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Hazard, Risk, and Disaster
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Number of affected (million) by disaster type:
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As floods and storms are the most common hazards, the number of people affected is
huge. Drought is even less common, but the effect is widely felt.

Some slow or small events are common and less dramatic, but a lot of people are affected.
Dramatic hazards (such as volcanoes and earthquakes) affect a smaller number of people
but are deadly.
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(National Agency for Disaster Countermeasure)

In 2018, Indonesia experience Lombok Earthquake, Palu Earthquake, and Krakatau
Tsunami. More than 2000 people lost their life from Palu earthquake (tsunami,
liquefaction) alone.
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Indonesia population 2000
Estimated total number of people per grid-cell at a resolution of
(30 arc seconds approximately 1km at the equator) ‘9 o i~

A

I High

Low 1000 km mm— - w—

WorldPop (www.worldpop.org School of Geography and Environmental Science, University of
Southampton; Department of Geography and Geosciences, University of Louisville; Departement de
Geographie, Universite de Namur) and Center for International Earth Science Information Network
(CIESIN), Columbia University (2018). Global High Resolution Population Denominators Project ... Funded
by the Bill and Melinda Gates Foundation (OPP1134076). hitps://dx.doi.org/10.5258/SOTON/WP00670

©2020 This work is licensed under a Creative Commons Attribution 4.0 International License
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Indonesia population 2020

Estimated total number of people per grid-cell at a resolution of
(30 arc seconds approximately 1km at the equator)

‘ Low 1000 km m—r— - -

WorldPop (www.worldpop.org School of Geography and Environmental Science, University of

Department of Geography and University of Louisville; Departement de
Geographie, Universite de Namur) and Center for International Earth Science Information Network
(CIESIN), Columbia University (2018). Global High Resolution Population Denominators Project ... Funded
by the Bill and Melinda Gates Foundation (OPP1134076). https://dx.doi.org/10.5258/SOTON/WP00670

©2020 This work is licensed under a Creative Commons Attribution 4.0 International License

The population density of Indonesia is still concentrated in Java, making it more prone to
natural hazards event.
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The Sendai Framework sets four
specific priorities for action:

1. Understanding disaster risk;
2. Strengthening disaster risk

gg-;;b . governance to manage disaster risk;

UNECE 3. Investing in disaster risk reduction
RS for resilience;

n— 4. Enhancing disaster preparedness for

S effective response, and to "Build
Back Better" in recovery,

rehabilitation and reconstruction.

(UNISDR, 2015)

Sendai Framework set Understanding disaster risk as the first action needed in disaster risk
reduction. It is like facing a ghost if we do mitigation efforts without proper understanding
of the risk
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There is no such thing as a

natural disaster, only natural
hazards

* Exposure *

We make choices as to where
we inhabit, how we build and
what research we do

Vulnerability

Risk is the combination of
hazard, exposure and
vulnerability

Risk

Death, loss and damage is
the function of the context
of hazard, exposure and

* Distribution/area of
occurrence
¢ Mechanism

* Probability of occurrence
¢ Magnitude/Intensity

\Effect/impact
(upgRR; 2019)

Hazard — A process, phenomenon or human activity that may cause loss of life, injury or
other health impacts, property damage, social and economic disruption or environmental
degradation

Risk — The potential loss of life, injury, or destroyed or damaged assets which could occur
to a system, society or a community in a specific period of time

Exposure — The situation of people, infrastructure, housing, production capacities and
other tangible human assets located in hazard-prone areas

Vulnerability — The conditions determined by physical, social, economic and environmental
factors or processes which increase the susceptibility of an individual, a community, assets
or systems to the impacts of hazards

Impact — is the result of a hazard event (people's lives and livelihoods): lives, houses,
environment, infrastructure, livelihoods, etc.

Natural hazards are only natural hazards. Earthquakes, volcanic eruptions, landslides, etc.
are geological phenomena that happened all the time even before humans exist.

We make choices to expose ourselves to natural hazards and face the risk with a lack of
preparedness. Then death, loss, and damage are what we get.

Disaster (impact) is the function of hazards, exposure, and vulnerability. Hazard as a

10
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natural phenomenon is sdRTEHIREAEIME A S GEuMRMBEE (WRUWHA&P 0ose where we stay and
what we prepared. If no one gets hurt or anything is damaged, a natural hazard is just a
natural phenomenon. Once people lost their lives, or something is damaged, it is a disaster.
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Tectonic plates, margin, and interaction

i~
F (Plummer et al., 2016) :]

Earth is made up of core, mantle, and crust. Crust and some upper part of the mantle is
stiff and rigid “floating” on hotter asthenosphere.

More than 12 lithospheric plates move around create different interactions, slide past,
collide, and spread apart each other.

As plates interact, subducted, collided, spread apart, and slide past, earthquakes and
volcanoes are the most common direct hazard in plate boundary

Natural hazards/disasters are directly or indirectly related to each other. Mountain
buildings made by tectonic force, create high terrain and cause landslides. While mountains
also influence weather and climate that may produce flood hazards. Plate tectonics create
earthquakes and volcanoes that can also produce tsunamis.

11
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Earthquake in Indonesia (1900-2016)
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The Eastern part of Indonesia is an area with complex tectonic and is prone to earthquakes.
Earthquake locations follow the trace of the plate margin.

12
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Example of ground rupture (top left), small liquefaction (right top, bottom right, and
bottom center), uplifted coral (bottom left)

13
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©o Historical earthquakes
®  Recent earthquakes

Example of liquefaction following Palu earthquake in 2018 (left)
Surface rupture showing vertical displacement more than 3.5m (right)
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Analysis

of intensity levels

—

Earthquake Hazard

* Deterministic based — DSHA

* Probabilistic based — PSHA 1,/

determine the annual probability (or rate) of exceeding some
level of earthquake ground shaking at a site, for a range
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Map of earthquake sources in Indonesia as input in seismic hazard analysis
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Ground acceleration as a result of probabilistic seismic hazard analysis.
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MAGMA Indonesia | Badan Gealogi, ESDM, Eathstar Geographics

MAGMA Indbnesia © 2015-2017 PVMBG. All rights reserved. (v0.1.3 Alpha] Privacy Policy.

Active volcano in Indonesia. Indonesia has 129 active volcanoes, distribute from west to
east.
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Volcano hazards

eLava flows
*Pyroclastic
¢ neu ardente
¢ ash fall
*Volcanic gases
*Mud flows
eLahar
eLandslide and tsunami

Ash plume from
secondary steam explosions

Accompanying »«7@
m ash cloud Va 4 }» Fine ash
&
¢

e and steam
\ =

(e -
’t 5-)\;‘\; M 71 é\xz;
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M T Dilute ash cloud surge
PN .

G 3 continues over surface

S S 1 — of sea

Madified from USGS

Pumice flow

(Hyndman & Hyndman, 2017)

Violent explosions
as ash mixes

e
B waler Heavier mass of ash and E}
water continues across sea bottom ]

Volcano activity produce hazards from lava flows to tsunami and landslide.
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Vodied from Cas & Wright, 1968

M as & Wiight,
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Example of volcano hazards, pyroclastic flows, lahar, toxic gas, ash fall
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PIERCE
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7 Buckley Mg — A3
< { Wilkeson Mountain ™

. Dam

Small lahars with recurrence
interval <100 years

Moderate lahars with recurrence
inferval 100~500 years

Large lahars with recurrence

l:\ interval 500-1000 years

ava flows and pyroclastic flows

| Postlahar sedimentation

Area most likely to be affected by | Randie w‘.nr/

O

-5

R

P Packiyond >
Lake

Map of Mt. Rainier and vicinity showing potential hazards
from lahars, lava flows, and pyroclastic flows. The

Seattle/ Tacoma suburbs of Puyallup, Sumner, Orting, and
Auburn are all in potential hazard areas. (Hoblitt and others,

1998, USGS Open-File Report 98-428)

Map of volcano hazard
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Map of volcano hazard ) l‘)’
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MAGMA Indonesia  H

Map of volcano hazard
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Monitoring active volcano

Monitoring:

Visual

Seismic

Deformation
Chemical and thermal
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Landslide Hazard

Foto: ANTA RA/Raisan Al Fanst

— ten Sumedan; —
or di CImangeung Kabupaten > —
longs ' =

-oto udara bencand tanah long I
oto e

selasa (12717207

__——— landslide in West Java, 2021
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Earthquake induced landslide > debris flows, Palu 2018
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Landslide Hazards and Landslide Susceptibility Analysis Methods

Type of Materials

Movement Rack | ol
: Landslides Rotational
with variable | Siump (a) Sump )
et shimp ©)Soilsump | water content ma | sup
and rate Translational

of movement | Rock side (c)| Soil side (sip) (d)

Falls Rack fall (e} Soil fall

Slow | Rock creep Soil creep (1)

¥ Unconsolidated rock
() Rock slide (d) Soil slide Flows and soil (saturated)

Earth flow (g)

Rapid
Debris flow / mud flow ()

Very rapid Debris avalanche (i)

| Lateral spread Rock() |  Sol

= ‘Subsidence Rock(k | sol
(&) Rockfall (f) Soll creep Complex Combination of stides,

slumps, and flows (1)

(g) Earthiow

sar myers
(1) Lateral spread

(i) Debris avalanche

Heuristic

Statistic

Deterministic

Preliminary study

Using the experience of experts in
conducting investigations or creating
landslide susceptibility zoning maps based on
geomorphological analysis or weighting of
each parameter.

Planning and infrastructure development
The mapping method is based on the
relationship between the landslide
distribution and the controlling factor in each
parameter class.

Desain and infrastructure build
Analysis based on slope stability safety factor.

Indonesian Standard (SNI) 8291:2016

Type of landslide, based on material, speed, and geometry
Methods in mapping landslide susceptibility according to scale and level of detail
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and is measured from low to high.

A landslide susceptibility map identifies areas which are subject to landslides

Landslide inventory

Susceptibility methodology
* Machine Learning

* AHP (analytic hierarchy
process)

* ANN (Artificial neural
network)

* RF (Random forest)
* LR ( Logistic regression)

N—

=

Geology (rock, soil, bedding,
fracture, etc)

Rainfall
Slope
Elevation
Aspect
Distance from river
Distance from Lineament
Land use
Land cover
NAVI

TWI
Earthquake

Etc.

Landslide susceptibility
map

Methods in mapping landslide susceptibility according to scale and level of detail
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PETA ZONA KERENTANAN GERAKAN TANAH INDONESIA

KETERANGAN
D Zona kerentanan gerakan tanah sangat rendah ~ u L P
D Zona kerentanan gerakan tanah rendah

D Zona kerentanan gerakan tanah menengah
- Zona kerentanan gerakan tanah tinggi Landslide susceptibility map of Indonesia

Landslide susceptibility map of Indonesia
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Landslide susceptibility map of West Java
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PETA PRAKIRAAN WILAYAH POTENSI TERJADI GERAKAN TANAH
PADA BULAN JULI 2016, PROVINSI JAWA BARAT

o 1060
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o Q
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PETA PRAKIRAAN WILAYAH TERJADINYA GERAKAN TANAH
PADA BULAN APRIL 2019, PROVINSI JAWA BARAT

July 2016

April 2019

Temporal Landslide susceptibility map of West Java
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Reported landslides in Indonesia (last 30days)
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Landslide hazard

MAGMA Indanesia | Badan Geolagl, ESOM, Earthstar Geographics

MAGMA Indonesia @ 2015-2017 PVMBG. All rights reserved. [v0.1.3 Alpha] Privacy Policy

Landslide hazard
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Tsunami Sources 1610 B.C. to A.D. 2016
from Earthquakes, Volcanic Eruptions, Landslides, and Other Causes

Global distribution of confirmed

tsunami sources

22% Japan
15% South Pacific Islands

7% North and Central America
7% South America

5% Russian Federation

M Pacific Ocean M Caribbean Sea and Atlantic Ocean
B Mediterranean Sea M Indian Ocean

Distribution of confirmed tsunamis
by generation mechanism

W Earthquzke
B Earthquake generated Landslide

W Voicanic Eruption
M Landslide
 Other

Source and location of historical tsunami from earthquake, volcano, landslide, and other

causes. Most tsunami is generated by an earthquake. The Pacific Ocean is most
experienced in tsunami events
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Tsunami source identification and modeling

Slip deficit rate

' 7 RN VT
-60 -40 20 0 20 40 60

(Widiyantoro et al., 2020)

3
o

Tsunami source base on the Altimetry Data

Samundra Hindia \

Wakdtu Simulasi [ E ]
10 menit Apm, 98

(Tsunami Research Group Marine Research Center ITB)

Tsunami modeling is required in order to assess the hazard on land
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Tsunami Hazard Map

Tsunami Hazard Map
Pata Bahaya Tunam

DENPASAR i

Tsunami Hazard Map Information

The map shows tsunami hazard zones. These zones are related to the warning levels used in the
Decision Support System of the Early Warning Center at BMKG.
The warning levels used are defined as follows:

BVKG Wave neight
Teunomi Category | i L aver i Hazard 2one
Tsunami Warming =3meters
| MaorTaueni m

The Figh Tsunami Hazard Probabilly Zone (dark red) in the map shows the area with a high pro-
bability of being affected by every tsunami which is relevant for this region (both at warning and major
waming levels).
The Moderate to Low Tsunami Hazard Probability Zone (red to yellow) covers the area that will anly be
affected by tsunamis which have a wave height at the coast greater than 3 m (major warmning level). Far
this isunami hazard zone a continuous hazard probability visualization from moderate isunami pro-
bability (red) to low isunami probability (yellow) is displayed. The probability of being hit by a lsunami
within & year ranges from about 0.01 %o (light yellow areas) o aboul 7 %. (red areas). Areas not
affected by tsunamis are visualized in grey.

nily available tsunami modeling results
(137 scenarios with moment magnitudes of 8.0, 8.5 and 9.0) affecting the region displayed in the map
provided by GKSS/DHI-WASY in the frame of the GITEWS project
The spatial resolution of the hazard impact zone data set s 25 meters. The threshold for the minimum
Estimated Time of Arvival (ETA) is defined by the 1st percentile from the ETA's of all modeled tsunami
scenarios at the displayed region. The median ETA describes the 501 percentile.
For further details about the hazard assessment please refer lo the technical notes of this map.

Tsunarmigenic Sources

Eatthquake mage ¥ moment magniuce greater than
of th o equaito 8.0 fhe

The tsunami hazard analysis result can be presented as a tsunami hazard map. Probabilistic
approach often used in tsunami hazard analysis.
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Living with natural hazard

House in Nias, North Sumatera,
add cross bracing to withstand Houses in flood-prone areas
frequent earthquake shaking. are designed as stilt houses to
accommodate regular floods.
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Houses in flood-
prone/earthquake-prone
areas are designed as
stilt houses to
accommodate regular
floods/shaking.
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" RISHA (Healthy Modest Instant House),
Modular structure house constr-urction'.
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Summary

Hazards are natural processes that pose a threat to people or their
property.

An event becomes a disaster only when it affects people or their
property.

More common and less dramatic hazards, such as flooding, often

have higher human affected than dramatic hazards, such as
earthquakes and volcanoes.

The cost of natural hazards is increasing worldwide as a result of
growth in population and development.

Climate change and global warming potentially increase the severity
of weather-related hazards.

_
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Summary

* Although the precise date and time for a disaster cannot be predicted,
understanding the natural processes that control them allows scientists to
forecast the probability of a disaster striking a particular area.

* Different types of natural hazards often interact with or influence one
another.

* Natural processes can sometimes trigger other

* Mitigation involves efforts to avoid hazards to become disasters.

* People need to be educated about natural processes and how to learn to
live with and avoid the hazards around them.

* Humans need to learn to live with some natural events rather than trying
to control them.
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Society, rather than nature, decides who is more likely to be exposed to
dangerous geophysical agents’
-Kenneth Hewitt (1997)

: ; A , .
-‘Zard are madeyin nature; Disasterssare made in Socigiys
>

- -lain Stewart (2079)
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