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ExecutiveSummary

BaselineDisaster Risk AssessmentGpastal Areas of Indonesia (Baseline repierl part of the Feasibility

Study for developing a coral reef insurance scheme, currently undertakeviapgsan Konservasi Alam
Nusantara(YKAN). The objective of this assessment isldatify historical events and damages caused by
disasterg; natural phenomenon and human activities, assess the scope, frequency, and severity of the disaster,
and build map of stakeholders relevant to contribute to disaster preparedness and resposseeimsites,
namelyPandeglang (Banten), Makassar (South Sulawdsigkung (Bali), Wakatobi (South East Sulawesi),

Berau (East Kalimantan), Raja Ampat (West Papua), dan Rote (East Nusa Tenggara)
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insurance. The network suggests that risk assessment and its subsequent use for insurance product
formulation could learn from the processes and outputs linking insurance with climate change topic and in the
agriculture sector. Please refer to Section fad further explanation and information on how it affects the

revised steps in data celition (Section 2:2.4).



The Final Report consolidates various disastated databases and enlisted disaster events caused by
natural hazards (i.e., floods, coastal surge, earthquake, tsunami, strong wind, and tropical cyclone); disaster
events caused by anthropogenic hazarids. @rounding, destructive fishing, and oil spill); as well as negative
gradual changes due to natural cause affected by climate change and human activities (i.e. sea level rise,
coastal bleaching induced by the increase in sea surface temperature |@swehstal reclamation). A coastal
disasterevents database is created as part of this report, using the official Indonesian Disaster Data and
Information Database (DIBI) as the basis, supplemented, and verified using entries from ASEAN Disaster
Information Network, EM6! ¢ = D[ L5933 FyR | b5 wlyB2B&verfslcaused byandtdral |
hazards and 24 events caused by anthropogenic hazards across the seven locations were identified between
2000-2020.

The Final Report consists of 10 chapters. Chapter 1 describes the background, objectives, and scope of report.
Chapter 2 elaborates the synthesis of rapid Systematic Literature Review of the subjget and
methodologies of data collection and analysthapter 3 until chapter 9 elaborates thisk profile of each

location consist ofa general overviewhistoricalrecord ofdisaster events 2002020, stakeholder mapping

and local capacity analysiigk analysis and potential damages and losses estimafibapter 10 provides the

initial conclusionsbased on comparison of risk profiles across locations as well as recommendations for

prioritized locationdased on quickvin programming scenario
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1. Introduction

1.1Background

Coral reefs have a huge and critical role in providing services of ecosystems (ecosystem services), including
for Disaster Risk Reduction (DRR), reducing the risk and impact of flooding and coastal erosion, and social
and economic benefits for the coastaiciety. In a state of good and healthy, coral reefs can reduce up to
97% power of the waves the sea before reaching the coastline, which may cause loss and damage to the
people of coasta|Secaira, McLeod, & Tassoulas, 20A&hough coral reefs have the potential as nature

based protection for DRR, they are also assets that are exposed to various hazards of nature and the
danger of natural and humamade hazards. When the current regeneration capacity is lost or damaged
significantly, the protection function that may be granted is also missbge study estimated that losing

one meter of top coral reef could double the economic losses and significantly increase number of

exposed populations when extreme weather on the cassiurs(Secaira, McLeod, & Tassoulas, 2019)

Coral reefs may also experience severe damage due to the tsunami, sedimentation, bleaching, oil spills,
ship anchoring, and others, which reduces the environmental services they provodesver, local
businesses and local governments hgeeto invest in coral reef restoration for many reasons, including

for its knowledge limitations of the disaster risk, the potengiadtections,and potential damages of coral

reef for the ecosystem and coastal communities.

Considering the gap between the benefits and existing threats on the natural coral reefs, there are
initiatives to protect coral reefs as part of DRR and development. One of them is being explored by The
Natural Conservancy (TNC) through a feasibilityystaalevelop a coral reef insurance scheme to protect

and increase the resilience of ecosystems and coastal communities. The initiative is aimed to replicate a
product of parametric insurance with the inclusion of trust fund by stakeholders that is aleggudigd in
Quintana Roo, MexicfFajardo, McLeod, & Tassoulas, 2019; Reguero, et al.,.2868kver, one of the
issuedor the implementation is the lack of data on the incidence of disasters, including the disaster risk
that could become the cornerstone of investment and protection of coral reefs. Therefore, it is crucial to
conduct a disaster risk assessment as a baséti show the potential damage and risks that may occur

and consider them in the programs and activities planning.



The Quintana Roo model deliberately designed an insurance product that is specifically addressed
damages caused by the cyclone tropical (referred to as hurricane) and for one locatib(Fajdydo,
McLeod, & Tassoulas, 201®) formulating the insurance product, Fajaretoal. (2019) do not carry out
methods for deciding the priority of coastal disaster risk (if more than one risk is identified). Consequently,
the Quintana Romodel maynot be fully applicable in Indonesia. Hence, there is a need for consideration

and analysis on the coastal disaster risk due to the nature and humaale hazards.

1.20Dbjectives

This studyaims to identify the incidence of disasterand damage causedby them in the pastThis
includes identifying disaster incidertaused byatural phenomenorand human activities, assésg the
scope, frequency, and damages caused by the disasters, and mapping stakeholders reldisastén

preventionand managemenin seven coast cities and regencies Indonesia.

1.3Scope of Works

In accordance with the Terms of Reference, in general, there are three main scopes of the study: 1)
Assessments of coastal disasters risk analysis, 2) Stakeholder mappirtgrefin relevant sectors and

businesses, and 3) Recommendation of the priority locations for implementation.

The final report is a comprehensive report of an assessment of risk analysis for seven study sites, which
includes:

1. Collect and identify natural hazard disaster events (sudden and slow onset events) and its impact
damages on coastal communities and ecosystem, especially coral reef in seven study sites. These
disasters are tsunami, volcano eruptions, tropical cycloredf, earthquake, strong wind,
coastal surge as well as extreme increase in sea surface temperature which could lead to coral
bleaching.

2. Collect and identify anthropogenic disaster events and its impact damages on coastal
communities and ecosystem, especially coral reef in seven study sites. These anthropogenic

disasterganclude narine accidents, destructive fishing, oil spills and land reclamation.

1See further in sughapter 2.1, specifically review from Reguetal (2019) and Regueret al (2020) Quintana Roo.
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3. Assess risk and damage (scope, frequency, and severity) of disasters relevant for the coastal
ecosystem and communities at seven locations.

4. Produce disaster risk related maps in seven locations.

The classification of théazardswas initially divided

2000-2020

into two categories: natural and mamade. Natural

hazardin simple term is an event of natural process

2000-2020
(Record)

which possesses a thre&d human population. This

>2020
(Projection)

threat and its negative effect on population is called
natural disaster. Whilenan-made hazards an event

induced by human activity which possesses a thteat 20002020

human population and the surrounding environment. : : ‘
Per TOR Adjustment during data collection

During thethe study another category was added

accordingto the structure ofthe avalable events disasters databas@s such, the hazards are classified

into three categoriesl) disastesdue tonatural hazards?2) disastesdue to human activitieghenceforth

are called anthropogenic hazardnd 3) disastexydue togradual orslow onsetnaturalhazards or human

activities.

Disasteris an event or a series of everhat threatens and disrupts the life and livelihood of the
community, which is caused, either by natural factors and / ornatural factors as well as human factors,
resulting in human casualtiesnvironmental damage, loss of objects, and psychological impacts. Disasters
are commonly caused by natural, noatural, and anthropogenic factors. In Indonesia, Law 24/2007 on
Disaster Management explicitly classifies natural disasters and social disadtes law defines natural
disaster as a disaster causby events or series of events caused by nature which include, among others,
earthquakes, tsunamis, volcanic eruptions, floodsoughts, hurricanes, and landslides. Nwtural
disasters or anthropogenic disass@re disasters caused by nomtural events or series of events, which
include human factor such as technological failudevelopment failure, epidemics, and disease

outbreaks.

Natural disaster events which threaten coastal communities and ecosystems that includes coral reefs
could beclassified into geological and hydrometeorological hazard. This study incorporated earthquake,

tsunams, and volcano eruptions intgeological hazargl while tropical cyclone, rainstorm, flood and



strong wind ashydrometeorological hazard Below is a simple definition of hazards discussed in this

study.

Earthquakessr N @AONI A2y 2y G(GKS SFENIKQa adz2NFIF OSZ YI Ayt
Other sourcsof earthquake such as volcanic activity or even a bomb could also result in a relatively small
earthquake. These tectonic platase constantly moving in slow speed due to the mass and friction with

other tectonic plates. This friction is mainly occurred in the edge of the plates which causes stress or
tension and eventually release its energy in the form of earthquake. This eneelgaisedm the form of

waves that travel throughthe eard ONXza G | YR O2dz R NB I OK Thekrengy y G LI |

of an earthquake is so strong and could trigger other hazsudh as tsunami and landslide.

Volcanic eruptionsare part of volcanic activity which caused by increasing pressure in the magma
chamber inside an active volcano. Some of the magma pushes through vents and fissures to the Earth's
surface. Magma that has erupted is called lava. Some volcanic eruptmeg@osive, and others are not.

The explosivity of an eruption depends on the composition of the magma. If magma is thin and runny,
gases can escape easily from it. When this type of magma erupts, it flows out of the volcano. Explosive
volcanic eruptions can be dangerous and deadly. They can blast out clouds of hot tephra from the side or
top of a volcano. These fiery clouds race down mountainsides destroying almost everything in their path.
Ash erupted into the sky falls back to Earttelipowdery snow. If thick enough, blankets of ash can
suffocate plants, animals, and humans. When, haicanic materials mix with water from streams or
melted snow and ice, mudflows form. Mudflows have buried entire communities located near erupting
volcanoes. Eruptions often force people living near volcanoes to abandon their land and homes,
sometimes forever. Those living farther away are likely to avoid complete destruction, but their cities and
towns, crops, industrial plants, transportation systems, andteileal grids can still be damaged by tephra,

ash, lahars, and floodinghe dangers of a volcanic eruption can be in the form of hot clouds, throwing

material (incandescent), heavy ash rain, lava, poison gas, tsuremditava floods.

Tsunamiis asyllable of Japanese wadtsu" (wave) and "nami" (harbor) which means harbor wave,
which is a series of long waves that occur duehtangesn water bodies which are cause by deformation

of the seabed or changes that occur suddenly and impulsively by earthquakes, volcanic eruptions,
underwater landslidesand even as a result meteorite impact to the ocebndeep water, tsunamis can

travel at speeds of 500 to 1,000 kilometers per hour. Whereas in shallow water, the speed slows down to



several tens of kilometers per hour due to bottom friction. The height of the tsunami depends on the
depth of the water. Tsunami waves that are only one meter high in deep water can rise to tens of meters
on the coastline due to shoaling effects. In thedst of tsunami, tsunami magnitude is classified based on
the tsunami height. Meanwhilésunami Intensity is measured based on observations of the impact of the

tsunami on humans, buildings, and other objects including ships of various sizes.

Floodsisthe most common disaster in the world and are highly related to meteorological factors, on the
hydrological cycle, water comes from and to the ocean. Human population is also dependent by water
source such as rivers, lakes and the ocean. Flood is the most frequent type of natural disaster asd occur
when there is an overflow abundance of water which inundated parts of the land that is usually dry. Floods
are the effect of extreme meteorological phenomena such as the changing of season whitbanfte
heavy rainfall, rapid snowmelt or a storm surge resulted from a tropical cyclone and even from tsunami

in coastal areas.

Floods can cause widespread devastation, resulting in loss of life and damages to personal property and
critical public health infrastructure. People who live in floodplains or-remistant buildings, or lack
warning systems and awareness of flooding hdzare most vulnerable to floods. Floods are also
increasing in frequency and intensity, and the frequency and intensity of extreme precipitation is expected

to continue to increaseue to climate changelhere arghree common types of floods:

W Flash floods are caused by rapid and excessive rainfall that raises water heights apdckly
rivers, streams, channelsr roads may be overtaken.

W River floods are caused when consistent rain or snow melt forces a river to exceed capacity.

w Coastal floods are caused by storm surges associated with tropical cyclones and tsunami.

Tropical cycloneare storms of great forcdt is also known as hurricane and typhoon in other part of the
world. The average radius of a tropical cyclone is 150 to 200 km. Tropical cyclones generally form over
large surface of oceans that have warm sea surface temperatures of more tharf@6Strong winds
formed around its center have wind speeds at least 63 km/hr. The lifespan of a tropical cyclone ranges
from 3 to 18 days on average. Because tropical cyclone energy is obtained from warm ocears, tropic

cyclones will weaken or become extinct when moving and entering cold water areas or entering land.

Strong windsare winds that prevail by various factors such as seasonal monsoon factors, tropical cyclones,

pseudo movement of the sun to local weather responses especially in mountains. Strong winds travel at



speeds well below the speed of cyclongst the effect canstill damage trees and some light structures.
Thus, in this study, an occurrence of strong wiisdistinguished from tropical cyclones according to their
impact and their wind scale. This study incorporated strong winds events caused by heavy rainstorm and
whirlwind (locally known asPuting Beliung and waterspouts (occured above the water surface).
Whirlwind and waterspouts are often called mini tornado as they are similar in character bugltes

scale.

Coastal surgare extreme waves events that is used in this study which include tidal waves, storm surges,
swell and other extreme noetsunami waves that causes water overtopping on land. A storm surge can

be defined as the rise in water levels due to a combinatiost@im waves plus astronomical tidal waves.

This rise in water levels can cause extreme flooding in coastal areas especially when storm surges coincide
with sea water under astronomically high tide, resulting in tidal waves that can reachbupéters more

in some cases at high latitudes. Storm waves are generated by water being pushed towards the shore by

wind forces moving cyclonically around the storm.

Anthropogenic disaster events which threaten coastal communities and ecosys$tefnsing coral reefs
could be classified into four main activitigsamely destructive fishing, marine accidents, oil spills and
reclamation.These types of activitidgave been known to change or disrupt the natural environment with

various impact which will be discussed in the next chapter.

Destructive fishings the use of fishing gear in ways or in places such that one or more key components
of an ecosystem are obliterated, devastatedt rendered useless. Destructive fishing causes harm to
marine life and often results in lortgrm damage to the physical structure of habitats in regards of
disproportion of the seafood production. Type of destructive fishing in this study included flddng as

well as practices such as shark finning, blast fishing, poison fishing;ami(oeef huntes), and push

netting.

Marine Accidentds a general term adopted that cover broad rang@ofdentstaking place in ocean and
coast and causingasualtiesHowever, marine ecidents in this study does not include a deliberate act
with intention to harm the safety of a ship, individual or the environment. Marine accidents could be
classified according to their casualties from the loss of a person, a ship or a severe danthlpss &m

the environment. This act of accidents in this study includdsps collision, grounding, accidents



associated with extreme weathersand hull cracking A speciainclusion to marine accident recoid

given to theimpactof grounding andinkingshipsthat may cause harm to the coral reefs.

Oil spills can be defined as the release of liquid raw/natural petroleum hydrocarbons into the
environment, especially into thecean Most of these spills are small, for example when oil spills while
refueling a ship. But these spills can still cause damage, especially if they happen in sensitive environments,
like beaches, mangroves, and wetlanBgtensivenil spills are major, dangerous disasters. These tend to
happen when pipelines break, big oil tanker ships sink, or drilling operations go wronggGeneses to

ecosystems and economies can be felt for decades following a large dil spill.

Slowonset disaster eventss defined as a disaster that does not emerge from a single, distinct event but
emerges gradually over time, often based on a confluence of different events. This study discussed slow
onset hazards that are mainly related to climate chaagawvell as development activities changing the
features of coastal areas (e.g., coastal reclamatiandl, are expected to have an impact both on coastal

community and the coral reef environmeht.

Types and classification of hazards in this study has an implication to the governmental affairs or sectors
that should be considered as part of the stakeholder identification and mapping, particularly on its the
intergovernmental relationsFigure 1 below indicates the hierarchy of law, governmental levels, and inter

related governmental affairs surrounding the subjeaatters of this study.

2 Seehttps://www.noaa.gov/education/resourceollections/ocearcoasts/oitspills

3 Seehttp://www.ciesin.org/documents/Adamo_CCMig_cuny _april2011.pdf

7


https://www.noaa.gov/education/resource-collections/ocean-coasts/oil-spills
http://www.ciesin.org/documents/Adamo_CCMig_cuny_april2011.pdf

‘r ””””””” Central Government,
|
oS ! ¥ Revolve around
~tution [ foka Law 24/2007
| vops
|
: RURALAREAS JRBAN AREAS Revolve around
I Bt Law 45/2009
! o s
Government Regulation : e S 1
! Subdisrict Sub disrct
pres‘dential | (Kecamatar) (Kecamatar)
Regulation/Decree ) : L
1
Minister / : g
Chairman | | Vilages (Keloraha) Revolve
Regulation it (ess) G
around Law
32/2009 Revolve around
Guide /
Suldg= — o Law 26/2007
L - &
Hierarchy of Level / Layer of Government Law 24/2007
Law in Indonesia in Indonesia ]
Inter-related governmental affairs
(Urusan Pemerintahan) — Each revolving around
each sectoral legal regime, law and derivative
regulations

Figurel Context and Scope of the Study: hierarchy of law, layer of government levels and governmental
affairs in Indonesia

As can be seen frigurel above, the substance of the basic disaster risk assessment and identification of
its stakeholders in the context of the formulation of an insurance program for coral reefsracmhstal
communities, as well as disaster risk reduction support in general, needs to consider the following aspects:
local governance, management disaster, fisheries, management of coastal areas and small islands, spatial
planning, and the environmentEach governmental affair has a reference law and its derivative
regulations. This can be a factor that can explain the relationship between stakeholders which will be
described later and should be taken into consideration in selecting locations or fuptiogram

formulations.

The seven locations in Indonesia that are part of this silmdydePandeglang Regency (Banten Province),
Makassar City (South Sulawesi Province), Klungkung Regency (Bali Province), Wakatobi Regency
(Southeast Sulawesi Province), Berau Regency (East Kalimantan Province), Raja Ampat Regency (West
Papua Province), and Rd&egency (East Nusa Tenggara Province). The indicative locations of the seven
city and regencies is shovim the image belowrigure2, which is overlayed with the multiazards index

of Indonesia (BNPB, 2018).
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2. Methodology

2.1Rapid systematic literature review

Followingthe Workplan arapid systematic literature review (SLigs conducted othe literature and
previous studieson the subjecs related to the topic of study This includes research on disaster
management, coastal and environmental ecosystems management, coastal communitigse sBngact

of climate changeThe keywordsare set together with the YKAN tearand can be accessed at the

followinglink: https://bit.ly/3ry6HLQ

CARI provides access toeakttime release studies archived in Scopus, WebOfScience, Open Access
Journaldirectories and GoogleScholar. As the first step of the rapid 8af,extraction from CARI!

(https://caribencana.id/maps) was conducted Fee version of CARI search engine provides

compilation of thesearchresults of research related to the disaster risk aesilience inndonesia, both
at the national and sulnationallevel. Thealgorithms caras wellbe replicated in other countrieSearch
results ofresearch producrelevant to thisbaselineassessment, as of December 2028n be accessed

at the link below:https://bit.ly/38EBjCz Furthermore, the SLR process is fast assisted using Tableu and

VosViewer.

Each region of the studiyas a diverse and unique research thefo#owing their characteristics and
regional development prioritiesUnderstandinghis patterncan give aetter picture onthe wealth of
data, information, and knowledge collected and utilizeih eachregion. Popular topics and regional
developmentprioritieswill certainly have implications on the wealth of data and information that tend to
be more abundant than the themdhat are not a prioritynor popular inthe regions. Themesf the

researchpatternsby hazardcategory andstudy location inthe recent30yearsare asshown inFigure3.
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Figure3 Themesof the Research byHazardCategory and3udy Location inthe last30 Years

Abbreviations irFigure3:
- ASdO (Antrophogenic Sudden Onset): Disasters caused by human activities and tal
within a short duration
-  NSdO (Naturahazard Sudden Onset): Disasters that occur in nature (phenomena of n:
and take place within a short duration
- SLO (Slow Onset): Disasters that are natural or by human activities that take place withir
duration

Approximately 63% from the total 1,019 research publications collected by CARI! engine and associated
with the coastal disaster and the study areas were related to natwmaard induced and sudden onset
(NSdO) disaster&arthquakes, floods, tsunamis and coastal surges have been studied more than any
other theme categoryFigure3 shows the identified researcher papers were mostly based on cases
outside of the study areas and more general in nature (e.g., a conceptual or theoretical res&€hech).

study area with the highest number of studies was Balvinceat 4%. This shows that the wealth of data,
information and knowledge related to disasters in coastal areas in Bali will be relatively easier to find
compared to other areas. This also means that the areas of Banten, South Sulawesi, Southeast Sulawesi,
EastKalimantan, West Papua and East Nusa Tengwgaréacking in the availability of research. Hence,

data, information and specific knowledge related to specifiastaldisasters will be me difficult to find.

In the last 30 years the number of studies produced has an increasing trend. The NSdO disaster theme
category has the largest increasing trend compared to other categories, namely 1.5 times per year (150%

increase). The significant increase in this therhevws that the interest in the NSdO category is more
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popular andresulted in more research producthen compared to the SLO category of 70% per year and
ASdO of 47% per yedhe ASdO disaster thenig still largely understudied.e., research thaeéxamines
disasters caused by human activities within short duration. This will have implications for the relatively
small amount of information and knowledge related to this category. The high increasing trend of research
iscrucialfor data collection and information related to coastal disaster categories themes, especially those
related to ASdO.

Figure4 Themeof Research ilstudy areas.

Category
W Asdo M nNSdo M swo

As shown inFigure4, 63% research products identified were withime NSdO categorwhereas the
majority is related to hydrometeorological hazards, i.e., 45.56% related to floods, 7.11% related to
extreme weathers. Meanwhile only 5.70% research products related to tsunami and 4.00% related to
earthquake.SLO Category which refers to slow onset disasters caused by natural phenomenon or
triggered by human activitieaccounted forl9%of the research products identifieddmong them, lhe

most dominant themes included in this category #neserelated to climate chang€l0%. The AsdO
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category is the leagheme with recorded research products, i.e., only a total 8% of the research. The

most explored research topieserelated to ship activity by 7%, both for fisheries and transportation.

Furthermore, the rapid SLR process and visualization of the knowledge network model was then reduced
into results from Scopus repository using steps and the keywords in the below figure. After the filtration
process and removal of duplication, 192 resegyotducts examined further. The figure below shows the
networking of knowledge relevant to this study as part of a baseline risk assessment in coastal areas in

the context of insurance formulation.
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insurance when it is placed in the context of flood risk and increased resilience to climate change.

One of the key studies describing the developmerdisisterinsurance products in Indonegj&oetanto,

et al., 2020)examines DRR financing at the local government Idagtjers to the adoption of disaster
insurance, and the presence/absence of education and policies that enable the transformation of reactive
DRR to be proactive. In genertdle research confirms thadbcalgovernmensare still too dependent on
On-Call Budget@ana Siag?aka) and rehabilitatiorreconstruction financing which are often latalso,

there has not been any significant adoption/purchase of disaster insurance products. This is duedb sever
obstacles in terms of governance, culture, ability to gdagk of awareness and knowledge of disaster

insurance products, and low trust in disaster insurance management in IndqSestanto, et al., 2020)

Based on theapidSLR, it is known that the development of insurance products for coral reefs in particular,
or coastal hazards in general, needs to learn frhra development ofdrought protection in the
agricultural sectorspecificallyin relation to Climate Change AdaptatidbGA\ efforts, both in Indonesia

and globally One of them is the usual use of the regional climate model (RCM) output, the use of the
Standard Precipitation Index (SPI) and the Standardized Precipitation EvapotranspirationSIREEx (
which are combined with the GIS application for tlikesignationof drought insurance productéohl,

Jiang, Tue, Vijayaraghavan, & Liong, 2020 of the agricultural insurance program schemes (for rice
commodities) has an insurance indemnity of 6 million rupiah per hectare for one planting season, with a
premium set at 3%Pasaribu & Sudiyanto, 2016)he insurance payment scheme itself is borne 80% by
the Government (in this case the Ministry of Agriculture) and 20% by farmers. In addition, farmers who
buy this insurance product must also follow agricultural practice guidelinesteasécondition for their
participation in an insurance scheme that protects from flood, drought, pests, and plant diseases. One of
the good factors of this program is the partnership between the government as regulator, insurance

company, and farmer groups.

However, in another case in Indonesia, the existence of a technical basis for calculating risk index and
insurance premium does not mean that it will immediately lead to willingitegsay for insurance
products fromthe exposed community groupSuryanto, Daerobi, & Susilowati, 202The absence of

this actionstill occurseven thoughthere is additional knowledge and changes in the community's risk
perception(Fadhliani, Yustika, Nugroho, & Hamid, 20I%is shows the importance of sod¢achnical

politicakeconomic understanding of disaster insurance product formulations. More specifically, the role
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of farmer groups and cooperatives has a documented role in increasing the willingness to buy agricultural
insurance productgLopulisa, Rismaneswati, & Suryani, 20E8)d it may also apply to the context of
fishermen. In the context of financing for climate change adaptation, insurance concepts and schemes are
often combined with micrdinancing for the entire agricultural sector chdBudiman, Takama, Pratiwi,

& Soeprastowo, 2016)

A study related to insurance that already exists in the study area, namely in Bali, which describes the
analysis and utilization of air electricity observation date. ightning detector) available at BMKG
Denpasar for the purposes of analyzing lightning strike patterns recordesbbg-to-ground (CG) by
sensors and comparisons with satellite imag@®yamana & Negara, 201MheCG lightning strike data
provides evidence on direct impact on human life frontightning strike. Spatial mapping is good in
determining the location of the CG strike on insurance claims. Based on this research, it was found that
mediumscale weather phenomena such as tropical cyclones and changes in the Nino 3.4 Index greatly
affectthe lightning strike activity in Bali region. In the rainy season, the lightning chart shows a semidiurnal
pattern with two peaks in the afternoon and early morning. iDgrthe transition season, the graph of the

peak of the lightning strike in the early morning weakens so that a pattern of one diurnal peak appears.

Meanwhile, in the dry season the lightning strike graph shows a random pattern.

Disaster insurance schemes and programs lséaed to be appliedor the context of flood risk, such as
those analyzed for the cases of the Bengawan Solo Wate#adanishi & Mimura, 201%nd Citarum

(Sidi, Mamat, & Sukono, 201 Rawanishi & Mimura (2015) conducted an analysis of the eligibility level
of weather indexbased insurancéhroughcorrelation and statistical tests of the monthly harvest data of

29 regencies / cities along Bengawan Solo with rainfall, over a period of 10 years. However, they found
that the spatial pattern factor determines the flood risk profile more than the weafhetor in causing

floods A similar conclusion was drawn the context of the Citarum watershed after calculating the
annual average compsation index, calculating the amount of the premium, and the need fer re

insurance for the risk of house damage due to flo(®idi, Mamat, & Sukono, 2017).

TherapidSLR process also finds research products that specifically analyze basic disaster risk assessments
for insurance formulations, especially in the coastal context. This inchaiee examples fromustralia
(McCook, et al., 20095 outh AfricgAttwood, Harris, & Williams, 199#he Philippines (Beakt al., 2018;
McCooket al., 2009), IndonesigBeck, et al., 2018Cuba (Beckt al., 2018), Malaysia (Beéit al, 2018),
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Mexico (Beclet al, 2018; Rugercgt al, 2019), Papua New Guinea (McCeolal, 2009), anctountries in

the Pacific(Horn, 2009) Becket al (2018) conducted a global metmalysis to evaluate the benefits of
protecting coral reefs against flood risk. The study concluded that the magnitude of the annual damage
due to flooding will be doubled and the costs of routine storm events will be ttipiehe absence of

coral reefs. Furthermore, in 16gear recurring storm events, the estimated flood damage could increase

by 91% / 272 billion USD without coral reefs present. Aacosstries it is estimated that the following
countries wil benefit significantly from sound coral reef protection and management: Indonesia, the
Philippines, Malaysia, Mexico, and Cuba; estimated savings in annual flood costs of around USD 400

million for each country (Beckt al., 2018).

As noted in Section 1.1his study paymore attention to the notes and products of research related to

the experience in Quintana Roo, Mexico. The formulation of insurance produdaiintana Rods
specifically carried out to protect the tourism sectatich generates foreign exchange amounting to 10
trillion USD. Quintana Roo's coral reef protection and insurance products are recognized as natural
protection against floods caused by hurricanes. The benefits considered from this insurance product are
for the community, buildingsand hospitality infrastructure. Since the insurance product was rolled out,
protection from coral reefs protected 43% of the damage caused by Hurricane Dean in 2007. It is
estimated that currently it directly protects disaster risk for 4.3% of the tataktal communities, 1.9%

of built areas on the coast, and 2.4 % of hotel buildings, which per year or expressed in absolute numbers
around 4,600 people, 42 million USD of prevention of damage to buildings irupuilteas, and @8

million USD of protection of hotel buildin¢Reguero, et al., 2019)

At macro level, Ruger@t al. (2020) underline the importance of increasing resilience through a
combination of risk transfer (g., insurance) with DRR .(g, disaster mitigation in general), which are
often seen as two different things. This combination can help adapt and integrate environmental affairs
with disaster management, as well as create investment opportunities between the public and the private
secbr in the context of naturébased solutions, especially coral reefs. It is estimated that with
conservative assumptions, abod#i% of the initial costs of restoration can be paid through insurance
premiums in the first 5 years, with benefits of more than 6 times over the next 25 {Rragiero, et al.,
2020) Furthermore, it is necessary to consider the determinants of the success of financing for the
combination of the steps mentioned above, including project costs, potential risk reduction, insurance

structure, exposure to the economy, and interest rates.
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2.2Data Collection Processes of Past Disaster Events

2.2.1 Natural Hazasd

Based on the scope of work, CARI! collected the data and information needed from many credible parties,
related institutes and ministries. The disaster data is collected through various disaster database engines
(such as DIBI, DIBI, UNDRR, ADINET, EMBASLHDE), journal or repstudiesand media sources. The
collected data includesnformation regarding the historical damages caused by natural hazards,
hydrometeorological, and extreme climate events. Furthermore, slow onset events that occurred in
coasgal communities particularly coral reefs were included. Type of disasters collected data and
information from the seven research areas were: earthquake, volcano eruption, flood, coastal surge,

strong wind, and tropical cyclone.

Disaster Event Data BEase (DIE]) EMPE

ADIMet Disaster Event Dalabase (AHA) ; Filtered Hazard Event
g Specified Hazard Type —® by Time and Location
for study ;
(cily/regency)
EMDAT Disaster Event Dalabase (CRED)
Glide Disaster Event Data Base (ADRC)
UMDRR Disaster Event Data Base
Filtered Hazard Event
Local Disaster Management Office (BPBD) Descriptive Analysis [€—— fﬂ;:{lﬁ]ﬁ;;ﬂﬁ;s;ﬂg?ltﬂ
(coastal sub district)

United State of Geological Survey (USGS)

EBerau of Meteorology (BOM) Australy

Joint Typhoon Warning Center (JTWC) .
frequency analysis
Agora

Public Media / news site

Figure6 DataCompilation Vérkflow of natural hazard disaster events

Results from this compiling process are 1) List of historical natural disaster and its impacts and 2) Hazard

indexes of natural hazard events in the coastal area based on its im(payise6).
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Natural hazard disaster events that are fairly massive and cause lossgsand impacts will always

recorded on every existing disaster databakencethe data collected for one massive disaster event

will also be recorded in various database machines. For example, the Krakatau volcano and tsunami
disaster in 2018 will be recorded on various database engines such as DIBI, UNDRR, ADINET, EMDAT and
GLIDETo eliminate unnecessary and incomplete data duplication, CARI! chose DIBI (BNPB) disaster
database sstem as the main reference database for natural hazard disasters that occur in seven study.
The DIBI disaster database has a complete data throughout Indonesia from 1815 to 2020, with total data

on disaster events recorded throughout Indonesia as manyB#&903 data.

From the various databases that were searched, in the beginnings there v&@% tbtal data collected

at 7 study locationg¢Tablel). At this stage, data from various disaster databases have different metadata
and need to be put together in the same metadata for suitability of this shahce, it eliminates the
events data into 234 event3 éblel). To equalize the metadata, several columns from each database are
sampled and selected into the new database. Apart from selecting the relevant columns from each

database, the next step is to check the suitability of the location and time that each dathaba.

Tablel Comparison of total natural hazard disaster events in seven research locatiof20R00
Number of
disaster | Pandeglang| Klungkung | Makassar | Wakatobi Berau
events
Number of
all disaster 362 168 328 128 9 86 442
events**
Number of
disaster
events in 107 28 34 23 7 12 23
coastal
area*
(*) includes earthquake, tsunami, volcano, flood, strong wind, coastal surge, dan trogitate.

Raja

Ampat Rote Ndao

(**) in broader area of study locations which includes earthquake, tsunami, volcano, flood, strong wind, coastal

surge, tropical cyclone, drought, landslide, and other type of hazard recorded in DIBI.

However, not all the natural hazard disaster in the datald@srecordedlosses or damagedata. From
prior databases engines sources, details of impact and damages of natural hazard disaster were already
unrecorded. This is probably, due to mis informed data recording or data losses. Hence, in the filtration

process, data need to be verified pactiarly about the losses, damages, deaths, severed population and
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relocated population. Furthermore, in the next step, this study will verify with hazard factor and the

record of the natural events with or without the disaster occurrences.

As a metadata, this study selected and determined columns from the existing disaster databases sources
into new disaster database for YKAN. The data also needs to be crosschecked to match into the proposed
seven locations and within time range of the stu@etail of the corresponding metadata for disaster

database in this study is shownTable2 below.

Table2 Table header for YKAN disaster database events.

No. Metadata No. Metadata

1 No 20 | Injured

2 No Data 21 | Missing

3 ID Disaster 22 | Affected People

4 Event 23 | Displaced

5 Event Name 24 | Damaged houses

6 Event date 25 | Education Facilities

7 Year 26 | Health Facilities

o | wonm T e iy 0"
9 Day 28 | Public and Social Facilities

10 | Hazard Latitude 29 | Impacted Roads

11 | Hazard Longitude 30 | Affected Infrastructures

12 | City/Regency 31 | Loss of Livelihood (Paddy Field Area (ha))
13 | Subdistrict 32 | Loss of Livelihood Plantation Area (ha)

14 | Village 33 | Loss of Livelihood Fish Pond Area (ha)

15 | Impact Latitude 34 | Loss of Livelihood Irrigation (ha)

16 | Impact longitude 35 | TotalLoss of Livelihood (tot)

17 | ID Village 36 | Damages Losses Estimation (IDR million)
18 | Impact area (ha) 37 | Hazard detail

19 | Fatalities

In the following analysis, each parameteifimble2 above help to assess and analyze the severity of every
disaster events. ColumNo. Dataand Disaster IDare information regarding database numberirtgent
column explains type of hazard, which mainly divided into two categories that is geological or
hydrometeorological event. While tHevent Namés the name of the disaster everivent Datdollowed

by column,Year Month andDaygives information regarding the time of disaster events and the beginning
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of the disaster events. The duration of each disaster events lies in the column of hazard detail, which

annotate all available information during the disaster event.

The next column is thikazard source coordinateklzard Latitude/Longitudevhich are the epicenter of

the hazard. While the column @fity/regency, DistricandVillageexplain the affected area of the disaster

and impact coordinatesifipact Latitude/Longitudegives information about approximate impact area
that is represented by a single coordinate. Information regarding impact area (if any) is given in column

18 to illustrate the size of impacted areéllage 10s the national code for regional identification number.

Differences in coordinate between source and impacted araagfulto separate specific hazard disaster
such as earthquake, far field/regional tsunami, volcano eruption and tropical cyclone which sometimes

occurred in different area but have an impact in the study sites.

As for the rest of the parameters, column Fafalitieg through column 3600amages Losses Estimatipn

gives information regarding the specific impact of each disaster onto communities lives or assets.

2.2.2 Anthropogenic Hazard

Destructive human activities can ultimately disrupt environmental equilibrium and cause damage to
ecosystems that are difficult to repainformationwhich indicate historical direct damages caused by
human activities which make coastal communities suffered and damages the ecosystem, particularly coral
reefs is regarded as anthropogenic hazard. In this study, destructive anthropogenic hazards a& focus
on activities that destroy coral reefs. As previously mentioned, these activities include destristting,f
marine accidents and oil spills. Destructive fishing exist occurs as a result of a combination of an
underequipped fishers and missing knowledge of the benefits of good marine ecosystem. While, the
causes for marine accident such as ship groundang be on purposes such as loading and unloading
activities or it can be not on purpose such as an accifdatiheri, Montewka, & Kujala, 2014hhis study

also considers the growth of coastal communities and marine tourism wdirelstly increase human

activities in the marine area which also increasing the traffic intensity of the ship.

Human population, which is generally located in coastal areas, requires high carrying capacity to survive.
The carrying capacity includes connectivity and resources. Populated coastal environment, with its

strategic location, has a high connectivity betwmemmmunities and this high level of movement requires
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a very large amount of energy resources. In turns, this actiyiiesesa threat to environment especially,

in this study, a threat towards coral reefs ecosystems. The growth of coastal areas cannot be separated
from shipping activities. The growth of coastal areas requires shipping support facilities such as ports and
very important fuel storage facilities. Threat from shipping and fuel (offastructure includes ships
grounding, sinking ships and marine pollution from oil and human activities d Bageat fact, the higher

number of human activities on coastal and ship traffic the higher the threat potential to coral reefs.

The shipping lane traffic data comes from the marine traffic website (https://www.marinetraffic.com/)
reanalysis, while the oil infrastructures data comes from the Ministry of Energy and Mineral Resources
Republic Indonesia. This report adapted WRI stad0iL1 whictutilize 5% of every ship traffic intensity

for every port as a threat to the coral reefs ecosystem and usel & radius from every eiklated
infrastructure as a threat to the coral reefs ecosystem. The threats potential is differentodtieet
probability of its occurrence. The ship traffic intensity are diverse and dynamic, thus various fishing
activities give a high threat probability to the marine ecosystem instead of the oil spill. While oil spill is
rarely happening due to its high einonmental safety standard procedurgmssessediy every olil

companies in its infrastructure.

By constructing the matrix of the number of disasters caused by human activities along with its potential
threat in the research area this study hascceededn analyzing events which could cause anthropogenic
disaster in the seven study location. Result of this analysis is also shown on the map of the anthropogenic
disaster event in the annexes. The data and information utilized in this study is providédAby and

other working partners.
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Figure7 Compilation process of disasters events database cause by anthropogenic hazards.

Figure7 illustrates about the compiling and integrating process from all data sources to become an

anthropogenic disaster events database in seven locations of the research area.

2.2.3 Slow Onset Hazard

Slow onset or longerm natural hazards is triggered by environmental degradation that occurs slowly and

accumulatively over long period of time. Climate change generally causes two types of hazards in the

coastal sector, namely coastal inundation and talagstability related to the process of abrasion /

erosion and coastal accretion / sedimentation. The danger of climate change in coastal areas is related to

many other sectors or subectors, such as transportation, marine and coastal tourism whicktaftae

comfort of traveling and building on the beach. Thus, climate change is disrupting the environment in

which coral reefs are in a long process.

This study analysis the dangers of slow onset (long term) changes in the climate, such as rising sea surface

temperatures and rising sea levels, which will have a broad and massive impact on marine ecosystems

such as coral reef ecosystems and eventuallycoastal communities. With the disturbance of these

environmental factors, the growth or development of coral reefs can be disrupted for a long range of time

while immediate natural disasters such as earthquakes, tsunamis, storm surges and volcanoes change

rapidly the coral reef environment. The coral reef ecosystem is an ecosystem that is located in an area

with underlying support of environmental factors such as warm, clear water that has a high level of

sedimentation and is still under the influence ahtight. In further analysis, this study review and analysis
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scientific literature to observe and analysis past or ongoing research in 7 study sites regarding slow onset

hazards, especially sea surface temperature conditions in each site.

2.3RiskAnalysis
2.3.1 Risk Analysid ValuatiorMethodology

Disaster could be defined in various ways and in various levahalf/sis. This also means, that some

disasters often affected every location differently, a local disaster in a village may not have an impact on

' y5IFGA2Y A gK2ftSd® ¢KSAS GRAYSyaAazyaé 2F RAal aidSN
in the uniqueness of each region. Risk assessment is a methodology to determine the nature and extent

of risk by analyzing potential hazards and evaluating existing conditions of vulnerability that together

could potentially harm exposed people, property, seeg, livelihoods, and the environment on which

they depend.

By investigating disaster risk, the potential losses in each region could be minimize over a planned future

period. The following equation is used in this assessment to quantify the risk.

Y 00w
Disaster Risk Assessment is carried out by calculating the hazard, vulnerabilities, and capacities
components in each province and district / city. Hazard components are natural phenomena that can
cause disasters. The components of vulnerability are ($ipal condition, (2) socicultural, (3) economy,
and (4) environment prone to disaster. Meanwhile, the capacity component consists of regional resilience
elements such as institutions, mitigation capacity, prevention, and others. In the risk indegyéhef
disaster is assessed based on its constituent components, namely danger, exposure, and the capacity of
the government and community in dealing with disasters. This study uses risk index to quantify the
magnitude of the riskThe risk index level based on the potential loss above allows for calculation disaster

risk reduction efforts in an area.

In this study, coastal area at risk is to be calculated, using results of hazard or vulnerability, which varies
independently by the available data. Some attegt has minimum data or not affected by the hazard are
given an indexf zero (0). By using zero (0) for indexes, in later calculation, by using simple formula above,

the risk index would also become zero. These zero indices, however, does not mean it does not have any
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risk. Zero index is present due to there are no inundation provided by the hazard maps, however its
vulnerability is still presence. Thus, all in all, a potentially minimum risk still applied to the area with a

designated risk index 0.

As per scope work, a monetary valuation is required for both past disaster events and future risk. The
valuation is undertaken by combining the steps of the Indonesian version ofdsasiter needs
assessment (Head of BNPB Regulation 15/2011 Damagetheothodules and applied unit costs as the
proxy}I YR { G§SL) ndo 27T (ThédNa@Qré Cohseryatian,f202@ditalySthe following
steps have been taken:
1. Damage and loss data validation from ttisaster event database for twenty years, divided into
two periods, i.e, 20002010 and 20122020,
2. Aggregation of available damage and loss data, based on hazards type
3. Estimation of the monetary value of damage and loss types for each hazard. This step used unit
O02aiG FTNRY GKS WAGdzLI ayl Q& O £ OdzAf F 12NJ RSLX 28 SR
t I YyRSITIy3a ¢adzyl YADP C2NI YI 22N RIBIPASHRBeNdt, ¢ KSNB
the damage and loss figures were adopted, e.g., the 2018 Krakatau Tsunami affecting Pandeglang

4. Calculation of past damage and loss monetary valuation as well as future scenario using BlueGuide.

The caveat of this step was disaster events have asymmetric and different damage and loss data
F@FAfroAfAGRD . bt. Qa WAGdzZI ayl SadAYlrdAzy 2yfe
measured systematically using the tool. Prior to 2011, diggsters with deployment of recovery experts

(e.g., from UNDP or development banks) have reported the damage and loss data. Unfortunately, until

now, there is also no reliable sources to estimates damages and losses of the environments from each
disaster.In addition, it should be noted that the consolidated databases have various meanings in terms

of degree of severity of damages, e.g., only in some databases and in recent years disaster event entries
clearly disaggregated between affected, damaged, aestrdyed houses. Therefore, this risk monetary

valuation should be treated as a gross figure.

The table belowTable3) describes the availability of disaster damage data and losses in each location.

4 See herehttps://bnpb.go.id/produkhukum/peraturankepalabnpb/peraturankepalabnpb-no-15-tahun-2011
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Table3 Damage and Loss Data Availability within Disaster events database@200

Location | Pandeglang| Makassar | Klungkung | Wakatobi Berau Raja Rote Ndao
Damage & Ampat
loss type
Housing Available Available | Available | Available | Available | Available | Available
Roads N/A N/A N/A N/A Available N/A Available
Bridges N/A N/A N/A N/A N/A N/A N/A
School Available Available Available Available | Available | Available | Available
building
Health Available Available Available Available N/A N/A N/A
facilities
Place of N/A N/A Available N/A N/A N/A N/A
worship
Office Available N/A Available N/A Available | Available | Available
buildings
Government| Available N/A N/A N/A N/A N/A N/A
buildings
Paddy fields| Available Available N/A Available N/A N/A Available
Pond N/A N/A Available N/A N/A N/A Available

2.3.2 Hazard Analysis Methodology
Natural Hazard analysis calculation is based on spatial probability, frequency, and power (magnitude) of
a natural hazard phenomenon. In this study, the magnitude of natural hazard disaster is represented in
severity level. From collected datadetails of data gives more accurate hazard analyses. For risk
assessment analysis in each study site, natural hazard parameters will be translated into a hazard index
shown as:
00 MOOY'O

Where: HI = Hazard Index

FI = Frequency Index

S| = Severity Index
The Frequency Index comes from the summation of occurred disaster events in one district in the research
time frame (20062020) to quantify its frequency, this data is translated into an index frdmaSTable4

shows below:

Table4 Frequency Index.

Events Frequency Frequency Index
0 0
1-5 0.2
6-10 0.4
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Severity index comes from the losses and damage induced by disasters in each districts, development of

Events Frequency

Frequency Index

11-15 0.6
16-20 0.8
>20

severity index comes from each parameter from Table 2 in columB86.8nd summarized into five main

severity parameters for eadtistrict in the research time frame (20&D20):

Due to variation of information data collected in each disasters database engines, each subdistrict in every

districts in the seven study location hagtifferent quality of data. Not all of losses and damaged data in

1. Total fatalities and missing

a > WD

Total affected people

Total displaced

Total damaged infrastructure

Total estimation of Economic losses

each subdistrict is well recorded. To quantify its severity, for éalfiied parameter from number 1 to 5

is translated into an index fromDsimilar with frequency indexing. If one disaster in one subdistrict haves

all parameter from 15 the given index is one, whilst if one disaster doeshave a well recorded loss and

damages its index is nol. From frequency and severity index, hazard index as formulated above is

developed as shown blable5 below. Results of hazard index will then be used to calculate risk index to

develop risk profile for every district.

Table5 Example of Hazard Index Table.

Severity
District | Events| Freq | Fatalities . Severity | Haz
Name Freq Index / Affected Displaced Economic| Impacted Index | Index
o people losses Infras
missing

District A 0 0.2 100 - - - - 0.2 0.20
District B 13 0.6 1 1000 10000 200000 400 1 0.77
District C 28 1 5 1000 - - - 0.4 0.63

Similar index method is also used to quantify anthropogenic hazard analysis. The collected anthropogenic
hazards were divided into three type of anthropogenic activities, namely: 1) destructive fishing; 2) Marine

Accidents; 3) Oil spill. Anthropogenic etemprobability is then use as weight to determine the

26




anthropogenic hazard index (henceforth called AHI) as seen in table 4 above. Weights of AHI probability
is calculated by calculating frequency of hazard in each subdistrict during the last 20 years and divide it
with its total occurences in all seven loicat. From this weight (probability) values, anthropogenic hazard
index is calculated by summation of number each anthropogenic of events times its weight events as seen
in Table6 below. The resulting value of weight events summation is then normalizedltan@ex for

simplication in analysis.

Table6 Example of Anthropogenic Hazard Index table.

District A 1 0 0 0.11
District B 0 0 0 0.00
District C 2 0 0 0.22

2.3.3 Vulnerability Analysiethodology

Amongthe three risk components, the hazard component is a component which is very unlikely to be
diminished due to the nature of the hazard. For example, until now, an earthquake is highly unlikely to be
predicted in regard of its time or its magnitude. Thing only possible way to minimize risk is by reducing
the vulnerability component/ulnerability is divided into three indicators, namé&yposure Sensitivity,

andAdaptive CapacityThe formulation of vulnerability in this study is calculated as:
!O (D “Y

Where:

V = Vulnerability

E = Exposure

S = Sensitivity

AC = Adaptive Capacity

A. Exposure
Exposure represents the degree of which an area is affected by the climate change variability or coastal

disaster. This study adapted Coastal Vulnerability Index (CVI) analysis as an exposure index which was
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conducted by the Ministry of Marine Affair and FisheriBappenas, 2018)oastal Vulnerability Index

was initially introduced by the United States Geological Survey (USGS) in 2001. It was used to map the
relative vulnerability of the coast to future séewvel rise. The CVI ranks coastal instability, mean tidal range,
and mean significant wave height irrmes of their physical contribution to sdavel riserelated coastal
change. This approach combines the coastal system's susceptibility to change with its natural ability to

adapt to changing environmental conditions.

f
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Figure8 Coastal Vulnerability Index Map (MMAF in Bappenas, 2018).

In this context, the results of the CVI represent the physical vulnerability of the coastal areas as well as

hazards. The CVI is calculated along the coastline of Indonesia which are then classified into 5 classes from
very low to very highHigure8).

To give contextTable7 Example of Exposure Index Adapted from CVI Bappenaski#d® shows an
example of Pandeglang coastal subdistrit class, ranked on a linear scale$ronodder of its increasing

vulnerability. In this study, a value of 1 represents the lowest level of vulnerability, while 5 represents the
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highest level of vulnerabilityl his value is then transformed into an index ranging from 0 to 1 to be used

for comparison with the hazard index and risk index.

Table7 Example of Exposure Index Adapted from CVI Bappenas 2018.

District Name CVI Index Exposure Index
District A 1 0.2
DistrictB 3 0.6
DistrictC 2 0.4

B. Sensitivity

Another important aspect of the vulnerability analysis is the sensitivity, which explains how much the
system is affected by the climate variability or chafifgCC, 2014)n both direct (e.g., uprooted coral

reef substrate by the earthquake vibration) or indirect effect (e.g., coral bleaching by-HigdSouthern
Oscillation events). Sensitivity was also described as tendency/degree of elements at risk that can come
to any harm as a result of the hazaflirkmann, et al., 2013Similar to that of exposure, parameter
scoring was done prior to the calculation of the sensitivity index. There are four main aspects to be

evaluated in the sensitivity scoring calculation; Social, Physical, Environment, and Ecbtables)

Social aspect explains the degree of sat@gmography that is affected by the hazard, which includes the
population profile and the education level of an area. Here, a total of four indicators were calculated and
normalized, where the population densitydigator holds the highest weight. Unlike the exposure scoring
steps, all the score in the sensitivity calculation was normalized from the start. In such case, for example,
the number of populations for all districts within a city/regency were statisticatiglyzed and scored

each by the degree of normality-@Q where 0 and 1 account for the least and the most prone area,
respectively. The same goes for population density (hnumber of populations compared by the district area),
sex ratio (humber of males cqrared to females), and the education level. Specifically, for the education
level, only a number of populations that have completed the high school level were assessed. For the rest
of the indicators, the normalized score was calculated from the percersdgieem by the number of

populations.

Physical aspect assesses the number of important infrastructures found in the study area, such as health
and education facility. Building density for each district, which will also be used in the scoring of

environment aspect, was calculated by comparing tiotal building area with the following district area.
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The same goes with the number of buildings. As large settlements has many buildings or homes thus
building density weighted the most, followed by the length of road, while the number of airports and

harbors/ports weighted the least.

Environment aspect covers the extent of a land coverage affected by the hazard. The building density that
was calculated from physical aspect will be used in the developed area calculation, along with the
reclamation area and the percentage of settlemerg¢a per sub district area. The rest of the indicators
were made into percentage over the district area and normalized directly. Among the eight indicators

listed, building density and settlement area topped the weight, followed by reclamation area.

Economy counts the Gross Domestic Product (GDP) of the productive area and the number of economic
centers in the location of study. The GDP scoring for each district based on the value of total GDP in the
city/regency divided by the district area. Economsgpect also includes Tourism and Fisheries GDP
calculations, which account as the highest weight in the economy Index. The rest of the indicators were

normalized directly before weighted for the final score of economy aspect.

Table8 Element classification for Sensitivity Index.

Element Indicator Description and Unit
Population Number of Population
Population Density | Population Density
) Sosiedemo-
Social Demography Elderly andunderage group
graphy
Structure Sex Ratio
Education Level Education Level
Building Building Density Building (Ha)
Road Road Availability Length of road (km)
Health/Medical Number of Health Facility (Hospital,
Facility Puskesmas/Poliklinik
_ ) - Number of Education Facility (Elementary to
Physical Education Facility

Higher Education)
Critical Facility

Number of Port/Harbour
Accessibility Facility

Number of Airport

Energy Related ) ]
- Number ofOil Depot/refinery, Power plants
Facility
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Element

Indicator

Description and Unit

Electrical Facility

Number of Power Substation&érdu Induk

Lifeline Facility

Clean Water Facility

Number of Water Processing Facility
(PDAM/Mata Aiy

Telecommunication

Number of Communication Tower and

transmission/receiver station

Building Density (Ha)

Developed Area

Settlement area (Ha)

Reclamation (Ha)

Environmental| Land Coverage

Marshes and or Mangroves (Ha)

Forest area (Ha)

Under Developed

Area

Coral Reefs (Ha pezgency, divided by

subdistrict area)

Fields and unoccupied land (Ha)

Bush and shrub (Ha)

Productive Land

Area

Economy

Paddy Field Area (Ha)

Plantation Area (Ha)

Productive land area|

Fish Pond (Ha Rp)

Seasonal Horticulture crogsea (Ha)

Mining (Ha)

GDP of Productive

Sector

GDP of Productive

GDP (Billion Rp)

area

GDP of Tourism (Billion Rp)

GDP of Fisheries (Billion Rp)

Economic Centers

Mall, Markets

Number of tourism sites

Number of markets/Mall

Thefinal sensitivity index was calculated using the vulnerability scoring approach provided by IRBI BNPB
for geological and hydrometeorological hazard score. The coefficient for each of the aspects were; 0.4 for
social, 0.25 for physical; 0.25 for environmeand 0.1 for economy. As seen by the scoring weight, the

social aspect holds the most in the sensitivity index, thus having a large number of populations can solely

increase the sensitivity of an area. Thus, the higher the sensitivity index, the moieutgsr can be

affected by the hazard, resulting in the higher vulnerability index for the area.
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Data for each of the indicators were coming from different sour¥esiasan Konservasi Alam Nusantara
(YKAN) provide most of the data and thus were used a lot in sensitivity index. The study also used some
dataset from Geospatial Information Agendaflan Informasi Geospasial BIG), Central Bureau of
StatisticsBadan Pusat Statistir BPS), MMAF (Ministries of Marine Affairs and Fisheries), and the Google
Maps/Google Earth.

C. Adaptive Capacity
Capacity is a component of risk which refers to the ability of a person or group to act and react in reducing
a danger so that there is no big loss. Resilience is a component of risk which refers to the ability of a person
or group to be exposed to a hararso that they can recover or recover quickly so that they can reduce

losses that will occur.

Vulnerability in a community or a region can be reduced through increasing resilience or capacity to cope
with a disaster event. Identifying government's abilities to cope with disasters can be done by using an
approach with the concept of sustainable tigi This can be done by identifying that the government a
have a range / ability of assets which can be referred to as 'capital / resources' which forms a buffer layer
to protect themselves or groups from a disaster. Further methodology and analysisoi@ace with

risk assessment could be found in subchapter 2.5.

2.3.4 Overview and analysis of Natural Hazard and Slow Onset hazard

A. Earthquake analysis

Indonesia is surrounded by four main plates, namely the Eurasian Plate, théd\lstialian Plate, the
Philippine Sea Plate and the Pacific Plate. Of the four main plates, there are also small plates that are
formed due to the movement of these main platess a result of these tectonic movement processes,
earthquake events often occur in most parts of Indonesia. One of the sources of the earthquake that has
been clearly identified is the active subduction zone in the western to eastern parts of Indohlesia.
energy from the collisions between these plates will result in faults on land or oceans in several Indonesian

islands and seas.
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Figure9 Destructive earthquake events in Indonesia from 2000 to 2020 (Analysis, 2021).

Therefore, it is well understood that the Indonesian archipelago is an earthquake prone area as seen in
Figure9 above. The earthquakes that occur are often destructive and cause harm to the community. In
coastal communities, the impact of earthquake shocks on coastal areas is often more pronounced due to
the condition of the area which often lies on an alluvial pl&uch plain condition can be found in the
study areas of Makassar, mainland Berau, mainland Klungkung and Pandeglang. Tsunami also often occur
as a results of a specific earthquake mechanisms that can sweep the entire coastal area if the tsunami is
large enough, as occurred previously in the 2004 Aceh tsunami. Other than losses and damages for
communities, earthquakes can also cause damage to coral reefs, Moreover, vibration effect of the seabed
could break the corals easily, especially hard and firmls@mad branching corals. These type of corals
absorbs the vibration energy which fragmented and break down corals to pieces. Whilst due to its physical
characters, soft coral is able to absorb vibration energy by its elas(diF Australia, 2009jPrayuda

& Avianto, 2017)Tito & Ampou, 2020)n general, coral destruction due to earthquake which could occur

according to two main causes of damage, namely:
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1. Mechanical Damage: Many of the problems caused by tsunamis and earthquakes are caused by
mechanical damage to the corals. Coral that break off from earthquake action is caused by uplift or
downlift of the main seabed in which coral reef resides. Theenwnts in seabed or the base of the reef

could uprooted coral reefs breaks off in pieces. Some corals, such as brain corals, are more susceptible to
mechanical damage than many other species of corals. Movements in uplift/downlift of the seabed could
causechanges in coral reef depth. Uplifted seabed could lift coral reef above the water surface which
would exposed it direcly to the sun, while downlift of the seabed could cause coral reef to be out of reach
from the sun, preventing it for photosynthesis. eflbeabed movement could also trigger changes in

sedimentation which lead to increased turbidity.

2. Damages Due to Changes in Sedimentation and Turbidity Processes: Mechanical damage to coral reefs
during tsunamis and earthquakes causes an increase in coarse sedimentary material from broken corals
and uprooted soft benthic organisms as well as a tdabigtion of existing sediments A decrease in
sedimentation can also be problematic, because a lack of sediment can also deprive an ecosystem of the
minerals, nutrients and organic matter needed to sustain production. Some corals have the ability to
removesediment from their outside coating, but this puts extra stress on the already harmed corals. One
of the main requirements of healthy coral reefs is clear, clean water. This is essential to the important
symbiosis between coral and zooxanthellae. The anthellae uses photosynthesis to provide the coral

with food. With decreased sunlight, it is harder for the zooxanthellae to produce food, essentially starving
the corals. Also, if the corals become stressed from other factors such as decreased salddition to

a lack of sunlight, the coral polyp could expel the zooxanthellae, which in turn usually kills it. Earthquakes
and tsunamis cause sediment to mix into the water, decreasing the amount of light that can reach the

already damaged corals

Earthquake Case Study
Earthquake and Tsunami Aceh 2004
The earthquake and tsunami of Aceh in 2004 was so powerful which shook all of Indian Ocean countries.

Such energy and hard vibration could easily break up corals located near the earthquake source. From

5 https://www.coraldigest.org/index.php/Earthquakes
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Reef Check post disaster observation, it is likely that the toppled large coral heads and the large area of
broken blue coral seen on reefs along the south coast of Pulau Weh were caused by the earthquakes. The
Heliopora skeletons appeared to have been rtwmed in place. No other causes of such extensive
damage were observed in the area such as large tree branches or boulders that could have been rolled
across the reef by waves. The most dramatic damage to Aceh reefs was also caused by the earthquakes.
Hectares of reef flat at Pulau Bangkaru Island and Simeulue were uplifted to a level above the high tide
mark resulting in total mortality of corals and other attached organisms that were previously healthy and
intact. Other reports indicate areas of upldh many other islands (USGBO05in Foster, et al., 2006

Searle (2005) state thdtess extensive damage of a similar type was reported in the Andaman Islands
(Foster, et al., 2006)

Nias Earthquake 2005
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FigurelO Satellite images of coral reefs and mangroves before and after Nias Earthquake 2005, left:
coral reefs ecosystem and mangrove in 2003 (before the quake), right: coral reefs ecosystem and
mangrove in 201%Suyarso, Prayuda, & Avianto, 2017)
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The following year after the great Aceh Earthquake in 2004, located at the south of Aceh Province, Nias
and Simeulue Island also experiences very strong earthquake with 8.6 magnitude. The earthquake was
strongly felt across the island of Sumatra and caus&bkspread panic due to tsunami experiences in

2004. Although in Nias earthquake, the tsunami is relatively small compared to the 2004 tsunami. This
earthquake also devastated coral reef ecosystem due to changes in enviromental aspect, especially in

coastl morphology Figurell).

Suyarscand team (2017gxplained that the Coral reefs ecosystem in North Nias on pre earthquake is
wider than after earthquakeRigurel0). In Lahewa District, coral ecosystems reaches 1300 m wide from

the coastline while in East Lahewa, Lotu and Sdistoicts are only range in between 25 m up to 350 m.
Since the Nias earthquake mostly coral ecosystems, particularly coral with the less than 2.5 m depth has
been raised and transformed into the land. The waters north coast of Lahewa District, based sat |a
imagery aquired 2003 were small islands surrounded by coral reefs. There are six islands in the area :
Island of Sanau, Taliwaa, Makora, Lafau, Gito and Mause. On the Sanau Island, in the pre earthquake there
was a lagoon, water mass circulation cented to the open sea through two canals. After the quake,
canals were lifted and closed causing this lagoon changed become a saltwater lake with the salinity higher

than the salinity of the sea water surroundin@uyarso, Prayuda, & Avianto, 2017)

North Nias coastal gﬂof ile (pre earthquake, March 2005)
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Figurell Coastal morphology changes in the west of Lahewa village due to Nias Earthquake, 2005
(Suyarso, Prayuda, & Avianto, 2017)
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The Great Blue Hole of the Belizean Barrier Reef

In May of 2009, a powerful magnitude 7.3 earthquake hit Honduras and caused widespread damage as
far as the Belizean Barrier Reef. Prior to this event, two dominant species of coral were completely
eradicated from other causes but the losstbése species made the young, new dominant coral less
resilient to the earthquake's destruction. The earthquake destroyed ten benthic assemblages in the
Belizean Barrier Reef and destroyed another by causing avalanching of slopes within the reef. Agalanchi
of reef slopes is when reef debris attaches to another part of the reef, then breaks apart into many many
pieces. The reef is then surrounded by a debris field, consisting of complied reef debris. During the
earthquake, benthic organisms were removediadruried by the uplifted sediment. Only sediment and
skeletal debris remained afterwards, and the living cover in coral decreased by sixty percent.This
catastrophe caused an extreme change in the coral reef's ecology and community, causing widespread

damag and dieoff within the reef. Scientists estimated the recovery time of approximately 2,000.years

From literature reviews, this study has determined that earthquake with higher magnitude than 5 (Richter
scale) or 4 MMI scale is potentially damaging for coastal communities and the ecosystem as a whole. This
type of earthquake (5 SR or 4 MMI) is knowrbtfelt by everyone and could cause minor damage to
buildings, which would also potentially vibrate the seabed. From official sources such as BMKG or USGS,
this study collects lists of corresponding earthquake hazard in the seven site. This studyeltésdc888
earthquakes event from 2000 to 2020 with 32 earthquakes affecting the coastal communities in the seven

research areas.

6 https://www.coraldigest.org/index.php/Earthquakes
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With PGA analysis provided by PUS@HdNIrel2), from the seven study locations, based on PGA analysis,

Pandeglang, Rote, and Bali has high ground acceleration which could jeopardize both coastal communities

and coral reef ecosystem. The highest ground acceleration is in Pandeglang area, followedjkynigun

region and Rote. With such high acceleration, vibration cause by an earthquake could devastate the entire

region, producing an upforce or downforce strong enough to alter the existing landscape.

Table9 Peak groundcceleration for 1% exceeded in 100 year return period at the 7 study site location
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Study Site Hazard PGA 1% in 100y
Pandeglang

Klungkung

Makassar 0.150.2¢g

Wakatobi 0.4-0,59

Berau 0.30.49

Raja Ampat 0.4-0.99



Mean while, according to PGA Analysis map, Makassar, Berau, Wakatobi and Raja Ampat has a relatively
low to medium ground acceleration. Thus, the impact on those area when the earthquake is occurred will

not as destructive as the area which posses highist acceleration.

B. Tsunami analysis

A tsunami thastrikesalong a coastline produces damages depending on the morphological conditions of
the coast. Tsunami hazard is evaluated based on the propagation and inundation height of the tsunami
calculated from a reference point (usually sea level) when the tsunaimiearrTsunamis across a large
continental shelf break down into a series of solitary waves. These waves gradually propagate from its
source in the deep ocean and reach its maximumuprheight at the beach At a steeper beach slope
tsunami waves height becomes higher due to shoaling effects. The maximum tsunami height also depends
on the sea level (tide) which mean that a small tsunami that occurs during high tide can reach a higher
elevation than a larger tsunami that arrives at tlosvest tide. This also means, in regard with climate
change that would eventually rise up seawater level globally, in the event of tsunami, it would generate a

higher tsunami which could propagate further inland.

In some cases, tsunamis only produce harmless flooding on low, sloping coastal areas, then head inland
like fast tide. While in other cases a tsunami can strike in the form of a vertical wall of water that churns
and carries debris that can kill and destrbuildings or land in its path. The damage and destruction
caused by the tsunami is a direct result of three factors, namely flooding, the impact of the waves on the
structure, and erosion. Meanwhile, casualties emerged due to drowning people. For theossy apart

from the injuries, the mental impact in the form of trauma was caused by being trapped inside the
churning seawater. The strong currents of tsunami caused erosion on foundations and collapses of bridges,
sea walls, dragging houses and oveming vehicles. Tsunami wave pressure can also destroy building
frames and other structures. Meanwhile, quite severe damage was also caused by the compressive force
of floating debris including ships, cars and trees which could become dangerous objectsittingn

buildings, docks and vehicles, even by a small tsunami.

A collateral potential hazard is fire, where typically fire originating from an oil spill from a destroyed ship
at the port, rupture of an oil storage facility, or an oil refinery facility on the coast can cause damage that

is sometimes more severe thaneldlirect impact of a tsunami wave. Another concern that has also started
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to become a concern from the potential impact of a receding tsunami is that when the water recedes it
will affect the cooling water supply at the power plant. Impact from tsunami could also cause destruction
in ecosystems such as destruction in the mangrathich often facing the wave directly, toppling and

destruction of coral reefs through breaking waves in the fringing or slope reef, erosion and strikes from

tsunami debris.

Tsunami Case Study

Tsunami Krakatau 1883

a2alt yzalote STFSOUa 2F Gadzyh YA (G2 RS&aAUNH2OGAZ2Y
a major volcanitsunami event which brings catastrophic results to communities and the ecosystem. The
huge tsunami lifted boulders of corals at theast of Banten and Sumatra (Lampung). The largest coral

boulder is still exist in the area of the new lighthouse, in Anyer, Banten.

i Hl I "m

f

Figurel3 Coral boulder from Krakatau 1883 in the new lighthouse areajerBanten (personal doc).

Photographs from the archives of the Royal Institute for the Tropics, Amsterdam, illustrate devastated
landscapes covered by debris (coral boulders, pumices, fragments of buildings, trees, etc.). Remnants of
a lighthouse (saalled 4th Point Java) weretfiod up to 4 km inland along the Cikoneng Rasactlynear

Anyer, JavéParis, et al., 2014)
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Tsunami Aceh 2004

Damage from a tsunami in Aceh Earthquake 2004 is devastating, there are evidence of coral reef
destruction from both earthquake and tsunami. Along the mainland of Aceh, the highest frequency of
overturned corals was found on fringing reefs inside baysewthi¢ reefs at adjacent headlands were
mostly undamaged. This could be due to wave energy being concentrated by bathymetry or to more
fragile corals growing in these locations. The tsunami may have been less damaging to the reefs of Aceh
than initially exjected for two reasons. First, the tsunami involved only three large waves. Once the waves
had passed and receded the event was over. Secondly, there is evidence that tsunami damage is greater
in areas with gently sloping bathymetry (Sea@805in Foster, et al., 2006 According to eyewitness
reports from the Reef Check team on Pulau Weh, the tsunami wave swiftly inundated the island rather
than forming a breaking wave on the fringing reefs. In cases where tsunami waves can shoal and build up,
they may beak.Searle (2005) state thathe weight of the falling water could crush and dislodge corals.

In the Andaman Islands, for example, low lying islands with shallow shelving coasts suffered heavy damage
while islands with steeper offshore bathymetry or outlying fringing reefs that alesbdome of the

tsunami energy suffered much less damdgester, et al., 2006)

Figurel4 Overturned table coral at 10 m water depth, Pulau Rondo, 29 October (a@5er, et al.,
2006)

From this case study, it can be seen that the impact of the tsunami on coral reefs is quite large if the
tsunami that hits the coast has the characteristics of plunging waves instead of surging waves supported
by its bathymetric topology. Tsunarig energy and sometimes its debris can easily break the hard and
firm coral leading to its death. Tsunami is also a very turbulent flow which brings a lot of sediments and
covering the reefs, blocked from sun penetration. The coral reefs approximatebewédsbred from the

tsunami damage in-30 years without any interference from anthropogenic caus#gkinson C. , 2005)
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(Wilkinson, Souter, & Goldberg, 2008Ylorse, 2019)(Prayuda & Avianto, 201AWiguna, Masithah, &
Manan, 2018)

The real danger of a tsunami, both for coastal communities and for ecosystems, should be taken into
account for planning disasteyafe coastal areas. From the calculation of the tsunami disaster that has
been carried out previously through probabilisticadysis(Horspool, et al., 2014}t is found that almost

all coastal areas in Indonesia are threatened by tsunami disaster for 500 years probability.

In PTHA studfHorspool, et al., 2014jrom the seven study areas, Pandeglang area has the potential to
experience a tsunami ahore than 10 meters, while Rote area has potential to experience a tsunami of
up to 10 meters and for Raja Ampat, Wakatobi and Berau has potential to experience a tsunami height of

2-5 meters. Makassar has the lowest potential for a tsunami, which is drtiuneter.

The most recent history of tsunami events in the Pandeglang area is the Krakatau tsunami in 2018 and the
Krakatau tsunamiin 1883, a small tsunami was also recorded in 1963 but did not cause any impact because
it was a minor tsunami. In Klungkung Regemcisunami with a large enough impact occurred in 1917,

with a tsunami height of up to two meters. In the Rote area, tsunami events that occurred in 1938, 1979
and 1982, could cause damage even though the written records only mention other cities th&tsse ¢

to the source of the tsunami. The Wakatobi Islands, which lie at the west of Banda Sea region, have at
least experienced minor and major tsunamis due to tsunamis originating from Banda Sea, such as the
tsunami in 1674, 1852 and most recently the 2@&ami. Tsunami events in the Berau region generally
originate from tsunamis that spread in the Sulawesi Sea originating from Central Sulawesi, such as in 1968
and 1996 which has the potential to cause a tsunami with a heightbah2ters. The Raja Amplstands,

which have a distinctive coastal morphology that can amplify tsunamis, can be threatened by a tsunami
from the surrounding area. Although there is no specific record of impacts in Raja Ampat, the source of
the 1899 tsunami on Seram Island and 208unami from Seram Island could reach Raja Ampat.
Meanwhile, the Japanese tsunami in 2011 should be noted specifically, becausdistamge tsunami

can be a threat to the Raja Ampat coastal community, especially in the aiaigeo Island which is
directly adjacent to Pacific Ocean. Whereas in the coastal afdakdssar, there were not many tsunamis

that occurred due to the lack of seismic activity in this area. There are records of tsunamis that occurred

near Makassar in 1967 and 1969 whichgorated in the Makassar Strait. The impact of the tsunami is
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estimated to be quite large in the Sangkarang Islands area, however record of this impact in Sangkarang
Islands is not recorde(BMKG, 2019)

PROBABILISTIC TSUNAMI HAZARD MAP (500 YEAR)
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Figurel5 Tsunami Hazard Probabilistic Map (Modified from Horspool et al, 2014).

The real danger of a tsunami, both for coastal communities and for ecosystems, should be taken into
account for planning disastesafe coastal areas. From the calculation of the tsunami disaster that has
been carried out previously through probabilisticadysis(Horspool, et al., 2014}t is found that almost

all coastal areas in Indonesia are threatened by tsunami disaster for 500 years probability.

Tablel0 Probability tsunami hazard analysis for 500 year return period at the 7 study site location

Study Site Tsunami PTHA in 500y
Pandeglang

Klungkung

Makassar 1-3m

Wakatobi 3-5m

Berau 1-3m

Raja Ampat 1-3m
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In PTHA studfHorspool, et al., 2014jrom the seven study areas for a 500 year return period, Pandeglang
area has the potential to experience a tsunami of more than 10 meters, while Rote area has potential to
experience a tsunami of up to 10 meters and for Raja Ampat, Wakatobi and Berquoteasial to
experience a tsunami height of2meters. Makassar has the lowest potential for a tsunami, which is
around 1 meter.

C. Volcano Analysis
In Indonesia, there are 146 volcanos and 76 of them are active volcanos and spread along Java, Lesser
Sunda, Sumatera, and Celalfelariyono & S, 2017§5enerally, there are two types of volcanic eruption,
explosive and effusive eruption. Vulcanic hazard zone and its activity has been mapped and monitored by
the Center for Volcanology and Geological Hazard Mitigation (PVMBG). Hazardous zone in volcano
eruptions is defined within particular distance (radius) from the active crater. In general, the proximal
area (< 5km) will suffer from the lava flow, lava, poisonous gas, hot pyroclastic flow (locally known as
wedus gembéland threats from falling rocks dnolcanic ash or tephra. In the medial area-@@km),
the threats is similar with additional lahar flow, however pyroclastic flows products are getting finer. In

the distal areal (>30 km) fine size of pyroclastic fall or volcanic ash fall is the poteaaatih

Potential hazard from volcano eruptions can spread everywhere depending on its eruption type. However,
on all type of eruption, volcanic ash fall is dependent by wind factor to spread further and wider. In this
study, all seven research areas are relagifal from exisiting volcanos. However, there are two locations
which are near in vicinities of neigbouring volcanos in Pandeglang Regency and Klungkung. The main
threat for these areas from vulcanic eruption is mainly volcanic ash hazard and laharAltwsigh in

rare cases, tsunami could also triggered by the collapsing flank of volcano crater into the sea, as seen in

Pandeglang recently and in 1883 eruptions.

Volcano Eruptioncase study

On the Mariana Archipelago, in the island of Anatahan lies an active volcano which compose the Anatahan
Island itself. This island is off limits from human interaction due to its increasing seiswidcaro
activities. Since 2003 its mountain has erupted and the biggest eruption it has is in 2005, and through this
time its volcaro activity remainactive. As a chain of island in subtropical latitude, Anatahan island has
many coral reef surrounding its island. But due to its adfioleanaactivity, the reéis constantly changing.
Studies conducted byroom & Zgliczynski, (201 Biscovered that this vulcanic activities has changed the
reef in different ways. First, deep penetratiaf Vulcanicash (most likely a pyroclastic flow) has

obliterated of any benthic substrate along the northeastern shore, while the suspended ash in the water
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column reduced visibility to 0:2 meter in a 2003 survey. A more recent survey stated that Live coral
cover around Anatahan following the eruption ranged from 0 to 35% (x = 7.9%, SE 0.6), with the majority
of live corals exhibiting signs of stress (bléag) likely because of the amount of ash on the substrate
and in the water column. Differences in survival rates is believed because of differences in susceptibility

to sedimentation among coral species

Coralscovered with vulcanic ash SurvivingPoritescolony, note norsurvivingpatches covered with
ash and apparent bleaching arouadges

Figurel6 example of impact damages of vulcanic ash to coral r@éfsom & Zgliczynski, 2011)

A similar study in 2012, in Pagan Island which is aMal@nicisland located near the Anatahan Island
also found that there are effect®lcanicash deposits which correspond to a bloom of cyanobacteria. This
study concluded that there are trace elements in the volcanic deposits, particularly iron, spurred
cyanobacterial growth and that the preversal cyanobacterial bloom represented an earlgcsssion

stage of reef degradation leading to less diverse benthic commuii8igsls, 2012)

A more recent study suggest that wh¥tulcanicash falls to the ocean surface and penetrated into the
bottom of the sea, it can release amounts of acids and metals to the environment, leading to acidification
and surface water contamination (Frogner et al., 2001). Such factors are among the maiiputorgrto

reef degradation and coral mortality (e.g., Anthony et al., 2008; Yu et al., 2004). Abundant ash which falls
to the reefs also indicates that its cover would directly interfere with polyp respiration and decreasing
photosynthesis by symbiotic aanthellae. Ash suspended in the water column above would further stress

the coral by reducing the amount of available lig¥tu, et al., 2018)
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However, due to the richness of the composition material of Widcanicdeposits, the alteration of the
marine ecosystem after the volcanic eruption can be restored in less than 5 years, and it will contribute
to the reach of the biomass (high coral cover) and biodiversity in that @meaascik, Woesik, & Mah,

1996) (Vroom & Zgliczynski, 202 IHouk, 2011)

D. Hydrometeorological Hazard Analysis (TC, Strong wind, flood)
Hydrometeorological hazard is a type of hazard which is the resoltafal processes or phenomena of
atmospheric, hydrological, or oceanographic nafurelazards related in this type are floods, tropical
cyclone (henceforth to be called TC), drought, desertification, and strong wind. Although possible, it is
very unlikely for drought and desertification to happen in a suddeset timeline. This study
differentiates this hydrometeorological hazard into these three types of hazard (TC, Strong Wind and

Flood)

Tropical cyclone is a massive weather system with strotafing wind around a lowpressure center. A
cyclone is formed by the presence of warm ocean waters ove€Z6llowed by a deep convergence of
the atmosphere with a massive formation of cloud. Once formed, it will generate a very strong wind within
a radius surrounding the lowressure area(Montgomery, T., & Farrell, 1993)Tory & Frank, 2010)
(HendersorSellers, et al., 1998)Azgha, 2019)r'he convergence slowly syphon all the surrounding clouds
resulting heavy air filled with water that is ready to be dropped simultaneously in the form of moderate
to heavy rain. A direct damage from cyclones felt by the people within the gale radius beotiieé high
intensity rain above the normal rate within the radius of convergence, thunderstorms, and a very strong
wind generating very rough waves above 4 m height, while the indirect damage would be the presence of
low to medium intensity rain, stronginds over 40 km/h with high waves up to 4 m in the oc@umtinen,

et al., 2020)

The coastal population will specifically receive the double damage as it gets a canal effect from both the

land and the ocean. For the marine ecosystem such as coral reef, the inevitable damage from a very rough

7 see http://www.unesco.org/new/en/naturakciences/speciahemes/disasterisk-reduction/naturat
hazards/hydremeteorologicalhazards/
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wave counts from shattered reef branches to uprooted corals leading to dead ecosystem filled with

rubbles of corals, sand, boulders and other types of sedim@iifton, et al., 2003)

Cyclone Case Study

Figurel7 Cyclone Ita Track April 20{Mlarrero, 2015)

Severe Tropical Cyclone Ita was the strongest tropical cyclone in the Austsdlicim strike eastern
Australia and also the Great Barrier Reef. The system was first identified over the Solomon Islands as a
tropical low on 1 April 2014, and gradually moved westward, eventually reaching cyclone intensity on 5
April. On 10 April, Ita tensified rapidly into a powerful Category 5 system on the Australian Scale, but it
weakened to a Category 4 system in the hours immediately preceding landfall the following day. The
greatest impact from Ita resulted from heavy rains and strong winds, wéthy areas receiving up to 300

mm (12 in) in 24 hours while the winds were estimated to have reached 220 km/h (140 mph) alongside a
minimum central pressure of 922 mbar (hPa; 27.23 inHg). With an average water depth of 10 m and a
cyclone wind speed of <28 / s, damage to coral reefs due to cyclones reaches 40%. Reduced coral cover

starts with waves as high as > 0.4 m high and continues with waves with heigh{M&maro, 2015)

Other studies gives insight that for a given wave energy, communities dominated by fragile corals will
have larger reductions in cover than those dominated by robust corals. From Cyclone Ita (big >=300 km,
strong >= 33 m/s) observations and numerical mpde& condition are termed 'very rough' when Hs = 4

m. A very rough sea state is at least @ahizd more energetic than calm conditions and has been shown

to move the entire reef blocks onto the reef flat. Damaging wsed local conditions extending nearl
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1000 km from the storm centre. Coral reefs most affected at the most exposed sites: Acropora colonies
(nearly 100%), massive Porites colonies (up to 50%). submerged shoals (~18, ~20, ~25 m) experienced
considerable losses of hard coral cover (<1@®aptinen, et al., 2020)

From further literature reviews it is known that vulnerability of coral reefs to storm damage is likely related

to the robustness and fragility of reefs, which varies according to (1) location, (2) coral community type,

and (3) successional stage of catavelopment(Fabricius, et al., 2008)

¢CNRLIAOLE O0&edf2yS FT2N¥SR Yzaidfeée | NRdzyR G(GKS y2NIKSN
equator band, thus living in Indonesia have the benefit to be free from direct cyclone damages, almost.
Sometimes due to the equator anomalies, lpvessue regions sometimes formed in the Indonesian area

and thus forming a rather weak and small cyclone. The anomaly can be further investigated by the
presence of Cyclone Kirr{lilulyana, et al., 2018h the southern hemisphere and Tropical Storm Vamei

(Chang, et al., 2003) the northern hemisphere, where the formation and track of the cyclones lies the

closest to the equator. Due to the size and strength of the two cyclones, the direct impact to the

environment is less and almost no record shown for these cyclones togkamdonesian areas.

Regarding the effects, cyclones occurences in the south are causing more impacts to the Indonesian areas
than the northern ones. This study has compiled a total of 49 cyclones that have direct or indirect impacts
to the seven study areas while there werely 6 typhoons found to be indirectly damaging those areas

so far Figurel8). The effect of the cyclones sometimes can reach the furthest part of Indonesia (e.qg.,
Tropical cyclone Kenarfja 2018 which is formed in the southwest area of Bengkulu Province and moved
southeast, caused indirect damage reaching Pandeglang and Berau). Further, a few of the tropical
cyclones in southern and northern parts of Indonesia that have indirect damageddnesia is shown in

Figurel8below.

8 See https://www.bmkg.go.id/preseelease/?p=sikloftropis-kenangatumbuh-di-samuderahindia-selatan
sumatera&tag=presselease&lang=1D
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TROPICAL CYCLONE AND TYPHOON HAZARD MAP
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Figurel8Map of Tropical Cyclones and Typhoons indirectly affecting Indonesian regions (Analysis,
2021).

For cyclones magnitude scale, people often compare their categories to some extent. All available
magnitude scales were developed based on the sustaddy R & LJISSR | yR (GKS RIYI:
producing in the respective regions. The often used scale iS#ffirSimpson Hurricane Wind Scale

(SSHWS). Another widely used wind speed scale, Fujita Scale, are still used and after 2007 modified to
new Enhanched Fujita Scale. Using the comparisbabifell, this study utilised the Fujita Scale to better

accommodate both for cyclones in the south and north of Indonesia.

Tablell Comparison between wind scales according to the respective sustaiimetlspeed and the
damage caused.

SaffirSimpson Australian Scale Fujita Scale Enhanched Fujita Scale

Tropical Low FO EFO
No damage Tree branches down Tree branches down
<63 km/h <116 km/h 104-136 km/h

Category 1 Category 1 F1 EF1

Minimal damage Damage to crops and trees. | Roof damage Roof damage

119153 km/h 63-88 km/h 117-180 km/h 137-177 km/h

Category 2 Category 2 F2 EF2
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SaffirSimpson Australian Scale Fujita Scale Enhanched Fujita Scale
Moderate damage Minor house damage Houses damage Houses damage
154-177 km/h 89-117 km/h 181-253 km/h 178217 km/h
Category 3 Category 3 F3 EF3
Extensive damage Some roof and structural Buildings gone Buildings gone
178208 km/h damage 254-330 kmh 218265 kmh

118159 kmh
Category 4 Category 4 F4 EF4
Extreme damage Significant roofing loss and | Trains flipped Trains flipped
209251 kmh structural damage down/thrown down/thrown
160-199 kmh 331-418 kmh 266-321 kmh
Category 5 Category 5 F5 EF5
Catastrophic Extremely dangerous with Whole town destroyed | Whole town destroyed
252 kmh and more widespread destruction 419512 kmh 322 km/h and more
200 kmh and more

Source: SaffiSimpson Hurricane Wind Speed N&AZahanched Fujita Scale NCGRA
Australian Scale Bureau of Meteorology Austtgligitamoto, 2017)

Within the land area, extreme windsom TC can leave damage in the infrastructure while heavy rain can
lead to a runoff flood. The flood could also come in the form of coastal surge, an extreme high waves
which strike the coastal area. The difference between this and tsunami mainly beafaileeformation

and the energy released. A coastal surge often caused by a cyclone forms high speed wind that pushes
massive amount of water over a long area of fetche(tlistance traveled by wind or waves over an
undisturbed open water)This kind of sge often cause huge fatalities and economic damages. While the
damages to the coastal populations are visible, a long and repeated coastal surge can damage the
surrounding coral reef by the effect of reduced sun penetration to depth and destructive waves.
Increasing water level corresponds to depth reduction of coral reef, which moves the reef away from
sunlight influence, hence the decline in temperature and eventually could lead to potential stress for the
coral reefs. The destructive waves of the sutge also contribute to the stress by directly damaging the
coral when the wave height is above 4 meténgsih N. S., 201qQPuotinen, et al., 2020)

Some confusion gathers while differentiating between cyclones, tornadoes and hurricanes. In technical
terms they are very similar from its characteristics of its rotating form existence. While TC and hurricane

is found originating in the ocean, tornadof@aind mainly on land area. Tornado terms is usually used in

9 See https://www.nhc.noaa.gov/aboutsshws.php
0 See https://www.spc.noaa.gov/fag/tornado/efcale.html
11 See http://www.bom.gov.au/cyclone/tropicatycloneknowledgecentre/understanding/teinfo/
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the North American continents. While in Indonesia there is no tornado, instead, due to certain differences
in local atmospheric pressures and wind condition, there is a local rotating strong wind forming a smaller
tornado that locals call it a whirlwinMeaden, 1985) Within this study, whirlwind is referred to the

strong wind hazard category. While equally damaging, whirlwind is different from tropical cyclone in many

ways.Tablel2below showing some differences between a tropical cyclone and a strong wind (whirlwind).

Tablel2 Major difference between tropical cyclone and tornado.

Factors Tropical cyclone Tornado Local Whirlwind
Forming zone | Over the warm water in the | Over the land and form within| Over the land and water
tropical ocean bigger storm like a cyclone (called waterspout)
Size/ Radius Up to several hundred km Lesghan 0.5 km Less than 0.5 km
Duration Average of 9 days and up to § Usually no more than one Usually not more than-5
weeks hour 10 minutes
Wind Strength | <300 km/h Up to 500 km/h Up to Fujita Scale FO
Advance Up to several days Not more than 30 minutes Unpredicted
Warning before the event
System
Damage Land: Strong winds with Land: strong winds, when the| Land: strong winds, mino
thunderstorms and high lower rotating air touches the | damage to well
waves reaching coastal ground, everything within is | constructed home,
population for several days. | almost wiped out displaced car
Water: coral damage by immediately. Water: minor damage to
violent wave ranging from Water: strong winds generate| surface area
shattered reef branch to high waves, immediate
uprooted substrate and damage to coral reef substrat
bleaching
Source: Modified fronavis, (1884 Meaden, (1985)Azgha, (2019)
{ONRY3I 6AYR Ol GS3I2NE Ay (KS aidRReQa O2y(iSEG A&

The strategic location of Indonesia in the middle of two continents and two oceans carried out a special
seasonal atmospheric flow called the monsodmméinly affected the precipitation of the Indonesian
areas by the pressure difference between two continents. During the boreal winter (high pressure
atmosphere) in the northern hemisphere, the southern hemisphere experiences summer with low
pressure atmsephere, causing the wind current to flow from Asia to Australia. A vice versa situation
happens when the Australian experiences winter while Asia experiences the boreal summer. The flow of
this wind current accompanied by the cloud growth causing the reé@gon during October to April and

the dry season during March to Septemb@printall, et al., 1999)The dynamics of the Indonesian
atmosphere sometimes produce a local convective storm, marked by the rapid growth of the
cumulonimbus clouds. The strong wind came from this storm can be accompanied by thunderstorm,

whirlwind, and heavy rain which can dite affect people living beneath the storm.
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A river runoff can come as a result of a rainfall or a snowmelt, and in Indonesia, rainfall is likely to be the
major source of the cause. As the changes in river runoff follows the change in precipitation, high
precipitation could be something that neetisbe anticipated. Flood that came from river runoff cannot

be underestimated because it will bring forward a lot of sediment to the inundated coastal area and
surrounding marine waters. Apart from damaging coastal populatitmeghGuldberg and team (2009
mentioned that the impact of flood indirectly threatening to approximately 21% of coral reefs in Southeast

Asia where in Java, 35% coral reefs are threatened by nutrients and sediment from the flood.

The role of sediment in harming the marine and coral ecosystem lies to the fact that the sediment excess,
especially one from the mud and clay type of cohesive sediment, will form flocs followed by aggregates
and colloid in the water column. Once spreadill block the sunlight that corals need for photosynthesis,
thus a longtime sedimentation will kill corals and their zooxanthellae symbiosis. Other damages to coral
reef caused by the suspended sediment lies also in the excess nutrients coming flamdténich leads

to the overgrowth of the algagHoeghGuldberg, et al., 2009)Risk & Edinger, 20L1Prasetia l. N., 2017)

The competition of the algae with the coral can harm them, leading to the destruction of the reef
ecosystem. It is also mentioned that the increasing rate of sedimentation due to flood has a negative
relationship with coral rate of growth in terms of eddiseas€Risk & Edinger, 2011Rapid sedimentation

can bring out several diseases along with the excess of nutrient. Thus, by being high on competition with
the algae, lack of sunlight, and coral disease increase, there is no wonder if at some point the reef will

experience the bleachg.

E. Slow onset hazardnalysis
Sea surface temperature (SST) is one of the physical parameters of oceanography which is used as a
determining factor for the quality of a waters. SST is influenced by solar radiation, ocean currents, and
vertical motion of sea water (upwelling and downlired). The main factor in the danger of climate change
is the increase in sea temperature. Increasing sea temperature causes stress for live coral larvae. Stressed
coral larvae do not grow and do not attach to their coral structure and eventually dieysiaming white
or commonly known as coral bleachitgadi, et al., 2019) Coral reefs can live well in sea temperatures
between 2630° C, an increase in sea surface temperature-?T € from the mean annual temperature

can trigger coral bleaching (Hoe@uldberg, 1999; Coles and Brown, 2003Bappenas, 2030 The
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increase in sea surface temperature could cause coral bleaching in a relatively short time, as fast in the

span of 23 weekgBappenas, 2010)

In general, SST in Indonesian waters was abos@ 28January and in August the SST was lower thadh 27
Climate change, which causes an increase in sea surface temperature, results in decreasing ice cover
changes in the north and south poles. Melting ice in the polar regions is one of the main contributors to
rising sea levels around the world. The catoh of sea surface temperature rise has been calculated in

numerous studies based on the IPCC scenarios.

The geomorphological conditions of the Indonesian archipelago vary widely, making the impact of rising
sea surface temperatures different between reefs. The reefs along the Java coast are usually in the form
of patches, such as in Banten Bay, JakartaEgpgra, Pasir Putih, Baluran, Nusa Kambangan, Wediombo
and Prigi Bay. Coral reefs grow well off the north coast of Java Island and generally form in islands, such
as the Thousand Islands, Karimun, Bawean, and Kangean Islands. The island of Kalimatitda, whic
dominated by peatlands and many large rivers, many coral reefs are not well developed. Close to the

mainland, coral reefs are in the form of patches as seen in Sangkulirang reefs.

Welldeveloped coral reef is found especially those that grows separated off the coast of Kalimantan
Island, such as in the Derawan Islands, Matasiri Islands and Karimata Islands. Coral reefs are well
developed and reach the peak of its biodiversity in toeal triangle area, including Sulawesi, Maluku,
Halmahera, West Papua, Raja Ampat Islands, Aru Islands, Kei Islands, East Nusa Tenggara, West Nusa
Tenggara, and Bali. Coral reefs develop horizontally and vertically to a depth of more than 30 meters.
The® good conditions are caused by natural factors that are very supportive, one of which is warm
temperature and clear water that flows continuously from the western Pacific to the Indian Ocean through
these areas (known as Indonesian throughflplWF) andhis flows make the coral grow better than other

areas. However, coral reefs cannot develop properly along the southern coast of Papua due to high

sedimentation resulting from river estuari¢dadi, et al., 2019)
Data compiled by Marshall, 200Bigure19) illustrates that coral bleaching has occurred in many coral

reef locations in Indonesia. From this figure it is shown that almost of coral reefs in Indonesian waters had

experiences coral bleaching. The coral reef damage rate in 1998/1999 due to EN&Jisthe highest
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on record and affected a vast area. After 1998, the damage rate is lower, but with higher frequency so

that additional locations were subject to bleachif@appenas, 2010)
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Figurel9 Confirmed coral bleaching events in Indonesia during ENSO Events in 1998/1199 and

2006/2007.(Bappenas, 2010)

Observed coral bleaching events can assist research on the effectsnate change on coral reefs,

however data are still very limited and minimal. Donner (2017) helps compile some of the data obtained

from various sources such as Reef Base which is compiled in his research databasgatabase mostly

documented the incidence of global coral bleaching while in Indonesia coral bleaching is recorded from

1998 to 201QDonner, Rickbeil, & Heron, 201 Qombining this database with observational data from

12 http:/iwww.simondonner.com/bleachingdatabase
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conducted by The Nature Conservancy from 28097 through the TNC PIT database provided historical

data on the incidence of damage to coral reefs in seven study locataingl3).

Tablel3 Record of coral reef damages.

Location Latitude | Longitude Period DD | MM YY | Severity Source
East Donner SD
Kalimantan -1.0912 117.1308 | Jan98 1 1998 3 et al

(2017)
Donner SD
Lembongan -7.6667 114 Jan98 1 1998 1 et al
(2017)
Donner SD
Nusa Penida| -8.6667 115.4667 | WI ¥ dzI N2 Q 1 1998 1 et al
(2017)
Donner SD
Bali -8.1036 115.0568 | May-98 5 1998 3 et al
(2017)
Nusa
Lembongan Donner SD
-8.6551 115.4559 | Jun98 6 1998 1 et al
(Southeast (2017)
Bali)
Donner SD
NusaPenida -8.7144 115.6085 | Jun98 6 1998 1 et al
(2017)
Donner SD
West
Lombok. Bali -8.7243 115.9421 | Jun98 6 1998 3 et al
' (2017)
Donner SD
Wakatobi - - May-09 5 2009 - et al
(2017)
Donner SD
Wakatobi -5.368 123.548 | Apr-10 4 2010 3 et al
(2017)
Donner SD
Bali -8.358 115.741 | May-10 5 2010 -1 et al
(2017)
Kupang Donner SD
Beach -10.152 123.595 | May-10 5 2010 2 et al
(2017)
Donner SD
Spermonde -4.972 119.284 | May-10 5 2010 3 et al
(2017)
Donner SD
Badi Island -4.96 119.28 | May-10 5 2010 3 et al
(2017)
Southeast ; : November 082010 | 8 | 11 | 2010 | - | TNCPITAD
Misool atabase
Wakatobi - - April¢ May 2010 4 2010 - TNC_PIT4T
atabase
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Location Latitude | Longitude Period DD | MM YY | Severity Source
Kofiau - ] March 2230 2011 3 | 2011 ] TNC_PIT4L
atabase
Wakatobi : : February012011 | 1 | 2 |2011| - | TNCPITA]
atabase
Wakatobi - - January 262011 | 26 | 1 | 2011 ] TNC_PITAL
atabase
atabase
Wakatobi - - May 23 2012 23| 5 | 2012 ; TNC_PITAL
atabase
Southeast - - December 02013 | 7 | 12 | 2013 ; TNC_PITAL
Misool atabase
Southeast - - October 192015 | 19| 10 | 2015 ; TNC_PIT4T
Misool atabase
Rote Ndao - . May 10 2016 10| 5 |2016| - | TNCPITA]
atabase

Furthermore, in the results released fonner, Rickbeil, &eron, 2017)using satellite analysis of sea
surface temperature analysis, the temperature level of ocean sea surface temperature are determined by
Degree Heating Week (DHW) method developed by NOAA's coral reef watch. In short, DHW is the level
of heat stress accuntation in certain waters for a period of about 3 months by adding up any temperature

exceeding the bleaching threshold during that time period.

When DHW reaches 4-%@&eks significant coral bleaching is likely to occur, especially in more sensitive
species. Meanwhile, severe bleaching heat stress occurs when DHW isvee8K&C This method explains
well the occurrence of global coral bleachinghie past (1985%2013) until the 2014017 period, where

in the study conducted by Heron 2017, it was shown that in the ZIIK period there had also been

coral bleaching events on corals in the Ujung Kulon National Park and Komodo National Park.

SST changes
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Figure20 Changes of global sea surface temperat{Bappenas, 2018)

The increase in sea surface temperature in Indonesia in general still follows the pattern of global
temperature increases. Although, from the analysis conducted by the Bappenas study, it was found that
the rate of increase in SST in Indonesian waters wkagively higher than the increase in SST globally,
which reached 0.78 £ 0.18 ° C during the 20th century since Fgar¢20).

Spatially, a study conducted by Bappenas shows that the increase in SST in Indonesian waters has
SELISNASYOSR I OKIy3S 2F GSYLISNI GdzNBE AyONBI aSa FNB
/ decade in the last decade. The variation of the ihceeS Ay {{ ¢ FNRY ndnp G2 nodo
the Figure21 below, where the lowest temperature increase trend occurs in southern Java and west
Sumatra and the highest occurs on the northern coast of Papua, which is directly adjacent to the Pacific

Ocean.
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Figure21 Rate ofincreasedsza QurfaceTemperature 1992014 With An Average of 0.2ZCPer Decade
(Bappenas, 2018)

The results of this analysis indicate that on average, the increase in SST in Indonesian waters ranges from
0.2n ®H o ¢ /(FgRr&0) IfES rate of increase continues, then an increase in temperature of 0.6

nNeT eMMPHYR/MAY Hnon FYR wHnanpn OFfOdAFISR &aAyOS HJ
predicted to reach an increase of M6®y 6/ AY Hnyn | yIRs iS@Se/willigaly ¢/ Ay
affect the condition of the waters inhabited by coral reefs, which in turn caused coral mortality. Moreover,

this condition could shift in many areas of coral reefs in Indonesia and could shift fishing area areas further

than whd is already known by the fisherman.

Figure22 shows a map of differences in sea surface temperature in Indonesia at the 99 and 50 percentiles
from 19922015, which provides an estimate of the distribution of locations for massive coral bleaching.
Large differences (above 1.5 °C) will indicate locattbat are prone to coral bleaching. From this figure,

it can be seen that areas south of the equator will be more vulnerable than coral reef areas in the north.
Examples of the vulnerability of coral bleaching can be seen in the Seribu Islands andaBalifach

have also undergone a recovery process. There is no guarantee that other areas suffering from coral

bleaching will experience the same recovery.

In addition, it is important to note that a 2 °C rise in sea surface temperatures by 2100 will hinder the

recovery process and even exacerbate coral bleaching. The intensive heating process until 2100 is also
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predicted to cause a high frequency of La Nina which can increase the frequency of changes in SST

drastically and suddenly with a short period.

90" 100° 110° 1200 130° 140° 150°
Longitude
- 2 - - dczC
0.5 1.0 1.5 20 25 3.0
Figure22 The difference in sea surface temperature values at 99 and 50 percent iR2DA%Iwhich
indicates the location of coral reef bleaching in Indon¢Bi@ppenas, 2018)

ENSO

The El NifigSouthern Oscillation (ENSO) is a natural phenomenon in the Pacific Ocean related to ocean
temperatures, equatorial trade winds blowing from the eastern Pacific to the western Pacific|carat
forming over both ared$d. The neutral phase of ENSO stands for the normal weather without anomalies,
where the trade winds blow from the east to the west forming warmer ocean temperature in the
Indonesian seas than the western South America waters. This promotes the regulafarioation in

the Indonesian waters. When the El Nifio happens, a stronger blow from the trade winds leads to warmer

B See https://www.weather.gov/mhx/ensowhat

59



Indonesian waters which can promote more cloud formation, thus heavy rain can occur and flooding
might happen. When the trade wind starts getting weaker, the warm water over Indonesian seas moved
towards the east, making Indonesian water colder than averddps marked the start of La Nifia event,

where the lack of clouds leads to a drought condition in Indon@@aldard, L., Philander, & G., 2000)

This ENSO cycle usually lasts for several years before getting back to the neutral phase. A brief knowledge
from ENSO can give a head start to prepare for the flood or drought season tofemméigure23below,

the effect of ENSO events occurred during the past 30 years can be known over Indonesia. An ONI Index
is developed to indicate a weak or strong ENSO events, a strong event is mark by an index that is higher
than a 0.5. A strong and very strong EN&@incur drought/ flood, respectively. This, when combined by

the superposition of other hydrometeorological hazards, will incur quite a disaster over Indonesia.

Oceanic Nifio Index (ONI) - 1990-present
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Figure23 Historical ENSO events in from 1990 to present day. Red line represents strong El Nino Event
and blue line represent strong La Nina events waters and red represents warmer Indonesiafwaters

The warming and cooling of ocean water in ENSO events every few years also gives impact on coral reefs
ecosystem. In El Nifio years, water warms up quickly in the Pacific Ocean. While In La Nifia years, the water
cools down. The shoterm warming during BXifio gives a big impact on coral reefs in the Pacific Ocean

which often lead to coral bleaching.

14 https://ggweather.com/enso/oni.htm
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However, large scale bleaching event do not necessarily in conjunction with ENSO(eeeoits et al.,

2017) resilienceof coral reefs is different from one to another places. In other cases, depending on local
condition and its exposures, reefs could recover with enough time. Even though the warming from El Nifio
is temporary and short term, it has a big impact, becausgadays coral reefs are already under pressure
from climate change and anthropogenic factors. ENSO event could worsetetomglimate change

effect to coral reefs.

As explained above, Major ENSO event at 1998/1999 and in 2010 gives a mass coral bleaching globally
including in Indonesian waters. In climate change scenarios with an expected rise in temperature, ENSO
events coulddoubleits occurrencesthus the probability of coral bleaching events could also increases

(Cai, et al., 2014)

Projection analysis

A climate change projection scenario is a series of parameters that describes the activities undertaken to
describe future climatic conditions according to a certain standard year. Projected stress exposure under
different CO2 emissions trajectories (Reggatative Concentration Pathways, RCP28), as used by the
Intergovernmental Panel on Climate Change (IPCC), indicate a range of projected impacts depending upon
atmospheric greenhouse gas concentrations in the years to come. The climate change scendrios use

calculate the impact of climate change are the SRESA1B RCP 8.5 and RCP 4.5 emission scenarios.

These scenarios lead to projected glebaan temperature increases by 2100 of 4.3°C and 2.4°C,
respectively, both of which well exceed the level of warming (1.5°C) beyond which severe degradation of

the great majority of coral reefs is anticipated. Bagey NBX OSy i SaGAYIF GSasx O2dzy (i NJ
to raise the globaimean temperature by around 3.6°C by 2100, whereas the aggregated effects of the
pledges made by countries under the Paris Agreement so far would likely result in about 3°C warming

globally(Heron, et al., 2017)

The RCP 4.5 scenario is a scenarioddatjuately reflects the current changing trend conditions, namely
the increase in temperature corresponds to the trend of rising temperatures from -2096, this
adequate reflection of current condition makes this scenario is used in many simulatiamingcbnes

conducted by Bappenas in 2018.
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From the RCP 4.5 projection simulation carried out by Bappém&018 Figure 22), sea surface
GSYLISNI dz2NBa gAff NARAS o6& M FYR v e/ O2YLI NBR (2

increase of up to 50 cm from 2000.

Latitude
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Figure24 Projected rate of increase in SST based on the RCP4.5 sq&zgujienas, 2018)

In this scenario projection, in Indonesian waters there will be an increase in sea surface temperature in

the Java Sea, Banda S8alawesi Sea and the surrounding seas betweem0i®2o ¢ / Eigutedd). R S

The highest rate of sea surface temperature rise is likely to occur in the South China Sea and the Karimata
{SI 6KAOK OFyYy NBIOK dzJ 42 nop s/ kKkRSOIRS® aSlIygKACT.
t I LddzZk NRaS ljdza G S f avhiich is theN@vdsyimreasebmhencdmpdres © bifieG&gions.

With an increase like this, the threat factor for coral reef damage will be even stronger.
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While in RCP8.5 scenario, in which emissions (and temperature) continue to rise throughdbet@dy,
AAYAEFNI G2 oKIG 61 a LINSJA 2 dzastedaridRiSearieNIRGCa$sessnientsi K S
The projections under RCP8.5 represent the current condition of emissions trajectory without any changes
to be made in the future. According to Heron, 2017, which uses 8 degree of DHW presents climate model
projectionsunder RCP8.5, twigger-decade severe bleaching will be apparent at 25 of the 29 World
Heritage reefs (86%) by 2040Daple14) whichincludes two marine park in Indonesia (Ujung Kulon and

Komodo National Park).

Table1l4 Onset of recurrent severe bleaching heat stress events under Representative Concentration

Pathways (RCP) 8.5 and 4.5. Event frequencies are-psregiecade and annually.
Future Severe Stress - RCP8.5 Future Severe Stress - RCP4.5
Reef-containing World Heritage site (a) Projected Year of | (b) Projected Year of| (c) Projected Year of | (d) Projected Year of
2x/decade Annual 2x/decade Annual

Great Barrier Reef

Lord Howe Island Group

Ningaloo Coast

Shark Bay, Western Australia
Belize Barrier Reef Reserve System
Brazilian Atlantic Islands

Malpelo Fauna and Flora Sanctuary
Cocos Island National Park

Area de Conservacién Guanacaste
Galdpagos Islands

Lagoons of New Caledonia
Komodo National Park

Ujung Kulon National Park

[o] ara Islands

Phoenix Islands Protected Area

Gulf of California

Archipiélago de Revillagigedo

Sian Ka'an

Rock Islands Southern Lagoon

Coiba National Park

Tubbataha Reefs Natural Park

Aldabra Atoll

East Rennell

iSimangaliso Wetland Park

Sanganeb Marine National Park and Dungonab
Bay - Mukkawar Island Marine National Park

Everglades National Park
Papahanaumokuakea

Ha Long Bay

Socotra Archipelago
Severe bleaching stress threshold defined as DHW of 8 “C-weeks.

2025 2040 2055 never

SourceHeron, et al., 2017
Projections of extreme temperature increases were also carried out in the Bappenas study which used

percentile data analysis to calculate the probability of changes in extreme sea surface temperature that
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could occur in the future. This extreme analysis was performed looking at the 99 percentile difference

relative to the median.

.
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Figure2'3 The value of extreme changes in sea surface temperature from the projection results of
RCP4.5 2068040(Bappenas, 2018)

Changes in sea surface temperature during extreme events vary ff8MCLEigure25). The highest
changes can occur in the waters of the South China Sea, North West Kalimantan and south of the Savu
Sea which can reach more than 3 °C. Meanwhile, in the interior of Indonesian seas such as the Java Sea,
South Java Island and West Sumatemda Sea and Sulawesi Sea the changes vary betw2&°Z. The
smallest change occurred in the Makassar Strait and Tomini Bay-at51°3C. The value of this change is

quite high compared to the adaptability value of coral reefs of 1.5 ° C and tns&der extreme climatic

factors such as ENSO and IOD, MJO which tends to increase in intensity, all coral reef ecosystems in

Indonesian waters are expected to experience coral bleaching.

2.3.5 Overview and analysis of Anthropogenic Hazard
Destructive fishing is recognize as activities which has no boundaries and limitation, its activities it

considered to be illegal by law in many countries, including Indonesia. However, due to a combination of
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socio economic condition and mis education, destructive fishing still become a permanent nuisance in

fishing activity. This destructive fishing activity included in this study are blast fishing and poisonous fishing.

The effects of blast fishing can be devastating to both reefs and people. Prematurely exploding bombs
have led to lost limbs and liveBlast fishing also does not target the fish exclusively, but also destroyed
the coral reefs. According fareviousstudies(Fox & Caldwell, 20060 Komodo Island waters, the effect

of blast fishing could obliterated reefs in the radius of 9 to 31with various degree of destruction. For
ablasts that occurred in wateb-10 m deep, using a keroseifertilizer mix in 30émL glass soda bottles

with homemade fuses, within a radius of approximately-0.5m from the blast epicenter (hereafter, the
"rubble zone"), the impact of the explosionatered scleractinian corals into small rubblel(@ cm).
Surrounding the rubble zone, coral colonies baoken into larger pieces (30 cm) 1.54.0 m away from

the epicenter ("the broken zone(JFox & Caldwell, 2006)

Similar founding was reported by Burke et al which noted that, depending upodisitence from the
substrate at the time of explosion, a typicakd beer bottle bomb can leave a crater of rubbt® In in
diameter. The extent and severity of damage to reefs often depends on the amount and type of explosive,
the depth of the water, andhe distance to stands of corals. Regularly bombed reefs frequently exhibit

50¢80 percent coral mortalityBurke, Selig, & Spalding, 2002)

Coral recovery from a single blast fishing could take up-10 years, while with an extensive regional
blast fishing recovery could take decades or centuries, even if the reef are then protected from further
blasting(Fox & Caldwell, 2006)

Poisonous fishing does the same destructive effect to reefs, as found in Mandangin and Gili Raja island.
Due to poisonous fishing, dead or bleached coral due to cyanide poisoning is found in these waters.
Cyanide poisoning will destroyed algae which rediolethe reefs polips, leaving only dead or bleached
rocks (Hidayah & Nuzula, Pemetaan Sebaran Terumbu Karang Studi Kasus Selat Madura, Jawa Timur,
2014)

Marine accidents, purposely or unpurposely, also have high potentials to damage the reef, especially if
the reef is in area of high shipping intensity activity. Busy port activity could give a high stress level to the

near coral reefs group, opening a highprobability of accidents that could damage the reef or the
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community. One of its accidents are ship grounding. Unknown water chart or lack of navigation skills could
G2 aKALI INRPdzyRAYy3I D

of this accident.
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A literature review of ship grounding in Bangka Belitung Province analyze the effect of a ship (MV Lyric

Poet) which run aground a group of coral reeGGiosong Pesawaitrea.The ship was a cargo ship (mother

vessel) with length of 229 m and width of 32.25 m with Bahamas flag. It had grosstonage weight of 44,203

tonnes and deadweight of 81,276 tonnes, draught height of 11.2 m, and last recorded speed before

grounding was of 16. knots.The event of the grounding of the MV Lyric Poet on the Bangka Waters,

BangkaBelitung Province, has caused damage to the coral reef ecosystem. There are four damage zones

identified, i.e., trajectory, mound, propeller, and dispersion zone. It can be concluded that the hard coral

coverage on the control location was 80.38% andaffected area was only 20%. Coral reef damage zones

identified were trajectory zone, mound zone, propeller zone, and dispersion zone. Death of coral

organisms and other biota reached 100%, leaving behind damaged, shattered, or dislodged coral structure.

Corals are damaged with a total area of 13.540m2; equivalent to twice that of an international football

field (Idris, Suharsono, & Fakhrurrozi, 2020)

Direct anthropogenic disaster (destructive fishing, ship grounding) as explain above is an irregular data

collected from various sources which has no-préstingdatabase sources such as gesting natural

hazard disaster databases as seeifrigure?. This different source of anthropogenic ddias different

values compared to natural hazard disaster database, hence, not all information regarding its

anthropogenic disaster impacts is available and ready to use for hazard indexing. To quantify and simplify

its various value of impact and damagdsgect anthropogenic hazardtilizeshazard events probability

for development of anthropogenic hazard index for further risk assessments. This is incompliance with

natural hazard index. From analysis, there were 123 valid anthropogenic disaster awahiel ).

Tablel5 Anthropogenic Disaster Events with probability of occurrence for seven study locations.

Type of Destructive Ship e

Hazard Fishing Grounding Ol Spil Total
Number of 47 74 3 123
Events
Probability 0.38 0.60 0.02 1
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Apart from collecting direct anthropogenic hazard events, this study also analyzes threats from human
factors that can occur on coral reefs. The analysis is modified from a study conducted by WRI in 2011. In
this study, there are 3 types of threats of huméactor, namely: Coastal Development, Marine Based

Pollution and Damage and Destructive Fishing.

Improper management of coastal development can threaten coral reefs through dredging, land
reclamation, mining of sand and limestone, dumping of waste, and river runoff. Sewage discharge from
human settlements increases nutrient and bacteria levels intebagters and can have an adverse

impacts on reef health. In addition, undermanaged tourism can harm coral reefs, both through poorly

planned and implemented construction and through careless recreation on reefs.

Coastal development analysis is based on the size of the physical and social factors of the coastal area
which include coastal population size, type of port and airport, number of accommodations or tourism
industry and the population growth rate and thegsence or absence of reclamation in coastal areas.
Marine based pollution analysis is based on shipping intensity, potential river run off and location of the

closest oil infrastructure. Meanwhile, destructive fishiriizethe hazard index of anthropogé disaster.

Tablel6 Threat and damage potential model analyses for coral fea$ed on WRI, 2011

Subject / Stressor Qualifier High Medium Low
Ports: Threat distance scaled Very Large 0—-30 km 30-60 km Areas not
hased on shipping volume Large 0-20 km 20-40 km classified as
(2003) Medium 0-10 km 10-20 km high or medium
Small 0-5 km 5-10 km default to low.
Very Small 0 km 0-5 km
Tiny 0 km 0-2 km
Cruise Ports: Threat distance Very Large 0—10 km 10-20 km
scaled based on expected Large 0—6 km 6—12 km
annual ship visitation and Medium 0—4 km 4-8 km
passenger volume (2009-10) Small 0—2 km 2-5 km
Very Small 0 km 0-3 km
Shipping Intensity Commercial and Research Highest 5
Vessels percentile
intensity
Qil Infrastructure Offshore oil rigs and 04 km
associated infrastructure

SourceBurke, Reytar, Spalding, & Perry, 2011

The analysis also considered past bleaching events as it may have resurface again in future climate change

conditions and accelerated through destructive human activities. By combining anthropogenic hazard
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index and threats of human factor to coral reef, hence, the total risk of anthropogenic factor for coastal
community as well to the coral ecosystem could be determined. A combination of high anthropogenic
hazard index with a high threat of human factor wbaurely gives a higher risk probability for the coral
reefs. While combination of low anthropogenic hazard index and high threat of human factor does not
make it safer for coral reefs ecosystem nor the combination of high anthropogenic hazard indéuwwith

threat of human factor.

Previous study conducted by WRI 2011, stated coastal population sizes in threat is between 50,000 to
over than 1 million inhabitants, with number population which are close and over 1 million is classified as
a high threat eventhough is relative distandssover than 15 km. This study also uses coastal district
population which is always located adjacent to the sea and classified into three types namely population
between 0250 thousand people as low threat, while 2500 thousand people as a medium threatd

above 500 thousand to over than 1 million people as a high threat.

This study also defines fishing port and shipping harbos as threat to coral reefs based on its number of
port/harbor and its type. In Indonesia, fishing port is classified into 4 main classes namely Oceanic Fishing
Ports (OFPs), Archipelagic Fishing RéiPs), Coastal Fishing Ports (CFPs) and Fish Landing Centres (FLCs).
OFPs are the largest ports and form the main gateways to the international export markets. Seven are
currently operational. These ports have the capacity to shelter at least 100 fighitsgover 60 GRT daily,

mostly those operating in international or EEZ waters. The fish landing capacity is 200 t/day or 18,000
120,000 t/lyear. OFPs house general port facilities but also processing and cold storage facilities. In Muara
Baru,oneofthe Ot &= F2NJ SEIl YLX ST YIyeé LINRPOS&aaAy3a FFOAfAU
located in or around the fishing port. Examples of OFPs are Nizam Zachman (DKI Jakarta), Bitung (North
Sulawesi) and Belawan (Sumatra). AFPs are able to support 7§ fisksels of 260 GT daily, that fish

in archipelagic and EEZ waters. Daily fish landing capacity is around 40/50 t 618,000t on an annual

basis. Currently, 16 of these ports exist which focus on local and export markets. CFPs can harbour 50
vesséds ranging from 85 GT daily for vessels that operate in coastal waters and archipelagic waters. At
the moment there are 43 CFPs, which have a fish landing capacity2ef 18ay or 3,0004,000 t/year.

Landings mainly serve the domestic market. CFPsigeayeneral port facilities. FLCs are the smallest
landing sites and are managed by the provincial government. FLCs can only provide support to small scale
fishing units that operate in coastal waters. Daily landing capacity is 10 t, or 2,000 t/yearmdiidly

supplies local markets.
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Other than fisheries, coastal cities usually have container port and ferry port (major port or branch/feeder
port) as means to transport person or good in or outside the gibother type port/harbor which could
potentially increase threat to coral reefs is port/harbor for oil and mining infrastructure. This type of
port/harbors usually involves a large barge vessel or a tanker size vessel. This study examines the existence
of all type of port/harbor in every study location, especially if its centralized in one area which significantly

gives higher threat to the coastal ecosystem especially the coral reef.

Similar with port and harbor, airports type and its location also has potentially to be a threat to coral reefs,
especially if it have high intensity flight activities and are located near the sea or coral reefs. Each study
site which has airports and loteal near the coast is examined. High flight intensity means a high exchange
of transport for people and goods, either for domestic importance or tourism importances. Its relative
proximity with the sea or coast provided high accessibility which in fuitigeases its threat to coastal

ecosystem.

Tablel7 Summary ofAnthropogenidHazard Risk Parameter (Adaptedm WRI,2011)

Anthropogenic Hazard Risk

Parameters [adapted from WRI,
2011)

Number of Coastal District
Population (2013

Pandeglang

Number of Ports/Harbor

1 CFF/E FLC/45
Local Port

Klungkung ‘ Makaszar

1FP/ SCFP

Mumber and distance of Airports
from coastfreef

Tanjung Lesung
Airfield, located
atthe coast. Non

Mot In Range
[Maros Airfield is
around 8-10 km
from coast)

‘Operational
airfield
Tourism Center [Number of hotel) 168
High Density in
shipping intensity offshore, Low to
Med nearshore

Med - High Density
from mainland Bali,
mainly tourism,
High Density inthe

Strait

oil infrastrucure [ rad 4 km)

atCilegon)

Mot in range [Exist

Mot In Range [Exist
At Manggis TREM)

Summary

Medium

Medium

Wakatobi

217,803

Berau

114,510

Raja Ampat

Rote Ndao

1FLC/ atleastd
Local Port

Atmainland Berau
inriverside,
accessible by
riverboat and
roads

Medium

4 CFP{ More than 10 local
port

21

Marinda, Kabare and Gag
Airfield. All irpart
located at the coast

At the center of the
island, near coast

Med to High Density activity

from mainland to Wanci

Island [capitol of Wakatobi),

Underestimate of local
interizsland activity due to

26

High Density of
Shippingin Baa
Harbor and Ndao

Nusa Harbor, low to

med local transport

Not In Range [Exist at
TEBM Scrong)

Source: Analysis, 2011

From analysis in seven study locatidigblel?) it is seen that Makassar coastal area has the highest

anthropogenic factor threat among other city/regency. While low anthropogenic factor threat could be
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the same in Rote, Berau, Wakatobi and even Klungkung. Further analysis of the threat in each locations

will be described in the following chapters.

2.4StakeholdeAnalysis and/lapping

Stakeholderanalysis and mapping tsarried out in three steps: liglentification of a list of disaster
management stakeholders and profiling based on the context of interest and influence based on sectors
related to coastal disasters, apalysis of the relationship between disaster management agency, and 3)

gap analysis of the capacity of disaster management stakeholders.

Table18 Methodology forStakeholder and Local Capacity Analysis

Methodology for Scope of Worl¢5 Input Data
Identification, categorization of types of actors, and categorizal V LocalGovernmentOrganization
according to the attributes of théevel of interest and influence @ schemes and main functions
stakeholders on coastal disaster management affairs (Pomerg V Profile of related non
Douvere, 2008; Bostick et al, 2016; Isa et al, 2019; Francis et al, governmental organizations
Sapapthai et al., 2020) and Step 2 of BlueGuide for Coastal Res (online and offline)
(TNC, 2021)This method produces a list of stakeholders for coa
disaster management in the seven locations at various levels, inclu
government agencies (Central and Regional) and-gmrernment
organizations (including local research / education institutidd§Os,
and business actors in the study locations).
Analysis of the relationship between stakeholders for disay V Institutiond g2ofile (online)
management (and emergency) using social network analysis). Fig{ V Local organizatiodutiesand

2.2.2 illustrates the output of this analysis (Bisri, 2016; Bisri, 2017; functions

et al., 2019, and other referencéere. V Indicationsof joint
activities/programs between
institutions

Gap analysis of the capacity of stakeholders in coastal dis{ V Strategic PlapwWork Plarand

management affairs through qualitative analysis of policy docume Institutional Work Report of

budgeting, and documentation of programs/activities (Artingsih et relatedgovernment

2015; Pescaroli et al, 2020) organizations

V Local budgeting

V Relevant NGO reports and
profiles

V Typesofrelated Local Agencies

2.4.1 Stakeholder Identification and Mapping

Referring torablel8, at this stage the identification and categorization of the types of actors/stakeholders

is divided into four special sectors/functions, namely disaster management, fisheries and maritime affairs,
the environment, and coastal development in general (whiotludes crossutting affairs between
spatial planning, public works, tourism, and other sector activities that have a locus in the coastal area).

In addition, there is also a category of general stakeholders, if the actor in question does not specifical
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manage the sector/function in question but is found in a working/activity relationship with actors who

carry out activities in the coastal area.

Tablel9 Categoriation of Stakeholders

Sectoral stakeholder General stakeholder
Sector L T

institutions (examples) institutions (examples)

Disaster management Regency LDMO Assembly at regency lev
Provircial LDMO Regent Office

Marine and fisheries Marine Agency Regency Secretariate
Environment Environmental Agency
Coastal development (crossutting between| Planning Agency
spatial planning, public works, tourism, and oth Transportation Agency
sector activities) Tourism Agency

Types National GovernmentProvirtial GovernmentCity/Regency GovernmenNGO Business owner

Research/education institution€ommunity Groups

Furthermore, as shown imable 18 above, the types of classified stakeholders includational
Government actors, both Minise§Agencies); Local Organizatio of the Provincial Government
(Agencies, Offices, and so ohyycal Organizationf City/Regency Government (Agencies, Offices, etc.);
Nongovernmental organizations (NGOs), including -gomernment organizations that are often
registered as foundations, for example tAdne Natural Conservacyesearch/education institutions,
including universities; as well as community groups, for example the Joint Business Ketappok

Usaha Bersam&UBIEor Youth Organizatiork@arang Tarunp

Apart from the classification based on sector/function and type of institution, this study will also provide
initial information on the level of importance/priority recommendation for further engagement. It is
based on the BlueGuide stakeholder interestelematrix (TNC, 2021, p. 17). As showRigure26, there
are two axes for classification of stakeholders. Thaxis (horizontal) describes the positions and
LISNRLISOGADSE 2F aidl 1SK2f RSNAZ 6KAOK Ay GKAA addzR
disaster risk reduction and environmental pgoO G A 2y Ay O2F adlt | NBFraé¢ad aSly
describes the influence of stakeholders which is divided into three levels, namely:
1. Level 1 Essentigl stakeholder, stakeholdsmwith the highest level of influence on a planning
process and activities. Thus, it is highly recommended to have intense and routine contact and
communication with this actor.
2. Stakeholders with level 2 (important), stakeholders with medium level of influence, so it is

advisable to communicate regularly with this actor.
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3. Stakeholders level 3nteresting), stakeholders with possible minor levels of influence, but who

may still need to be involved/invited to key meetings of a program/activity formulation.

!

o Veto actors Doubters
Essential Convince & win them over Win them over & engage them to
(level 1) g’ or amend & address needs. expand your alliance
4
S |
w Potentials Partners
Important O Inform and Engage and involve
(level 2) E seek to convince closely & frequently
o
a.
3 l
z Distractors Wonderers Supporters
Interesting 2 Inform & monitor Inform & monitor Inform & monitor,
(level 3) % regularly regularly seek to engage
L >
Strongly STANCE & INTEREST OF STAKEHOLDER Strongly
opposed in favor

Figure26 Classification of Influence and Stances of Stakeholder (TNC, 2021)

Based on the matrix ikigure26, the identification and classification consist of 9 types of stakeholders
with recommendation for engagement can be seen in the figure. In the program/activity planning cycle,
after stakeholders can be identified and grouped into the matrix above, thgrano/activity initiator can
relate to them according to the priority level and can determine which activities the actor will be involved
in, for example in the initial analysis/study, planning, and implementation. Stakeholder relations
strategies can miniiae conflict. Stakeholder mapping is not a single analytical activity but must be

updated according to the program/activity planning cycle.

In this study, the process of identification and categorization of stakeholders according to séfaivs/

type of institution, and categorization accordingEmure26 is carried out based on secondary sources
which include: 1) search results from research products compiled from the €X8Rth engindased on
"keywords" agreed witifNC(can be accessdtkre); 2) search results of policy documents, which can be
accessedhere; and 3) news search results from electronic media, with a combination of searches based
on research "keywords", location, and coastal context using searches through GoogleNews. The
determination of the stance of stakeholders and the relationship betwéakeholders (will be explained
FANIKSNI AY HOPHPHO Aa abtAff adzo2SOGABS FTNRY G(GKS

from these secondary sources (positier example cooperation or collaboration, neutrdbr example
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working relations. according to policy documents, or negatfee example indications of conflict found).
Therefore, it is very important to carry out validation and verification for these initial findings, especially

from YKAN staff at the study sites.

2.4.2 Social Network Analysis

Social Network Analysis (SNA) is an analytical tool to examine the structure and relationships in a network
with various interacting actorqPrell, 2012)using visual exploration and various mathematical
measurementgVVarda, Forgette, Banks, & Contractor, 200B)e continued purpose of using SNA in
general is to determine the impact of the network structure in an environment on an aspect under study.
Asshownin Figure27 below, the network diagram and measurement analysis at the network and actor
level are the main outputs of the analysis. In the case example in this illustration, the two outputs are
used to determine the integration of cooperation between various actorthe 3 phases of disaster

management.

The data used to perform network analysis using SNA can be primary (interviews, questionnaires,
observations) or secondary data (documents, regulations, internet crawling data, etc.). From these various
data sources, the actors involved in the network tanidentified and the relationships between these

actors can be extracted to form a network matrix. Creating a network matrix is a crucial process because
it is necessary to produce network diagrams and perform network analysis and network actor analysis.

Figure27illustrates the stages in SNA analysis using various types of data.

In the context of this study, a nod® actor is an institution or organization (not an individual), while ties

is the existence (presence/absence) of a joint program/activity and the existence of a working relationship
regulated in regulations/policies for two or more actors in the sextoramelydisaster management,
environment, coastal management, and development in coastal areas. As an initial analysis to help
identify key stakeholders, an estimate of the degree centrality and betweenness centedligswill be

carried out based on existing network data. Degree centrality is an index that calculates the proportion of
the number of relationships between an actor compared to the total number of existing relationships in
a network (Prell, 2012). Mearhile, betweenness centrality is a proxy for "potential coordinator" and is
generated from calculating the frequency of how often an "actor" is between two or more other actors

and compared to the total relationships that exist in a network (Prell, 2012).
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The West Java (Tasikmalaya) Earthquake 2009
2 September 2009, 2.55 pm local time | 7.3 Magnitude
80 death; 1,142 injured; 186,637 IDPs | 7.9 trillion IDR economic losses

Network of actors during emergency
(9/2 - 10/2 2009)

Network of actors during recovery stage
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SNA Measurements Pre Earthquake Phase Emergency Response Phase Post Earthquake Phase
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Figure27 Output lllustration of Scope of Work #5Stakeholder network mapping in Disaster Risk
Management(Bisri, 2017.

In creatingprogram/projectinterventions,the SNA can be used to identify networks of influential actors
within acommunity. Understanding influential actors and their networks can be useful for knowing the
roles and positions of actors so that they can take effective st@erdej & Armitage, 201@&xamined

the role of bridging organizations in the management of marine conservation in Indonesia, particularly in
the Nusa Penida and Buleleng areas. The research found that there was one bridging organization in the

network for the Nusa Penida area arttte¢e bridging organizations that worked together in the network
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for the Buleleng area. The existence of various bridging organizations in these conservation areas indicates
a more adaptive and collaborative governance. This has led to interaction between stakeholders,
exchange of information and resources, and a platfdor collaboration, capacity building, and learning

so that the output of the conservation activities carried out has a more real impact. On the other hand,
governance that is not well organized can cause various problems in collaboration so that itleel des

goals will be more difficult to achieve.

In this baseline assessmentstakeholder identification and analysis of the relationship between
stakeholders are carried out to compare the level of adaptive capacity ity amit regencies coastal
disaster management and environmental conservation, particularly in water areas. The actors described
in the outcome of this intestakeholder relationship analysis describe various agencies and institutions at
the national provincial city/regencylevel, as well as negovernmental organizations, commungyoups

and business entities that play a role in disaster management and environmental conservation in the city
and regency studied. The presence of a line connecting the two actors in the stakeholder relationship
analysis output, also called ties, illceses the collaboration between the two actors identified in activities
related to disaster management and environmental conservation. In addition, various measurements at
the network and actor level can be used as indicators of good collaboration betagarcies in the
city/regencybeing studied, as well as identifying (several) strategic actors who have the potential to be

invited to collaborate so that intervention objectives can be achieved more effectively.

In referenceTable 18 analysis of relationships between stakeholders and analysis of relationships
between stakeholders will be made using input data in the form of secondary data, which includes
regulatory documents regarding the organizational structure and work procedfigtyloegency as well

as related Provinces and Nationalities, institutional profiles as available agency websites, various records

of activities and programs obtained through official documents or websites as well as internet crawling.

2.5LocalCapacityAnalysis

To support disaster risk assessment in selected coastal areas in Indonesia, analysis is needed to
understand the level of stakeholder capacity. The analysis process is carried out qualitatively with the
steps below, combined with quantitative assessmenpressions by the Study Team based on the
indicators of the Disaster Safe Ar8arviceStandard(SPDAB(BNPB, 2020) which iscambinationof

indicators formulatedusing factor analysison various standardseferring to national regional,and
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international resilience index. The justification for the use of the SPDAB indicators is given at the end of

this section.

The steps for analyzing the gap in the capacity of stakeholders are as follows:

1.

10.
11.
12.

13.

Initial capacity, presence/absence and class (Type A or B)DIQ environmentalagency
marine/fisheryagency development planning agengcgpatialplanning agencyas well as the
number of personnel for eacbrganizationand the total compared to the total population.

Existence of vertical agency officédiriistry/ Agenciey particularly: SAR officéjeteorological

COffice, Marine unit class Kodim/Korem), Indonesian Police unit class; as well as the number of
personnel for eaclagencyand the total compared to the total population.

Existence oDisaster Risk Assessmearid Disaster Management Plasiocuments, as well as
tracing ofDisaster Management Platocuments regarding the existence, number, and intensity

of special programs/activities for DRR in coastal areas.

The amount of the budget fol.DMQ environmental agency marineffisheries agency
development planning agengcgpatialplanning agencgompared tad_ocal Budgethen compared

with the total budget expenditure plan. This step will analyze data for the last 5 years, if available
Existence (presence/absence) of DRR forums and environmental preservation forums (or similar),
acrosggovernmental agencieand with nongovernment stakeholders

Number and type of financial institutions

Number and type ohealth facilities, as well as humber ledalth personnel (total); and the ratio

to the total population

Existence (presence/absence) and number of-gowernment actors for disaster management,
environmentalprotectior/conservation, especially in coastal areas.

Triangulation with the DFI Value and comparison of the DFI value with the hazard and vulnerability
component valuesn the IRBI value for each location

Triangulation withSPM Permendagri 101/201&lue/performance (if any)

Triangulation with the calculated Value ScoreCard/USKRIX/KARINA (if any)

Estimation of the value of the SPDAB indicators by the study team. Note: this is incomplete
because it is not done in a 360 way according to the SPDAB Academic Paper, but it is sufficient for
initial information.

Comparison of the final SPDAB scores of the seven locations, and class division of the numerator

factors in a later risk assessment.
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The proxy for the value of regional capacity and resilience at the seven study locations will be approached
by evaluation using SPDAB indicators (BNPB, 2020). The SPDAB document is not yet regional capacity
assessment tool that iget legally established by BNPB, but it has been prepared as a basis for updating
the Regional Resilience Index (IKD, along with its 71 indicators) calculation tool thia¢dra used by

BNPB since 2017. The SPDAB concept was also developed by th€e@aARAnd in consultation i

various stakeholders to ensure that the SPDAB indicators are comprehensive in assessing the resilience of
a region and at the same time can be carried out massively. The SPDAB concept is also developed through
factor analysis of substance and indicatatex/reference standards related to national and international
regional resilience, namely: Disaster Resilience Score Card (UNDRR, 2020); Regional Resilience Index
(BNPB, 2017); Guidelines for Assessment of Disaster Resilient Districts/Cities-ABEBAID17);
Permendagri 101/2018, SPM for disaster management; Policy Brief "Developing a Disaster Resilient
District / City and Climate Change" (KARINA, 2019); and ISO 37123: 2019 Indicators for Resilient city (ISO,
2019). The SPDAB concept and indicatore ladso been tested by BNPB to calculate the resilience value

of West Manggarai Regency, East Nusa Tenggara, in 2020.

The SPDABompoundindicators can be said to be the essence of the six reference standards/indexes
mentioned above and are made with due observance of implementation principles and are easy to
implement. The structure and indicators compiling the SPDAB consist of fourasfapilars: 1)
Governance standards, policies and disaster management planning; 2) Standard services for preparedness
and socieeconomic strengthening; 3) Critical infrastructure protection and recovery readiness standards;
and 4) Disagr emergency service standards. In total, there are 26 SPDAB indicators, with each indicator
having three achievement classes (minimum, medium, and maximum). Assessment of SPDAB indicators,
ideally it should be carried out by representatives of three lewélgovernment (Central, Provincial and
City/Regency) as well as representatives of independent institutions; however, for the Coastal Disaster
Risk Assessment, only the fourth assessment will be carried out due to constraints on time, scope of work,
andmobility due to COVH29. There is a calculator to generate the SPDAB aggregate score, with 5 regional
achievement classes. For the record, SPDAB pillars and indicators are arranged in such a way that the
measurement method and period are not dependentamd affected by the presence or absence of a
disaster and are made to be measured during normal times. ,Thascontext of disaster recovery is
measured in terms of "readiness to undertake recovery". The image below shows an illustration of the

concept ofcalculating regional resilience with SPDAB.
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Figure28 Conceptllustrationof Calculating Regional Resilience with SPDAB (BNPB, 2020)
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3. RiskandDisaster ManagemerRrofileof Pandeglang

3.10verview ofPandeglang

Pandeglang Regency is an administrative area of Banten Province which is located at the westernmost

point of Java Island. This district is directly opposite the Indian Ocean in the western and southern parts.

Administratively, it is divided into 35 distrécconsisting of 326 villages and 13 4listricts. Out of all

districts, 10 districts are in coastal areas or have coastlines, namely Sumur, Cimanggu, Cibitung, Cikeusik,

Cigeulis, Panimbang, Pagelaran, Sukaresmi, Labuan, and Carita.

Table20 Area size, number of islands and the number of Villages /d#aficts in the Coastal

Delineation of Pandeglang Regency.

No District | Area(km? | Percentage of Regency Are Amount of Island| Amount of Subdistrict
1 Sumur 648.91 23.17 29 7
2 | Cimanggu 159.70 5.70 0 12
3 Cibitung 121.88 4.35 0 10
4 Cikeusik 208.29 7.43 2 14
5 Cigeulis 176.75 6.31 0 9
6 | Panimbang 101.20 3.61 1 6
7 | Pagelaran 42.66 1.52 0 13
8 | Sukaresmi 50.62 1.80 0 10
9 Labuan 16.38 0.58 1 9
10 Carita 70.82 2.52 0 10
TOTAL 1597.20 56.99 33 100
Source: Pandeglang Regency in Figures 2020, BPS, 2020,
Table21 Demographic Conditions in the Coastal Delineation of Pandeglang Regency.
Amount of Rate of Population| Percentage of | Population Density| Sex
No District
Population Growth Population per kn? Ratio
1 Sumur 24,270 0.16 1.97 0.37| 103.40
2 | Cimanggu 36,880 0.28 2.99 2.31| 103.42
3 Cibitung 20,417 0.16 1.66 1.68| 105.73
4 Cikeusik 49,775 0.16 4.04 2.39| 104.87
5 Cigeulis 33,739 0.22 2.74 1.91| 107.61
6 | Panimbang 50,101 0.13 4.06 495| 104.30
7 | Pagelaran 36,847 0.28 2.99 8.64| 102.88
8 | Sukaresmi 35,924 0.25 2.91 7.10| 104.37
9 Labuan 53,882 0.07 4.37 32.90| 106.10
10 Carita 33,260 0.3 2.70 4.70| 103.15
TOTAL 375095 0.20 3.04 6.70 | 104.58

SourcePandeglandRegency in Figure920, BPS, 2020,

79



Labuan District is the district with the largest population in Pandeglang Regency, reaching 53,882 people
in 2019 with the smallest area of 15.66 km2. Thus, it is become the most densely populated district with

a population density of 32.9 people / km2.

Based on the direction of the National Spatial Plan (RTRW) , Pandeglang is designated as a Regional Activity
Center (PKW) which functions to encourage the development of production center cities. PKW is an urban
area purposedly to serve provincial scaldiaites or several regencies/cities. In the Banten Province
RTRW , Pandeglang is included in the Development Working Area (WKP) I, together with Lebak Regency
which is directed to the development of forestry, agriculture, mining, tourism, marine, aherfi

activities. Derived in the RTRW of Pandeglang Regency , PKW Pandeglang has the main function as a center
for government activities, trade and service areas, industry, tourism, regional economies, education,
health, worship, transportation nodes, amdmmunity service centers. Furthermore, the marine waters
around Banten are a National Strategic Area in the form of a State Border Area on the open seas which
functions as rehabilitation and development of a national strategic area with a defense amityspoint

of interest.

There is a conservation area in Pandeglang Regency in the form of a national park, a forest park, a natural
tourism park, and a mangrove forested coastal area called Ujung Kulon National Park. The Ujung Kulon
National Park has an area of approximately 18,Biectares (9.09%) of the Banten Province total area
which includes Sumur District and Cimanggu District. Sumur District is a buffer zone for the Ujung Kulon
National Park. The Ujung Kulon National Park area includes Mount Honje, Panaitan Island, Beuzhng

and Handeuleum Island Area.

In the economic aspect, the sectors driving the regional economy can be seen from the contribution of
these sectors to the Gross Regional Domestic Product (GRDP). GRDP is the amount of added value
generated by all business units in a certain area or isstima of the value of final goods and services
produced by all economic units in an area. Based on data from Pandeglang Regency in Figures 2020, the
value of GRDP in Pandeglang Regency reached IDR 28.32 trillion in 2019, with the most contributing
sectors a&e Agriculture, Forestry, and Fisheries. However, seen from the PDRB growth rate of each sub
sector in the Agriculture, Forestry, and Fisheries sectors, the fisheriesestdr is not a high growth rate,

which is only 5.2% in 2018. While looking at thédBRyrowth in recent years based on constant prices,
there is a PDRB growth in Pandeglang Regency of 5.04% in 2019, with the sector with the highest growth
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rate, namely the sector 1) Real Estate; 2) Construction; and 3) Providing Accommodation and Food and
Drink.
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Figure29 Overview of the Economic Sector of Pandeglang Regency, especidibhdres sector
(Analysis, 2021)

The economy in terms of capture fisheries in Pandeglang Regency shows, the production of fish catch
reached 13,050 tons with a value of Rp. 355,012,257,0002019. Catching units commonly used are
lifting nets (1,712), gill nets (1,661), motorboatsO@L), and trawl nets (727). The highest aquaculture

production is pond aquaculture with a total production of 6,812 tonnes in 2014 or 71.08% of total

aquaculture production. Meanwhile, marine aquaculture only contributed 236 tons or 2.46%.

81



3.2Summary of Past Disaster Evem$andeglang

3.2.1Past disaster events due to natural hazards smdden onsein nature

mane . @ NATURAL DISASTER EVENTS MAP
BANTEN PROVINCE, PANDEGLANG REGENCY, 2000 - 2020
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SCALE 1:465,312

Q 5 10 20
— — <1

105"150°E 105°300°E 106°00°E
1 %

- I
P° %
LAMPUNG SELATAN
)

i
“ ¥
S¥KOTA CILEGON "~ ¥
B ! "

p o e
/
{

00
GO0

o o
Fonl, Nivgme.
¢ o

i
SERANG KO"TA SERANG

L/—\r""/‘}
(

istand, Tinjl

105300°E 105%450°E 106°00°E

Data Sources

Administrative Boundary Destructive Earthquake Events Disaster Multihazards Index
=" Prévmdace [, igh

i . Boundary Admi 8IG
6. Basemap Gaogle Satellite Imagery

@ s-7 - Low

@ Coordinates System:: WGS 1984

1UTM
Hsgatnaet Zone Datum: : WGS 1984
UTM Zone: 150N

d by the Sunda —— Scgmertof Fault

districts affected by
Strait tsunami 2018

Figure30 Map of Natural Disaster Events in Pandeglang RegencyZIXI(Analysis, 2021).

Pandeglang is a regency on the west side of Banten Province which is adjacent to the Indian Ocean and

has a topography that extends from the coast to the mountains. Pandeglang Regency is threatened by
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several natural disasters suchemrthquakes, tsunamis, floods, landslides, extreme waves/abrasions, and

volcanic eruptions.

Pandeglang is also located close to Mount Krakatau which lies in the Sunda Strait. The volcanic and
tsunami disasters in 2018 proved that the threat from volcanoes and tsunamis to the Pandeglang area

and Banten Province is something that needs to be taktmaccount for disaster mitigation. However,

the southern region of Pandeglang which borders the Indian Ocean also makes it close to the threat of

tropical cyclones, such as the one that occurred in 2007, where there was the Jacob tropical cyclone

phenonenon that crossed the southern region of Java. The cyclone that hit the southern coast of Java

caused disruption on fisheries or transportation activity, making it difficult for fishermen to go to sea.
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Figure31 Distribution of extreme wave height as a result of model simulation on the southern coast of
Java Islan@Ningsih N. S., 2010)
Through modeling and analysis of the storm phenomenon, Ningsih (2010) shows an average sea level rise
(SLR) of about 50 cm relative to normal MSL, during the Jacob Tropical Cyclone as shown in the image
below (Ningsih, 2010). This studMingsih N. S., 201@Iso states that there are indications of the
emergence of extreme waves (swell) from storms in the Cape of Good Hope, South Africa and Kelvin
Waves in the Indian Ocean which spread and cause quite destructive tidal waves or storm surges in the

southern aeas of Java, Bali to NTB in May 2007.

83



Number of disasters per year in Pandeglang
m Earthquake

12 Strong Wind
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Figure32 Number of Disasters due to natural hazards in Pandeglang Regenc @20@nalyss,
2021)

With such geographical position, the number of natural disasters in Pandeglang for 20 years is the highest
natural events among other study location with 107 events. The highest disaster intensity was during
20102020 period Figure32). Of all the disasters, 50% of the disasters were floods, with 52 incidents, with

a fairly stable frequency in the 202010 period (28 events) and the 202020 period (24 events).
Monsoon storms accompanied by strong winds in the rainy season that ofteur together with high

intensity of rainfall can also cause floods to the low plain of coastal area of Pandeglang districts.

Table22 Summary of Impacts of Disaster Due to Natural Hazards in Pandeglang Regency

District Name Frequency Index S:; \gzr)i(ty '}':;:;d
Sumur 0.60 0.80| 0.69
Cimanggu 0.40 0.60| 0.49
Cibaliung 0.20 0.20] 0.20
Cibitung 0.20 0.40| 0.28
Cikeusik 0.40 1.00f 0.63
Cigeulis 0.40 0.80| 0.57
Panimbang 0.80 1.00f 0.89
Sobang 0.20 1.00| 0.45
Munijul 0.60 1.00| 0.77
Angsana 0.40 1.00| 0.63
Sindangresmi 0.20 1.00| 0.45
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District Name Frequency Index SI(; \(/j(zr)i(ty T:é:;d
Picung 0.40 1.00| 0.63
Bojong 0.00 0.00f 0.00
Saketi 0.20 0.80| 0.40
Cisata 0.00 0.00} 0.00
Pagelaran 1.00 1.00 1.00
Patia 1.00 1.00f 1.00
Sukaresmi 1.00 1.00f 1.00
Labuan 1.00 1.00f 1.00
Carita 0.60 1.00f 0.77
Jiput 0.00 0.00} 0.00
Cikedal 0.00 0.00} 0.00
Menes 0.20 0.40| 0.28
Pulosari 0.00 0.00f 0.00
Mandalawangi 0.20 0.60| 0.35
Cimanuk 0.00 0.00} 0.00
Cipeucang 0.20 0.60| 0.35
Banjar 0.20 0.20f 0.20
Kaduhejo 0.00 0.00} 0.00
Mekarjaya 0.00 0.00f 0.00
Pandeglang 0.00 0.00f 0.00
Majasari 0.00 0.00} 0.00
Cadasari 0.00 0.00} 0.00
Karangtanjung 0.00 0.00f 0.00
Koroncong 0.00 0.00f 0.00

Source: Analysis, 2021

From the database of collected natural hazasdents, the compiled impact matrix describes the losses

and casualties incurred by each disaster in the 2B020 period and transfom it into a hazard index as

seen in Table 20 above. From the above graphic and table it is seen that the flood disasteméieh

sometimes occurred twice in a year is one of the biggest causes of severity perceived by Pandeglang

coastal community especially in Pagelaran, Patia, Sukaresmi and Labuan districts.

With a fairly frequent frequency, flood disasters event could cause the number of affected communities

up to 40 thousand people and more than 28 thousand people have been displaced in the past 20 years (a
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more complete hazard index table could be seen in annexes). The impact of natural disasters caused by

this flood also causes huge economic losses which in turn has a large potential to disturb the
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Figure33 Natural Hazard Index Map of Pandeglang Regency (Analysis, 2021)

In the DIBI database along with other disaster database (EMDAT, ADInet etc), the Sunda Strait Krakatau
Tsunami in December 2018 caused in 453 fatalities, 47,778 suffering, 28,139 displaced persons and more
than 80 trillion IDR of losses in various sectégen though it has a smaller return period, when an
earthquake and tsunami occur, the loss is significantly large. This is different from the frequency of floods

which can occur almost every year and cause repeated damage. The value of losses parbyeantaler
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but the value of accumulated losses per decade will be the same or greater than other disasters. This

accumulated loss value will greatly disrupt the livelihoods of the coastal community of Pandeglang.

From the results of the analysis obtained, natural disasters that occur which can cause environmental
degradation or disturb coral reefs are found in volcanic and tsunami disaBtemsira, (20203hows that

the coral community after the tsunami showed a significant increase in density and there was an increase
or decrease in coral recruitment. This results shows a rather positive impact rather than the Wu et al,
2018 study that suggest Vulcanic raaals which penetrated the sea could contaminate the wdgeib
chapter 2.3.4 .C)
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The damages and losses estimation from past hazards/stressors was calculated uddhgeti@&uide
Calculato{The Nature Conservation, 20280)d the results were showed Figure35 below. In brief, the

most frequent and damaging natural hazards in Pandeglang Regency are flood, followed by tsunami and
earthquake. Over ten years, floods give damages and losses estimation of approximately IDR 36.74 trillion
in total with the annualisedralue reaches IDR 91.85 trillion, while tsunami was estimated to possess
damages and losses of approximately IDR 102.37 billion in total with annualised value of about IDR 10.24

billion.

Collect and add data on damages and losses from past hazards/stressors over the past ten years.

List the second-most damaging " P .
List the most damaging hazard/stressor | Flood | hazardistressor ‘ Tsunami | List the third-most | |
How many times has this occurred over the How many times has this occurred over the How many times has this occurred over the
past ten years? past ten years? past ten years?
The annual probability rate (APR) for this i 25 The annual probability rate (APR) for this i 04 ‘The annual probability rate (APR) for this i 1.2
hazard is: : hazard is: . hazard is: -

What currency will you use for monetary What currency will you use for monetary What currency will you use for monetary

figures? figures? figures?

Damages to business assets Damages to business assets l:l Damages to business assets
Damages to public infrastructure 700,000,000) Damages to public infrastructure 0| Damages to public infrastructure 5,750,000,000
Other damages (e.g. loss of land from 0 Other damages (e.g. loss of land from fl Other damages (e.g. loss of land from 0
erosion) erosion) erosion)

Total damages 36,610,158,461,539  Total damages 16,425,350,000 Total damages 134,850,000,000

Losses in produce I:l Losses in produce l:\ Losses in produce :l

Losses in income I:l Losses in income l:l Losses in income I:l

— ] ot T e 4
3

.
Total direct losses 0 Total direct losses 63,669,600,000 Total direct losses 0

Indirect losses (monetary values) Indirect losses (monetary values) Indirect losses (monetary values)

Prolonged losses from produce sales | IJ| Prolonged losses from produce sales ‘ 0| Prolonged losses from produce sales | D|

Prolonged income losses I:' Prolonged income losses l:\ Prolonged income losses I:l
Other indirect losses 131,392,500,000| Other indirect losses 22,275,000,000| Other indirect losses I:l

Total indirect losses 131,392,500,000 Total indirect losses 22,275,000,000 Total indirect losses (1]

Hazard 1: Total damages and losses 2 SRR T3 Rk Il Hazard 2: Total damages and losses L[ PRI OEK 1| Ml Hazard 3: Total damages and losses 134,850,000,000

Hazard 1: Annualised damages and losses CAR: LR rr kR Ml Hazard 2: Annualised damages and losses 10,236,995,000 [EFEINERENDNEIEERRE EREEELTILEEETY 161,820,000,000

The combined damages and losses from all four hazards/stressors over ten years have been: 36,978,770,911,539

snozs e
Figure35 Past Damages and Loss Estimation Pandeglang Regency (Analysis, 2021).



The damages and losses estimation from past hazards/stressors was done uShgettiiide Calculator

(The Nature Conservation, 202ad the results were showed Figure35. In brief, the most frequent

and damaging natural hazards in Pandeglang Regency are flood, followed by tsunami and earthquake.
Over ten years, floods give damages and losses estimation of approximately IDR 36.74 trillion in total with
the annualised valueeaches IDR 91.85 trillion, while tsunami was estimated to possess damages and
losses of approximately IDR 102.37 billion in total with annualised value of about IDR 10.24 billion.
Earthquakes were found to produce higher monetary values than tsunaermstof damages and losses,
reaching IDR 134 billion in total and IDR 161.82 billion annualised. Further, the combined damages and
losses monetary value from all the hazards/stressors over ten years was calculated to be around IDR 36.98

trillion with IDR 2.02 trillion calculated in an annual basis.
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BOX 1: Pandeglang / Anak Krakatau Tsunami 2018
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UTC on 22 December 2018) are from Joint Research Ce

2018) ) In Pandeglang, the tsunami has also hit Tanjung Lesung area which as a popular tourist destination especia
time people has arrived in the location for Christmas and New Year Holiday.

The collapse of Anak Krakatau mountain, trigger

which produces tsunami with strong forces. Rtstnami surveys conducted
by Muhari et al, 2019 revealed moderate tsunami height along the coas
Sumatra and Java with maximum surveyadup of 13.
inundation distance of 330 m which destroys vegetation and lift co
boulder to the land. At small islands located close to the volcano, extre'
tsunami impacts were observed, indicating not only a huge tsunami '
generated ly large amounts of collapse material which caused notal§
changes of seafloor bathymetry, but also indicates the role of those sr

islands in reducing tsunami height that propagated to the mainland

Indonesia.

L. Ye, H. Kan

December 2018 tsunami from flank collapse of Anak Krakatau volcg

during eruption. Sci. Adv. 6, eaaz1377 (2020).

Mubhatri, A., Heidarzadeh, M., Susmoro, H. et al. The December 2018 /
Krakatau Volcano Tsunami as Inferred from Pdsunami Field Survey
and Spectral Analysis. Pure Appl. Geophys. 176, §3293 (2019)

Months of increased activity from Anak Krakatau volcano
mount up into a dramatic increases in December 22, 2(
Hundreds of eruption occurred from 12 to 18 pm, a warn
was issued by locauthorities to noc conduct any activit]
within 2 km from the volcano. Around 21 pm a large erupti
and continous tremors are detected. The eruption had cau
the collapse the southwest portion of the volcano, whi
triggered a tsunami. Around thirty mites later, 21:27 pm
BMKG detected a tsunami which hit beaches in Lampung
Banten Cyanzones indicate areas affected by the tsuna
adapted from the map of Tsunami Selat Sunda created
Badan Nasional Penanggulangan Bencana dated 14 Ja
2019. Zereto-peak wave heightdH) and arrival times (hh:mn
ntre emergency reporting released by 24 December 201¢

a sub marine land:

5 m and maximu

B

amori, L. Riveral @y, Y. Zhou, D. Sianipar, K. Satake, The
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