospectively, real-time, and near
—real time to validate the reliability of the scale, which prior to that, also tested in the
feasibility studies. The validity and reliability of the Disaster Metrics were tested with

statistical analysis software!'®

and critical analysis decisions by expert with evidence-
based knowledge from the field. This is to reduce the bias in selection of indicators for

the Disaster Metrics. Artificial Intelligence in Machine Learning Model'!'"!> was also

used as a trial to test, evaluate and predict the DSI algorithm accuracy.

In the first phase of testing in retrospectively , sample size of 30 various climate related
natural disasters were calculated and plotted in the Disaster Metrics and tested against

mean score percentage of 100%, the baseline ability to cope within local capacity. It
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was found that only 18 of the 20 that scored more than 100% requesting for national or

international assistance, indicating inability to cope within local capacity.

When a disaster is a disaster? The remaining 2 of the 20 disasters that scored more than
the mean score percentage of 100% were Earthquake China, with a score of 110% and
Tropical Cyclone Hudhud India, with a score of 104%. Both countries were able to cope
within national and local capacity although scored more than baseline, as UNISDR
reports highlighted that China and India have developed a functional multi-agencies
Emergency and Disaster Activation System under the National Disaster Management,
which is similar to UN Office for Coordination in Humanitarian Actions Activation
System. Earthquakes in Japan and Taiwan, which scored less than 100%, both were
able to cope within local capacity on its’ government responses, thus needing no outside

assistance.

The results on the New Disaster Metrics revealed the ability to quantify and compare
30 various climate related and natural disasters continuously and simultaneously using
retrospective data, across timeline. Its integration in the practice for decision making
and policy makers at local community and district, is a hallmark in future guide for

response design.

As for the second phase, the Disaster Metrics applied in real-time, in analyzing the
impact and response to the Sulawesi Earthquake and Tsunami. Real-time data was
obtained from the Indonesia Agency for Meteorological, Climatological and
Geophysical, android mobile application with data triangulation on US Geological
Survey (USGS; Reston, Virginia USA) site, Indonesia Meteorological official website,

and Google LLC satellite maps.
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The Disaster Metrics tool applied on the Sulawesi Earthquake and Tsunami, indicated
the ability to project its estimated real-time humanitarian impact within 12 hours after
the incident. With the Richter Scale of 7.7 and Modified Mercalli Intensities 7 in
Donggala, the humanitarian impact calculated scored a High 7.4 in the YEW DSI, with
11 of the 17 indicators scoring more than baseline coping capacity. As for Palu, the
Richer Scale recorded was 6.4 and Modified Mercalli Intensities was 6. The result of
the tabulated humanitarian impact on Donggala was the same as Palu on the Disaster
Metrics, however 13 of the 17 indicators scored more than the baseline coping capacity.
The impact analysis report was sent to the Indonesian authorities within 12 hours of the

incident, prior to the UN impact analysis report.

The real-time analysis results could be a concrete recommendation guide in practice by
benchmarking the impact of the affected population. In the meantime, it could be an
indicator guide in practice to the Indonesian Government agencies such as the
Indonesian National Agency of Search and Rescue (BASARNAS;Jakarta Indonesia),
Indonesian National Armed Forces (TNI;Jakarta, Indonesia) and Indonesian National
Police (POLRI;Jakarta Indonesia), based on the indicator scoring more than baseline
coping capacity, mainly accessibility to the impact site, topography, and impact time

for search and rescue operations.

The Disaster Metrics results indicated almost an exact fit with the Indonesian National
Response’s four main priorities in real-time benchmarking. With these impact analysis
report, statistical analysis was done on the Richter Scale magnitude, Modified Mercalli
intensities at Palu and Donggala were also found to have a statistically significant
correlation, 0.9280 with the humanitarian impact scored calculated on the Disaster

Metrics as High 7.4 DSI. The new milestone on magnitude, intensities and humanitarian

38



impact could be added into the prehospital and disaster medicine evidence-based

knowledge for further research and practice.

However, lack of accessibility to the real-time data is a challenge and the main gap in
the analysis of climate related natural disasters impact needs and responding to it.
Concerns over the real-time data accessibility includes: autonomy, global security, and
safety. This also includes factoring in the cost of corruption in increasing transparency

for disaster risk reduction, response, recovery, and reconstruction.

The third phase of the Disaster Metrics was tested on hurricane risk reduction and
preparedness, based on near-real-time impact analysis of Hurricane Dorian at the
Bahamas. The analysis of the near-real-time for preparedness and its impact, both
reports were benchmarked and submitted as evidence-based analysis to the relevant
national and regional emergency and disaster authorities within 72 hours after the

landfall, on September 6,2019.

Hurricane Dorian in Preparedness was calculated 48 hours prior to the landfall on the
Disaster Metrics scored a High in Risk Informed of 6.8 in the YEW DSI, with the Saffir-
Simpson Hurricane Wind Scale of Category 4 recorded by the National Oceanic
Atmospheric Authority (NOAA; Miami, Florida USA) satellite at the National
Hurricane Centre. 9 of the total 17 indicators in the Disaster Metrics scored inability to
coping within local capacity, and an overall High in Risk Informed. Those indicators
pointed out the target for Risk Informed Investment in Disaster Risk Reduction,
strengthened, and call for actions by the UN Office for Disaster Risk Reduction
(UNISDR;Geneva, Switzerland) and Centre for Research in Epidemiology and Disaster
(CRED; Brussel, Belgium).!? Furthermore, the call for Risk Informed Investment and

Sendai Framework for Action 2015-2030 in Disaster Risk Reduction target c, !°° both
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made an explicit commitment in reducing the economy impact and Gross Domestic

Product (GDP) by 2030.

The impact analysis on the Hurricane Dorian Bahamas scored a High 7.3 on the YEW
DSI, with 12 of the total 17 indicators scoring more than baseline coping capacity,
indicating external assistance or response needed. The Government of Bahamas had
previously invested in the hurricane insurance policy with Caribbean Catastrophe Risk
Insurance Facility (CCRIF; Cayman Islands), a parametric insurance focusing on
Disaster Risk Financing and Risk Informed Insurance. The parametric insurance policy
for Hurricane Dorian at the Bahamas was triggered immediately after the landfall, with
a total payout of 11.5 million (USD)United States of America Dollar. The advance
payment of the total 50% was received within the first 7 days and the remaining within
the 14 days window of the event. The payout provides short term financial liquidity and

preventing long term economic impact on the affected country.

This near-real time analysis on human population impact will provide various
stakeholders, a guide in preparedness, thus reducing the future impact of a disaster.
Noticeably, the new milestone on risk informed scored in preparedness on the Disaster
Metrics, could be integrated into the evidence-based research and practice, in disaster

risk analysis and also for disaster risk financing in parametric insurance.

The Saffir Simpson Hurricane Wind Scale and the Disaster Metrics, both recorded and
applied on Preparedness and Impact analysis was benchmarked, using statistical
analysis showed significant correlation of 0.9018. This result indicated the correlation
between magnitude intensities of a disaster and its’ impact on the affected population
of the Disaster Metrics. Declaration of State of Exigency by the Government of the
Bahamas demonstrated the inability to cope within local capacity, as evidenced in the

Disaster Metrics. National Emergency Management Authority (NEMA), Regional
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Caribbean Disaster Emergency Management Authority (CDEMA) and international

assistance responded to it.

Near real-time data obtained via NOAA satellite was triangulated with its’ Hurricane
Hunter Aircrafts data recorded and Google LLC satellite map to ensure the reliability
of the data. However, satellite data were not easily available and accessible due to
defense and security purposes, which is also the main gap challenge in preparedness

and response.

With the rapid growth and development in the Artificial Intelligence Machine Learning,
in almost all the fields, the Disaster Risk Reduction and Management field such as the
Disaster Metrics is no exceptional, as well. New cross cutting-edge devices and
applications via the Internet of Thing(10T)%-% are proliferating at a rapid rate globally,
such as linking satellite data’® to mobile phones, drones, and autonomous rescue

robots 62-69,76-78

Therefore, to keep abreast with the latest development, the Disaster Metrics algorithm
was tested in an infancy trial using Artificial Intelligence Machine Learning. The
unplanned interesting trial findings regarding the accuracy of the Disaster Metrics
algorithm, done by feeding the Disaster Metrics data that was hand written and
manually calculated into the Neural Network of the Keras TensorFlow 2.0.1'!-112 Keras

is a high level Application Programming Interface(API) written in Python 3.9 code'!!

"2 and run in Artificial Intelligence Machine Learning latest platform of Keras
Tensorflow 2.0''!"!'2ysing Google Colaboratory.!'*!!3 This is to build and train the
neural network in regression using supervised machine learning with Keras Sequential
Model,'"'""!!5 in learning and figuring out the relationship of the data in the Disaster

Metrics algorithm. Hence, reducing the bias of the algorithm, which was handwritten

and calculated, though proven its value in retrospective, real-time and near-real time,
41



as well as in the feasibility study. As the algorithm was a handwritten code, the exact
algorithm was known (DSI) y=(17x) 3 / 8, whereby the data and calculated in Microsoft
Excel 365!"'8, whereby the data sets of ys =DSI 0,1,2,3,4,n and xs = total scoring of each
DSI. However, the computer neural network has to train and learn by using the data
of ys and xs fed into the neural network, without knowing the actual DSI model
algorithm. The LOSS function using Mean Squared Error(MSE)!'!-116 a function used
in regression to measure the average of squared differences between the predicted value
in the loss against the actual value of the dataset in the model of the DSI algorithm, in

measuring how well or badly it did.

Then, it uses the OPTIMIZER function of Stochastic Gradient Descent(SGD) '!'"!4to
make another prediction, based on how the lost function result went, by trying to
minimize the loss. The model was trained repeatedly in epochs and after 500 epochs,
the predicted accuracy in loss function of MSE!!-!16 a5 of 0.0065. The LOSS

function!!!-116

result after repeatedly in 500 epochs also did not show any overfitting or
underfitting of the DSI Model algorithm. Thereby, the accuracy of the DSI Model
algorithm prediction was 99.9935. The DSI Model algorithm is to be saved in Keras
TensorFlow Machine Learning Model of H5 format,!!!-!14116 a5 it is currently tested in
it.

The future plan is to package and deploy the model to the free Artificial Intelligence
Cloud Computing platforms such as Google Cloud,’®''*Amazon Web Services
Cloud,'” iCloud'?® from Apple©, IBM Cloud,'?! Huawei Cloud'?? and Alibaba
Cloud'??. This is to generate predictions of the DSI model results especially in real-time
and using web cloud computing application and convert it to TensorFlow Lite,''? hence

scaling and flexibility of deploying it into practice with Internet of Things (10T)%-%

such as mobile i0S, android, and edge devices,%>® to be easily available and accessible
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by many internet users such as relevant disaster stakeholders and the general public, as
an early warning system. It can also be deployed in drones devices®®7678 together with
the real-time Geographic Information System (GIS) mapping®' for Disaster Response®-
727677 in Search and Rescue,>®%264%0r prior to the disaster,® as a Risk Informed

analysis, especially for the parametric catastrophe risk informed reinsurance.*%%

However, the current challenge®®!'411%123 in cloud computing also includes internet
connectivity, data privacy and confidentiality, as well as level of cloud security. In the
event where the internet data connectivity is lacking, the Disaster Metrics has its’
flexibility to be reverted back to the offline Microsoft Excel 365!'® or even as simple

as physical paper version.’%

Globally, one third of the world population were still not covered by the Early Warning
Systems in 2020,'>*125 which translate into the gaps in early interventions in saving
lives and livelihoods. Therefore, surge capacity is needed for investment in Risk
Informed at a global level coverage. The call for investment in early warning systems
and Risk Informed'?¢-1?7 early actions or approaches was also amplified globally at the
recent Climate Adaptation Summit,'?® held virtually at Geneva, Switzerland from 25 to

26 January 2021.

Looking at a bigger picture in response to Sendai Framework for Disaster Risk
Reduction 2015-2030,'%4133 the Disaster Metrics was developed with the inclusion of
17 vulnerability and exposure indicators with hazards impacting lives and livelihoods
of the affected population. However, long term equilibrium in Sustainable
Development Goals (SDGs) and Actions!?®132 are needed in managing the Risk
Informed Investment'?*'?7 in Preparedness, Response, Recovery and Reconstructions,
which in this situation are projected in the Disaster Metrics and its indicators. Examples

of indicators in the Disaster Metrics that are relevant to the Sustainable Development
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Goals'3!"132 include Clean Water and Sanitation Hygiene, Sustainable Cities and
Communities in Critical Public Infrastructure, Zero Hunger in Food Security, Good
Health and Well Being in Healthcare Capacity, Climate Action in Climate related
Disaster Risk Reduction in local community to national and international stakeholders
and Zero Poverty by implementing social protection system; such as basic physiological
needs indicators of Water and Sanitation Hygiene, Food Security, Shelter and

Healthcare Capacity.

The Disaster Metrics was tested, and its’ results revealed the ability in assessing the
risk, impact needs, monitoring and evaluation, simultaneously and continuously, across

timeline in various phases of disaster.

It was able to calculate and predict the estimated impact of the affected population in
risk informed assessment, based on the 17 indicators and the magnitude intensity of a
disaster, thus saving lives and livelihoods, such as prior to the hurricane landfall or
tsunami. The predicted estimation cost of damage in socioeconomic livelihood, based
on preparedness and impact analysis will save the affected country economy in disaster
risk financing and also in reinsurance risk transfer management such as parametric
insurance for the Hurricane Dorian at the Bahamas and agriculture crops
microinsurance for the Caribbean. The risk analysis on preparedness and risk reduction
calculated, was also benchmarked with near-real-time impact, as a key performance
indicator guide in evidence-based decision making in response, recovery, and

reconstruction.
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4. CONCLUSION

In conclusion, the Disaster Metrics human population impact tested on climate related
and natural disasters in real-time, near-real-time and retrospectively were found to be
correlated with the governmental responses and preparedness, as well as magnitude and
intensities of the disasters recorded. The Disaster Metrics was put into practice by
sending the real-time and near-real-time impact analysis reports to the relevant
authorities, as well as disseminating the research results in National and World

Congress of Disaster and Emergency Medicine for further research.

CONCLUSIONES (espaiiol)

En conclusion, se encontrd que el impacto en la poblacion humana de las métricas de
desastres probados en desastres naturales y relacionados con el clima en tiempo real,
casi en tiempo real y retrospectivamente se correlaciond con las respuestas
gubernamentales y la preparacion, asi como con la magnitud e intensidad de los
desastres registrados. Las Métricas de Desastres se pusieron en practica enviando los
informes de andlisis de impacto en tiempo real y casi en tiempo real a las autoridades
pertinentes, asi como difundiendo los resultados de la investigacion en el Congreso
Nacional y Mundial de Medicina de Desastres y Emergencias para su posterior

investigacion.
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A New Approach towards Hurricane Risk
Reduction and Preparedness, Based on Near-
Real-Time Impact Analysis: Hurricane Dorian

Bahamas 2019
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Abstract— Hurricanes are usually measured using wind speed intensities. The Saffir-Simpson Hurricane Wind Scale, which is currently being
used in the United States and The Bahamas, mainly for a hurricane emergency response and preparedness for evacuation. However, it does not
quantify the humanitarian needs at the point of impact or estimates the losses prior to the Hurricane landfall. This is a real challenge for various
stakeholders in decision, and policymakers, especially in risk reduction and preparedness. The aim of this new concept approached towards an
analysis of the Hurricane Dorian Bahamas Risk Reduction and Preparedness in measuring its’ humanitarian impact. This was done by using the
baseline ability to cope within local capacity, which includes the vulnerability and exposure population indicators, underpinned the definition of
hazard or disaster in the new disaster metrics tool titted ‘The YEW Disaster Metrics’. The near-real-time new concept analysis was submitted to the

national and regional disaster authorities’ on 6" September, 2019, within 72hours of the landfall.

Keywords— Dorian Bahamas, Dorian Impact, Disaster Severity Index, Hurricane Preparedness, Hurricane Wind Scale

INTRODUCTION

Hurricane, Typhoon or Tornado scales are
commonly measured wusing wind speed
intensities; such as Saffir-Simpson Hurricane
Wind Scale (SSHWS)[1],[2], Beaufort Wind
Scale[3], Enhanced Fujita Scale[4],[5],[6] and
Tormmado and Storm Research Organization
(TORRO) Scale[7]. However, none of these
measured the humanitarian impact in terms of
risk reduction, based on preparedness; such as
36-48 hours prior to the landfall, or impact
analysis. This posed a challenge for various
stakeholders such as decision and policymakers,
affected populations, reinsurance, civil-military,
and other relevant governmental and non-
governmental agencies in providing risk

reduction planning and preparedness.
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To address this challenge, a new concept
approach aiming towards an analysis of
Hurricane Dorian Bahamas Preparedness and
Near-Real-Time Humanitarian Impact, using a
new disaster metrics tool titled 'The YEW
Disaster Severity Index'. It uses 17 vulnerability
and exposure population indicators, with
median score 3, 100%, and Moderate DSI scoring,
as the baseline, for the ability to cope within the
local capacity. The 17 variable indicators[8] were
mainly focusing on the aspect of search and
rescue golden hours in terms of time occurrence
and impact time, accessibility to the impact site
and its’ radius, topography, population density,
exposed population, communication, social
determinants of health, socio-politico and
economics of the affected site, and basic survival
resources including water and sanitation

hygiene, food security and shelter.

In quantifying the projected preparedness and
risk reduction, indicators scoring more than the
baseline median score of 3, or 100% or a

Moderate DSI category, indicate a non-
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preparedness for the forecasted Hurricane. As
for the near-real-time impact analysis, scoring
more than the baseline indicates a response is
needed. The scoring criteria of the new disaster
metrics tool was available on the YEW DSI [8].
This fast and short communication analysis is
part of the ongoing research on the disaster

metrics.

As Hurricane Dorian approached The Bahamas,
the nearest satellite data available was from
NOAAJ9], to quantifying

hurricane well as its

and was used

preparedness, as
humanitarian aftermath impact, based on the
wind speed intensities such as reported in the

SSHWS[1],[2] and the
Advisory Reports[9],[10].

Hurricane Dorian

Consider this new concept and its’ analysis:

1. HURRICANE DORIAN BAHAMAS
PREPAREDNESS ANALYSIS: Table 1

Table 1: Hurricane Dorian Bahamas
Preparedness Analysis using Yew DSI[8]
Dorian Bahamas
Preparedness
Saffir-Simpson Hurricane Wind Scale s
(SSHWS)
YEW Disaster Severity Index (DSI) 6.8
Requirement Title Score Fit Xtd Fit %
|Time occurrence 5* 15 167%)
[impact time 3 9 100%
ITopography 5* 15 167%
Radius from the impact site 5* 15 167%
Accessibility to the impact site 5* 15 167%
Population density 5* 15 167%
Main source of economy atimpactsite| 3 9 100%
Public Infrastructure 5* 15 167%)
Communication 3 9 100%
Type of country 3 9 100%
G e-Corruption Perception Index| 2 6 67%
Water and Sanitation Hygiene 5* 15 167%
Food security 3 9 100%
Shelter & 12 167%)
Healthcare capacity 4 12 133%
No of deaths 0 3 3%
[No of affected 3 9 100%
|GRAND TOTAL 63 189 |14%

Note: Computed Bahamas Preparedness DSI
Scores Analysis, 30/8/2019 at 08:30

hi

ttpy
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YEW DSI formula =

Total 17 indicators (vulnerability +exposure) x 3
8 (best fit scale of DSI 1-8)

=63 x 3/ 8 (best fit scale of DSI 1-8)

=189, best fit DSI 6 = High DSI 6.8

DSI categories, based on scoring criteria of the
YEW DSI (online supplementary):

Low DSI 1 0-32

2 >32-65

3 >65-98
Moderate DSI 4 >98-131
(Baseline coping capacity) 5 >131-164
*High DSI 6 >164-197

7 >197-230

Preparedness Analysis showed* 9/17 Indicators
scoring more than 3 or 100% median score percentage
(Fit %) in, with a High DSI, more than the baseline
coping capacity, indicating High in Risk Informed
and Preparedness needed.

The NOAA [9] satellite at the National Hurricane
Center at Miami, Florida, first detected Dorian as
Tropical Depression on 24th August, 2019.
Dorian later intensified into a Major Hurricane
on 30% August, 2019 with a recorded maximum
sustained wind speed, over the one minute
averaging period of approximately 220km per
hour and a Category 4 on the Saffir-Simpson
Hurricane Wind Scale (SSHWS)[1],[2] , with
additional strengthening to be expected, as
NOAAJ9]

recorded by Hurricane Hunter
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Aircraft. An immediate Hurricane Warning on
Northwestern Bahamas and Hurricane Watch on
Andros Islands respectively were issued 36
hours and 48 hours prior to the forecasted path
by the NOAA[9] and The Government of
Bahamas[10], Department of Meteorology.

Based on the report of the forecasted path and the
wind speed intensities of the Hurricane Dorian
on the 30% August, 2019, its' preparedness was
plotted into the YEW DSI[8]. The estimated
humanitarian impact calculated prior to the
hurricane eye landfall scored a High 6.8 in the
YEW DSI[8], with 9 of the total 17 indicators
scoring more than baseline coping capacity. The
9 variable indicators’ in the new disaster metrics®
topography,

radius from the impact site, accessibility to the

were mainly time occurrence,

impact site, shelter, public infrastructure (critical
facilities),
sanitation hygiene, and healthcare capacity.

population density, water and

As forecasted by NOAA[9], Dorian will move
over to the Bahamas on 30%* August, 2019 Friday
late at night or 31 August, 2019 Saturday early
morning, scoring 5 in the YEW DSI[8]. It is
expected to be near to United States, Florida, east
coast on 2™ September, 2019 Monday late at
night. The Dorian predicted path[9], impact time
at the Bahamas from 30% August, 2019 late night
to 2nd September, 2019 morning, ranging from 36-
48 hours in the YEW DSI[8] scoring criteria,
scored a 3. The forecasted path of Dorian[9] is
expected to be over the Northwest Bahamas and
Andros Islands, isolated islands situated 3 feet
above sea level topography, scoring 5 in the
Disaster Metrics[8]. The latest predicted path of
Dorian?, from the Bahamas to the United States,
Florida, which the radius of the impact site more
than 100km[9], scoring 5 in the scoring criteria®.

The accessibility to the impact site of Hurricane
Warning and Hurricane Watch at The Bahamas,
based on the NOAA hurricane forecast
advisory[9], scored 5, which is inaccessible due
to the category 4 on the SSHWS[1],[2] and
predicted storm surged with the minimum rise
in the water level of 10 to 15 feet[9]. Shelter
scored 4 [8], as more than 50% of the buildings
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are 1 to 2 levels height[18], which is
approximately 3 to 10 feet, with a high possibility
of those buildings submerging underwater. The
same with the Public Infrastructure (Critical
Facilities) such as airports and ports, ceasing
operations prior to the Dorian, scoring 5
[8],[10],[13]. Water and Sanitation Hygiene,
scored 5[8], as sewage sanitation water will be
overflowed and contaminated due to the
predicted rise in water level[9], which is of public
health concern, especially in communicable
disease. Healthcare capacity overall scoring 4 [8],
due to healthcare personnel shortage and strikes
with referral to the Industrial Tribunal [14] prior

to the Hurricane Dorian.

Population Density at the Dorian forecasted
path[9],[19] is high, urban and slum, scoring 5[8].
Communication for early warning evacuation
was done by the National Emergency
Management Agency (NEMA) and the Bahamas
official
websites[10],[12], as well as loudspeakers or
hailers and door to door notifications[10],[12],
scoring 3.

Department of Meteorology via

2. HURRICANE DORIAN
IMPACT ANALYSIS: Table 2

BAHAMAS

Table 2: Hurricane Dorian Bahamas Impact
Analysis using Yew DSI[8]
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Dorian Bahamas
Impact
Saffir-Simpson Hurricane Wind Scale 5
(SSHWS)

YEW Disaster Severity Index (DSI) 73
Requirement Title Score Fit Xtd Fit%
Time occurrence 5* 15 167%
Impact time 5* 15 167%
Topography 5* 15 167%
Radius from the impact site 5* 15 167%
Accessibility to the impact site 5* 15 167%
Population density 5* 9 100%
Main source of economy atimpact site 5* 15 167%
Public Infrastructure 5* 15 167%
Communication 3 15 167%
Type of country 3 15 167%
Governance-Corruption Perception Index| 2 12 67%
Water and Sanitation Hygiene 5* 15 167%
Food security 4 12 133%
Shelter 5* 15 167%
Healthcare capacity 4* 12 133%
No of deaths 0 0 0%
No of affected 3 9 100%
GRAND TOTAL 69 207 135%

Note: Computed Bahamas Impact DSI Scores
Analysis, 5/9/2018 at 23:30

YEW DSI formula =

Total 17 indicators (vulnerability +exposure) x 3

8 (best fit scale of DSI 1-8)
=69 x 3/ 8 (best fit scale of DSI 1-8)
=207, best fit DSI 7 = High DSI 7.3

DSI categories, based on scoring criteria of the

YEW DSI (online supplementary):

Low DSI 1 0-32

2 >32-65

3 >65-98
Moderate DSI 4 >98-131
(Baseline coping capacity) 5 >131-164
*High DSI 6 >164-197

7 >197-230
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8 >230-263

Impact Analysis showed * 12/17 Indicators scoring
more than 3 or 100% median score percentage (Fit %),
with a High DSI, more than the baseline coping
capacity, indicating external assistance or response

needed.

The Hurricane Dorian made the first landfall
over to the Bahamas on 1st September, 2019 late
night[9], scoring 5. The impact time at the
Bahamas, was from 1% to 3+ September, 2019,
scoring 5. Dorian was stronger than predicted,
with a category 5 on the SSHWS[1],[2] and
hurricane standstill for more than 24 hours[9].
Based on the near-real-time wind speed intensity
of Category 5 on the SSHWS[1][2], its’
humanitarian impact calculated, scored a High
7.3 in the YEW DSI[8], with 12 of the total 17
variable indicators, scoring more than baseline
coping capacity. The 12 variable indicators’ in the
mainly time
occurrence, impact time, topography, radius

new disaster metrics were
from the impact site, accessibility to the impact
shelter, infrastructure (critical

facilities), population density, main source of

site, public
economy at the impact site, food security, water

and sanitation hygiene, and healthcare capacity.

Northwest Bahamas with isolated archipelago
islands topography[18], was hit by Dorian,
scoring 5. Radius from the impact site,
approximately more than 100km radius, at the
Northwest Bahamas to the Florida[9],[18],
scoring 5. It was inaccessible for evacuation or
emergency search and rescue teams, during the
hurricane eye landfall, as the wind gust was at
295km per hour[9],[13], scoring 5. The main
public infrastructure (critical fadilities), such as
Ports were closed and Airports were submerged
6 feet underwater[10],[13],[18], scoring 5. With
the wind speed gust of 295km per hour[9] and
raised in water levels with a minimum of
18feet[9], more than 50 percent of the shelters,
residential and commercial buildings were
destroyed or submerged underwater[18], scoring
5. The tourism industry, the main source of
economy of the country was greatly affected[10],
scoring 5. The Dorian aftermath damage to the
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archipelago islands marine life, public, and
infrastructure
underwater, as well as spillage of oil refinery
[10],[12],[13],[18] has immensely impacted the

country’s main economy.

critical were  submerged

The Grand Bahama and The Abacos Islands
consisting of the urban and slum community
with a high population density[13],[18],[19],
scoring 5. More than 70 percent of the people
living in informal settlements of The Muds and
The Pigeon Peas, at Marsh Harbour were
unaccounted for, most of them were vulnerable

migrant population[13],[18],[19].

Sewage water overflowing, contaminated the
drinking water source and lack of proper latrine
submerging  underwater[10], scoring 5.
Emergency food stockpile at the emergency
shelter was damaged by floodwaters[10],[12],
and needs to be transported from the non-
affected areas, scoring 4. More than 50 percent of
the hospital capacity was either damaged
destroyed[13],[18],

underwater and contaminated with sewage

partially or submerging
water, scoring 4. The 2 most affected government
hospitals were Rand Memorial Hospital, flooded
with sewage water and Princess Margaret
Hospital[13],[18], lack of
personnel[10],[14].

hospital

Detailed near real-time humanitarian impact
score calculated on 5th

September, 2019 and raw data collected was sent

analysis severity
to the relevant national and regional emergency,
and disaster authorities[12],[13] on 6%

September, 2019.

3. BENCHMARKING EVIDENCE-BASED
IMPACT PREPAREDNESS: Table1,2

The Hurricane Dorian Bahamas Emergency and
Disaster Preparedness and its’ impact,
benchmarking was based on the SSHWS[1],[2]
reported and the YEW DSI[8] calculated, shown
in Table 1.
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Dorian Preparedness was done 36-48 hours prior
to the hurricane eye landfall, with a Category 4
of the SSHWS[1],[2] recorded[9]
predicted humanitarian impact of 6.8, High in
Risk-Informed, calculated in the YEW DSI[8]. In

response to the commitment to the Sendai

and its'

Framework 2015-2030, target ¢, in reducing
economic losses from natural or climate change
disasters, the UN Office for Disaster Risk
Reduction (UNISDR)[15]
importance of practice and investment by

emphasizes  the

various stakeholders, to be based on risk-
informed. This was supported by the UNISDR
and Centre for Research on the Epidemiology of
(CRED)[15],[16],
evidenced that for the past two decades,

Disasters showing  the
although there is a significant reduction in
mortality rate due to natural disasters, the
increased in economic losses by 2.5 is alarming
for sustainable human development growth.
Table 1 provides the YEW DSI[8] scoring in
Preparedness. 9 of the 17 variable indicators’
scored inability to cope within local capacity,
scoring High in Risk Informed[8], hence pointing

out the targeted key indicators for risk reduction.

The scoring for near-real-time impact or
aftermath was the same as preparedness for the
9 indicators, unfortunately for some indicators, it
scored worst, summarized in Table 2. The 9
variable indicators were mainly time occurrence,
topography,
accessibility to the impact site, population
density, public infrastructure (critical facilities),
Water and Sanitation Hygiene, Shelter and
Healthcare Capacity. The 17 variable indicators’
of the YEW DSI[8] Preparedness and Impact in
Tablel,2, showed a strong correlation coefficient
of 0.9018, using Microsoft Excel 2013, Pearson
Correlation Coefficient Statistical Analysis[17].

radius from the impact site,

The actual Dorian landfall impact recorded a
Category 5, on the SSHWS[1],[2] and its’
humanitarian impact calculated, scored a High
7.3 in YEW DSI[8]. Then, Hurricane Dorian
Preparedness and its’ near real-time hurricane
landfall impact of the SSHWS[1],[2] and the YEW
DSI[8] were benchmarked, using Microsoft Excel
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2013, Pearson Correlation Coefficient Statistical
Analysis[17],

coefficient of 1.

showed a strong correlation

Declaration of Exigency was announced by the
Government of The Bahamas on 2nd September,
2019[11], indicating an inability to cope within
national and local capacity, regional and
needed, thus
demonstrating the evidence on the tabulated

YEW DSI[8].

international assistance was

DISCUSSION

The computed analysis of the Hurricane Dorian
Preparedness in the disaster metrics scored a
High DSI in Risk-Informed. These indicators in
the YEW DSI[8]

stakeholders, such as policy and decision-

will provide various
makers, reinsurance establishments, emergency
response and relief teams in preparedness, thus
reducing any future impact. This is a new
milestone, to be added into the evidence-based
research and practice in public health and policy,
complex mathematical modelling for disaster
risk analysis, also for parametric insurance and

climate change in natural disaster.

However, there are other challenges as satellite
data from NOAA[9], were not easily available or
accessible due to defense or security purposes.
The satellite data, which is considered a reliable
source was also triangulated with its' NOAA
Hurricane Hunter Aircrafts data recorded[9] and
also Google LLC satellite maps[18]. Other
natural or climate changed real-time disaster
data, or predictions using complex computer
modeling were not easily accessible by the

public, although it is available to the reinsurance

LIST OF ABBREVIATIONS

SSHWS  Saffir-Simpson Hurricane Wind Scale

TORRO Tormnado and Storm Research
Organization

DSI Disaster Severity Index
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and risk transfer management agencies, as well

as disaster centers globally.

A document searched, also on gray literature,
found that World Risk Index[20] and Sea, Lake,
and Overland Surge from Hurricanes
(SLOSH)[21], Hurricane Hazard Intensity[22
and Hurricane Intensity Index[22] include
hazard and vulnerability. However, it does not
include socio-political and economic, as well as
of health. Also the

amplification of the economic impact by

social determinants
factoring political corruption in the disaster

metrics. This was done by using an annually

updated Corruption Perception Index[23] from
Transparency International, in quantifying the
true magnitude and scale of the disaster such as

hurricanes.

CONCLUSION

As a conclusion, the analysis of the Preparedness
and Near-Real-Time Impact using the new
approach in disaster metrics showed a
statistically significant correlation in the Disaster
Metrics in quantifying the
humanitarian aspect, and also the wind speed
intensity of the SSHWS[1],[2] recorded. The State
of Exigency was declared by the Government of

The Bahamas on 2nd September, 2019[11]
indicating an inability to cope within local and

17 indicators

national capacity, demonstrating that regional
and international assistance would be needed.

NOAA National Oceanic and Atmospheric
Administration

NHC National Hurricane Center, Florida

NEMA  National Emergency Management

Agency

94

727



International Journal of Scientific & Engineering Research Volume 11, Issue 4, April-2020

ISSN 2229-5518

SLOSH  Sea, Lake, and Overland Surge from
Hurricanes

UNISDR United Nations Office for Disaster
Risk Reduction

CRED Centre for Research on the
Epidemiology of Disasters
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