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Advancing science and technology for disaster risk reduction and management

Supporting evidence-based decision making for reducing future disaster risk
Promoting Transdisciplinary Approach (TDA) for building societal resilience
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MULTI-HAZARD RISK ASSESSMENT, MAPPING, MONITORING,
EARLY WARNING-BASED IMPACT AND PREDICTIVE MODELLING

DATA MANAGEMENT & ANALYTICS DECISION MAKING

ASEAN Vision 2025 on Disaster Management

Sendai Framework for Disaster Risk Reduction 2015-2030
Paris Agreement on Climate Change
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Source: CRED & UNISDR, Economic Losses, Poverty and Disasters 1998-2017
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Numbers of disasters per type, 1998-2017
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Flood

Storm

Earthquake

Extreme temperature
Landslide
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Wildfire

Volcanic activity

Mass movement (dry)
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Source: CRED & UNISDR, Economic Losses, Poverty and Disasters 1998-2017
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Number of people affected and numbers
of death per disaster type, 1998-2017
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Source: CRED & UNISDR, Economic Losses, Poverty and Disasters 1998-2017
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Annual affected populations
by national income bracket, 1998-2017

04‘4

1988 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2092 2013 2014 2015 2016 2017

B High income M Uppermiddie income M Lowermiddle income M Low income

innovative e entrepreneurial e global | www.utm.my




Source: CRED & UNISDR, Economic Losses, Poverty and Disasters 1998-2017

IHI @ FIG Working Week 2019, 22-26 April 2019 @ Hanoi, Vietnam

Geo-led Horizon Scanning Programme for Disaster Risk Reduction (DRR):
A New Insight into 2030 Global Vision

Climate-related and geophysical
disasters, 1998-2017
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Human and economic costs of
geophyswal dlsasters 1998-2017
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Economic losses to disasters in Asia and the Pacific could
exceed $160 billion annually by 2030 (UN ESCAP, 2018)
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Distribution of Disasters in ASEAN

Trillion Dollar Multi- (July 2012-January 2019)

Hazard Risk Landscape
in Southeast Asia

In 2018, the combined nominal
GDP of Southeast Asian
countries ranked fifth
globally, amounting to
USD 2.89 trillion.
However, due to the constant
risk of natural hazards, the
region’s exposed capital
stocks amount to USD 8.35
trillion, or THREE TIMES OF
ITS COMBINED ECONOMY
(Pang & Dimailig, 2019)

Indonesia (63%) | Philippines (10%)
The rest (27%)

P ——
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: Distribution of Disasters in ASEAN
Percentage of ﬂ ¥18% (July 2012-January 2019)
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Sendai Framework
for Disaster Risk Reduction
2015 - 2030

ECCIMDOMILG GRTWTH

15 PEAGE. JUSTICE }- PARTHERSHIPS -
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INSTITUTIONS

o SUSTAINABLE
l @ DEVELOPMENT
Y, GOALS

As core development strategies, 10 of the 17 SDGs with 25 targets are identified
related to disaster risk reduction (DRR). Given extreme climate and rapid urbanization,
it is crucial for us to better cope the disaster capacity, assessing our increased exposure
to natural hazards and advancing our understanding disaster by science and technology.
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Sendai Framework for Disaster Risk Reduction

2015-2030

Reduce | Increase

Countries with national
& |ocal DRR strategles
D020 vitag = 2035 o

International
cooperation
- sy to developing nitries
Economic loss/ i
030 Bt o FOAS fatio

T GLOBAL TARGETS

Damage to cretical infrastructure
& disruption of basic senvioes

030 Valusiy oo HI1S Valuas
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Horizon scanning is the intelligence gathering part of strategic foresight,
concerned with emerging trends, issues and uncertainties that the future may
bring, and assessing their potential impact
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Horizon Scanning can be a good technique for people to
look at complexity, challenge assumptions and review
multiple ways that events could unfurl, in order to increase
the resilience and reliability of their organisations.

It is not about trying to predict the future but rather to
review options so that evidence-based decisions can
be made (Institute of Risk Management, 2017)

m - European | w>> OECD EC W N%thi]]c
Commission F @ RUM

Cablnet Oﬂ:lce Joint Research Centre BETTER POLICIES FOR BETTER LIVES L S
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Horlzon Scannlng dSSESSES Horizon Scanning

] j i Global Strategic Trend

the information available about %m M B Gl [Tl
of Defence

future trends and explores the
range of potential futures that
may result. Using this analysis e T e

Glo bal Stlateglc Trend-.: Dut tl:- 2045

helps policy makers to get a
richer, more informed view
about the future, and build that
into their plans.

Current & new disaster risk in future
Policy-makers & disaster managers

Risk-informed decision making Fifth Edition
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Transdisciplinary Approach (TDA)

Prof. Dr. Emeritus Takeuchi, “An approach to achieve
Founding Director, ICHARM S a common_societal goal,
@ MJIIT, UTM Kuala Lumpur ESSs by all players and

- B _ stakeholders at all levels
: | of all related disciplines

(natural, social and

humanity sciences) and

sectors (public, private,

academia, and civil)

working together, going

beyond the limit of

SE—- . disciplinary ___knowledge
Scientific knowledge-based decision making and sectoral capacities by

creating innovation
Co-Design, Co-Produce, Co-Deliver, and Co-Implement B means, and making

holistic and transformative
Societal Transformation is only possible by TDA solutions possible”

=

Master of Disaster Risk Managament (MDRM) http://mjiit.utm.my/dppc/mdrm-homepage/
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Stakeholders

detugaes

é
.

Villagers

Head of communities
Children & Youth
Elders

People with disabilities
Teacher

Public Officers
Immigrants

Refugees

Others

3

U

Q
& Institutio™

Small Medium Enterprises
Government-linked companies (GLCs)
Financial Institutions

Public & private early learning centers

* Public & private higher education institutions
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Local/state agencies
Federal/central agencies
Ministry of Health & its
agencies

Ministry of Education &
its agencies

Districts officers

Police, Fire, Army
departments

Public Healthcare
providers- clinic,
hospitals
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New Approach : Multi-Hazard & Disaster Risk Management

. Data management Hazard Triggering Elements-at-risk
Three main 7o Inventories factors Building footprints
Climate change = Flaadin Hurricanes Land parcels
components: Landuse change — Landsiides Rainfail data Linear objects
Population change | Decision support Paint objacts

I Map visuallzation Factor maps Characteristics
1 iqit 3 Structural type
1 ) TeChnlCal | Querying | || L] || I SRSy l EE?}I‘IDH‘IJFE value
tlan
Landuse Geomarphalogy opula
assessment | Databases |
Access to data Risk maps Loss maps Vulnerabili
(haza rd and [ i 2 - :!atabasatr
. Structural mitigation ! Metadata | Multi-hazard Hazard scenarios
Il S k) i . Physical _ B Physical
wr'm'ltisﬁ;‘;::;ﬁra' I Data standards | Population Elements at risk population

2) Decision

Data management

making (use
Cases) Indicators
Weight rE £ Fload hazard
eights Risk infermation: "
3) Data B ————————— i acgnomic lossas ESEEEEIT_IEH
Objectives . Hydrological &
Population losses Exposure analysis hydrauiic modeling
management Scale :

Landslide hazard
assessment
Statistical &

. physically based

uantitative

Q modeling & run out

Qualitative Qualitative Population losses odaling
|
'

Legal framewark

Vulnerability
Single hazard R
Mulki-hazard

Economile lossas

Risk acceptability

Sactors

Van Westen et al. (2015)
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BIG DATA PLATFORM FOR DISASTER RISK REDUCTION - CONCEPT

Telemetry
Data Sources

Telemetry Data
Collectors

REAL-TIME PROCESSISING
DISASTER RISK ANALYSIS ENGINE

(&

Processing Pipeline

Modules

GIS

Real-Time
Search

Evidentiary
Store

Sensors
Sensors Ingest

Probes

Telermetry : Alert Recommendation
Enrichment 3 : ¥ !
Parsers Triage Engine

Disaster Risk
Monitoring
Dashboard

Social Media
APl

Social Media

Data Operating System (YARN)

Hadoop Distributed File System (HDFS)

Security & Operations

Satellite Ingest
Probes

Satellite

Statistical
Analysis
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Hazard & Risk Data Management

Inventories

Hazard Inventaories
* Floading
= Landslides

Susceptibility f Hazard

Factor Mags
Geomorphological
Gaological
Anthropogenic
Hydrodogy

Triggering factors
Radnfall
Earthmuaie

Element at Risk
Vulnerability

Physical, Social,

Ezamarmy, Enwironment

Risk & Loss

Duantiative &

Qualitative

innovative » entrepreneurial » global

3D City Modeling for Disaster

Storage of 3D City Models
Mudti-tcale datahaie

Data structure B
exinange format

Lyl

Construction of 3D City
Models
Levnl of Datail [LCAO)

GIS/CADFBIM data

Buikding
Reconstruction

Visualization of 3D City
Models
Real-Time Rendering
of 30 City Madels
Sefvice-Based
Rendering of 30 City
Kodels

Mzp-Based
Yisualization

Technical assessment

Hazard analysis

MAulti-kazard
BEEBESMIENT
Hytrological &
Pydraulic madeding

Kulti-hazard
assessment
Statistical & physically
tased modeling & run
pul madeling

Risk Analysis
Risk informatian :
elonomic Maases
Popukation losees

Single hazard
sAulti-hazard

Quantitative
CGuzlitative
Loss estimation
Exposure analysis

Wulnerabilicy
Assesament

Economec bosses
Fopulation losses
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Decision Making

Risk Evaluation & Reduction
Alternative

Structural mitigation Early warning

Mon-structural
mitigatian

Land use planning

Stakeholder
Jhjective
Ecale
Legal framework

tectors

Multi-Criteria Evaluation

Indicatars & Weights

Cost-Benefit Analysis

Diualitatve & Quastitative

Future trends
Climate change
Land use change

Population change

Risk Communication
Y 3

= enable real time information through the use of
social media platforma.
& be a helpful means in feaching oul to particular
dermagraphic groups
+  pravide messapges 1531 are culturably agapted 0o
different lacal semings
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A: Input data

D: Exposure analysis
E: Vulnerability assessment

I: Risk reduction measures
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Environmental Factors

Triggering Factors Hazard Inventory Elements at Risk

Geology

Geomorphelog

Land cover {t 0)
L/ér-: cover {t n)
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kit

'olcanic eruptions

Topography

Land uze
Essential facili‘l'g/

Cadastral data

Windstorms
Etc. Hydrology t 0) Rainfall
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Census dats

/1

"

Initiation analysis

{Inventory, heuristic,
statistical, physical

modeling)

Spreading analysis
{empirical, analytical,
numerical models)

- .

rl‘ipaatial proba bility

Magnitude —
frequency analysis

Exposure analysis
{GIS analysis)

| Temporal probability

]

hazard footprints
Is and
Hazard assessment *Elements at risk
Pt, Ps and Pm for different return
periods of triggering events and c
B hazard types

Probability of Vulnerability of
hazard scenario Elements at risk X

Specific Risk scenarios

A
Quantification of amount of ]

exposed Elements at risk Magnitude - loss

? relationships

(heuristic, empirical,

Scenario |Pt Loss (V"A) = All hazard types analytical)

Min Avg Max = All hazard intensities ::“:“era';?:?" curve

T 0.1 = All return periods =T D'iﬁm':‘a Iz

2 0.02 T All triggering events TS

3 0.01 = All elements at risk W1

etc etc F

i ¥

fyngeqoid

Quantitative risk assessment

Combining specific risk curves

Qualitative risk assessment
If risk cannot be quantified

- | Hazard Index | | Vulnerability Index|
Totalrisk | = F-N
g curves l'
" = Risk Index
ax =
Min
Spatial Multi Criteria Evaluation
Loss

Number (N) of fataliies G H

Cost-benefit analysis

Mitigation measures

Early warning systems Spatial Planning

Environmental
Impact Assessment

Preparedness planning




ELEMENTS

AT RISK
FOR MULTI-
HAZARD AND
DISASTER
RISK

Van Westen et al. (2015)
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Type of elements at

Scale of analysis

risk: Small Medium Large Detailed
Buildings By Municipality Wapping units Building footprints Building footprints
o Nr Buildings « Predominant land | e Generalized use e [Detailed use
use = Height * Height
« Nr buildings « Building types + Building types
» Canstruction type
e Quality / AQe
s Foundation

Transportation networks

=eneral location of
transportation
networks

Road & raiway
networks, with
general traffic density
infarmation

Al transportation
netwarks with
detailed classification
including wiaducts
efc. & traffic data

All fransportation
nEtworks with
detailed engineering
works & detailed
dynamic traffic data

Lifelines

Main poweringes

Cinly main netwarks
s WWater supplhy

Detailed networks:
s WWater supply

Detailed networks
and related facilities:

« Electricity e Waste water o WWaEtEr SUpphy
s Electricity » WWaste water
s Communication + Electricity
s (Gas s Cormunication
s Gas
Essential facilities By Municipality As points Individual building Individual building
« Nurnber of +  (General footprints footprints
essential facilities characterization e Naormal e Detailed
» Buildings as characterization characterization
groups e Buildings as e Each building
groups separately
Population data By Municipality By ward By Mapping unit People per building

« Population density
s Gender

+ Population density
« Gender

« Populationdensity
« DaytitnedMighttime

« Daytime/Mighttime
« Gender

s Afe * Afe s Gender * Afe
» AQE + Education
Agriculture data By Municipality By homogeneous By cadastral parcel By cadastral parcel,
« Crop bypes LINit, « Crop bypes for & given period of

s Yield information

» Cropbypes
« Yield infarmation

s Crop rotation

« Yield information

s Agricultural
tuildings

the wear

s Crop bypes

+ Crop rotation &
time

» Yield inforrmation

Economic data

By region

« Economic
production

o |mport/ export

e Type of economic
activities

By Municipality

« Economic
production

* |mport f export

« Typeof economic
activities

By Mapping unit

s Employment rate

s S0CI0-BCONOMIC
=801

e Main income types

Plus larger scale data

By building

s Employment

* |ncome

s Typeof business
Plus larger scale data

Ecological data

Matural protected
areas with
international annrmseal

Matural protected
area with national
relevance

General flora and
fauna data per
cadzastral narcel

Cetailed flora and
fauna data per
cadastral narcel
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“Disaster Resilience Model”
R=f(D,AT)
Where

R: Resilience; D: Damage = f (H,E,V); A: Human Activities; T: Time
B e where D = f (H,E,V)

R=1f(H,EVAT)
Prevention Recovery

P ’

i
= A
. B &
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- Eienﬁiﬁtv
Hazard intensity A :“flt!ﬁ‘
Frequency of danger - Sewage

Ecosystem service -
Lal'l:l:_’ use 1 " Hﬂlﬁh iﬂd

Enuimnmﬂ\t:paiiuy ) fiuslm y

a =
DISASTER RESILIENCE CITIES ECONOMY

Income
Job

Asset
Finance and
Savings

City budget

INSTITUTION

Population

Health

Education Of
Social Media

Preparedness rid?
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Kundasang (Ranau, Sabah) — home to UNESCO’s World Heritage Site in Malaysia
— Most tectonically active region in Malaysia, most attractive to tourism, community-at-risk
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i
e /S |ﬂ|
SEISMIC

ACTIVITIES
(1976 — 2015)

85 an’ a5 100" 105" 110° 115 120° 125° 130° 135" 140° 145" 150°
Historical Earthquakes (1976 - 2015)
@ Dapth (0-100 km) ] @ Diepth {100-300 km} | ® Depth (300-1000 k)
M3 | M4 | & Mms | Ms [EE | Mma IEE

Mational Earthquake and Tsunami Center, MetMalaysia, Copyrightiz2015

innovative « entregréneurial « g




@mmm 6.0 Magnitude Earthquake | Sabah | 05 June 2015

f_lbu_@l_\_!}l_l*l__\l ENT _E More bodies found on Malaysia mountain as Syn v T TTETT
quake toll hits 13 , _ —

—F———— T ——
\ATED FRESS
L

Malaysia earthquake: 11 dead and eight missing
after 5.0 magnitude quake hits Mount Kinabalu

PUBLISHED: 13 T 5| UPDATED:; 015

a
ﬂmﬂllmr <

KUALA LUMPUR, Makrysia (AP — Rescuers recowered the Dodies of 11 maore climbers from
rl._m-. Sia's highes! peak on Saturday, & day afer § was sinuck by & strong eathguake, Dringing the
bt e of dead 1o 13

S people remained missng on 4 oS- meder (13 435-fo01) -high Rount Kinabalu in eastern Sabah
slate on Booneo, where @ magndiude-5.5 earthiguake on Friddy sent rocks and boulders raining
II|'I'\.-.|"| 1he trekking routes. trapping doXens of Climbars

*Ths i5 @ very sad day Tor Kinabalu " said Sabah's toursm minister, Masidl Mangin

5.9 magnitude earthquake hits Sabah
(Updated) -
B F—

| Strong 6.0-magnitude quake skrikes
Malaysia's Sabah

1 on Malaysia mountain as quake

Australian climber stranded after

- HANS®INDIA

FOVE AP TILAWGAML Ik WORLD WA BUSIERS SPBTE (AND (R

Malaysia’s Sabah state jalted by earthguake of 5.9
G e &

LB PR 8 g

Y S S —
s L HOTS A LS reagriteds sarfapisks has oocmre in Maipie's Ssbal
#0008 et Wowth et maaly sy suiwving, oo Wien 4id, [Rbbuss Tk
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Geo-led Horizon Scanning Programme for Disaster Risk Reduction:
A New Insight into 2030 Global Vision
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Geo-led Horizon Scanning Programme for Disaster Risk Reduction:
A New Insight into 2030 Global Vision
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Sendai Framework for Disaster Risk Reduction 2015-2030: Progress & Challenges

Priority 1 Priority 4

Understanding Enhancing

disaster risk preparedness for
effective

Fesponse

iority ;

Strengthening DRR

i
i
Priority 3 v —
Risk Reduction Activities Stakeholders
Investing in DRA M I
for resilience Academia Structural mitigation SEvatp
mitigation NGOs Gov. b
information —
Knowledge i

Complexity of disaster — multisectoral & disciplinary group - special need & interest
Action oriented program — scientific-based decision support — transdisciplinary approach

Media Funder/Donors

@ khamarrul.kl@utm.my



Sendai Framework for Disaster Risk Reduction

2015-2030

lobal platform for
|5u5ter rlsk reduction

L PBT Ay T

2019 2020 2025 2030
[ | | |

S years 5 years

National Conference on Science, Technology and Innovation for
Disaster Risk Reduction 2019, October 2019 @ Kuala Lumpur

Asian Ministerial Conference on Disaster Risk Reduction 2020

Global Platform for Disaster Risk Reduction 2021

GLOBAL ‘oo’ International N
YOUNG ececo0o . ’ AKADEMI
eeee Science Council SAINS

ACADEMY e® . ; X MALAYSIA

Regional Office for Asia and .*
the Pacific e

Interested for collaboration, please drop your email @ khamarrul.ki@utm.my #DisasterRiskUTM
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CONCLUDING REMARKS

Harnessing and promoting Transdisicplinary Approach
for bringing science into practice & word into action

Advancing science and technology for disaster risk
management and reduction

Nurturing local knowledge, future talents and leaders
Owning and utilizing modern technologies and latest
techniques for solving old problems (geohazard & disaster !!)

Integrating Geo-led Disaster Risk Reduction (DRR) into
development planning and urban resilience
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ﬁ s st A New Insight into 2030 Global Vision

“Change or Die
- if you don’t change, you can'’t survive”

Tadashi Yanai, Japan’s Richest Man
- one of most-watched CNA Insider video of 2016

UNIVERSITI TEKNOLOGI MALAYSIA

kKhamarrul . ki@utm.my
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ﬁ - THANK YOU FOR YOUR ATTENTION

Khamarrul Azahari Razak, PhD

UTM RAZAK Faculty of Technology and Informatics
Universiti Teknologi Malaysia

54100 Jalan Sultan Yahya Petra, Kuala Lumpur

Tel: +6019-3649495

Email: khamarrul.ki@utm.my; khamarrulrazak@gmail.com
Web: http://www.razakschool.utm.my/khamarrul

Visiting address:-

Room no. 32, Level 6,

Malaysia-Japan International Institute of Technology (MJIIT)
Universiti Teknologi Malaysia

Jalan Sultan Yahya Petra, Kuala Lumpur

Disaster Preparedness and Prevention Center
Malaysia-Japan International Institute of Technology
Universiti Teknologi Malaysia (UTM) Kuala Lumpur

Geospatial Intelligence Research Initiative
Cascading GeoHazards Research Initiative

UTM RAZAK Faculty of Technology and Informatics
Universiti Teknologi Malaysia (UTM) Kuala Lumpur
54100 Jalan Sultan Yahya Petra, Kuala Lumpur
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